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4. IMPACTO DE LA DESCONCENTRACION EN LAS CIUDADES SEDE

El objetivo del modelo de Impacto de la desconcentraclén en las cluda -
des sede es deflnlr los programas de Inversldn que se requleren para pre
porcionar la adecuada atencién a! empleado pibllce y al habltante de las
cludades sede en las que radlcan unidades operatlvas da hecho descon -

centradas, ({(Figura 5).

Para. determinar Ios programas de |hversldn, se anallza la demanda de i{n-
iraestructﬁra ¥ equipamlento urhanos que se genera; cOmo consecuencia -
del crec:lmialnto natural de la poblacién (habitantes y empleados pﬁbllco:.s}
v de las accicnes del Programa Naclonal de Desconcentracldn de la Adml

nistraclén Pabllca Federal. )

las acclones del programa qQue se ceonsideran son la desconcentracién del
ejerciclo del presupueste con el fln ﬂe que su ejerclelo se realice en el

lugar al que estén destinadas las acclones y las obras; v la rearlentaclén

- de'la ublcaclén de la Adminlstracidn Pgblica Federal al generar 10s nueves

emplaos pablicos fuers del Area Metropolltana de la Ciudad de México.

4.1: INFORMACION

La informaciCn que emplez el modelo descrlbe las caracterfsticas

de-las unldades cperativas desconcentradas y de la cludad en - '

donde radica.



Para describlr las unidades operatlvas y las cludades donde radi-

-can se requlere:

' La poblaclén actual de la cludad, y su tasa de creclmlento,
expresados en nimerc de habltantes y en porclento, respec

tivamente . {

. El nGmero de functonarlos y empleados con que cuenta ac -

tuaimente la unldad operativa y su programa de creclmlento

esperado,

. La fuerza de trabajo especlal[za;:la dlsponible para desceon
centrarse.

Ca La fuerza de trabajo especlalizada dlsponible en la cludad

donde radlca la unidad operatlva, .

L

. La capacidad (nstalada de infraesiructura y egqulpamiento -

urbanos de las ciudades donde radlca la unldag operativa.

La definlclon de los componentes de la (nfragsguctura y -
del-equipamiente urbanos por inclulr en el anélisis es 1=
bff;-‘ en el sentido de que se pueden tomar en cuenta -
aquellos que se requleran o simplemente de los que se -

disponga de informaclén.



¢

En principio, en la conceptuallzacidn del modelo se con-
templaron los que & contlnuaclén se relacicnan; Que como
se menclond en el pirrafo anterlor se pueden agrupar, de

Bagregar © utillzar alguncs de ellos,

Los componentes conslderados son:

= ' Agua Potable

- Energfa

- Tlerra Urbanizada
- Vivienda

- Glomercld y Abasto

~  Educacién y Cultura

- Salud

- Recreaclén y Deportes

- Gf}munlcaclonas

- Transportes

- Admlni_stracién ¥ Servicios Pablicos

La demanda generada por la poblacién de la cludad en -
dende radica la unldad operativa y por el nuevo personal
desconcentrado de Infrasstructura y equipamlento urbanes,

Este dato expresacdo en términos del consumo por hablian-

te [consumo unltarlo},



El coste que representa lncrementar la capacidad Instalada
de Infraestructura y equlpamlento uvrbanos para satlsfacer -

la demanda de un habltante. {Costo unltario).

Los requerimlentos por empleadce de equipamiento de {nstz-

laclones ffsicas y su costo. (Consumc y coste unltarlos;.

Les requerimientos de la unldad operativa de lnstalacione:

fisicas y su costo,

La capacitdad Instalada de Instalaclones f[slcas en la clu -

dad dende reside la unldad operatlva,

El costo de incrementar el equlpamiento de las lnstalaclc-

nes {I[sicas por empleado . {costos unitaric}

El costo de incrementar laz {nstalaclones f{slcas por em =

pleado, {Costo unitario),

El suelde promedlc por empleadD_Q‘ua devenga la unidad

operatlva,

El gasto corrlente anual de unldad cperativa,

ny

. El programa anual de inversiones de la unidad operativa.






4.2, MODELO MATEMATICO

En la formul aclén del modelo de lmpacto de la desconceniracitn
ﬂ;l 1as ¢ludades sede se emplea la técnleca de Simulacidn Diné-
mica tlpo Forrester que permlte analizar diferentes alternativas -
de crecimiento de las unidades operativas, su Lmpacio en lai -
cludad donde reslde y su contr.ibucmn al Programa Naciconal 'de—
Descbncentraclén Territorial de la Adminlstraclén Pablica Fede-

rol, para cada uno de ios perfodos del herlzonte de planeaclén,

El modele esti estructurade por cuatro médulos interrelacicnados

que son: Recursos Humaneos, Satlsfactores, Aspectos Demogré- .

flcos y Recursos Monetarles, (Flgura 6)

4.2.1 RECURSOS HUMANOS

El insumo primarlo a este modelo son lo-s requerlmlentos-
de Recursos Humancs que den}anda el programa de creci-
mnlento esperado de la unidad operativa, Ante estos re -
querimlentos se analiza la poslbllidad de satlsfacer la -
demanda desconcentrando, en caso de no ser factlble se-
ve sl exliste dlsponlbilldad de recursos humanos en la -

localidad, en caso negatlve se retrasa la declslon de ex-

poansion de la unldad en cuestién,






En e] case de que ex(stan suflcientes recursos humanos-
disponibles para desconcentrar se determinan los requeri-
mientos de satlsfactores y recurses monetarlos Gue &s5tos

generarin.

En e] casc de que sea necesarlo recurrlr a recursos kuma
nog de la lﬂcalldadﬁe determinan los requerlmlenios de-
Ikstalaclones flslcas, de equlpamiento de Lnstalaclones -

fislcas y de recursos monetsrlos que &stos generarén,

La dectislon de reublicar-contratar depande por uha parte, -
como se apunta en los pirrafos anterlores, de la dispeni
billdad de recursos humanos, y por la otra de la dispon:

bllldad de satlsfactores y de recursos monetarios.

La disponibilldad de satlsfactoras determinan la declsidn-
Inmeadiata de reubicar-contratar, de n¢ haber una cantida<d
suflclente de satisfactores para soportar esta accidn, la -

decls(on recae en los recurs0s monetarlos necesar{cs gzr3

tncrementar su capacidad Instalada, por le que de su meZ

t¢ depende que sed necesario 0 nd retrasar dicha accisn-

uno © mas perfodos,

En la Figdra ? se muestra un estracto de! modeld, en iC

. que se reflere al méduio recursos humanos,

.~






‘l_r

4.,2.2 SATISFACTORES

En este médulc se lncluyen los conceptos de lniraestric-
tura y equlpamlente wbancs que se relaclopan en el sp3if
tado de informaclén (Inclso 4,2.1), las Instalaclones fI -

glcas y el equipamiente de las Instalaciones fsicas re -

guerldas por las unidades operativas.

La acclén de reublicar recursea humanos implica demanda
en todos los satisfactores y la acclén de contratar recy;

| ] .
so2 humanos de la localidad impllca demanda en instala-

clones f[sicas y en sy equlpamlento.

El in.sumo primario a2 este mddulo es la demanda que ge-
_hera la declsién de reublcar-contratar recursos humanos,
Ante este rejuerimlento se analiza sl la capacidad insta-
lada es suflciente para scoportar la acclén da reublcar-ccy
tratar recursos humanos. En caso negatlvo se genera la

demanda de recurses monetarlos.

S1 la capacidad instalada de los satisfactores es suficlen
te 8a Indica que por io que se reflere a es;:e médulo la-
accldn reublcacion-contrataclén se puede llevara a cabo.-
de lomedizto, En caso contrarlo se analiza st es ficii-
ble efectuar dicha aceifn parcialmente, lo Que estard :de-

finide por el super avit de los sastlsfaciores,



La demanda lnsatlsfec};.a de satlsfactores genera re3veri -
mlentos para Incrementar la capacldad instalada, lo gus-
sa hard en funclén de 1os recursos monetarios dlsponikles
para este rubro, De existir suflclentes recursos moneta -
rios la acclon reubicaclén-contratacién se demorard el tfe
pe necesaric para el acondlcionamlente de dichos saJ:ls:‘ag
tores,. En caso contrarlo ‘se acondicionarén ins satisfac:a
res qua log recursos monetarlos disponibles permltan y la
declsion de reubicar-contratar se demorard hasta qQue exis

ta la infraestructura y egulpamiento urbanos demandados,

En la Flgura 8§ se presenta un estracte de! modelo para al
médulo de satlsfactores en 10 que se refiere a un rubro -

representativo de eQuipamiento e infraestructura urbanos.
'4.2,3. ASPECTOS DEMOGRAFICOS

En este médulo se considera a la poblacién de la ciudaZ
en la que radlca l2 unldad operativa con el objeto de gue
8u creclmlento natu.ra;.l genere la demanda de satisfaciores
a fin de que se le dé adecuada ateacidn.

Ademés, |ncorpora a la poblaclén al nﬂmém de funclona -

rics y empleades de heche descencentrados,

4.2.,4 RECURSCS MONETARIGS,



La funclon de este médule es admlnistrar los recursos -
monetarios que apoyan las acclones de la desconcenuacida
y la atenci¢én a los habltantes de la cludad donde radica -

la unldad coperativa.

Los egresos estén constltuldos por el ceste de las acciones
¥ obras requerldas para que se preperciche la adecuada atep
cldn &l habltante vy al empleado pGblleo ¥y para permitic la -

expansién o crecimiento de la unidad operativa.

Loe ingresos estdn compuestos por losa posibles flnanciamien
tos de apoyo a la desconcentraclon, e.:l presupuestc asignado —
al goblerno local y los lmpuestos sobre Blenes y servicios -
exlstentes y futurcs, producto de la descencentraclén y d2l

" crecimiento hatural de la poblacién.

"El financlamiento y el presupuesto asignado al gobiernc lcc.:al
38 pueden manejar como una variable de !nforrmaclén (dejar al
modelo determinar el meonto total requerido para proporcionar =
la atencién adecuada al habitante} o come varlable de declsitn
{(definir & pricri un programa de (nverslones). Esto permlte -
analizar una gran gama de aslternativas de lnverslén y el grado

de desconcentraclén que de ellas resulta.



La actividad primaria de .este médulo es proveerse de recur-
so0s meonetarios a fin de mantener la capacldad instalada al-
canzada de los satlsfactores, Lo que garantiza gue no se -

detertorard la atencién al habitante,

La actividad secundarla de este modulo es aslgnar los recur
608 monhetarios dlsponibles para satisfacer la demanda da sz
tisfactores, producte del défleit actual y de la desconcentr:

cién.

La aslgnacidn de recursos monetarlos se efectfia con base -
an u.n si{stema prioritaric de lnverslonés que deflne el ordsn
en que se consldera se deben Ir satlsfaciendo los requerl -
.mlentos d.e serviclos., lEl orden, en principleo definldo, i=-

cluyendo la remuneraclén del perscnal reublcade y del con-

irutado en la localidad, es el slgulente:

. Mantenimlento da la capacidad instalada

. Remuneracién a personal reublcado

. Remun;raclén a personal contratado en la localidad
. Equipamlento lnstalaclones fl;slcas

. Instalaclones Fislcas



. Tierra Urkanizada
. Vivienda

. Agua Potable

. Energfa
. Comerclo y Abasto

i
. Educaclén y Cultura

' Salud y Seguridad Soclal

T Comunlcaclones
v Transportes
. Recreacitn y Deportes

. Adminlstracién y Servicles Pablices

| Este corden no es def(ni{tive y depende.de los satisfactores -

Que se conslderen en un anallsls particular.

E.‘.l'aspectu lmpdrtante de la definicitn de este sistema pricri-
tarfo de lmrersic:;es restde en el hecho de que por lo generél
No se cuenta con l0S recursos necesarlos para satisfacer toca
la demanda, por lo que se Ilrd I.nc'..rementando'la capacidad in_s_.'
talada de los satisfactores conforme al sistema pricritarle y -

a los recursos monetarlos disponibles.
En ulnahFigur;B se muestra un extacto del moédulo de - ey

recursos monetariocs, haclendo resaltar sus funclones -

mas que el detalle de la formulacién del modelo,
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RECURSOQOS HUMANOS

REQUERIMIEN TOS
RRHA,K = TABHL (RRHT.TIME.X,0,2,1)
RRHT = & / # / #

RRHR,.KL = RRHA.K

1ERHL_K = RRHL,J + DT = (RRHR,JX - RRHSR.IK}

RRHL = RRHLC
RRHIC = §
RRHSR,KL = RRHSA,K )
RRHSL.X = RRHSLC

RR‘HSLG = §

RTRHA,K = RRHL.X + RRHA.X

DISPCN IBILIDAD DE REUBICACICN

DRRHA,K = TABHL (DRRHT, TIME.K, 0,2,1)
DRRHT = & / & / #

DRRHR,KL = DRRHA.K

DRRHL.K = DRRHL,T + DT * (DRRHR.JK - RHRR.JK)

e/



DRRHL = DRRHLC

DRRHLC = §

RHRR.KL = RHRA K

RHRL.K = RHRL,] + DT (RHRR, X}

RHRL = RHRIC

RHRLC = #

DTRRHA.K = DRRHL.K + DRRHA.K
DISPONIBILIDAD LOCAL

DIRHA.K = TABHL (DLRHT, TIME.K, 1,2,1)
DIRHT = § / & / #

DLRHR.K = DIRHA.K"

DIRHL.K = DIRHL.J + DT * (DIRHR,JK - RHLCR.JK
DIRHL = DIRHLC

DIRHLC = # v

RHLCR.KL = RHLCA.K .

RHICL,K = RHLC1.J + DT * {RHLCR.JK)
RELCL = RHLCLGC

RHILCLC = § i



NOTE

-

N

RHLCR.KL = RHLCA.X

RHLCL,.K = RHICL,J + DT * (RHLCR.JK}

RHICL = RHLCIC

RHLCLC = #

DTLRHA.K = DLRHL,K + DIRHA.K

DECISION REUBICAR_CCONTRATAR

DRHRA,.K = CLIP {RTRHA,K, DTRRHA,K, DTRRHA,.X, RTRHA.K
RPRHRA.K = RPRHRC * DRHRA.K

RPRHRC = # ‘
NCRHIA,K = CLIP (RTRHA,K - DRHRA,K, O, RTRHA,X, DTRRHA.K) .
DRHLCA.K = CLIP (NCRHIA,K, DTIRHA.K, DTLRHA,X, NCRHLA, K)

RPRHCA.K = RPRHCC * DRHLCA.X

"RPRHCG = §

REUBICAR—-CONTRATAR
RHRA.X = RHRGC * RMRHRA.K

RHRC = &

"RHLCA.K = RHLCC * RMRNCA.K



C  RHICC = §

A RRHSA.K = RHRA.K + RHLCA.K

NOTE REQUERIMIENTO DE SATISFACTORES

A REDRA.K = CLIP (DRRHA.K, RRHA,K, RRHA.X, DRRHA.K)

A RHLDCA,K = RHLOR. JK
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NOTE

0 2 = = 0 Z

-

NOTE

‘AGUA POTABLE
DEMANDA
RAPA.X = RAPC * (RHDRA X + IPLA.X)
RAPC = # |
RAPR.KL = RAPA K
RAPL.K = RAPL.] + DT * {IIIAPR.IK -  RAPSR, JK)
RAPL = RAPIC

RAPLC = #

RAPSR, KL = RAPSA.K

RAPSL.K = RAPSL.J + ]:‘J:T'* (RAPSR.JK) -

RAPSL = RAPSLC - -
RAPSLC = §

RTAPA.K = RAPL K

CAPACIDAD INSTALADA

ICIAPA.K = ICIAPC * RMAPA.K

ICIAPAC = §

CTDAPR KL = ICTAPA.K



O 2 t+ w2 9™

e

NOTE

CIDAPL,K = GIDAPL.] + DT * (CIDAPR,JX - CICAPR,TR)
CIDAPL = CIDAPLG

CIDAPLC = #

CIOAPR,KL = RAPSA.K

CIOAPL.K = GIOAPL.] + DT * (CICAPR.]JK)

CIOAPL = CIOAPLGC

CIOAPLC = #

GITDAPA.X = GIDAPL.K

DECISION DE INCREMENTAR IA CAPAGIDAD INSTALADA
RAPSA.K = CLIP (RTAPA.K, CITDAPA.K, CITDAPA.X, RTAPA.K)

CICIAPA.K = CLIP {O,RTAPA.K — CITDAPA.K, CITDAPA.K, RTAPA.K)

RPAPA.K = RPAPC * DICIAPA K

RPAPC = §
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G 2

e

SISTEMA DE ASIGNACION DE RECURSOS MONETARIOS

CIQAPL,K = CIOAPL.] + DT * (CIOAPR.JK)
GCICAPL = CICAPLC
CIOAPLC = #

CTOAPR,.KL = RAPSA X

RPMNAA.K = .... + ROAPK * GCIOAPL.K + ....

SPICIA.X = RPMNAA.K
SPTOZA.K = SPIOIA.K + RPCPA.K ~

SPIC3A K = SPIOZA K + PPAPA K

AMMNAA X = CLIP (RPMNAA.X,RMDA K, RMDA.K, SPIOIA.K) + CPLMNAA K



RMCPA K = CII.P (RPCPA.K, RMCPY.KE EMDA.K, SPIOZA.K)

RMCPY.K = CLIP (RMCPZ.K,0O, RMDA.K -~ SPIO1A K, O)

RMCPFZ.K = CLIP {(RMDA.K - SPIOIA.X,O, RPCPA_K.O)

RMAPA.K = CLIP {RPAPA.K, RMAPY.K, RMDA.K. SPIO3A.K) + CPLAPA.K
RMAPY.K = CLIP (RMAPZ,K,Q, RMDA K - SPIO2A.X,0)

RMAPZ.K = CLIP (RMDA.K - SPTQ2A .K,C, RPAPA.X,0}

"RMDA.X = [FA X + RMK
IFA.K = TABHL {IFT, TIME.K,0,3,1)

FT =4/ 4/ 4/ # _

RM,K = RM,] + DT * ([ IIAPAK + .... - RMMNAR,JK - RMCPR.JK - RMAPR.JK .. .}

CPMNAL.K = CPMNAL.J + DT * (RPMNAR,JK - R‘MMNAR.]K]I

CPMNAL = CPMNALC
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GPMNALC = #

CPLMNAA K = CLIP ([CPMNAA.K, RMCPA.K, RMCPA X, SPCOlAK)
CPIAPA K = CLIP {(CPAPA.K, CPLAPY.K, RMCPA,K, SPCPOZA.K
CPLAPY.K = CLIP{CPLAPZ,.X,0O,RMCPA,K - SCPOIA.K)

CPLAPZ,.K = CLIP (RMCPA.K - SPCPOI1A,K,0, CPAPA.K,O}

CPAPL.K = CPAPL.] + DT * {RPAPR_JX - RMAPR.]K)
CPAPL = GPAPLC

CPAPIC = #
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© PROGRAMA DE INGRISCS - EGRESCS EN OQANACA, OAX.

- MILLONES DE PESOS -

CONCEPTO PERIOD OS
1 2
 INGRESOS
- Total | 20.8 22.5
. Municipales 15.7 15.2
. Impacto de la Desconzentracifin S.Il 6.3
EGRESOS
L. Total 274.3 | 284.0
« " Municipio 20,8 22.5
. Sectores 253.5 261.5
FINANCIAMIENTO 8,3 14.0
EGRESO3 MUNICIPIO
. Agua Potable 6.6 &,B
. Eﬁergfa B.9 7.4
. Educacifn 5.3 6.6
Servicios Peblicos 0.0 1,7
EGRESCOS SECTORES .
. Salud 10.5 11.3
. Vivienda 243.0 250.2

TABLA 5




DEMANDA Y CAPACIDAD INSTALADA DI SATISPACTORLS [N OAXACA, QAN .

TRVERAL:
. : INCREMENTO INCRCMEINTO | INVERSION DECFICIT i
SATISTACTORES | DEMANDA . REQUEMI
' DEMANDA CAPACIDAD | Gapacipap * | (§ 000,000F | GAPAGIDAD | (3 nan. i
| Agua Potallde 0 27 076 . 27 076
- I 27 086 810 27 886 gl1o 6.6 0 0
2 28 720 g34 28 720 834 6,8 0 )
Lnergia 0 27 076 27 076
1 27 UB6 glo 27 886 810 8.9 0
2 20 720 834 28 558 672 7.4 1562 1.8
Salud * . 0 541 - 541 .
1 555 14 . - 555 14 10.5 0 D
2 570 15 570 15 11,3 0 1]
Vivienda * D 27 076 27 076 _
1 27 086 810 27 BB6 810 243,0 0 0
2 28 720 834 .28 720 834 250, 2 0 0
LCduzacién 0 2 438 2 436 :
1 2 510 74 2 463 33 5.3 41 6.6
2 2 585 76 2 510 41 6.6 76 12.72
Servicios 0 27 076 27 076 )
1 27 886 810 27 076 ¢ 0,0 .B1O 1.7
2 28 720 B34 27 886 . 810 1,7 834 1.8
TABLA 6

* heclones concertadas con otros sectores,
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INTROLUCTIGH 2y

The disgcovery end initial exploitation of vast ail and fes reserves
within FKexico during the 1970's precipitated a lorge veriety of hopes end
expoctations regarding the benelits thst oil dﬂvuiapment couid bring to
Hexico. Some prople expected thaf ample Jdomestic enerpy surplics coembined
with foreipn excharnge earnings derived froz oil export would tecorme an
intrunent for rapid rrowth and elevating the income snd Job prospects of
uneenloyed or underemployed. 0il resources promiscd a wechsnism for
eliningting chronie balance of phymernts and governoend deficity, while
providing additionnl revenuea to the povernment to contrel infletien. In
contrast 1o these high expectatiens, ancther group of people jointed ant
the difficulties srhesd in effecting judicious use of ilexico's oil
respurees, aud Turther pointed io the experience of other il cxporting
countriea that counsclied extreme cauiion in the sllucaticn wind
disbursement of il revenues. Venepuels for example, hod feiled to uvae pil
weplih wisely; it had suffered ragpant inflation znd had beccre
inercasingly depepndont on imporis of food ond consuper gpoods, without

gimultaneoualy developing & sirong domestie economic boze.

The impects of oil develomoent on the. Hexican econony to deteo pive
Bome justification to both viewpoinis expressed alove. Om the one hend,
growth in real CGLP acceleratné froo %.2% per year in 1977 to 7.3%% per year
in 1978 and nearly Ef in 1979. Put on the other side, inflation has
atmultunecusly risen to the range of “0H per year, domestic credit
availability remsins tight, snd nominal interest retes have increased along
with inflation. Yoreover, balance of payrents on the current eccount
worarned from -2% of GDP in 1977 to -A2 of CDP in 197¢ and sprin in 1950,

dospitie revenues {rom 0il exports of aver 10 billion dellars in 18EO.

In meny respectis, it io too early to appreciste the significant
rapifications of future eil development snd export for Hexico. National

enerpy policy is still evolving along the teneni of the Global Tevelopment
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Plan snd Hatlenel Encrgy Plen, and significont délny: will intervene

between policy impletentetion znd eventunsl consequences.

The purpose of this papur la to discuan the imporiant role that c¢il
haa in Lthe Mexiecan cconomy, nnd Lnoed on 8 simulniicon wmodeld, show the Tong
term conasquences of Lhe policies siated in the pluns devaloped by Lhe
rovernment, To firalize, there sare some further policies that coulé be
implemenicd to molve sone of the problema that o0il alone doen

not.






OIL ARD ECCHOKIC DEVELOPHERT IN MEXICO G?]

0il storted its develomment during the Thaz regime by pliving
conacnaionns to foreipn companlen, ené alloving importation eof drilling snd
refining eguipment dutly free, und exemption of oil company capital stock
from tsxea. With these benefits and the diacﬁvnriua of lurgnluii rUseryes,
511 production rised erough to zupply 25% of world oil production by 1917,
Fespite the revolutionary war, from (917 to 1921 the productlion ineresced

from 55.% tu 193.4 willien barrcls. With the approval of the erticle 2 of
-the constituviion that considered the nuturel resources in the sublrail
proferty of ihe Mexican nation, and the compunics were granted & leane Lo
explolt them, plus the protection gpiven to the workers in ortiele 123,
goeneruted odverse feelings in the oil conpanics thet leaded them Lo lgok -
for new sources of oil o8 Veneswelo, and decrease the produgtion in Mexico.

Pewpite the greot oill wealth i the country, Mexicans gain very little
from it, because literally sll the oil induatry wes in foredipn hondn. They
had tax excemplions so the government could not benefit, Lhey hnad
foreigners in the top mossitionn of the companirs, ond wape discrinjunation
groinst Mexicanw, s0 labor could npt benefiti, and finally, the huge profiis
wont abroad to the home countrica of the ownevrs.

Turing the post-revolutionary peried, the Fexican state was in
fernation, mnd the econoay was recovering from the war. Gil production was
declining and it# role in the economy was not as important a2 its role in
pelities. The mttitude of the o0il companies, the incressing demunds from
the workera, snd the nationmligtic trend in the povernment, lead to the
expropiation in 1938. From then, o0i) hus had &n Incresing rele in the
cconomy and politics of Kexico.

The recent economje history of Mexico falls into three clearly defined
stupgea. The firot of theso, characterized hy develepment with inflution,
covera the pariod from the Iate 1930's until 1956, with snrual price
ineressen of 11%, povernment dﬂfiniﬁs financed with currency insves,
forelpen exchapgn instability -the peso was devaluwted in 19498 gnd V4954- and
# rapld sgricultursl development. In fact, sgricultural output had n higher
rate of prowih thon thet of the gross nationsl product (6.2 pereont) and

brought abouwt & considerable expansion in wpricultural cxporta and forcign
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trade in genorol. In short, this was a period of externully-criented
growth. During thin periocd Temex had to fTace eptwrpo of aspares nnd
equipoent, and bloende of shipments. This situftion wus alleviamied wiih

WW I1. Internnlly, it faced niruples {from the unlon workera t¢ pret control
et Lhe new conpany, ard to got the marsgerial and technical cxyperiine thad
wus lost with the departure of oil companies. FMrom the expericnce gafned
from the nationnlization of the rul) rosda, the government decided not to
moké the same miatavke &pain, &nd oansge to keep control of Friansx. Its role
in the eccnomy was limited tp supply domestic demand, end s douranoing
amounl Tor ¢xparis. The director of Pemex durinp that period Anlonie J.
Bermudez, consgidercd that lepex phould net pet invoelve in the notlonal
_pollitics, and kept the role of Pemex to Tulfill its objectives:
exploeration, cxploitation, refining, trancpertation, sternpe, éistritution,

and first hand pale of basic petrochemicals.,

The second atupe was invardly-oriented, bescd on substitution for
importe of menufnetured goods, the proportion of which decressed from 8
percent of GLY in the first peried to S percent in the second. Kelative
stapnsticn ulad bogane evident in the sgricultiural acclor, the rate of
growth of which fell telew thnt of the gross netlional product, wiiel
rumbined 6.2 pevcent. The exchange tate of the pese wea mainteined st
12.50 to the dollar. Prices rose 1.9 percent per year on the avernge {less
than in the United States, with which Fexico hns 10 percent of iis fareinn

trade).

Aa a renouli of the diminishcd vitality ol the apriculiurnl sector, the
rate of incresse of agricultura) cxports declined considersbly, ond in
generul recelpts of foreign exchornpe increesed at & slower rate than
expenditurcs abroad. This produced & lnrge deficit in the current account
of the balonea of payments and an ineresse in the foreign debt. The sloving
down of invesluent in sociuz) overhead capital wnd in agricultural research
and devcelopneni, as well as the distortion of cent giructure rabul ting from
the cffects of protectionine on the prices of industrial inputs, had zn
mlverse effect on the competitive position of apricultural exports snd
conflitute o Tucior in the clowdown in growt: of merchandise exports. On

the other hand, the parity prices for goods destined for domestic
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consumption rose in order to stimulete their ouiput.

One choracteristic of the period of price mtebillty az ihe growth of
donpatic sovings, which played an imﬁortant role in the neeoclerpnted
exransion of the kanking asyatem end, in facl, in a generol finupeinl Lous
of uvnusual magnitude, brougth abput by foctors such ea transfers from th
non-Tinancial oerkel to the institutional sector. The proeccc [acilitatod
the placement of povernment securities by the ecntral bank sunng the
Tineneieal intermedinricea-espeocinlly ihe nop-mopelary ones- co that ilie
govermment deficita po lonper reprusented a mere creation worey Ly the

centrazl bank, aa they did in the fTirat period.

Luring this period Pemex continued ite solidificntion an company, it
goined the techaical expertice, io become pelf sufficient ond proved to be_
v Buccens of notionnlization. It became ap instrument of ihe poversment to
anpcournge induetrialization by supplying: the inereasing demand fov
hydrocarbona and to give subsidles through low prices. In 1458 it was 1
granled a ptale monopoly on bagic petrechemlcals, becoming o molive .
purticipunt in the industirializalion procens Ly reducting iwports and
supplying fuedstock for private manufecturing companies. Production of
gecondary petrochemicels was left to privete compunies whose share capitol
is Bt leamt G0T Lexicen owned. .

" The third stape has Leen characterized by development with Inflation
end o higher deppendency on oil. Thies characteristics are a conscquence of
the problems of the aacnhd stage. The inercasing deficits in foreipn trade
pud povernment budpet, plus the change in the stability in the
internntionel economy, created n sudden deeline in GDP growth and in order
te reactlvatc the cdomestic cconomy and to corrccl soze af the deficiencies
ol the geonomic model, the governpent started a serien of socisl and
inveotment progroma which were (inanced with money isauves und borroving.
This generated hipgh inflation rates ond woraened tg& baloanee of trade, that
eventually made it impooaible to cusztuin the paritdiuf 12.50 resos per
dollar end forced a mejor devaluallon in 1476, Th%hfmenuuru voracncd Lhe
inflation nnd combined with cxpeotutions of oil réfﬁnunu. made Lhe
rovernment to folleow &4 policy of ropid expantion and incrersingly larger
goverament budret deficits which lend to minidevalustions during 1970 und

4






1901, and & major one in 1982.

Through ihe 19000 end until 31971, the moncy supply wns limited io an
averase annual growth of 10.4 percent, which, in conjunction with ar onnusl
renl GIP prowth rate of 6.4 perccont wnd steble prices of imnrted poods,
kept inflution at & 2.'f parcent average annual rete. Sinec the end of 1972,
however, lexico hap experienced n sharply hipher inflation ruate, meinly
because of subataniinl incressean in the money supply, the'ruﬁid Frowih of
toveornment expenditures, the exponaion of wgprepate demand, hostlenecks
inhibiting increased production nnd hipgher import prices. The renoval of
the fixed cxchanged role of the peco on Auguatl 31 of 1976, the suhscguent
decontrol of prices on many ilems and ihe edjusiment of certaln pulldic
utility and trapsport raics nlso cantributed to high inflation. In
alditien, especulaticn conceraing the impesition of the value Added Tex on
Janwary 1 of 1980 contributed to the sharp inereases in price levels durinp
the begining of 1900,

With the discoveries of the hupe hydrocarbon deposits of the Soulhtaut
of Kexico in the carly 19702, oil und Pemex changed int role in the
pconomic arenn. On the ennnémic side, Pemex hecdme the larpesl enterprise
in Latin Americs and in Fexigo. It is responsible on an exelusive brais for
ithe operation and devolopment of Ferxico's oil, natural pus ond basie
patrochnmicu]-induntrinu. 1t hus total abBsels of 3,188,000 milliona of
resos equivalent to $4B,462 millions et Lecember 31, 1931 snd net sales of
£ 461,000 milliona of pesos equivalen to 518,806 nillicons {converted ut
24.514 penos per dollar vhich wee the average exchanpe rate for 1941).

On the politicel slde, the role has become more octive becruse jat
actions generate stronz debmates, and froem the retoric of the polititians

that have built n lot of expectsiions {rom oil to the population.

In 1981, Pemexr produced an averape of 2,312,144 BPD of crude poil angd
condensate, 239,777 BPD of naterel gas liguida and 4,060.B nillion of cubic
feet of natural gas par day. This represonted on incrense aver 1976
production levelm of 189%, 1572, and 92% respectlively.

The coutinous riac in production has allowed Mexice to increase its

exports of crude oil which atorted 1n 1974 with 15,902 LBPD, send roze to
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{093,021 BT in 1981, Durlnp 1980, exports amounted to $10,401.% nillien 7

and imports reached $765.9 million, resultlng in 2 net surplus of 9,620
millien., For 1931 it was expected that the tolal cxrorta would reach
$20,405.5 million and imports would be reduced to £352 millien producing

det surplus of £19,£53,5 million, a $06% incresse over the previova year.

Ine to the world surplus of ¢il, in the middle of 1981, there was n
sudden fall of mexican eoil exports to sbout half of the tarzet, and up to
ihe YLopinning of 1982, it.hns.nat heen poosaible 8 [ull recovery despite of
thrice raductione in price.

At Tecvmber 31 of 1980 the export pricea of Istmo crude oild was $35.%0
per barrel and the cxport price of Faye crude oil was ¥54.%0 yer karvel. At
the end of 192 the pricea were 53%.00 oand E20.%0 por barrel respeelively.
In January of 1982 there wes another price reduction of 2.00 to the Iera
crudo oil.

The shortage of erport oil revenucs made it necousary t0 incrense
forcign borrowing heavyly to a toteml of 516,234 million, puying 56,759
pillion, resulting in & net incrcese in debt aof £9,476 millicr. This
megnitude represents ¢ne fifth of the total public foreipn debt cutstending
at the end of 1881,

Domeaiic prices for Perex's products are fixed by the Covernment with
8 view to genersting sufficient revenues to cover operating costs, dehbt
service apd a portion of capital expenditures. The balance of capital
erpenditurea is finenced by hérrowing and, when necessary, by cupltol
centributions from the Government. Prices for products exported by Penex
arg aut by market supply ond demend conditions.

Aa sole owner of Pemex, the Coverament is cntitled to any distribution
of profita. To dale, ne such distributlon has been pade.

Pemex is required to pay taxes babed on toiel revenues at a rate of
15% for petrochemicals and 27 for all other products. Pepex's export pales

of crude oil ere subject to & 58% tax plus &5 2% od valorcm tux.

The income by salea vepresented 559% and 4%% wos made by borrowing. The

exyenditure was:



Foaderal Toxos
Investment

Paymont on ebt
Operation Fxpaneea
Inturest of Debt

Operacionos Ajenaa

238,193
230,773

134,217
61,740
30, 901

(28%)
(272)
(19%)
(152}
(7%)
(4Z)

@)

The taxes were paid for the following concepts: 37,19% for internnl

sulern, 200,117 cxport tax and BB otler taxea. This fipgores represented mn

inereune af AYE over 1920,

In brief, the nation’s economlc development regquires more monay and

mord enevey, ond Pemex will Ye the spurce of both, as its snlecs and

produeciion incresse, This implics ihet leoex is deatined to roncrote

sufficient production to dininish imports, inercaze experts, und garn noncy

abrond to balence pecezsary purchases, Then ilbe continuwed oxpabsion of

Pepex will make it richor ond more powerfel,

T ke s



DEBATES, FLARS, AND PFROJECTICHS (/2

The rebirth of the oll industry during the last decede, penornted A
aorice of debatuva, pluns acd ﬁaliciea regarding the uses, abuses, ond
implicotions of the new woalth. Yho should benefit? To whom would the money

go? What purpotes wvould it eventually serve? To what extent?

After tﬂn diacovery and confirmation of increasingly lorger oll
regaervens in the Southeast of Foxico, there wss also incressing concern ond
public discuasion abput ihe erlternative policies that the Goveprnment should
follew regarding oll exploitntion and uwmes of oil reverue. Yor the first
time in Kexico there were open discusaiong in all the arenas, at ell
lovels, &nd from all political affiliantions. So from seversl povernment
agencices plans came out including tho role of oil. Several orgarnizations
like the CTH proposed the creation of s Hational Fupd for Fmployment (Fondo
del Fmples), in which all oil revenue were to be allocated to creste jobs.
The mein speackemen of the oposinslon in oil matiers, Ing. Hertorte
Cantille, Lecame very popular by its conatent critica teo the offielsl
programs, bamically showing inconsistencies end political ipplicotions thet

ware not alweyn on tho side of the government. For example in for the
.'cnnstructinn of the gaseoducto to the U.5. border, he talked agninat it cn
the grounde of higher dependency, and that the benefit of the natural
Teasourcegs werc not for the Fexlcapns. Also he pointed out the big loases of
burning the natural gss that come asaociated ;ith the oll, and that Pemex
ghould produce st a rate thet could take advantape of 8ll the raecurces,

inetead of loasing pgao at the expense of high oil export growth.

The government retorle to puatain ita policies and sctiona came fron
¢yveryplace in the syatcm. The poat utopic of ell waa former directer of
Pemex, DMsog Serrano, which steted "Mexico's new oil wealth mekes it
poasible to see in the future the chreatlon of o new country
+.«,permanently prosperous ...,a rich country whure the right to work will
be a reality, with m» batter style end quality of life in general...". There

wore sther public officiasls that were more cauticus in theip :tntemcntﬁ,

A o paam o . e e J— - an omi ommEe



Gr
vut thet deffitelly took a clear position. Like the ministera of Putrincny,
de la Pena wnd Oteyza, have congintently shovn a nationsliatic point ef
view ond vant to keep the oil for the Mexicars, while Diaz Serranc wants to
mell it to the U.5,

Another polnt which was considerad very importont in the discusion wes
the nngunt of ol that should be produced, the so enlled the optinusn vatle
of preductiens Pue to the satedcturnl rvestrictionn of the merican ceonory,
the amuent of forelpgn revenue that it cen aboorb is limited, mnd above o
certain point ell the sdditional rﬂvﬂnu;n ars tranzforped inte infleiion.

The basic chuse ix that the additiopul revenues are added jnto ihe monciary
bage, ereating un increose in demmpd, but as the production is limjtod, the

additioual demerd ceuses rlse in prices.

L]

Trediticnally the mpuin regivictions for egoromic prowth in Ueszicn bad
heenr Lke leck of foroipgn resources to import capital goods, uwnd the lInck of
dorestic savings that linited the amount of internal resources to Finunce
investrmaat. Yith the sudden increnent of oll refaourees, the now
restrictions have awltched to: luck of.gkilled lebor forece, lack of
development ond implemontstion of projects (lock of entrepremurship), nndg

the peed for atubility in peao exchunge rate wnd inflatiorn.

The objectivea in economic poliey then should be: to sbsorke tho
growing labor force; and to guarrantee the transfer of o0i! wealth inie
persanent coureca of lncome. The Tirat objective reoguires high CDP grouth

and the second the need of even higher investment.

Eventunlly all these economle considerctions ond public debaten, wWerae
tranaformed into conerete plans, that for the first time showed hints of
intended productive uses ¢f 6il weslth, in 8 planned nanner, nnd in rome
cases, locking into the long term perapective. The two more important plans
orer the Clobal Development Plan (Plan Clobal de Demarrolle) and the
Naticnal Energy Plan (Plen Nacionwl de Energin). The most relevant iosues

of' these plons ore: .



Plen Global de DNeanrrollo.

0il resources should be allocnted in the following wanncr:
32% for Pedivx investmoent
66T for investment in the prioritary ssctors

eh¥ agricultore

168 industry (excludipg Venex )

20% comunications and transports

24% aocianl developmant

15% aupport to Lhe stetes and mupicipalities

il resources are defined os Pemex curreni savinga,
[

Plen de Frerpia. i :
‘ i

~domestic cnergy prices should correspond to TO¥ of ihe jnterasticinl
pricea, and they should be adjusted during ten yesrs 10 oveld stroenn i
inflationary impacta.

~28% of ibc investment in the electricity sector should be mede wiih
its pwn resources.

~The targe%a fur exporis uf cil are 1.5 WMBD and 300 million cubic
feet of natural gas., (There is a 10% mardin to cover eveniunl needs).

-1t will he encourspge the development of nuclear energy. 20 nuglear
power plants should be insialled by the year 2000, that will pgenarate
20001Y (25% of energy requircrents)

~Encouragement of ecience and technology.

~Heasurien to enforee the ratignal use of rcasourcen.

The combinotion of toth documents determine the officinl possition.
The Global Flan has & very short term horigon 1980-1982, nnd concontrates
on the sllocution of oil resgurces. While the Energy Plon in lpng term

atralegy and focuses on the prices of cnergy, developzent of alternative

gources, and conservation of oil.
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SIKULATION KODEL: APEROACH AND FETHODOLOGY C

SYSTLN BYNAMICH METHQLCLOGY.

This model woo bullt uwsing the System Dynniica approach, whiclh has
baen developed by Jay Forrester st the Kasaschusoeits Institute of

Technology, sinco the 1950'a.

System Dynamica is & technique for broad policy enelycis of complex
aysters. It mteried sa Industriel Dynomics, focusing on problems eriasing in
the corporate petting. I{ wus concerncd with runagement protlems like
inatebilities in production end employment, alack or incopsistent corporste
growth, and declining market shore. Puring the 1960's, 1t started 1o Lo
applied to a broader clasa of probvloms and in different areas such gz urkan-
plenning, end Implications of peopulation growth in o limitcd reacures
sorld. With theae expahsiona in aprlicatona, the name wos changzed Lo System

Dynemica.

.hithnugh Systen Dynamica hes been applieﬁ in meveral fieldgp, it io inm
asocinl aystems, which are characterised by: iis complexity, the
sultiple-contradiciing cbjectives, the imperfect knowledpe of the veriables
and iia relationghipe; that constituete the idesl field for applicaticnn of
thie "approach.

The brublam that one gddrcsses from the perspective of Systen Dynanics
have at least iwo featurss in common. Firat, lhey are dynanmic: they involve
guantities which change over time. Belng ihe varishlea of the systen and
their interrclationships {the atructure of the nysten} vhich determine the
behavior. Second, they are feedback sysatems. The term fecdback is used in
engincering for aervomechanioma and cloaed loop control systoms, in
paychology for homesatumis, in socinl ascience for wicious circles and

self-fulfllling prophesiea,
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The Syatem Dynumica spprosch applies to dynamic prohlens arising in

Tuedbnek syoloms.

Feedback is the transmission and return of information. The emphaouis,
inhorent in the word feedback §iselfl, is on the return. A heanting syaten
producos heat to wars & room. A thermoatat in the room, connectcod to the
henting synten, returns information about the room‘a tempersture back to
the hueating byotom, turning it on snd off and thereoby contrelling the
room'a temperature. A thermostat in &2 feedback device. Together with ilie

fursnee, rumps, and radiatora or venta, it fornas & feedbock syatem,

Feedbuck systems charactopistically form loopa af
intercopnections-loopa of causes and effcets. Without resorting to the
broad intrepretation of lhe word inforpetion implicit in the defipition
glove: A feodbaek loop 1o o closed meguence of causes and effects, A clowscd
path of action ond information. An interconnected set of Teedbeck loops is
o foedback system. There im a prowing awareness that biclorical
environnmontul, Iindustrinl, economie, end socletnl aystems are feedback
syolems, Underatanding the dynamic behavior of nuch syntepn roguirea

acknowledping the role of fecdback.

Fecdback loops form the central astructures that control change in
real syatems. Likewilse, they are the organizing structure around which
systen dynemica models are constructed. Although feedback hsas become s word
in the public vocabulary, there is 1itlle apprecistion of itm full
slpgnificance. The ususl npproach‘to ﬁrnblem solving is,ps shown in fipere

#1: a problen is perceived; an action is proposed; a result is expected.

Information
about —_— Actipn = Heguilt

problem

Pigure #1
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Put the result often does not occur. The renson lies in the more renlistic
structure of {igure #7, ns cxtended to more complexity in fﬁguru F3.
Symplom, action, and solutlon are not isclated in a lincar cause-to-cflect
relationahip, but exist in a nest of circolar and interlocking structuresn
wherein un fction can induce not only correction but elso fluectustinn,
counterprecaurcs, snd even eccentuation of the forecs that produced the

original symptoma of distrean.

All cheoge tekea ploca within the control of feedback loopn. Grouwth,
goal sseking, and oscillation are & consequence of feedback loop dynseics.
Some loops tend to gennerate growth or ducey, and others are aelf
regulnturf or poal swcking. The results are not plways evident becouse the
inTlugnee of one loop can vary vhen the rest of the variablez in the System
alpo chanpo.

So many times the scticns to splve problems in socipeconumic ﬂystEmS
do not produce the intended results, not juat due ta lack of cuntrol in bhu
implcqfntatiun of the pelicy but ea result of the so called t
counterintuitive behavior of dypmmic sysiema, or the conflict between thF
short tem ond long term conscquences of a policy change. A policy which
preduces improvement in the ahort rum, within § to 10 yerra, iz uaunlly onec
which degrodes the nystem in the leng run, beyond 10 yeara., For cxample o
policy to export oil and import food in order to improve food consunpilon
and nutrition in the short rum may create an spparent improvement, but it
olao may cuuse the stepnetion of the egricultural sector, dependency on oil
'resources to alleviate tha problen and higher imports of food. Vhen the oil
reserves are depleted, there is not enough food produced domestically and
the food chortsge and malnutrition in worse than original. Anyway, the
short run is more vieible and more compelling. Administrations in loxico
lagt eix yeurs. It speaks loudly for immediate mttention. But a peries of
actions all simed at short run improvement ¢en eventually burden a syaten
with long run depressants so mevere that even hergic short run mensures ne
longer suffice. With theas concepta in mind there weas a concern to build o
mhdel that show the muin variablea of the Mexlcan sconomy, their

interrelationship and thelr implications.
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and gonl-szeeking as policles interact,
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Models have become idealy nccepted as o wmeans for studying cnmp]ex(
phenomena. A model is o subalitute Tor resl cquipment or systen. The vnlue
of the mpdel arisec frowm its improving our understsnding of phseure
hehavior characteristics more effectively then could be done by obumiving
the resl system. & mode)l comparcd to the resl syatem it represconts, cnn
¥ield information at lowver coet./nowledge can Le obteined mere quickly ond

for conditions not obsurvable in renl life.

Porheps the most fennible frature of the system dynermics approuch is
its uze of formal, quantitative computer wmodels. The term nodel stands for
repreaentation, emaentinlly a simplifiention, of gome nlice of realily. A a
systen dynamics model iz w laboratery teol. IL mllows repeated
exrerimentution with the system, testing assumptions or altering menagpement
policies. The purposo iz to gain understanding, so thai the pgoblen Lo

which the model is addressed moy be solved or minismizoed.

A formal model hums two adventegen over the inforaul sg-celled mentel
ncdels on which mrest hueman decisions are besced. Virat, formul models are
more expliclt and communicable. A system dynmmics podel exposea its
assumptions about a problem for criticisms, experimentalion, and
reformulation. A mental model, on the other hund, is fuzzy ond implicit.
Its fuzzinesa in d.resultlof ite rich intuitive detnil snd is 2 opource of
ita ronge and sdaptability. The implicit nuture ef cental models, howaver,
ia the ceuse of cccasionsl misunderatanding, misccnsupication, end
misapplication. Second, a forﬁnl wodel hamdles complexity mpre ecasily.
Unlike a mental model, & system dynsmics computer nodel can relinbly trace
through time the implicniiona of sny mesay mrze of assumptions and
interactions, without stumbling éver.phrusealugr. emotional bipn, or gops
in intuition. Computer rodels have theose two edvontages not because
computers nre so smert but, in a senye, becwmuse they are 3o dumb: they love
the boring, repetitive computations invelwed in tracing & model through
time, and ihey require obsolutely every aspumption te be spelled out in

computer code, explicitly.
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It 1a etiractive, indeed, to Lhink that experiventalion with e
appropivte computer models mipht lead to the wnderstondings we reguire to

sslve or minimize the hoot of camplex problerma we fuee. Tut ihe hintlory af
the application of fourmol medela to pelicy problems deea nol produce preat

confidence.

In contrast to traditiopal approaches, this model emphasizes:

-4 long time horizopn, not limited to the conventionnl plonning
heriren in poverrment of less then 2ix years, but long enough to enconpzss
the period influenced by current declsions and to anticipate future
undeaired effects in time to mvoid then '

~ A wide perapective, not limiied to one egctor or one
discipline, but including mll the varisbles and social wechanisns bLearing
on the problem; and :

- 6 floxible concoptusl] framcwork, noi unnecestery limited tq
traditianal variables, but buesed on cpen-minded observation of the rual{
world and on thez willingnema to define new concepts to &veid excessive |

enphasls onh what is slresdy messured or easy to messure,

RODEL PESURIPTICH.

Flpgure {4 overviewa the principal intersctions between the various
mode] sectors. At the top, the production sectora are linked to each other
through orders end payments for fectors of production. Also, the production
sectors are connected to the finsnciel eector throvgh veriouwa echannels,
including domestic &nd foreign dorrowing, payment of interposat on debi, and
holdinga of money. The producticn sectors are tied to the foreipn trode
gector throuph duporto and exports of various goods end services, ivcluding
an explicit representotion of the competitiveness of Mexican non-oil
cxporty. The production sectors pay wages anpd dividends to the houschold
pector and generate & demand Tor laber from the household; in the apprazite
direction, the household demends food, gooda, housing, mnd energy frem the

produciion sectors, mpke payments for these factors of utility and offers &
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OVERVIEY OF VTHTERACTIONS BETWLIN MODEL SECTORS



oe
supply of lebor. Aliso, lhe produwction aectors are linked to the jublic
seclor theough tax cellectiorns, preduction of infraestrecture, and not
revenves ond trpanafero between the public secior and those public

epterprisea that regide within cach appregate production nectar.

At the lefi of the figure £4, the houschold sector interncty with ihe
production sectora as descrited carlier, with the financinl sector tlrough
borroving, srvings, and interest paynents, wnd with the public neclar
threugh ingome imx payreicnts and receipt of &nd pasmeni for socinl serviecn
{surh w3 henltl, and socinl mecurity}. Populeiion is san cxopenous input (o
labor suvpply within the household sector, althouph the setual latar cupply
is affected Loth by populeticn end Ly relotive woge reten wnd empleyront
opportunitics; the model can also incorporatc various assmptions about
future populetion growth. - '

In the center of the figure #4, the finuncisl sector portrays '

¢xplicitly the main comrponents of the monetsary base such as foredpn

— s

currency holdings and the Tresasury debt held by the {entrel Eank. The
firancial mector alao repreaents the supply of moncy and liguidity, =nd the
ovailability angd cost of credit. The financiel secter interactz wiih Lhe
production, household, end public sectors through flows of money and
credit. Additionally, the finuncinl sector interacte with the forvign trade
asector throush determining the proo exchange rote that affects the
coppetitivenesa of Fexican exporia as well aa incentives to import, ond
through changeo in the forelipn currency reserves that aflect the moneiary

baso.

Becauce the major focus of the model ia epergy policicn, it
incorporates 0 number of different policy opticna in the ares of domexiing
pricing of oil and puwe, export levels, and sllocuation of oil revenurs, the
model incorporates a numbar of dirferent poalicy options in each of these
aregd. For example, domestic uil’pricea cen be =et in any relationnhip to
the world coil price, including the posaibility of incrcasing deomeatie
energy price wp to levels near the world energy price over some Lime span,
aa called fer the in the Hationel Fnerzy Flun. Finelly, the model includes

8 policy variable representing the fraction of Ienex current savings which



&
poes as v«4port taxon to the povermment and the remaining fraction which is
retoined by Pemex for its own internol expansion. That tox rete on eil
ayxporta can be changed in the model to ahow the impact of diffcrent tux
futen cr ihe genesral dispooition of Federal revauwues, nnd on the

flnancinr! atructure and aveilability of liguidity to Pemex.

The modal wan wslso desipned to represent s variety of difforent
sllocationa on carmarkings of the government share of oil exrort revenues.
The major poasibilitles incorporated in the model are, imports of food,
inports of enpital goods ond technolopy, reduction of pgovermment defieid,
increas of pocinl expenditures, stimules of particular preduction reclors,
ard so¢ on. The model can incorporate any desired distributlens of the
govarnnent's share of oil export revenues betweuen these usss in vrder to
exomine their inpacts on pecloral cutput levels and on overanll
oacrocroniole indicators such am inflation, unepployment, and the Tfedersl

defici:.

“ve model is bapcd on an enesgy-uveonomy model for the United Mates,
and i‘ was addapted to reprement lhe mexican case. The apprpach ves fo
repli:ale the declsion oaking procossen and the physical mnd technical
relal‘onships of & single firm and generalize iber to repreacnt & gsector of
the - conomy. In other worda, there is s pencralitotion of the microeconomic
bohe' 1o into the mecroeconomy. There were simplifications, being the moat
impe. \ent, the representation of the egriculiural scctor, but in the real
¥exi.a there are iwo sub-aectors: one that behaves according to the
geoniwinie theoery, and second, the traditional apgriculture, that does not,
The vnergy and public sectora in the model were chenged to represent the
Kexivan case, in which the energy is concentrated into iwe povernment
agenciea, and the public sector that ia much larger than its Ameriecan

coutiterpart.,

The model represents both the physicel structure of the natlennl
ccynany (people, capital, goods, money) and the decision-making atructure
of the various actors in the system (the decision rulea and the infornntion

gonrcea for decisiena).
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There are five major secloro: preduction, household, finarncial,

provernwent, &nd foredgn trade.

The nroductisn seetor.

The produsiion secctor sctually consiaisa on five distinet produclion
poctorst lhe poode meclor, representing conswier poods nnd servicea) the
cupital scctor, representing capital plant and equipnent snd housing;
ihe apgriculture secter, pepresenting all the Tood industry: the trannpert
sector; the energy sector, which ia divided into Pemex and the clectricity
gector cénaiating of the Comision Federal de Electricided and of the

Compania do Luz y Fuorsza.

Each of the five production asgters in the model ropresentis mahy Tirms
produciog similar typea of cutput, The five sectors all have the aame
structure which conatitutes e dynamic bLehpviorel theory of the flrm.
Inveatment and capoeity aguisition, labor wanagement and wege barpnining,
pricing, production scheduling, end firancial wmanapenent are all

represented explicitly.

Each eector is compoaed of ten msjor subsectors. The subaectors are
divided into thoge concerned with the phynical or real sspects of
production (the determination of cutput, factor use¢, end flow of moterials,
people, and energy) end those responsible for financial nanagerment {wage,

‘prices, ond the balance sheot and income statement).

The hauashold boctor.

The househeld sector suppliesa labor to the preduction asctors, snd in
turn reerives wagos which are used to purchaze goods, housing, {oed, ond

ensrgy. The houschold nlao supplleos aavings, through the linancinl ovctor,
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ig the production peetora, and receives the profita of the produciion ~
vectora in returp. It slso peys taxes to the Government Zeector. Thoush the
houacheld does not svll physical output or set a priez, il musi apke many
of the decisions fuced by production zectors: housing, roode, and encrpy
must be orderod in the proper proportiona; lakor utilizced; revenuen and
expenditures must be balenced, toxes paid, ond debt mansped. Theuwo
decisions are, to o large depree, podeled ip B manner anolegova 19 their
treatment in the preduction sectlorg. The busic difference I'voenm tLhe
production gector dw that 1t moxiwizes otility instead of profit wnd lubor

represents leisvre tipe aud household employment.

-

The fifnnedid]l nector.

The financiel sector reprecents the monetary and finaneicd lisinpe
botween all model scetors, fncluding the Govermment SBoeclor wnd the Yoreipr

Trade Sector. This scctor reprovents the oporationg of finaneial

b nr e

inastitutiona by setting interest rates ond directins the flow of funds
between lenders and borrowars. The financinl secior iv considerad an
intermediary, sllocuting sovinas snong competing densnds for credii and
channeling interest paymenta, dividends, and capitnl pains amonp the
various saverun., The financial sector dees not' accurulate funds or cumploy
factora of productien. It wlso reprosents tho Central Eank operations and
policies reparding legnl deposits, psoeive interest patea anpd the Tesp

exchanpa rote.

The rovarnment usector.

The Government Jeetor repercsents the expenditures and receiptn of the
Federal Government as it relates to public enterprines, households, ang
priveie producers. The rececipts included in the model are;

Tax cellectiony
personal jincome
earporste income
excine

vidue odded
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Ravenue from social expenditurcs -
Lomestic Borrowlng
Foraipcn Borrowing
Finunclng f;on Central Bank

The expenditures nrra:

Sogiul Erprnditures

Invesinent in Infrocstructure
Administrative Pxponse

Net Tranafers ta Jublic enterprises
Eepnyment of domentiec debl
fepayment of foroipn debt

Interest on domestic debt

Interest on forclen debt

Inports of food, cepital, poods

F
L tu
|

sartnin gonla or plann. Then the wajor expendituren of ihe govoernment cnie

The government rele is to copllect toxes pnd to spend the money accordlng

from trying te sccomplish theoe gouls, for exumple: one gonl ray be to
incrense thﬂlaﬂcial povernoent expenditure per capits at 4 % per year,
i méaniﬁg ﬁara education snd henlth for the population, or a similer goal for
.1nventment in infreeatructure, memsning more roada, drainage ahd watier
supply per capita. Then the governbent sets the btudget trying to sccomplish
the gosls, but this peneratea a deficit thet has to ba financed from any of
the following =zourcen:

Finenclng from the Bapco de Fexico

Foreign Borrowing

Domestic Borrowing

Acecounts Payable (represcnting a delsy between the time government is
billod for services and its sctunl oubseguent payment; those payablea
correapond approximately to ADEFAS)

The formulation of the domestic borrowing assumes that the Fodersl
government attempts to &vold excesalve loods on domestic capital
markets,nnd 1liat herrowing request from domeatic banks will therefore he

deliberately limited somewhat if credit io in shert supply. Foreign
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horreving provides a sebstancial net souree of government fonds. The sodel
rosviaea thot if povernment debl and intereet oblipations nre kipgh in
ralation Lo tux eollections, expenditurcn will need ta be limited ns a
consuquence of diminished sccess 1o new Tinancing. Government expenditvres
ray £les be limited on the base of total public ceclor debt relntive to CIP
ap o peliecy option. Treuwpury financing from the fontral PBank maken up the
reaitunl of financing requirements that connot be naet bylhoorowing BT

delaying payoments,

Covevument soctal expenditures (health, educstion, secial security,
ele.} and expenditures for infraestructure (dems, roade, public buildingps,
etc.) have a similar formuletion 1n the rmodel. Target real socinl
oxpenditurea per capita and targel infreestiructure per cepila nre
tranalated inte nominal spending smounts by sdjusting for the price level.
Chonge in the terpets from yesr to year can be represented (1) through &n
erapgenous growth rote in nominn) spending, (2) through an exogenous #niﬁﬂt
real growth in expenditures per capita, or (3} by endogenously linking 1eel

cxpenditurea to average growih in real CBE. }

Reol social evpenditures contribute to labor productivity ond
therefore to growth in overall GCDP, representing effects of expenditures
for heslth end education; a delay exisis in achieving the full productivity
benelfits of higher expenditures. Analogously, infracatructure development
contributes to nationel productivity through allocating & portion ef the
infraestructure to the apricultural end tranaportation asctors 1o
supplament thelr capitsl stocks; in ture, higher caepital productivity will
stimulate more employment help to lower production costs. The remminder of
public infraeatructure represenis public buildings, scheols, end other
governmental fecilitles. Administrative expendes sre linked to the overall
volume of government activity.

Transfera io public enterprises are the finsl mojor catepory of
Federal government expense in the model. The transfers represent an
additionel source of income to each recipicnt productien nector bealdes
revenues from produect salea. Depanding on the respiving sector's need for
liquldily, transfera to public enterprises will have a nixture of tweo

effectsn: direct atimulua of inveaiment and putput, and price reduction.
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Thus, for example, treusfera te the Federal Elcetricily Comeission and 1.(;
ithe agricultural sector tkrough Connsups ollow pele prices 1o conzsuners Lo
be lower Lhan otherwise, end elielt wore investeent than would othervice e
catled for by o given output price, In the model, trensfers can eilher be
ﬁpeuit'ied a3 covering a given fraction of a secters produecticn cosis, or
gunicrated endogencusly to provide transfera vhen a glven geetor is follirg
short of necting out wt demand. The medel thus attempts to capture the
shifting investment prigritjcs of the government dependinpg on imdivicual

scotorsl conditicpa.
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The model i otrotepically oriented.swnd is desipncd 1o spen o lime
horigon of 50 yemrs, beglrning with the significent initial exploitation of
Mexiean o0il reserver sraund 1977. The purpose of the 50 year'tixe hovizon
of the model is twofeld: first, aleng time hurizeon iz reguired to oveluate
both short term (5 to 10 year) und leong term cohnsquences of energy
rolicion mieh ws wcccolorated duvelopmant of nlternative onergy rnurces,
whone implemeniation will take £ long omount of time duc to leng
developnent pnd stayi-up lemd tircs ond whooe effeots will be felt oven
long afler initial policy tmplewnntntion. Sceond, w relalive leng time
frame is alse needed to apan the full life eyele of Muxico'n oil} end gng
reserves, piven o range of estimetes for pntentisl production. Yor example,
current estimates of likely potentially recoverable reperves from oil and
gay in Mexico amount to 250,000 millien bnrrels. Turing 1978, pradveticn cf
ril and pas for domestic use emounted to pvoer ome million barrel: per day,
und domestic consumpiion was growing at over 10% arnually in resl terms. At
this rate of growth, even without any exports, Mexice's oil reserven would
bo depleted within 40 years. The model has not being designed to anawer

operational quesiiuns or io gonerate short tern forecasting over less than
1Q years. .

In order to analize the imnpact of aliernative oil policien, it is
necesary te define one wlternative gs point of departure. For thins purpoze
the casc of low exports of oil wam taken. ¥With thet reference, the
pelicier of tho Hational Energy Plan and the Global DPlan are anpulized. To
finelize, on ellernntive policy ia included, that ecems to hove & Tositive
effect in the econouwy. Thim is just s limilcd set of slterpotiven thot are
possible to aimulote with the model, but is enough to give an idua of the

poaaibilities and the effects of the official policlua.

teatl £ 1: low 0il exports wnd conliruvation of enerpy nnbinidy.

Thin level of cxporta wus uchieved during 1978, end thisa ajrulation
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uncenventional anerpy. Despite s hiph aubsidy freom thi: Federel povernment
of rmore thun 708 of ity production rcosts, the uneconventional encrgy ageclor
{repreacnting production of electricity by the CFF und production of crerey
from aliernotivea io hydrocarbons, such as melear or solar) is sufferdng &
zevere ligquidity shortuge. Adequaecy of liguidity in the unzonventional
sector storts at about B0Y end declines to telow 30% by yenr 20, during
which time unconveniionul production is teing calle? uvpen 1o supplant
depleting hydroparbuns. The lew ljouidity, and conmequent hipgh debl Joads
and weakeped finunciel position of the uncewvenlional enerpy Rector, arfe
the consequence of twoe forces: firat, & repld siteppied rate of cxpmnaion
of conventional energy, with long lend times mrd conseguent hifh cost of
capital projects in the construciion pheoe; ond aucund._incruusing reneral
inflation Lhat raisea bhoth nominml interest roles and pomiral fiponeing
requirements of the upconventierel chergy sactor. Althoupgh not shown, there
is a weakening finsncisl poaition of Femax ne & consenuence of rising

marginal cost of producing energy in the frnece of recource depletion (lfipgure

. 2-1d). In other words, increesing smounts of labor and capita) and

propreansively deeper wella ere necesary to conlinuc produging oil and pas.
Fipure 2-%b chews Lhet adeovgey of eneprpy supply rells off abseply

between yeers 30 wrd 90, indicating that Fexico suffera from a penerel

shortage of encrpy rolotive to domestice domends. Such ecnerfy shortapea

early in the rext century would moat likely have io be met through

“aubstancial imports of energy by the government &t high roul enevgy pricen

due to worl wide depletion of ¢il and gaz reucurces {althongh sueh imports
are not crplicitly represented in the model). Declining rates of real GDP
growlh seen in figure 2-1a between years 30 to %0 are a conseguence of
weskening liquidity positiona through the econeny duc to mounting
inflation, compoundcd by the emerging enerpgy shortege. For example, Tigure
2-1b shows declining adequacy of liquidity in the capital goods preducing
sector, thereby retarding preduction of capital gooda and contributing to
capital shortages ithroghout the Fexican economy. Poreover, elgnificant
development of ungconventional enhrgy is being delsyed due to rolatively
lower prices of conventional o0il snd gam, &nd consequent high consumer and
industry demanda for e¢nergy vpd uses that nre Mmoot muiteble met by

conventional production by Pemerx.
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Inflaiion ds a conzuguernce of several gelfl reinforcing proccooes

{possitive fecdlLack) un yhown in the figure 2-2. For cxample conoidering
the inner loops of thig figure . loth loops origimate with & higher
inflation that lesds to additional (nominal) spending by the federal
government in order to sccomplish the poverament'sm real develoynent
objactiver for social programe and infraestructure. Fore government
npending lewds to higher defacits, vhich in turn, tend to be financed
primarly through a mix of foreign borrowing and trewsury fin;ncing frem the
centrul tunk. TFoth scurces add to the ponetary base, vhich eventunlly
reaulta in hipher ratea of infletion ihrough expanded liquidity and credit
availability. In the niddle leoop in figure 2-2, higli inflation elso
supplements demand far credit, both by increaning neminal transuwetion
requl rements, as well us by lowering the real intereat on debt. In other
vords, in the face of higher Inflation, the real cost of delt is reduced
eince debt con be repaid at tiome of meturity in deprecisting currency.
Increased credit demand reduces the relative pveilebility of domesiic
credit from commerciel bonks end other firancicl inatitutions and
intorpodisries. In turn, lower domensilic eredit avoilakility induces
corporations and publie crterprises to take on additionsl foreign
dabt, therehy increasing the monetary btase and pdding to total liquidily and
conseguent premsure on prices. Finally, in the ouvter-loop of the fifure,
: highef Infletion reduces the incenlive fer houschold cavinps, which reduces
" domestic credit aupply, leadiné to more foreipgn borrowing, preoter lncrease
in forelgn curroncy holdinga from external debt, and compounding presoures
for more inflation. Accompanying the trend toward greater inflation, fipure
2-i1d shows the lncressing dependence on Toreign debt, which providen marg
than 50% of totml finaneing by the turn of the century.

Flgure 2-1d elsc shown & riaing government deflicit sa a fraction of
GPP. The defieit froctlon rises slowly during the firat 30 yesrs of the
sfmulation, generally remaining near 4%, but then more than doublea between
yeara 30 and 50, During this time, slowing GUP growth dus to rising eroigy
rrices, diminishing liquidity, end enerpgy shortages, reduce the prowth rate
of the ecconomy aod hence lower prowth in tmx collections. In the model, the
povernnent is assumed to edjust its expenditure patterns over time 80 as to
avoid excessive draina on the rea} output capabilities of the eccnomy. In

othaer worda, durlng a peried of declining real grovth retes, real growth in



covernnent expenditures is evenluolly lovered ag well, but with n L§§J
porception and resction deloy for severel years durinp which time defiecit
spending is exercised in an eifort to ctirulate growth. Thus, for a
significant period of times, real povernment expendiluras sre increesing
pore rupidly ihen tex collections, leading %o sceclerating deficitn erd

5till hipher inflution. L _ . =
degire household L%;ﬁ

gavinegs

cre@it demand 4
. \mestic credit

avnilobility
fcdersl povermment
spending \
foederal
delficit
14
forelen
borrowing
4

iragsury financing
from the Bangco de Moxico
infletion '

monetary basa

Figure 2-2
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tent 7 low 0il exparty und reduction of pricina subaidy. iﬁ

At

This zimulation represents & pelicy change in addition te the low
cxport acennrio depicted in teat #1. llere, domestiic price of oil is 1oized
to 70Z of the wvorld price in e greduvaled manner between 1082 ond 1992, as

proposed in the Wational Enerpy Flun. .

Fipure 2-%a shows slowly riaing inflatlen, from 26% to 295, from yeura
U Lo 15. Tiereuiter, inflation slowly declinca te about 18% per yemr ot
year 50. The dewminant reason for the reduction in long term infTlation is
tha ateble rotioc of federal deficit to GDP (at below 5%) am ceen in fifwere
2-34, in contragt to the more then doubling in the deficit ratie in figures
2-1 withovt the relative fnerense in demestie oil price. In turn, B major
seurce of the deficit reducticn lies in the revenue feedback deriving §-om
increvnnd tuxes paid by Pemex duc te higher revenues. As noled earlier, 'in
iha low export case with o continued pricing subsidy for dowestic use ai
0il end gon, the financial styuclure of Pemex ceteriorates along severol
dimensiona, including yiminishing relative liguidity end incressing debi
ratip., In contrest, with & higher domcat1c1price for oil ond gns products,
Femex current savingp luprove dranaticnily, enaﬂ]ing a relptive reduction
"in debt snd a remeval of liguidity induced cﬁnatrainta oh cepacity
expansion. Cunsequently, tmxes psaid by Pemex based on current savinga
become a eignificant fraction ¢f total povernment tax collections, oven
without subatancisl oil export revenues. For example, in the yeat
underiying figure 2-%, tnx on Pemex bmzed on current savings becones more
thon 20% of total government tax collections by year 15. The higher tax
collections nre alloted to the uses described in the Plan Global. Hence,
there is no inwmediate reduction in the governmeni deficit as a result of
Pemox's increased tax contribution since the tax stream is fully
recirculated to expenditures and investmenta. However, the additicnal
tranafers to the egricultural, industrial, and transportatien sectors are
relgined within those gectors for investpeat to 2 aignificunt cextent.
Expunsion in netivity of those sectora yields an indireet revenue feedback

to tlhe government. Moreover, improved adequacy of output due to slloention






. ' F Db
of tax revenues derived from Pemex produciion reduccs the preasures for-

trongfors to public enterpriscs, and thereby diminithez the reed for
federnl duficits to subaidize production in public enterprises. Low
deficity alao slow growth in the money supply end in inflation. In turn,
lowar infleation tends to improve liquidiiy in a)l production nectors,
including pubiic enterprises, tharcby further rising edeguacy of output and
diminirhing the ongoing need for tranafers from the government. A lang tere
proguess of relative deficit stabilization is thereby sel in molion, with
significont bencfita in the form of lower inflation.

Fipgurc 2-%a shows a reductlon in »eal GEP growth in the early years oo
8 conaejuence of higher cil price. For example, in figure 2-le, growth rate
in CLP declinen from 7.5% to G per ycor between years 10 and 20 (19BT-97),
and rcel growth thereafter remains stable nt an average of about 6% per
year. Figura 2-tu showed continued growth in the range of 7.5% per ycar for
the rirat 30 years. As a conscquence of real higher energy price, wol GUP
i3 lower for the first 40 years with the relative increese in oil price.
Tut this policy shcws a sroother long term growth and does not exhibit the
substunciol reduction in the real growth rate a5 & conseguence of emerping
energy shortages and straincd general liquidity. In fact, by year 50, real
GDP ia significantly above ita corrcsponding value in the previous
simulavion,

'The long term improvement in the real economic growth reoults from the
longer lasting of oil reserves na a conacgquences of lover consumption due
to higher price. Following on wdjuatment peried in which encrpy intensities
end cnorpy growth rate of the economy must he brought into line with a
higher real price of energy, improved adequacy of energy enables suateins
long term CDP growth without the problem of rapid depletion of domestic
reuarvaen ﬂndlcunaequent dependence on imported energy. There io also an
improvement in reintive liquidity, as & consequence of lower inflation,
which reducca nominal fipancing charges on debt, and more importantly,
lovern the interest cest of capital under construction as o fracticn of
sples revenuea.

The results of this simulotion eugpest significant leng term benefits
from increasing the renl domestle oil price, including cventually higher
CDF and lowered inflation. However, there are some short term costa,

particullorly in terms of diminished CDP growth during the 1880a and short
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peried of oll exportn ia thet it oncbles more imports of capital end C%ED
consumer goods. High rates of prowih pencrate larpe demand, vwhile hiph
intereat rates and infletion limit the capecity of domestic capital
produgers to keop up with desand.

At a generie level of pelicy perspectives, thie sbove results msuppent
thot to the extent that oll exports aro used to import food, consumer
goods, ecapitul pooda, or olher items thet could be domesticelly. produced,
therc iz lesn impetus for domestic producing scclars to evol@n te satiafy
demand. Suech cffeet moy Le difficult to discern, especially in the fece of
repld poneral oconomic growth such bo hug occurred in Mexico in recent -
years. In sther words, when economic sectors sre prowing it is herd Lo know
what their potential reslly is. But the ciperience of petrolizetion in
countriea such ema Venezuelsn soems consistent with the ides Lhat subkntuncial
imports financed by oll exporis csn stultify internal sectoral and
racroeconomnle development and rise external dependence. It ia important
te note thai the atimulus of capitnl imports duc to improved adequacy of
forelgn exchurge exhiblted in figure 3-1 wes not part of a deliberste
attempt to import cspitsl goods using o1l export revenues, but a
conacquence of the improved feoreipn exchange position and precter supply of
foreipn currency to enable imports. The foreipn exchanpe earnings derived
from oll exporis sccumulate in foreign currency holdings end therefore in
the monelary Yase. I theae currency holdings vero to remein in the
dopesntic eaunnmf. they could have an inflationary effect. But the diversion
of foreign currency earnings to pay for capitnl goods imports mesnz thet a
significent portion of the increese in foreipn exchange from oil export
revenues 1s being quickly recirculated into imports thet retein growth in
forelgn currency holdings. Improved edeguscy of output due to higher
tranafera ond pmore capitsl imports itends to heve a reinforcing effect
towards reatoring inflotion over time: greater sdequacy of cutput reduces
pressures for inflaticnary government finance due to supply shortages and
bottlenecks, lhereby yielding lower inflation, improved relative liguidity
and )owver interest raies, and consequently stlll further improved sdequacy

of gutput.
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test f4:0i) exporis of 1.9 MMID and reduction of pricing subzigy,

Thing teal is a combinntion of lests #2 and #3. Domestic prico for oil
is railped to TOL of the world eoll price, wnd thie turget Tor oil oxporta in
implamentnd.. )

Figure 3-2 ghows that growth in total energy uvae is slowed-
dravatically by the relotive incresss in demestiec enerpy prices. Inm fipure
2-2¢, betveen yocars 10 and 30, domestic enersy voe by househalds end
production sectors im actuwully lower than the reel growth pate-of GPP. Tue
to 8 higher price of conventional oil and gaﬁ. production of encrpy from
nlternative sources is nevelerated. Unconventional energy production riges
by 5% of total emergy supply by year 30, comparved with 15% in figure 3-1,
Figure 3-2¢c elso shows thot exporte of oil end pos nustained at tergetl
levels for the full 50 yeara, instead of 35, due to the greater lenpavity
of energy resources resulting from diminished domeatle encrpy growth snd
consequent redvced competition for enerpgy sources between domestic and
expert uses. Fnergy shortapes are svoided compared with the previous case.

In summary, {igure 3-2 indicotes the same relutive benefits and
trade-offa from reduction of the existing priclpg osubsldy for domestic
energy uat as snglyzed previouwnly: intermediate term rcal GIP growth ia
lower with slighely higher unemployment: but inflatlon is8 continually
lowered by up to 1% points, liquidity ia improved and gemeral interests
rated are lowered, long tomm econcmic growth is enhanced due to grester
longevity of energy supplies, Pemex exports are stabilized for ot Jeaat an
sdditionul 1% years, and long term dependence on oil exports, exterpel
energy supplies, and foreign debt is reduced.

teat §5: 1.5 KMBD exporis, low subsidies end development of

slternatives escurcea of cnergy.

In pddition to the attalnment of 70% price parity fer deomeatic oil
prices versua vorld oil prices, the national Eneppy Flan alse calls for
aceelerated development of uneonventisnal energy. Nuclear elestric
generating capacity is cxpected to grow to 2,500MW by 1990 and to 20,0000V
by tho end of the century.
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Overall, tho results of the policy tests embodied in this scction G?J
sufpgenl that ntimulus of unconventional energy production can have &
gipnificant benefit within the cnergy scetor toward incressing atobility of
Pepex oxports and diminishing the possibility of eventual dependence on
externnl energy sources when domestic oil and pea reserves within Mexico
become more coatly to exploit. On the other side, general mocroccenomic
offocts tend {0 be small, with the impacts on resl growth ond inflation
depending on how the encourapement of wnconventional, production is financed
Tfrem a goveramental and federal deficit polnt of view.

Tho results sre shown in figure 3-3.

- . T Wk ame b - 4w
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ALDITIONAL DIRECTIONS FOR FATIONAL ENERGY POLICY C“

The preceding anhalyaia hus shown that the mejor elemants of the
fintional Frergy Mlan and Globnl Development Flen within the onergy orens
achieve a8 number of bhenefits. Rising the domestic price of oil epd pgus to
70% parlty with world prices tends to lower inflatic by several points nnd
to conserve long term energy supplics, although ot the cost of some real
growth due to higher everaoge costs and relatively lower labor produstivity.
hecelerated development of alternetive cnergy sources to supplement, end
eventuslly replace, Pemex conventicnel production of oil amnd gan elsc helps
to maintaln long term cnergy supplies, diminish vulnerability to potential
energy ohortages, yet has a relatively minor impact on inflotion.

On the other hand, the analysic aleo suggests that the roul ecenomie
benefits of enerpy export mey not be ap substiancial as expected by seoe
analyats and policy mekers. For exsmple, model results suggest thet a
policy of raising Pemex exports up to a lovel of 1.5 MMBD of crude o1l and
- gome additional exportas of petrochemicale and refined products, coupled
with reduction in the suhsidy for domestic wze and encouragement of
Blternative energy scurces, tends to raise resl GDFP by a total of 10-1?5 by
the end of the century, implying an snnual growth increment of leas than
0.5% per year compared with & policy of sustained low eoll exporta and 703
dowmeatie price parity to internationel prices. Another important mechenice
that tends to lower growth is the imports of capitel gooda, bacauae
although they add to the national productive capacity and thua enhance
productivity, but at the same time they reduce the prossures to develop a
strong domestic capital gooda sector within Hexico. Basing econermic
developnent on & subatancial frection of imported consumer goods and
capltal poods financed by oil exports muy be s neccasary short term
atrategy., but posses long term risks in terns of oxternal dcpendence ang
slower develepment of internzl production capacity end techniques than is
possible gi;en exico's subatancial oil wealth. One important conplication

from & policy stand point is thet cven if imports of consumer apd producer
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Fexico before resl produvetion capacity cawm catch up with ponipal purechosing

pooda were to be limited, the additionsml accumulation of poney within

power will yield sdditional.inflation. From thie peorspective, the
conversion of oll revenues into imporis that diminish foreign currency
holdings tends to restrain the inflationery thrust of buildup of foreign
exchange from oil export.

The policy cxamined here incorporates the terget export:levels set in
the National Foergy Ploan, the increpzo in relative domestic ;il prices, and
ihe atimulus to production of alternative energy sources, It aloo imcludes:

~In order t¢ stimulate internal development of capital producticon
capaciiy within Mexico and to lower dependence on cxtarnal sources of
capital goods from & lonp term atandpoint, the policy limits lmported
¢capital poodn to 7T5% of desired levels based on the shortfoll of domestic
prnduktion capecity compared with desired capitul inveatment rate.

=In order to llmit the inflotionary impact from retention of u hipher
percentoge of oil revenues within foreipgn currency reservenm and domestic
woney supply, the policy slso shifts the allocmtien of oil export revennes
compared with that laid out in the Global Plan: 50X of oil export taxes go
to economic developrent, and the repaining 50% g0 to reduce the government
deficit and therefore lower foreign debt and money crestion by financing
through the centrol bank.

Flgute 4-1 shows the impacts of the policy on real growth end other
macrosconomic indicators. There is & aipnifiesnt stimulus to real econcaic
grovwth from the pulicy. The rmajor source of the increese is gue to the
pubatitution of domeatic capital production for imported capital goods.

Unemployment tends to be lesa during the first 10 years of the policy
aa a4 consequence of pressures to subtitute lebor for capital goodsa in the
face of higher resl GIP. Over the long term, uncmployment tenda to held
down by bhigher real CDP growth surrounding the multiplier effect from
development of domeatlc cepitel production.

Regarding inflation nope of the teats examined indicate o significant
impravement in reducing price incrcases. These results may supprest that
energy policies will pecd to be complemented by monetary and fiacal
policles thet lower federal deficits and rates of monetsry growth in order

to control inflation.
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1. INTROTUGCTION

1.1 Purpose of Pilot Project in System Iynumica

Tha Systen Dynamles approsch is a techanique 1o further the
underoatending of complex aystems through policy structure analysis.

This formaleed approach uses dynsmic simulaticn models. The ultipate

-

obleclive in an Ineresed insight into the dyrnamicn of the systenm aﬂ

!
hand. Much knowledge is obtalned in golng through the exercise of

building the nadel. In yome mBpects the modeling process is more

= e -

valuable ef an asset to the pariica involved than the sclusl model

itgelf! -- for building a mode! requires hard and zlear thinking. It
requires thet all assuamptions be rigorously justified. It is quite an
intellectunl challenge with defirite practical applications. The
lewsons learned and the infomation uncevered in the process of
conceptualizing and recenceptuslizing a sysiem's dynamic structere are

wvell worih the work 1t demands.

Thia project hea attempted to expand and clarify idems about
majeling the relationshipa between the Honeywsell Customer Service
hi?iaion and the Market. A plcture bf the organization ia developed = ¥
in tems of deciaion wmaking processea. Thot picture of organizational

ptructure is then tronnsleted into & set of precise mathemntical

equaticna to be used av a simulaticn model.



Onco cnough confidence is built up in the model, it ia
poouible to develop many new lnaightis iote the mystem as well ae
confirm priop knowledge. Thims Syatem Dynamica model can be used to
explore the short- and long-term conacauénces of poliey c¢hapngez in the
Customer Service Divisien. It can eloo.be very valuable as a policy

J

and strategy tool in the asnalysio of current bainese problems.

Sysiem Dynamice seecks gualltative conclusions about the
potcntial impacta of poliey and decision-making upon & ayaten. We aim
t6 undersisnd the structural underpinninga of a complex systen and
consequentially establish ihe relationehipa by whick the actual ﬂ}stem
behavior is flnally influenced. System Dynumice does not attempt to
predict anything. It is worely B very powerful and unigue tool by
which to facilitate understending of phenomena which are not readily

comprehenalbleo.
1.2 Review of Froblem Arenm

Upon initial inupection there did not exist one clearly.
diatinct "problem” for us to "solve” within the Customer Service
Division. Honeyvell hes definately been experiencing a lass of merket
ehare in relation te its competitors {see Figure #1)}. The current
situation cannst svimply be broken down into a “probdlem and answer’
scenario. It is our view that what is golng on within Honeywell, and
in fact within the whole information processing industry at this tinme,
ip #n acute tronsformation. There is & trempndoua market opening up
for relatively low cost, sazsll scale compiiers such es lloncywell's

Level 6, o3 oppeacd to the larpe acalo mainframe computera.
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Av illustrated in Figure #2, the trend is clear. Whereus in
1975 mainfracy computer salen occupied an overwhelmlng 83 per-cent of
the overall computer market {$13 billion), in 1085 that flgure is ‘
projocied to decrease by more than one-half to 36 per-cent of a Lotal
computer market which will inercase five fold te 363 billion. In
contrasl, mini-computer aalea aa a percantage of the market are
projected Lo increase by one and one-holf iimes between 1975 and 1985,
from 9.5 per-cent to 13 per-cent. We expeci {o see mini-computer
sales for the entire computer industry to increase by cight times
their 1975 level to $8 billion by 1985. Indications are that this
will be only the beginning of a leng perioed of exponentisal grnwthj&n

the pinl-computer market. é

F - .
- , ii,
i

When the sbove ¢buservations are put more in the perspecti}u

of Honeywell, ii means that mini-ccoputer sales will double to fif;y
parcent of overall service revenuve. It Is in just this particulsr
cape that ithe numbers can be quite deceiving (seo Figure #3). Mini-
computer sales which were §210 mil;inn in 1990 will more than
guadruple to a projected $925 million in 198% because the overall
market ia growing sc fest. This type of growth charecteriatic, the

phenomenon of exponential growth, has the cepability of producing

unoxpected and unintuitive behavior within an organieation.
1.3 Mocusslon of Alternative Policies

Unprecedented increenen in the sales of minl-computers during

the next five to ten years will pocessaitnte new ways of thinking about
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and providing aerviee. In the peat loneywell haa refrained

ex tenplvely from obligating ltself to meintaln Honeywell mini-
cooputers aoid by resellers. There lp a different cost and profit
structulw associsted with mervicing minis mo opposed to meinframes.
The prafit amargin per mini instailation, a2t least initially, is buch
leps than large seslo computera. EepluéEment paTts, ﬂpéreé, pnd

cireuit boards for rew minl equipcent sre veéry capital intenaive.

In light of these finencial con;ideratinns, there isa
ungartainily asa toc oncoursging further reseller and third party
paintenunce of Honeyell equipment. Price disncounta gn service
contracis for resellers are one means of inelting growth, bul such
oeaneres night tend to reduce profit even further. Non-traditionsl
maintenance policles such wy the man-in-the-ven program would seem to
cut dewn on c¢osis by making more effective uge of existing assets and
Yabor, but 1ia vliimate effect 13 npt guite Fnown.

llonayvwell 1n looking to inercaue market shars in the coming *
Feara with the influy of mini and micro productn. Therefore, high
service quality is alse a tople of concern. It is important to psaeas
the impect of the mbove policles upon service quallty end the parket,
while keeping in mind the new finencial atrueture mssgeiated with
nini-computers. Leverapge points can be foupd within the Honeywell
Service organiznlion through which policy deglsions will have the
greateost effect upen the orgeniszation while generating the leaat

enpuat of internsl reaistance.
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2. QVERVIEW OF I'ODEL

'
Thia etudy involves loneywell Custeomer Service ﬁi?iﬂiﬂnrﬂn& ite

relalionships to 8 changlng market. HOSD has to provide service to two

different types of eguipment: minicomputers and large scale aystenas.

Traditionnlly it has been providing service to the luttﬂr! but there haa

] becn a change in the computer market, due to the maturation of large scale

pyatema end fest growth io ;inicnmputers. This ereatea & problem h%causa

the reguircments, costs, and prices of mini service are diffurent,ian thers

iz ihe need to look for new nethodologien.

2.1 Honeywell Customer Serviee Division
:

The Honeywell Cuq%omﬁ; Ser?ice Di;ision can tea thought of ez
having two primery and nemetimes conflicting goals: to provide service and
&ls0 toc make a profit. We have represented the CSD by the Service
Sutgysten, which is composed of g Service Sector mnd & Finanpglal Seector, in
order to capture these two diatinet gosls and the procesaes pssoclated with

then.

Tha Service Sector provides service by aquiring the necesasry
reacurces, namely Labor and Aasets. The desired levela of these resourcea
are calculated by forecasting expected service requiroments. LlLabor ia

espocially wore intricate than Asgsets in that Average Experience of lakeor
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and Overtime Policies are slso necessary to be taken into consideration.
Packlog o} sevvice calls is generated by the number of inmtallations’
sorviced by Honeywell. Theme c¢alls then must be answered uaiﬁg 1he
avallable reagurces. If the required Assets and/or Labor are not
available, then Backlog will build up and Honeywell Service Quulity;

consequently will decline.

The Financizl Sector 1s & mechanism for keeping track of the coat
and revenue of the Service Divisien. BPased upon these flgurea, Service
Profit Marzin can e caleculsted. When Profit Margin differs from %tn
historically erpected target, then flnancisl conatraints will be iépaned
upon tho Service Divisjion in order to reduce coota and Increase prifit.
Thess are simplificd budgetary processea. Az s fesult, Aanet and ﬂubnr
squisition will decrease which will then leave the Service Sectoer zhort of
resourced. The two sectara are truly conflicting. T

4

'2.2 The Marketplace |

The MHarketulace can be thought of sz twe diatinct cectora: the

Sales Market sapnd tho Service Markei.

Honeywell and Reaeller Sales are both reprenpented in the Sales
Market. 'Each grows at & rate properticnal to its own size] as they get
bigger, then they grow st faster ratea. Price and Service Quality are the
two main factors which influence rate of growth in the market. Therefeore,
Service Subsyaten porformance in terma of Servico Quality will influence

market growth. Tho market will then feed back and influence Service once

again,
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The Service Market is meant to differentiate between those
loneywell installationa which are serviced by Honeywell and those which ar
serviced by Third Party Maintainers. When Honeywoll Service Quality
declines $n relation to TP Serviee quality, then Third party Maintainers
are lisble to receive more eervice contracta. Conversely, when Honeywell

Service Quulity increases, then they are likely to get more businesa.

The Market and the Service Division intersct in a unjque way. The
two fﬁed beck Lo one another. If Honeywell Service Quellty were to
decline, then market prowth would alse slow down. A decresse in sales
vpuld increase the inatallations which necd to be sa;viced, and so Servite
Quelity would eéentually rise back up. This increase would cause growth
which in turp would decrease Service Quulity and atart the whole cycle all

over sgain. (See Figures #4, £5, #6, #7)

3. SIMULATICHN ANALYSIS

3.1 Simulaiion #1: Mainframe CGrowth

Our firnt major concern vhen testirg the model was that it o
correctly portray the behavioral cherscteristics of normal meinframe
g?owth. We have asaumed Ffor this purpose a maturing linesr growth of large
Bcale installations beginning st 12,300 im 1978 gnd increasing to 25,000
over a perlod of ten years. The simulation is begun in equilihriun:\it

thervfore reguires almest a P4 month period for the transient effects of

growth to dle away. The same vill be true of all subsaguent simulaticns.
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An inerease in Hainfraaea implies an increaae in total
installuationa servicc by Honeywell. In this caee, totsl installatinéa
gerviced ranises the aervice requirement which influencens three areas:

1] Revenue increases due to a greater number of instsllations
porvicod; ‘ ;

2] Backlop of service calls incrcusga aleo for the szame reason;

3} ligquired Assets and laber rises ns well.

:

Overtime increases due tc & leg in tho aguieltion of labor and
Apsgte. It ia necessary {to both make up for deficiencies in Labor:and to
eompenaate for the decrease In labor productivity that insufficieng Aasetln
causca. Seorvice Froflt Mazrgin incremass during this same periad oﬁ account

lth the

of this egquisition lag es well. Since expenses 4o not koep pece v

increase in Revenue, & greaier Frofil Margin is realized. i
'
1

Honeywell Service Quolity decrpases hocause the greater Facklog
lmposes &n increaned service requirement upon tho Service Division, but
again due to lags in aguisition, Asseis and labor are pot maintained et
reguired luve}ﬂ. Cﬂnaeﬁuently. Service Quelity fall s.

L]
I

Overtime and Service Quanlity are plotted as mirror imeges of one
unother. This ocutcoxe is not cuprising aince they are linked by a directly
by &n inverne reluilonship, o negative cfusal 1ink. Botly are
representutive of the overall state of the organization. Asset and Laber
Uillization, Average Txperience of labor, Backlog of service calls, and
Foequired Tubor and Assets all directly feed into Service Quality mnd

Overtime (see Cavss) loop Diagram).
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3.2 Sipulaticon #2: Minicoemputer Growth

The focus of this study deala with Mini-Computer growth- and the
pﬁtentiﬂlfprablnms which such growth may creste. Wo have assumed a fairly
rnﬁid doubling time for minl installstions in the market of approximately
15 to 25_n¢nth5. The Regeller growth h;s been purpoaél} diffarentinted

from Honeywzell by ita tendency to increases st a faster rate.

Mini-Computer prowth can be divided into twe distinct regions}

1] <60 months - approximate linear growth; :

2] »60 months «~ clearly exponentisal prowtih.
Bxponential pgrowth is present all the time, but for tﬁe firet half of the
pimulation It's spproxicately linear. As the number of Yoneyell Mini
Inetallaotions increases, growth increnses as well. This result 1s dus to 2
positive foedback loop in which the growth of instelletions is dependant
upon the toisl numbter of installationa! Az they increase, the locp becomes
much otronger and exhibits clear exponuential hehsvior which until then has

repainod rather hidden.

- Sorvice Profit Margin Initially declines beceuse minis, during
their early stage of growth, are not es profiteble to service am
mainframea. As growlh continues, utiliszation of Asseis and Labor
increaseas. fTherafore, Profit Margin rises due to the lowering ef Safviﬂu

Canst per inatallation serviced.

The aquisition lag for lahor and Assets ia present in thls case at

wvell, but it is not & demipatirg coffect. Tha chanmge in Utilization due to

gervice voluse hea a nuch more direct impact wpon ﬁrnfits and service

quali{ty than doem the squieltien lsng.
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Service Quality and Overtime sgain move in oppoalte directionm &o
they did in mainireame growth. Thia result mskea zense.- A decline in
Quality is most often csused Ly u deficiency in Labor or/end Assets. As
Qunlity deteriorstes, Overtime is stops up in order to counteract sny

dewnward zovement &5 smuch as poasible.

3.% Sipulation #3: FutaLlishing & Reference Mode - Combined
Growth ;
;
¥e combine mainfreme and oini growth together in persuit of a
neaningful roference mede. At thls time Honeywell is not aerviciné any

resellor installationa. We will use this node as & point of reference frem

¥hich to cvaluaste alternative policiaes. %

'J
Superposition aeens to apply to comdbined growth, although ;ut
absolutely. Overtime, Service Quality, Profit Margin, ete. posseas a
eomposite of behavieral characteristica from Sipulations #) and #2. Each
of the two types of inatallations contribute to the overall Service
Division behavior sccording to thedr relative sixe. A3 Mini Instsllationa
Serviceﬁ by Honeywell increases, then minis will have a greater Impact on

total tehavior. The superposition effeect ia veighted according to the

relativao size of the respective installations.

There 1s a distinct ¢hange in the beheyior of Laber, ﬁvertiia,
Service Quality, and Profit Margin circa month 60. At this time more
L]
fovorable Asset and labor Utilization is reslized. This unambtiguovs change

in utilization has prefound effects throvghout the syatem. Utilization
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1] Hlonoywell servicé 75 percnet of subsequent reseller Mini-
Computer Installetlions;

2] Inplementation of Man-In-The-Yan Frogram in ordor te reise -
Service Quality an:i reduca Service Coat;

3] Implemeniation of diacount price policy io yeaellera of 15
percent in order i¢ enseurage resaller growth; i

4) Roduction fn Third Party Maintajners' Service Quality by 25

parsent.

It is pot totally clear whether or not any of these policies will benefit
or inpair lioneywell Service Quality, Service Proflt, or Mini-Computer
growth in the long run.

" 4.2 Simulation #4: Service Policy Toward Reseller

The purpose of this policy test is ¢ determine the consequences
for Honeywell of aggreasive purseit of reseller service contracis. Ve
asasumed the reference growth mode, and then edded the condition that

Honeywell will service 7% percnet of all subaeguent rescller salos.

There 13 no change in behavior up until month 48 because the level
of reseller insiallations is spull and growth is slow. Profit ¥arginm
increases faster than the inital growth case because the number of
installations which Honeywell is obligated to service is incressing faster.
Therefore Utilizaticn Increases st n awifter rete. Profit Margin and

Utilization both saturate sooner alsoe on account of augmented growth.
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4v u conseguence of Utllicetion asturating sooner than in the
rafarcnce moda, thero is less flexibility within the ayaten to ®Be gble to
meet an ineroasing demend to service instellations. Service Quality
therofore declinen, and Overtime esxceeds its provious levels. Boecausze
Overtime ia more cxpensive than ordinary laboer, Profit gargin decreacses
below 1is comparsble valus for reference growth. THevenue increases by 5

percant.

Accumuleted Profit over the entire aimuletion 1s 10 percent higher
than with ordinary growth. This increace ia due to higher ovoerall
Revenuen. Dervice Quleiiy declines to lower valuea than pyar before
because the growih of service cnﬁtractﬂ is higher than previoualy. The
greater tlie ratu of grewth of Total Tratellatlons Sarviced, the lower
EHT¥iEE'QUHlitF will fel)l. There iB & “"give-and-take” betwoen Hevonue and
Service Quality. An increase in inslaolletipna forcea Revenue up, but at
the ssma time it drives Service Quality down. Tha apt;mal course would

eteer betwveen these two option in order to maximize total prefit over tloe.

Although durine reference growth Honoywell does make & 300 percent
profit cn apares which mre sold t¢ resellers and third party maintainers, =
puch groater Profit and Rovenue is realized when the maintenance la

performed Ly loneywell directly.
4.3 Simulation #%: Man-In-The-Yan Prograo

It looka w3 though the previcus Service Policy for FEesaellera may

be a fuvorable policy to enmct; nlthough Accumulated Profit and Reverus 1s
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P- 16 RUN-TEST#3 TESTH#I: GROWTH, SPR=75%, & MAN-IN-VAN PROGRAM
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uyp, Service Quality erodes. We will teal the consequences of implementing
the Kan-In-The-Van progrem in addition to the reseller policy. This poliey
ipcreases ihe produetivity and effectivencaa of field labor. Thercfore, it

may affect Service Quelity.

We ipmedintoly discover upon performing the simulation that the
rosuliant behavior is guite on the contrary is what we might have had
cxpected. Almost all behavior remeins unchanged. The Fan-In-the-¥un doen

i

not improve Bervigce Qualliy over the long run bacauee it allowas for the

reduction of labor which has exactly the apposite effect upon quality.

Jince this policy reduces the Requircd labor, it dacrenses the
Cont per -Installations Serviced. Alse, the porcentage of Overtime is the
Bace, ﬁut the metual nuaber of Overtime hours is reduced becavas the Labor
force is smaller due to ingressed preductivity. This decline in houra of
Overtime reduces cost as well. The decrcase in cxpenses logieally

increases Trofit Hargin while Service Qunlity et alle remalns unaffected.

4.4 Simuletion #6: Dimcount Price Policy of 15 Percent Towerd

Resnllora

The introduction of & dimcount rrice policy toward resallers hag
been proposcd a8 a means of encourisging reseller growth. The uncertainty
surrounding this policy is whether or not the Revenue lost by the Price
decrease can be made up by an increase in pales, apd what the impact upon
Service Queality and overall ¥arket growth in the long run will be. We hay
imposed a digecount policy of 15 percent in addition to two policiea which
vere toested in the yprevious simulaticon in order to ;ae their cumulative

effect.

-
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P~ 20 RUN-TEST#4 TEST#4: GROWTH, SPR=75%, MAN-IN-VAN, & DISC. PRICE
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The not effeet on Service Dlvizion behuviu; i not very great.
Service Profil Mergin declines alightly due to a docrease in Revenue per
Installation Serviced, but Revenue remalnm btunically unchanged. Althoigh
P;ica per ogle ia down, the number of sales 1o up to compenaate for a loas
in Revenue. Accumulated Profit over the time of simulgtioq decreanes by a

nere 1 percent {not a very aignificant change).

Dipeount Prices to recellers do not seam to affect the overall
Prafit atructure of the orpenigation. The result which the palic&
undoubtedly eschioves 1a encoursping reseller prowth, Scervice Quality '
docreonens duc 1o ihe increaae; in voluma, but growth is not very senaitive
to puch a snull deeline in Service Quality at this point. ’Thu reinforcing
(positive {eedback) charactier of prowth is very strong towsrd the latter

helf of the pimnlation.

4.% Simulation #7: Docline in Third Party Maintasiner Service

Cuadity

This test was performed in order to see tﬁe impertance of Third
Party nﬁd Reseller Servieo Quality upon the Service Division. We have only
wasumed the reference growth mode plus this decrease in quality.
Initially, it pay be expected thai Third Partiom do not have that much of
an effect upon the behavier of the Service Division itsel{, but as the size
of installationa serviced by TE grows in relstlon ia those service b}

Honeywell, ihen TIM Service Quality has s much pgreater effect.
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The deercase in TPM Service Quality results in a generally
percoived decline nf Honeywell Service Qualtiy. Growth ia Impsaired.
Utilization of Labor and Asscts does not approach saluration as {t would
otherwisas have dena. A higher Sorvice Profit Margin iz not reslired om
account of tha lack of improvement in Utilizaiion. Honeywell Service
Quality dincreases, end Inversely Overtime deereasea duz to the aJower rate
of oversl)l prowlh.

{
|

I{ seems as though Honeywell Cuatomer Service Division end the

¥erkotplace may be very senaitive to TR Service Quality. Yo are left with

a maradaxien] aituation:

-~ Yhen TPM Service Quality im hipgh, Honeywell alands
a chapce of losing service contracts to TIM and resellers;

.= Yhen TFR Eervice Quality is ailing. its easpelntion
with the Honeywell name tenda ¥u ceuse Honeywell to lose aervice

coniracts anyhow.

In our oplnion it is more imporiant for TIH Service Quality to remain high
in order to aasure growth, than it would be to discourego TFM competition.
The benefits of greater Utilization which is afforded by growth far

outwelghs the disedvanteages of Third Party competition.
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HI {(HMINI)
®Y (MINI)
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5. CONCLUSIORS '

The Lesic preblem with servicing minicomputers with the prescnt . -
organization of the C5D is thﬁt niﬂis are qnt:us prﬁfitah]e as the large
acale Bjatems which have been the tfaditianal narket., Even so, it is
poasible to make B good business out of it. It ia necesary to reduco cost,
a;d that can be done by reducing the service requirements per installetion,
particullarly in terma of labor, or Ly increasing the number of

inatullqtiuns cerviced which would increase Utilization.

5.1 Recommendations from Meodel Analysis
The most important racomendations of the analysis are:

-Servicing reseller installationa improves business through
increased volume snd reduced service coat per inatallation. Tt generates
higher revenps and profit margin, but creates problems in keeping eervice
quality at a high level during times of rapid growth. The way to implement
this policy would be to sell the aguipment to the reseller under the
condition th;t it will be sorviced by Honeywell, so at the time of sale, he
should eall the equipment with a 5D aervica1cantract. It is not necesery
that all computers ore serviced bty CS5D, so if thio restriction is valid for
arean in vhich CSD elresady has an office, the proportion to be serviced
could be high, without representing a blg increase in the oparating cost.
The reseller can use the loneywell name to back up hia sales, and CSD can

get more customers wilhout any edditionsl pmarketing effort.



-High ruten of growlh creata precoure en the sysiom to keep s high
leve) of Service Quality. Tho greater thoe rate of growih, the lover tha
SBervice Quality. Eecnuse in.mnny cagen there 1a = tendency to behave very
conaorvetlively, particularly for hiring and Investing for future
requirements, the system tends to have = persistent shortage of assein and
labor. Tho problema caused by these mhortapgens are exacorbated during
paricda of rzponentlial grnwthl. The muin result is low Service Quality
which cventually slows growth and encoursgen customers to chinga nervice
over 10 Thiyd Party Heintainers. Although there ia a forecaating policy in
the model, it is n linear exirapolntion of the dats (es meny organiuations
do}, und it under c¢stimates conslotantly the necessary This ios & case of a
reactive organlzation rather than & planning erganizetion. The
justificatién for this cnnéervative policy 1s that it incresges profit

wnarpgin by keeping service costs low.

~-Mon-in-the-~van program proves to he an effective policy to roeduce
Serviee Cowt snd increase l'rofit Mergin, buE it does not seem to help raise
the levcl of Honeywell Sarvice Qunlityﬁ Aa stated In the firset
rocommendation, any peliecy that reduces coat per lnsiallaticn is a good
policy. The reason that eervice quality stops impreving ia the raticnnle
_fnr hiring lsbor. Whea the preogram is implemented, the smount of
jnastellations that each field engineer can aefvice is duplicated, and this
reduccy Lho need for labor. The system instcad of keeeping an “exceas” of
ﬂﬁbnr for future growth und {o kecp & high pervice guality, it just reduces
the amocunt of lsbor according to the new productivity. EBohaving as before,

but at lower wiilt service cost, tho same problems paraist,

K
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~The jmplementution of discount service price for ruvsellers {a a
favourable policy to emecournge and punerate growth. Althouph discnuntiqg
prices does reduce revenue, the pdded growth coupensates for such a 1nui1
vhile providing grestar éélaa volume for Horeywell Informetion Systema aa a
whole. On the ctﬁer hanﬂ, the reduction is yery umnlllnnﬂ if it is
conbined with a policy of servicing a certnln proportien of fésel]ur .
Installations, reduction in profita can be cnmpen;atud for.

~The service qua]it% of third party malnteinors and reﬂalle;u
has @ strong effect upon perceived Honeywcll ServiceIQuality vithin the
wmarketplace. It is necessary that resellers offer high quality service in .
erder to avoid s negative impact upon growth. In the ease that third party
maintainers may be cncouraged through franchices, it is very impnrtnﬁt'th;;:

there exists n atrong euperviaion by Heneywell.
5.2 Conaiderationa and Extenslona

Some of the results of the model scem to fit very well into with

the wctua] data, slthough it was never desigped to &ccomplish that purpase,.

+ L

Thia rosult crentes some confidence sboeut the behavier and structure of the’
model. HNoaclhelesas, the numericsl vnlues of the results should never be
considered as forecaasts. They are just an indication of the impact that

certain policies could have on tho systetn il they ere ipplemonted.

The policies tested mre programs which ore elroady deaipned and
partielly implemonted. The results of the model conflmm the rxpectationn
‘built from real situatlons. ‘There are pome assumptions that ﬂhﬂgid’h{
further analyzed becanse thoy seem to have & big inp;ct on the bohevior of

the mpodel.



¥or uny continuation of thb-lboject. it isn necensary that scme
people within Horoywell lecarn the delailn ef the medel, and 4ts oparation,
to be suble to use it internally. From the discussiona of the usc of tha

model, 1ihoy cén come out with the most relevent sxtenniens

The presont structure of the podel 311Dh3 to nake a larze nunber

of tentn involving Hany cnmhinat;nnu cf p¢11nies sinhltnneusly ' They can

.-Jq

be frcm a sinple chooge in aorvicu requirnmrnt rer inﬂtnllaticn tc & more
sophisticuted vurialle change in demand for cach of the products. This
approach should te followed and exheusted before gelng into more
dlsngregstilion. The aize of the model is lerge enough 10 creale many
problems when modifications are made to it without completlely underatanding

the prament version.

Turing the cnnﬂtructihnJnf“tﬁeﬂﬁadei; on Qa;efal occasions, thﬂrn:
were themes that nénm te have relevance with the goperotions of the CSD and
that were not included in tha model for lnné of time and information, 14
could be very productive to extend the model $ntc such areas ms:
micro-gcomputera, sofivaro davelopment apd service, disagregation of labor
arnd assata for minicompufars and non-minicemputers, more detail in the

financial sector,



CAPPEMIIX #) (74

PUREUSE UF PILOT PROJECT 1M _SYSTEM DYMAMICS WITH HONEYWELY CSU

Ao EXI'ARD AL CLARIFY TUEAS ABOUT MODELING THL RELATIONSHIPS
BEYHEEN HUHETHELL_CUSTUMEH SERVICE DIVISIUN AND THE.MARKET.

B- VEVELUP A PICTURE OF THE OKGANLZATIUN W TERMS OF DECISION
HAKING PRUCESSES.

C- THANSLATE THE PICTURE OF ORGAWLZAT!ONAL STHUCTURE INTO A
SET UF PRECISE HHTHLHHTIEHL tUUﬂTIUNS 10 Bt USED AS A -
SINULAT IUN MUDEL.

b- EXPLUKE THE SHURT- AND LONG-~TERM CUNSEWUENCES OF POLICY
CHANGES IN THE CSD.

E- SEL HOW SYSIEN LYHANICS CAN BE USED AS A PULICY AND -STRATEGY
TOOL 18 THE AHALYSIS OF CURKENT BUSINESS PRUBLEMS.

]
| 1
™ ’_.__I - -

o
%Y
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MOTIVATION FOR STUDY €+

. UNPRECEUENTEL INCREASE It SALES OF MINJ-CUMPUTERS UVER THE
HEXT 5 - 10 YEARS WILL NECESSITATE HEW WAYS UF THINEGING
" ABUDT AHD PRUYVIUING SERVICE.

« DYFFERENT €OST AND PRUFIT STRUCTURE ASSUCIATED WI1H THE

INCREASENG SERVICE OF MINIS AS CPPOSED 10 MAINFRAMES.

. UNCERTAINTY YOWARD ENCUUKAGING FURTHER RESELLER AND THIRD-
PARTY MAINTENANCE UF HOMEYWELL EGQUIPMENT.

« EXPERIMERTATIUN WITH HON-TRADITIONAL FORMS UF MALNTERANCE
FUR MIMIS-

HOREYWELL PHRESENTAYIUN 5717782



HODEL 1ESHHG 75

CUSMMULATION #1: MATHEKAME GROMTH -

ASSUMPTIONS:

RESULTS:

K.

MATUILING LINEAR GRUKWTH OF LARGE SCALE INSTALLTIONS FRUM
12,500 1N 1978 T0 25,000 1LN YEARS LATER.

SERVICE CALLS INCREASE DUE TO INCRLASE IN INSTALLAT LUNS .

OVERTIME AHD PROFLIT MARGIN INCREASE DUE TO LAG IN
AWULRING LAROKR ANU ASSETS. '

HONEYWELL SERVICE GUALITY DECREASES DUE 10 THCREASE
INSTALLATTUNS AND LAG IN AQUIRING ASSETS AND LABUK.

UVERTIME AND SERVICE GUALITY ARE MIRROR IMAGES OF COKE

" ARUTHEK. THEY BD1H ARE REPRESUNTATIVE OF THE OVERALL

STATE UF THE ORGANIZATIOM: =ASSET & LABOR UTILIZATON
-AVERAGE EXFERIENCE UF LABUR
~BACKLUG OF SERVICE' CALLS

© . -REGUIKED LABUR AND ASSETS

HOHEYHELL PRESENTATIUN 5/17/82 -



SHIULATIUN #2:

© ASSUMPTIUNS

THE TN

MIH)~CUMPUTER GROMTN » . - (#2)

A,

GRUWTIN IN HUNEYWELL AND RESELLER INSTALLATIURS WHERE

PERCENTAGE UF RESELLER GROWTH 1S GREATER.

MINY GRUWIH CAN BE DIVIDED 1HIO TWU DISTIRCT REGIUNS
1] <60 MUNTHS - APPROXIMATE LIHEAR GRUWTH;
2} >60 NONIHS - CLEARLY EXPUNENTIAL GRUWIH.

PROFIT MARGIN INITIALLY UECLINES. WINIS ARE HOY AS
PROFHTABLE AS NON-MINIS DURING EAKLY STAGES GF GRUMTH.

AS GROWTH CUMTIMUES, UTILIZATIuh OF ASSETS AND LABOR
TRUREASES.  THREREFORE, PRUFIT RARGIN RISES DUk TO
LUWER COST/INSTALLATION SERVICED.

1HE LAG TU AGUIKE ASSETS AND LRBUH {S PRESENT AS [N
SlHULﬁllUH #1, BUT [T iS BY FAR NOT A DOMIRATING. EFFECT

. SERVICE QUALLIY AND UVERYIME AGAIN MUVE IN OPPUSIIE

BIRECTLONS.  THIS RESULT MAKES SENSE -- AS QUALITY
PECLINES, OVERT{ME STEFS WP IN ORDER TU COUNTERACT 11.

HUNEYWELL PRESENTATLUN 5/17/82



FSTABLISHING A REFERERCE HODE  @p

SIAULATION #3: CUMBINED WIND AND HAIRFRAME GRUWTH

ASSUMITIONS A ACTIVE GROWTH MUULS FUR RURS #1 ANL #2.

B- HONEYELL  LOES NOT SERVICE RESELLER INSTALLATIONS

RESULLS Ao SUPERPUSITIUN SEERS TU APPLY THUUGH NO1 ABSOLUTELY.
OVERTIME, SERVICE UUﬁLiTT, FRUFIT MARGIN, ETL. POSSECC
A COMPUSITE OF CHAKACTERISTICS FRUM RUNS #1 AND #2. !

K. CIRCA HONTH 60 THERE 1S A DISTINCT CHANGE IN LABOR,
OVERTIME, SERVICE GUALITY, AKND PRUFIT NAKGLN AS
{HCREASED GRUMTH RESULTS 1N BETTER ASSET AND LABOK

UTILIZATION.

C. TUTAL MINL INSTALLAYLIUNS JS LESS THAN RUM #2 BECAUSE OF

A LOWER SERVICE QUALITY THAN PREVIGUSLY EXPERIENCED.
THIS HESULT IS WUE TU -SUPERFUSIT]ON.

HONEYWELL PHESENTATLON 5/17/82



Do Al MUNTH 48 C(EQUIVALER] TU 1982) TUTAL HINIS EWUALS G2

Fe

AFPRUXIMATELY GOUG LUSIALLATIUNS, WHICH IS ABULT WHAT
1T ACTUALLY WILL 1S. THIS RESUL1 WAS MOT PURPUSELY
CONTKIVED, 1T HAPPENED AS A CONSEQUEMCE OF MULEL.
VHERE WAS RO WAY 10 nt1unLL? KHUW THAT THIS WOULD OCCUR
BEFORENAND. .. . o |

E. OVEKIINE REMALRS CONSISIENTLY ARGUND 10 PERCENT SIMILAK

TO Tt ACTUAL DYERTIME IR THE CSD.  AGALN, THIS RESULLT -
HAS ALSL AW QUIPUY UF THE MULEL, BUT NO1 AN ASSUMPYION
HILICH WENT INIO IT. '

SERVICE QUALLTY JACKKHIFES UUWKWARL CIRCA MONTH 100 Dug
BUE 10 SATURATION 1IN 1MPROVEMENT OF ASSET AND LABUR
UTSLIZATLION WHICH THE SYSTEM 1S NOT EXPECTLNG-

HONEYVELL "PRESENTATION 5/17/82



SUPMARY UF POLICY 1ES1S &9
. UUNEYWELL SERVICES 75 PERCENT OF SUHSEUUENT RESELLER
MINI INSTALLAT IUNS-

 IMPLEMLKUAYLOR OF ﬁﬂh“lN“THE“VﬂH PHﬂGHﬂN IN URUER TU RAISE
SERVICE QUALLTY AND REDDCE COUSTS-

|MPLERERTATIUR OF DISCOUK] PRICE PULICY 10 RESELLERS OF
15 PERCENT IN URDER 10 ENCUURAGE RESELLER- GRUWTH.

- HEDUCTION 1IN THIRD PAKTY MAIMTAINMERS" SERVICE QUALITY

BY 25 PERCENT.

BUMEYWELL PRESERIATIUN 5/17/82



INULATLUN #4

ASSUMPTIDHS

~ RESULTS:

. SERVICE POLICY TONARD RESELLERS AT 75 PERCENT

A.

GRUNTH KOUE AS b RuN #3 PLuS HONCYWELL SERVICE OF 75
PERCENT UF ALL SUBSEQUERT RESELLER SALES.

Ub 0 MONTH &6 THERE 1S NU EFFECT BECAUSE THE LEVEL OF.

RESELLER INSTALLATLUNS 1S SMALL AKD GROWTH [S SLOH.

PRUFLT MARGIN INCKEASES FASTER BECAUSE THE f JUHEtR UF

INSTALLATIONS WHICH HONEYWELL 1S OBLIGATED 10 SERVICE
i

IS YRCREASING AT A FASTER RATE. PHUFIT_MﬂHiiH SATURS
SUUNER AS LOES UTILIZATION. ;

PRUF1T MAKGIN SATUKATES FASTER BECAUSE OF UTIL1ZATION,
BUT, SATURATION OCCUKS AT A LOKER LEVEL DUE TO EXCESSES
I UVERTINE.

ACCUMGLATED PRUFLT OVER THE ENTIRE SINULATLON 1S 10
PERCENT HIGHER THAN WITH URDINARY GRUWYH. REVENUE
AY THE CONFLETION UF THE SINULALION 1S 5 PERCENT
GREATER THAN FOR-REFERENCE GRUWIH-

HUNEYWELL PRESENTATION 5717782



E.

5
SERVECE QUALETY DECLINES LUWER THANM EVER BEFUME :%ﬁnUSE
GRUMTH OF SERVICE CONIHACTS 1S GREATER 1HAaN EVER KEFURE.
THE GREATER 1HE KATE OF GROWIH, THE LOWER GUES HONEYHELL
SERVILE UUALITY.

ALTHOUGH 11 PUKE GROWTH (RUN #3) HONEYWELL LUES MAKE A
300 PEKCENT PROEIT ON SPARES WHICH AKE SOLD 10 RESELLERS
ARD VHIRD PAIYY BALWTAIHERS, MUCH GREATER PROFIT Al
KEVENUE 1S REALIZED WHEN THE MAINTENANCE 1S PERFORMED

BY HOREYELL DIKECTILY. . -
THERE EXIS1S A "GIVE AMD TAKE" BETUEEN THE LEVEL OF
SERVICE QUALITY AND REVERUE.

HUNEYWELL PRESENTATIUN 5/17/82



SIMULATION #5: HHH‘]HF]HE"V&HLPHUEHﬂN £2

o KSSUMPTIONS: Ae " GROWIN AMD RESELLER SERVICU PULICY AV 75 VERCEN) AS <
Iy RUN #5- | b |

B. FAPLLRLHTAYION OF RAR-1H-THE-VAR PROGRAR WHRICH INCKEASLS
PRODOCTEVITY AND EFFECTIVERESS OF FILLD LABUR.

RESULYS : Ao ALWUST ALL BEHAVIUR RLMAINS UNCHANGLL.

k. MAN-1H-THRE-VAN BOES tUul IMPRUVE SERVICE QUALITY OVER
THE LUNG RUN BECAUSE 1T ALLUMS FOR THL RENUCYIUN OF
LABUR WHICH HAS EXACTLY THE OPPUSITE EFFECT ON QUALLTY.

C.  PERCENTAGE OF GVERTING 1S THE SANE, BUT THE ACTUAL
NUMBER OF OVERTINE HOUKS 1S REDUCEY BECAUSE THE LABUR
FORCE 1S SHALLER BUE TU §NCREASED PRODUCTIVITY. THE
SYSTEH NATURALLY TENDS TUWARD OVERTIME. '

. BECAUSE THE MAR-14-THE-VAN PRUGRAH REUUCES THE REWGIRED
LABUK, 1T UECREASES THE CUST/INSTALLATION SERVICED.
Tuis pEEBEHSE IN EXPENSE LUGICALLY ITRCREASES PRUFIT
HARG N . S ' o

HUNEYWELL PRESEMTAYION 5/17/82



SIMDLATION #b; DISCUUNT PRICE PULICY TOWARL RESELLENS . . . g =~

ASSUMFTIURS: A.

RESULYS: A.

GROMIH, SPR=?51, AND TMPLEMENTATIUN UF NHH-[H-THE-?ﬁH-.

DECREASE [N PRICE OF SERVICE CONTRACIS SULD BY RESELLER
BY 15 PERCERT.

PRUFIT MARGLN DECLIBES SLIGHILY DUE YU A LECREASE. IN
I

REVERUE/ INSTALLAT LUN SCRYICED. : i

L 1
REVERUE . REMAINS BASICALLY CONSTANT. ALTHOULN PRICE 3
SALE 1S DOWE, THE NURBER OF SALES 1S UP 10 CUMPENSATE
FUR A LOSS OF KEVENUE. ‘

ACCUMULATED PRUFIT OYER THE TIME OF SlHULﬂiIUM DECREASLES
BY A MERE 1 PERCENT (BDT A VERY SIGNIFICANT CHANGE).
PESCOUNT PRICES TO RESELLERS BO #UT SEEM TO AFFECT THE
OVERAL PROFIT STRUCYURE OF THE ORGANIZATION.

SERVICL GUALSTY DECREASES DUE TO THE IHCREASES Ik
VOLUME, BUT- GRUWIH IS NOT VLRY- SENSITIVE TO SUCH A
SHALL DECLINE N SERVICE GUALIYTY AT THIS POinT.

EFFECTIVE AT ENCUDRAGIHG RESELLER GRUWTH

- HONEYWELL PRESENTATIUN 5/17/82



SIMULATIUN #4:

ASSUMPTIUNS

RESULTS

A.

A

DECLINE IN THIRD PARVY SERVICE QUALITY .- . . 5

GRUWTH MOUE AS 1IN HHN‘#5 PLUS DECLINE IN THIRD PARTY
SERVICE QUALITY OF 25 PERCERT.

DECREASE 18 THIRD PARTY SERVICE GUALITY RESULTS 1N A

. GENEHALLY PERCEIVED DECLINE OF IUNEYWELL sEHvtcE
QUALITY.  GRUMTH 1S IMPAIREY. i

)

DUE TO LOWER GROWTH, UTIL1ZATION OF LABOR AND ASSETS
DUES HUT APPRUACR SATURATIUN AS 1T WOULL uuqu1ﬂrnwlsL
A HEGHER PROFIT BAKGIN IS NOT REALIZED LN ACCOUNT OF THE
muurmwwmw1munumuw |
SERVICE QUALLTY INCREASES AND INVERSELY OVERTIME
DECKEASES LUE TU THE SLUMER RATE GF OVERALL GHOWTH.

PARADOXICAL SITUATION:

- WHEN THIKD PAKTY' SERVICE GUALIY 1S HIGH,
HONEYWELL SYARDS A CHANCE OF LOSING SERVICE CUNTRACTS -
TO THEKD PAKTY MALHTAINERS AKU KESELLERS.
- WHEN THIRD PARTY SERVICE UUALITY 1S LUW, ITS
ASSUCIATIUN W1TK THE HONEYHELL NANE MAY TEND TU
- CAUSE NDNEYHELL TU LUSE.SERVICE CONRACTS, ANYHO:. .
C HONEYWLLL PRESENIATION S/17/8% ' -



Co LoncLbsIoNs . e

INSTGHTS INTG ALTERKATIVE POLJCIES

. Co

- SERVICING RESELLER 'INSTALLATIUNS IMPRUVES BUSINESS YRRUUGH

INCKEASEL VQLUME AND REBUCED SERVICE CUST PER IRSTALLATION.
IT GENERATES HIGHER REVENUE ANL PRUFIT MARGIN , BUT ERtﬂ]tb
PROBLEMS IN KEEPING SERVICE WUALITY AT A HIGH LE?EL UURIHG :
TIMES UF RAPIU GRUWIH-

4
1]

» THE MAN-IN-THE-VAN PRUGRAM PﬁUVES To BE AN EFFECTIVE PULIET.
'TO REDUCE SERVICE COST AND INCREASE PROFIT MARGIN, BYT IT LOES

NOT SEEM TU HELP RAISE YHE LEYEL OF HOMEYWELL SERVICE GUALITY.

IMPLEMENTATION OF A DISCOUNT SERVIEE PRIEE FOR RESELLERS [S A
FAVURABLE FULICY U ENCUURAGE AND bEhtHﬂTE GRUWTH.  ALTHUUGH
BISCOURTING PRICES UOES REDUCE REVENUE, THE ADDED GRUWTH
CUMPENSATES FUR SuCH A LUSS WHILE PRUYIDENG GREATER EALES
VOLUME FOR HUNEYWELL [NFURMATIUN SYSTEMS OGN THE WHOLE.

HHE SERVICE QUALLTY-OF  THIRD PARTY HﬂlH1HthHb ANL REShLLEHS _
HAS A STRUNG EFFECT UPUN PERCEIVED HUMEYWELL SER?ICE UU&LITY S
WITHIN THE MARKETFLACE. §T 1S HECESSARY THAT THEY GFFER HIGH
QUALLETY SERVICE IN ORDER TO AVOID A NEGATIVE IMPACT UPON
GRUWTH.

HONEYHELL PRESEMTATIUN S/17/82



53
" E. THERE 1S CUNCERN WITHIN THE HONEYWELL unﬁanlzniiia THHTIIHE
ENCUURAGEMENT OF KESELLER AND THIRU PARTY MAINTALNEKS WUULD
BE ATDING A POTENTIAL COMPETITOR. UN THE CONTRARY, 1T SEEMS
FAR MUKE IMPUKIAN] TO ENCUUKAGE RESELLERS IN UKDER TU SPUR

GROUWTH THAN TU MORRY ABUUT COMPETITIVE FACTURS.

HUNEYWELL' PRESENYATION 5717782



INSIGHTS IHTC SYSTEM BEHAVIOR . - - G9

‘A~ UVERIME 1S A REASUMABLY GOUY INULCATUR OF THE OVERALL SYATE OF
THE GRGANIZATION. 1T 1S REPRESENTWTIVE UF SERVICE GLALITY AND
CAN BE GBJECTIVELY NEASUKED ANY CONPARED.

B. AQUISITION LAG 1N LABUR ANY ﬁSSETé CUNTRIBUTES SIGNIFICANTLY TO
DECLINING SERVICE GUALITY, INCREASING OVERTIME AND PROFL]
nnﬂﬁlu._' y o -

C- EXPONENTIAL GRUWIH IS A CHARACTERISTIC OF THIS SYSTEM WHICH MAY
REMAIN UNNOTICED DURING PERIUDS OF SLOW GRUWTH DURING WHICH
LINEAR BEHAYIUR 1S APPRUXIMATED. AS THE LEVEL OF INSTALLATIONS
INCREASES, TRUE EXPUNENTIAL KEHAVIOR 1S EXKIBITED. FURECASYIKG
MECHANISHS AKE LINEAK, AN THEY BREAKDUWN IN PERIODS, uF sucu
GRUWTH CAUSING SERVICE GUALITY TU DECLINE, ETC.

D- CHANGES 1N ASSET ANU LABUR UTILIZAT]ON DUE TU EXPUNENT!AL
GRUWTH MARKEDLY AFFECT THE DYNAMIC BEHAVIOR OF THE SYSTEM.

E. THERE 1S A TRADE-OFF, A-"GIVE AND TAKE”, BETWEER SERVICE
- QUALITY. AND REVENUE.

HUNEYWELL PRESENTATIUN 5/17/82
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2e2udst HON-HIND

INSTALLATIONS
2:2+4,2 K1H]

ENSTALLATIGONS
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1.0 HARKET SUBSYSTEM

1.1 MONEYWELL SALES

HE \K=HI, ABTS{HSR, J5-HIR, JK) Lié
HI ~ HOKEYWELL [WSTALLATIONS (HINTCOMPUTERSY <43
DY - SDULUTioH TIME SMTERWAL 112

HSR - HOWEYWELL SACES RATE (MINICOAPUTERS/MONTH) <>
HPR = HOMEYUELL DEPLETION RATE {MINLLOAFUTESS/HONTH)
(el .
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PAG 2 HORETWELL LUSTCHER SERVICE BIVIElCH

1215

KI « HOKEYWELL INSTALLATIONS (MINICOMPUTERS) <4>

HER. KL=H] (R SKHSA KA 4HSP . KEHPHSD, K /DTHE K
H5k - HONEYWELL SALES RATE tHINICONPUTERS/HENTHY <2
HE = HONEYWELL IWSTALLATIONS (MIMICORPUTERS) <&

WHSA - MULTIPLIER FOR HONEYWELL SFELIAL AFFLICATIONS
{DIMESSIOHLESS) {1 _
MHSP = NULTIFLIER FOR HOWEYWELL SERVICE FRICE

. {DIRNERSIOHLESS) <>
MPHSE = MULTIPLIER FCR FERCEVED HONEYWELL SEIWI‘CE
QUALTTY (SIMEHSIQMRES <14

DIH1 - {NDNTHSIDOURLEMG TIRE FOR HONEYWELL
IHSTALLATIONS <&
DTHY K=1200{1-STEPLEDTHLL 0)
SITHI=0
DTET = (MONTH3)DOUBLIRG TIKE FOR HOWEYRELL

- INSTALLATIONS <8
SDTH] - STEP TEST FOR DTHI (FRACTIGHY <B>

M5 R=TABLECTHHSP o 5P X/CEP Kot 1. 50 a 25)
FMHSP=2r2r 1 3rLelsle a0
HKSP = WULYIPLIER FOR HONEYNELL SERVICE FRICE
WIHHEHEIDHLESEI 5 :
TABLE = TABLE FUNCTION -
THHSP - TASLE FOR I"I.H.TIH.IER FOR HOMEYWELL SERVICE P‘RlEE
L4

P B = HOHEYWELL SERVICE FRICE (DOLLARS/HONTH) <142
(5P - COWPETITDRE SERVILE FRICE (TOLLARS/HONTH) <113

H5P . k=CEP, K’rSTEF!ETHEP;lEJ

STHSP=0
H3F - ROKEYWELL SERVICE PRICE (POULARS/MOWTH) <1i)
{SP = COMPETITORS SERVICE PRICE (DOLLARE/HQNTHY <11>
STHSP - STEP TEST FOR HSP {FRACTIONY <100

5P F=700 .
L5F - COMPETITORS SERVICE PRICE {DOLLARS/HONTH) <{li>

KHSAK=TABLETTHHSA S8, KeDe 1,51, 23]
THSA= 15, 3450, 15 MG HLD
FRSA = MRTIFLIER FOR HONEYWELL SFECTAL AFPLICATIONS
{DINENSIOMLESS) <12
THELE - TAELE FURCTIOM
THHSA = TABLE FOR BONEYWELL SFECTAL APFLICATIONS <12
54 ~ HONEYNELL SFECIAL AFFLICATIONS (FFACTION) <13

SAL=TAELE(TSAr TIME (K 2Q¢ 120140)
{8A=1/1/1

SA = ROMEYWTLL SPECTAL APPLICATIONS (FRACTIEN) 13> -

. THBLE - TABLE FUKCTION _
JSh = TABLE FOR HOMEYUELL SPECIAL APPLICATIONS <13>
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ROKEYWEL], CUSTOHER SERYICE DINISIOR SAYTs NAY 15 1982

HFWE 0 h=TABLE (THPHS 1 PHSR. K e On 142541 20)

Th“ 5|1=;?5n?5r rﬁl tHIl!Il. |2
BPHSO - HULTIFLIER FOR FERCSTVED HONEYWELL SERVICE

QUALTTY (DISENSIGLES <145

TARLE = TABLE FURCTIOM
1PFHSE - TAMLE FOR MLTIFLIER ¢OR PERCEIVED ROKEYNELL

P50

BERVICE OUALITY (t4
= PERCEIVED ROREYMELL EERUIEE QUALITY (FRACTIGH)
(15

PHS(. K=DELAYI (WA, K1 TPHSD)

PH0=12

PHSD

- PERCEIVER HONEYWELL SERVICE QUALITY (FRACTION)
A2

DELAYY - THIRD CRIER AVERAGING MACRD

450

= METGHTED SERVICE QUALITY IFRACTION) <1&>

TFHSE - {NONTHE} TIME TQ FERCEIVE HONEMWELL SERVICE

USE, K= (IRISH K+HLEH KI8T HEQL KD +{TPRSE R ELHTSTH, KERTETH.E Y/

THER.K
g
RISH
HISH

150

TPRSQ = TRIRD FAETY MAINTAINER SERVICE GUALITY (£G) 18>

WUALTEY <35>

- WEIGHTED SERVICE GUALTTY {(FRACTIONY {14

~ RESELLER IMSTALLATIONS SERVICE BY WSh
{HINICONFUTERSY 28>

- HGHEYSELL THITALLATIONG SERVILE BY HSD
{HIKICORFUTERS) Q%

= FGREYWELL SERVICE QUALITY (5) <3&

HISTH - HDKEYNELLINSTALLATIONS SERVICE BY THIRD FARTY

KAINTAIHERS (HIHIC <35>

RISTH -~ RESELLER IMSTALLATIOM: ScEVICE BY THIRD PARTY

THMIH

NATHTAHERS tKINIC FINANCTAL SUESYSYEM 2.1
EERVICE REVEHUE (46>

= TOTAL MAFKET OF WOUZYMELL KINICOMPUTERS
{HINICONFUTERS) 1.2 RESCLLER SALES <it)

HDR,\ RL=RILK7ALT

HDR

A1

ALT

- HOKEYWELL DEPLETION RATE (MIWICQ™FUTERS/ROHTH)
{175

= HONEYUELL INSTALLATICHS (NINICOMFUTERS) <é>

- {MONTHE) AVERAGE LIFE OF WINICCHPUTER
INSTALLATIONS <i8>

TEHST . Ka145TEP(STPRSD, 24)

STPH30=0
AL1x120

fPKSD = THIRR FARTY MAIRTAINER SERVICE GUALITY (S0) 12>

STPHSG ~ STEP JESI FOR TPZ0 (FRACIION) €1B>

ALT

= {MONTHS) AVERAGE LIFE OF RINICORPUTER
- INSTALLATIONS <14

MM EEHT L KARTLK

T4

NI
RI

= TOTAL BARKET 0F HONEYWELL MINTCOMPUTERS
{NIHICOMPUTERSY 1,2 RESELLER SALES 1%

= HOMEYUSLL INSTALLATIONS (MIHICOAPUTERS) <é>

=~ RESELLER IHMSTALLTIDNG tMINILOSFUTERS) <20
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1,2 RESELLER SALES _
. A2RL, HDTSLRER, K- RIR. JK) ' L2 OTRAII/RSRRe2/RORA RIS RIS ARISTH) 1/
Ri=10 : Mi20,1  PLOTSLIA/FRINTI 116
F1 ~ RESELLEK THSTALLTIONS (NINICOMPUTERS) <200
IT - SOLUTIGH TIHE TNTERVAL <132>

FSR - RESELLEF SALES RATE (MINICORFUTERS/MOHTH) <213
FDR - RESELLER LEPLETION RATE {HINICOAFUTERS/HGHTH)

1,3 SERVICE NARRET 28>

RSR.FL=RTKSHRSP KSHPHSD . KIFERG/DTRI X Rel SRUsLi2¢/R1SH Le JA/RISTHL A
PERE-1 B 1T Y SESRiR#21

PSR = RESELLER SALES RATE {HINICONFUTERS/MONTH: <21

k1 ~ RESELLER INSTALLTIONS {HINICOKFUTERS) <203 -

PRSP = HULTIFLIER FOR RESELLER BERVILE PRICE
e {DINENSIONLESS! <73
HPHSD - WULTIFLIER FOGR FERCEIVED HOMEYWELL SERVICE

- QUALITY (DIMENSIONLES {14
FERE - POLICY 10 EMCOURAGE RESELLER GROWTH (FRACTION)

an
[TRI - DOUBLING TINE FOR RESELLER INSTALLATIONS
LTS} <20
DTRY.K=1208¢1-STEP{SUTRI 102 ' ' T M1 . SRSRiRe2L
5DTRL=0 L2l SUTRIsA2 ' ,

PTRI = DOUBLING TIME FOR RESELLER [NSTALLATIONS
{KONTRS} 2D
LOTRI - STEP JEST FOR DIRI (FRACTION) <225

fRSP. K=FARLECTHRSP rMARSP KACSP Kol 14550 20) . 23 . JRSRERe21
FHRSE 23+ 2 1a5ed o i la 900 ’ 1251 HREP 4023
RSP - MULTIFLIER FOR RESELLER SERVICE PRICE
. (DTHENSIOHLESS) <2D>
TABLE - TABLE FUMCTION
1MRSP - TAELE FOR MULTIPLIER FOR RESELLER SERVICE FRICE
- aQn .
LARSP - WEIGHTED AVERAGE RESELLER SERVICE PRICE (DOLLRS/
. BOMTH) €25 -
(SP - COWPETITORS SERVICE PRICE (DOLLARS/HONTRY <11

‘R'EF.EFESPJ _ . Ardd JWARSF rAr2D
ISP = RESELLER SERVICE FRICE (DOLLARS /FHONTH) <24
(5P = [OMPETITORS SERVICE FRICE {LOLLARS/MQHTHY <11>

VARSP . K={DHSP JXXSPR.K) #{ (1-5PR.KISRSP KD firdd JHRSP2A: 1Y
VARSF - WEIGHTED AVERACE RESELLER SERVICE FRICE (DJLLRS/
MONTHE €253
I45F = DISCOUNT RONEYWELL SERVICE PRICE (TDLLARS/HDNTH)
N

YPR - SERVICE POLILY FTD RESELLER {FRACTIONY <26)
E3P = EESELLER SERVICE PRICL {DOLLARS ANONTH (24>

SPR.K=STEP{STEPR +48) A28 YLARSP 1 Ar OSARTEHs Lo TA/RISH e 34, 1/RISTHAL HA0/RT D10 Mo 42
S1SPH=0 Crdil YSPRRI 25
(EPR - SERVICE POLICY FTO RESELLER (FRACTION Q&
SISPR - STEP TEST FOR SF% IFRACTION} (18>
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[HEP.K=HSF Kb L-DPPR}
BFFR:=9 :
[HSP - DISCOUNT HGNEYMELL SERVICE PRICE (DOLLARS/HINTH)

. 41D
F3F - HDREYWELL SERVICE FRICE {ﬂﬂLLﬁnSIHBHTH] i
[PPR =~ DISCOUMT PRICIXG FOLICY 70 RESELLER (FRACTIONI
an

RDR KL=RT.K/ALT
FOR - RESELLER DPEPLETION RATE. (NIRICOMPUTERS/HONTH)
1.3 SEFVICE HARKET <287
FI =~ RESELLER. TNSTALLTIDNS (HIMICONPUTERSH (200
#L1  ~ (NONTHS) AVERAGE LIFE GF MINICOAPUTER
INSTALLATIONS <182

1,3 EERVICE HARKET

K15H.5=HISH, J4DTE(RSR, JK-¢HESH, JAAL D)3~ DTEHICSCR  JK
RIBH=i1
RISH - HONEYWELL INSTALLATIONS SERVICE BY HSD
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- BT - SOCUTION TIME INTERVAL <11
K5R =~ HOMEYWELL SALES FATE (NINTCOMPUTERS/HONTH) (P>
ALl = (KONTHS) AVERAGE LIFE OF SINICONFUTER
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HICSCR = HONEYUELL INETALLATIONS CHANGE OF SERVICE
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Lt - BOHEYNELL TMSTALLATIONS (SINICOHFUTERS) <&
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- HICSCR - HOWEYWELL IWSTALLATIOWS CHAMDE OF SERVICE
CONTRACT RATE (AINICOH <30>
RISHLR - HONEYWELL IRSTALLATIONS SERVICE BY HSD LEAVING
RATE ARIWICOKFUTE 34>
HISTLR ~ HOMEYVELL INSTRLLTIONS SERVICE BY THIRD PARTY
HAINTATHERS LEAVIH {13+
AICSC - (KONTHS) AVERAGE TIME TO CHANGE SERVICE CORTRACT
a0

HISHL 2. K=HLEH, KHHARSD, K
HISHLR = HONEYUELL IMSTALLATTONS SERVICE BY HSD LEAVING
FATE {HINICOMFUTE <31
HISH - HORETWELL IWSTALLATICHS SERVICE BY HSD
{RINTCCAPUTERS) (270
HAARSD = NULTIPLIER FOR ACVING AMAY FROM HSD
(DIRENSIONLESS) <32

MHAHS 3 K=TARLE (THHARE b FHSO Ry 5o Lo Sr+ 250
THHAHZ K= 590 25000 0
KAANSY ~ MUALTIPLIER FOR MOVING AAY FROM HSD
{DIHENSTORLESSY <30
THELE - TAELE FUNCTIOH
THMAHS - TAELE FOR MULTIFLICR FOR MOVING AMAY OF HSP <32
- P50 = PERCEIVED HOWEYWELL SERWICE OUALITY {FRACTILH)
15

Arl?
E!??Il

E2 2B

L.29
He27.1

Redd
C+3041

TR

Ard2
Trd2:

€D

SMRRSF  Ar ZT/SRETSH A 4
vIHEF i 2F

ANLR YL

SWSllafr 1 6/HTSHLR Ar31/7SRHISH & A4 7SRN» A 92/HLUTIL A 107,
AHSRM &0 106/PLOT ¢ 1 L4/FRINT 1 116 .

MISH L Z3HISTHIL 35
PHICSCR Ry 30/RICSCRIRL 37

JHICECRIR 0

1

JHISHLR+Ar31/RISHLR 1 Ae 30
SHEAHE DA 12



PAGE ¢

HOREYWELL CUSTORER SERVICE DIVISIOH SATr AAY 15 1582
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MATHTAILERS LEAVIH <330
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{DIMENSIORLESS) (34>
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MATHSD ~ KULTIPLIER FOR MOVIRG TOWRRDS HSD
(DIRENSIOALESS) <143
TRHE - TARLE FUACTION
- THATRS ~ TARLE FOF WULTIPLIER FCR MOVING TOWARDS HER {343
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(NTRICOMFUTERSY <34>
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K%  ~ RESELLER SALES RATE {HINICCRPUTERS/KONTH} <213
. SPR - SERVICE POLIEY FTO RESELLER {FRACTICN) €24}
ALT -~ {HOWTHS) AVERAGE LIFE OF MIRICOMFUTER
- IHSTALLATICHS {18>
RICSCR - RESELLER INSTALLATIONS CHAMGE OF SERVICE
.. [OHTRACT RATE {MIHICOHE <37>
il - RESELLER IHSTALLIIONS (RIMICOnFUTERS) {202
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RIFSCR « RESELLER [WSTALLATIONS CHANCE OF SERVICE
CONTRACY RATE (BINICOMP 37>
RIMLR ~ RESELLER INSTALLATIGNS SERVIVE BY HSD LEAVING
RATE {MINICORFUTER <J8>
RISTLR - RESELLER INSTALLATIONS SERVICE BY THIRD FARTY
WATNTATNERS LEAVIR <39
HTLEC - (MONTHS) AVERAGE TIME TO CHANGE SERVILE COHTRACT
0>
LR K=RISH K3HHANSD, K CERL]
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RISTLR K=RISTH. KYMATHSD.K LR JRICSCRIRAI7
R15ILR - RESELLER INSTALLATIONS SERVICE BY THIRD FARTY
MAINTRINERS LEAVIN <392
I5TH = RESELLER THSTALLATICHS 3ERVICE BY THIRD FARTY
MATHT# TNERS (AINIC FINANCTAL SUBSYSTEM 2.1
SERVICE FEVERUE <{40>
NHTHSD = MALTIPLIER FOR ROVING TCUARES HSD
{DIHERSICHLESS) {347

RIST 4. K=RI5TH JEDTRLRSR, K3 L L1-SPR JI-{RISTH. JZALTHRICECR. JK) Ly d0 SWE0 A LE/RTSTLR A1 J9/7SRSP 4 A3/CSTHRN R0 S1AFLOTH S L4/
RISTi=R1%{1-SFRI LRELRY FRINT¢114
RISTH - RESELLEY IWSTALLATIONS SERVICE BY TRIRD FiRTY
MATHTAIRERS (HIKJC FIRARCIAL SUBSYSTEY 2.1 : '
EERVICE REVERUE <40% ; :
ol = SOLUTION TIMZ IWTERVAL <112 . '
ASR- - RESELLER SALES RATE {NIWICOMFUTERS/HONTHY <212 ' '
PR - SERVICE FOLICY FTO RESELLER (FEACTION) <14>
AT - (WOMTHS) AVERAGE LIFE OF AINICORFUTER
THSTALLATIONG (1B
RICSCR - RESELLER THSTALLATIONS CHAWGE OF SERVICE
LONTREACT RATE (HIKICOMP 437>
RI - RESELLER INSTRLLTINS {NIRICONPYTERS) €203 °

et Pt et b et RN T E i e reRe st eIt 202RatTEeet

N
2,0, SERVICE SUBSYSTEA
21,0 FIKANCTAL SECTOR
2.3+1 SERVICE REVENUE 1
SRPH . K=SRRISH, KA SRHISH  K¥SREP  KHSRHHER, K A2 OSPHIAISS/ARILY L0/ s Ar 111 /LTS 1 13/PRINT 115

RPN = SERVICE REVENUE FER HONTH {BOLLARS) €42

RRISH - SERVICE REVENUE FOR RESELLER INSTALLATIOHNS
SERVICED BY HONEYWELL <43>

SRHISK - SERVICE REVENUE FOR MONEYRELL INSTALLATIONS
SERVICER BY ROMETWEL <44»

SREP - SERVICE FEVEMUE TUE TO SPRRES {POLLARS) 432

WHASH - SERVICE REVENWUE FOR NOM-NIWS SERVIGED EY HOHEY,
{DOLLARS) <477

SRR ZH. X=BHSP K IRISH.K « R} YSRPH A 42
SRRISH - SERVICE REWEHUE FOR RESELLER INWSTALLATIONS
BERVICZD BY HOREYWELL <43
DHSP - DJSCGURT KOWCYWELL SERVICE FRICE (DOLLARS/MONTR}
. an
RISH - RESELLER? IMSTALLATIONS SERVICE BY HED
{KIHICIAFUTERS) 3d>

RHISH.K=HSP ,KEHTEH, K Ardd SSRFHsA 42
SEH1SH -~ SERVICE FEVEWUE FOR HOMETWELY ENSTALLATIONS
EERVICER BY MONETREL <443
HSP = ROREYWELL SERVICE FRICE {LOULARS/MOMTHE <180

HISH - HONEYWELL IHSTALLATIONS SERVICE BY HSD
(HINIC:WFUTERS Y <29
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4052, K= (HISTH.K$ISTH. K1 4PSPRH.K Asls
RSP - SERJICE REVEWE BUE 7O SPARES (LOLLARS} <45)
HISTH = BONSYVELLINSTALLATIGNS SERWIEE BY THIRD PARTY
M [FTATRERS THINIE <355 .
RISTK - RESSLLER MSTALLATIGS SERVICE BY TRIRD PaRTY
WEIHTATHERS (MINIC FINANCIAL SUBSTSTEN 2.1
.. SERVICE REVEMUE <40
PSPPK - FRILE DF SPARES FER HONTH PER INSTALLATIO
(TRLARS} <46

PEFPA K=} 00 LIRS
PSPPE - PRICE OF SPARES PER HONTH PER IWSTALLATIGH
MLLLARS) {4

SRMSH-FHHLHFHHISH.H ﬁp"?
SRHMSH - SERVICE REVENUE FOR WOH-NIHIS SERVICED BY ROWEY,

{DOLLARSY 4T
KAl - ROH-HINE INSTALLATIONS (IHSTALLATIONS) <BE>

PHAISH - PRICE OF WON-AIMI INSTALLATIOMS SERVICED BY
HISEYNELL (DOLLARS: 2,2 SERVICE COST 448>

PRHISHK=1400 ' : g
PRAISH - PRICE DF NOM-HINI TNSTALLATIONS SERVICER BY
HOMEYWELL (DOLLARS) 2.2 SERYICE COST <4

2,1,2 BERVICE COST

SCPH.R=CLFi, KELSTHPH KACAPH RHEEP.E fis 49
SCPH  ~ SERVIEE COST FER MCNTH (DOLLARS} (49>
CLPH - CUST OF LAEGR FER MONTH (IDLLMRS) €50
Colnra - CGST OF SPARES SOLD TO THIRD PARTY MAIWTAIMERS
FER MOHTH ¢(POLLAR {3} '
ChPH - COST OF ASSETS FER KOMTH {DDLLARS) 52>
DEF - DEPRETIATION (DOLLARS/MONTH) 2.3 SERVICE PROFIT

BARGIN <543
CLPH Rl KEANPH . KA 00, DT, K1 31, SEANPK. K [T
CiFd - CIST OF LAROR FER MONTH LDOLLARS) <507
L - LABOR {FERSONS! <45

FMPH - KVERAGE WAGE PER MOWTH (DOLLARS/HONTH) <743
MAX = LOGICAL MAXIMUM FUNCTION
o1 = DYERTINE {PERSDHSY <BS:

CSTHPH K= AHTS1A, KR IS THLK Y STEPPH,K LIE
CS1APH - COST OF SPARES SOLD TO THIRD FARTY MAINTAINLRS
PER HONTH (DOLLAR <51>
RIS - RONEYYELLIMSTALLATIONS SERVICE BY YHIRD PaRTY
HATNTAINERS THINIC 5D

RISTN - RESELLER MNSTALLATIONS SERVICE BY THIRD P&RTY
BAINTATHERS (HIWIC FIMANCTAL SUESYSTER 2.1
SERVICE FEVENUE <i0> )
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LM N o hr'52
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CEPh. K=ADRLK W53 SSCPHIAr4T

CAPH - COST QF ASSETS PER HONTH {TOLLARS) 5B
AR~ ASSET DEPLETION RATE (DOLLARS/HONTHY <4> -

BER, K=2250E3 ' MSE OSCPHiAY
%P - DEPRLTIATION (DOLLARS/MQNTMY 2.3 SERVICE PROFLT
BERGIN €54

2,13 SERVICE PROFTT MAKGIN

SF N, K={SRPH.K-SCPH.K) /SRPH. X ArSS YSPUT rRaS4/SFHR) Ar 33/ P LEL/FLET) LI/PRINT 215
PN - SERVICE FROFIT KeRGIN (FERTEWTY <35>

SRFK - BERVICE REVERUE PER MOMIH (DOLLARSY {42
SCPH - SERVICE COST PER HOWTH (POLLARE} {49

SEHT K=8RX{0, 11 DELATI(SPH. K TCSFHT KD frid 25PHR A58
SPHT - SERVICE PROFIT MARGIW TARGET (PERCENT) {542
KaX - LDGICAL Maxints FURCTION '
DELATI ~ THIRD ORDER AVERSGING mALRO
5PN, =~ SERVICE FROFIT HARGIN (FERLEST) <55
TCSPHT = (NONTHS) TIME TO ChANGE SFNT <57

ToEFHT.E=34 .. h% JEFRTALSE

TCSPIT - (HOKTHS) TIHE TO CHAMGE SFAT <57
]
5211R, K=SPH, K/SPHT .K A58 SFCRa 4o SO/TCLIAI 50
§oHk=1 M58,

SPHR - SERVICE FROFIT KARGIN RATID (DIRENSIQMLESH) (58%
SP# = SERVICE FROFIT HARGIR (PERCENT) <55>
SPNT - SERVICE FROFIT MARGIN TARGET (PERCEMT) <54>

$CAR=TRBLESTFCALSPAR K10, 5:1,9,0,25) " it:59 MRIRIR1E2
TFCA=0.25¢0,85, 141 .45:1,1 Te3%:1 JFChfr 59
FCh - FIHERCIAL CONSTRAINT QN ASEETS (DIMENSIONLESS) :
(5%

TABLE - TABLE FUNCTIDN

TFCA - TAKLE FOR FLA <59
SPHR = SERVICE PROFLT MARGIN RATIC {DIMENSIONLESS) <58>

JCL.K=TRBLE{TFCLy SPNR) K294 5210 500, 75) : CYEL FLMR rRsds
VECL=042T10,850 141,050 1,1 Tekdil JFCL1Ar &Y
FCL - FINANCIAL CONSTRAINT ON LABOR (DIMEXNSTOMLESS}
{402

TARLE - TAME FUNCTIGN
TFCL = JARLE FOR FCL 3.1 ASSET SECTOR <403
SPHR - SERVICE PROFTT HARGIN RATI0 (DIMENSIONMLESS) (58>
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22,9 SIRVICE SECTOR

2.1 ASSETS
ﬁnK'ﬁ-J*ﬁTliﬂIRaJﬂ’ﬁUﬂnJ“? Lié] PATRR 82/ BDR Re B4 HEAS AA0/PLOT) F137KINT 115
heid2.356 . LTI
[ = ASSETS {[OLLARS) 51>,
m - SOLUTION TIME IWTERVAL <112

Al - ASSET INVESTMENT RATE (DOLLARS/HDHTR) <é&D
AR - ASSET DEFLETIDN RATE (DOLLARSAMDNTHY <44>

ATRFL=C4 DA -4 K1 FPTAT 1L TADR K YEFCA. K Rr §2 PRiLetl
LTA)=E G521 JAIR¢R1 62
AIR = ASSET IMVESTHERT RATE (DOULLARS/MOHTHY (42>
Bh = DESIRED aSSETS (DOLLARSY 4.0 SUPFLEMEWTARY

EQUATIONS <{idd>
[ = RSSETS {JOLLAESY <AL
. RIEE = IKONTHS) AVERAGE TIKE TR ACUIRE ASSET <42
LTADR = LOME TERM ASSET UEPLETION RATE {DOLLARS/HCHTH)

@B
FSA = FINANCIAL CONSTRATHT ON ASSETS (DIMENSIQNLESS)
<59
14 L6 K=SADOTH(ATR . Ks TSADR) " hess SATR 1 Red2
TSAB=12 Gl SLTAIRAN 63
LTAIR - LONG TERM ASSET DEPLETION RATE {DOLLARS/MBIH)
D

EHODTH - FIRST ORDER AVERAGING MACRD
(DR - ASSET DEFLETION RAIE (DOLLARS/MONTH) <44
TSAIR ~ (KONTHS) VIAE TO SAOOTH ALR (6>

AR =h FAALA R R1d4 FLARN: A3 L) AL ALTRIR 1 A1 3
AL A=50 . Loddel  SADRsRrGd
AR - ASSET DEPLETION RATE {DOLLARS/KGNTH) <44)
A - ASSETS (DOLLARS) <D
WA - (NONTHS) AVERAGE LIFE OF ASSETS 3,2 LABOR CECIGR
& -

sv2i2  LABOR

LRel HDTLILHR, JK-LAR . JK} Lidd JOLPH A SOLKR Ry BE /AR R 48/CEL L TAAAFL v Ao TIFER

Le2792,2 L{T-N #OTa A BXA0T iy BS/NCAP 1) B2/PLOT 1L 3/PRINT 113
L = LABOR IPERSORS) <&%)

.14 - SDLUTTN TIKE TWYERVAL <112>
IR = LRBOR t]RE RATE (FERSOMS/MOMTHY (44D
LAR = LABOR ATTRITLON RATE (FERSONS/HOMTH) <483
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lH'F.IEL=LH'IH..K-L.HH.TUT.HLEE.K]IHHI.]iLTLﬁ.R.HltFEL.K Rebd L85

ATHLFS ' ' C18b.1 HHRR1 84
LHR - LAEOR HIRE RATE (PERSONS/HONTHY ¢hd>
o - DESIRED LABGR (PERSDHS) <107>
L - LABOR [PERSONS) {353

LTAT - LOMG TERN GVESTIKE {FERSOWS) “8%2

LCH - LABDR CORRECTION FOR LABDR (FEOFLE/RONTRI <70
ATIL = [MONTHS) AYERASE TIHE TO RIRE LAEDR <44
LTLAR - LOWMG fERM LRROR ATTRITICN RATE (FERONZ/MONTH)

L ¥ .
FCL - FIMaR:IAL CONSTRAINT OW LAZCR {DIREWSIORLESS!
L) .
LTLAR X=SHODTHILAR K TELAR b kré? JLHRsR1 8
T5.AR*12 C:47.1 HILAR: 867
LilaR - LOHG TERM LASOR ATTRITIGH RATE (PERONS/HOHTH) "
LT

EHDOTH - FIRST ORDER AVERAGING MWACRD
LAR - LABOR ATTRITICH RATE {FERSONS/NGHTH) <48
TSLAR - (MONTHS) TIAE TE SHOOIR LAR <67

LAt KLeL K/ALL . Fa68 SLLebS/LTUAR A2 62 /EEL:Ls 72

ALL=dd . Crédil JLAR(R) 88
LAR  ~ LAEOR ATTRITION RATE (PERSMUIS/HONTH) <&8>
L = LABDR {PERIQAS) <435 |
ALL -~ (KONTHS) AVERAGE LIFE DF LAECR <48>
LTIT. K=EHOBTH(ET. K, T5CT) TOdY . AHR:Redd
15411 | Lod%1 . SLTOTsAAET

LTOT - (DHG TERM OVERTIME (FERSOMS} <i93
SHOOTH - FIRST DRCER AVERAGING MACRO

oT = OVERTINE {PERSDHS) <85>
TS0T = (HDNTHS) TIGE TO SHOGTH OVERTIHE {492

LC3.K=SNOOPKHL (DY & -B.K}/LUTIL. K D) A+ 70 MHRIR S
LB - LABOR CORRECTIGH FOR LABOR {FEOFLE/WCHTHY 70> . :
SHROTH - FIRST ORDER AVERAGING WACRO
1 - DESIRED BACMLOG (SERVICE CALLS) 1>
] - BACRLDG (SERVICE CALLS)Y <75
LUTIL - LABOK WTIL}ZATIGH (SERVICE CALLS/FLESON) <77

BB K=RTAP K — e fr?l AL AMA
1B - DESIRED BACKLOG (SERVICE CaLtS) QL
WCAP - HORMAL CAPACITY (EERVICE CALLS/RONIH) <&7>

CEL.KsCEL, JEDTRL, J-AEL. K3LAR. JK) . L2 HEL AT

CEL= 227532 7241
CEL - CUMULATIVE EXFERIEMCE OF LAEOR (MOWTHS) 72>
1) « SOLUTION TIME INTERVAL 112>
i - LABDR {PERSDMS! (&5

AEL = AVERAGE EXFERIENCE OF LABCR !MONTHS/PERSONY 3.3
BERVICE HERFORMANCE <72
LAR - LABOR ATTRITION RATE (PERSONS/KONTH) 443>
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b TILKALK Ar?d
L - AVERADE EXPERIENCE OF LAEDR (NONTHS/FERSTH} 3.3

SERVICE FERFORNANCE 33
JEL - CUMULATIVE EXPERTENCE DF LAEOR (NDNTHSY <72%

{ - LABOR PERSONS} <85 ,
WEM = AVERAGE WAGE PER WONTH (DOLLARS/HORTH) <74>

2,2, SERVICE PERFORHAICE

BKe 3, JABTR(SREN, K45RH . K-CAP, ) TS
B=14300 Ne75:1
§ - BACKLDG {SERVICE CALLS) G
BT - SOLUTION TIME INTERVAL <LL2>
SENN - SERVICE REDUIREAENT FOR MOH-HINIS (SERVICE CALLS/
KORTH) <69>
SRH = SERVICE REQUIRENENT FOR MIMLS (SERVILE CALLS/
HONTH) <87 S
FAP - CAPACITY {BERVICE CALLE/MOHTH) <84
RL K240 KANTILK M7
& = REQUIRED LABOR (PCRSGHS) <787
} - BACKLOG (SERVICE [ALLE) O

LGTL =~ LABOR UTILIZATION {SERVICE CALLS/FERSON) <77

LUTIL K= {(HLUTIL.K$TLN R} {HMLUTL (KHDLRH. KD ADL K 272

LUML =~ LABOR UTTLITATION tSERVILE CALLB/FERSON) <77

AWUTHL = HINI LABGR UTILIZATION {SER".'ICE CALLS/FERSOH)
L1

BN - DESIRED LABOR FOR NIKIS (PERSOWS} £162>

" WALUTL - HOW-KINT LAROR UTILIZATION (SERVICE CALLS/ -

FERSOH) <¥5)

MLMN = DESIRED LAROR FOR KON-rINIS (PERSOHS) <§4>

DL - DESIRED LAEOR (PERSOMG) <107>

RALL KaTABLE (RAEL L9 AEL ( Ks 00§40 L2 SSAMAEL LK TABLE (TMAEL 24 #7180
ALK FAr 12088 L -SUMAEL LK )
10012, 50,8510 105108y L 10 Lo 1 e ted ) T118.)
T 20, 50 001.0500.000 1. 2elL 201, Lo ) 10 ], ) Te?8. 2
WL - WULTIPLIER FCR AEL VDIRENSIQHLESS) <78>
TABLE - TABLE FLNCT1O0N
TRAELY - TABLES! FOR MREL <78
AEL - AVERAGE EXPERIENCE OF LAROR ¢MONTHS/PERSOM) 1.3
SERVITE FERFORANICE 72>
SWAAEL ~ SWTTCH FOK MULTIFLIER FCR AEL (DIMEHSIDNLESS)
an
TEALLD - TARLE#2 FOR mAEL (782

SUHAEL & =1-5TEPL1) TSHAEL 7Y
15434 < 1000 €s19.1
sl - 0 LT o nmlmsa FOR 4EL (OLAEISIONLESS)
9

VSMALL = TIRE T TuRR L'IH SUMAEL (BANTHS) Q9

u

¢2

SCEL oLaZ2AMAEL g TRAFLAT, 11 3/FRINT 115

JELFHIAL TG

SLCR2 81 20/RLs A7 67HEG: A9 BE/PLDT 11 3/FRINT 115

h0T»4:E3

- PLCRAASTO/RL 181 26/CAP 1 ACBAAICAP s 00 B7

FHAUTL A PS/HLLUTIL s K0 103

SMEEL 278
JEREL A TE

SMATL 1 Ao 7B
FSEHRAEL d Ae TR
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AEAS K=TARLE(TAEAS AL K/RA KD 2011, 23) . ArBG SHMLUTL 40 95/HLUTTL A0 103
THEAS=00 0, 220, 500 T Lol el 1o ) 74801 HEAS AieBO
NEAS - MULTIFLIER FOR ASSET EFFECT OF SERVICE
{TIHENSIOMLESSY <BO>
TAFLE = THELE FUNCIICH
JHEAS - TALE FOR HECS <80

# - ASTETS {DOLLARS) <&1%
RA - RELUIRER ASSETS (FOLLARS) <81>
RA«K=5RHN, KRANSFHI SRM KEANSRN K Al SHEAS: A1 BO/FLOT( 113/FRINT 115

kA - REQUIRED ASSETS (DOLLARYY 4Bl

SREM - SERYICE RECUTREKEMT FOR HOH-MINIS (SERVICE LALLS/
KONTH) <895

ANSRRN - CASSETS-NOWTH/SERVICE CALLS) ASSETS NEEDED FOR
SiRA <967

SEr - SEFVICE REQUIRERERT FOR MINIS (SERVICE CaLLS/

. KOHTH) <97> '
ANSRM ~ RSTETS HEEDED FER SRM (DOLLARS-HONTH/SERVICE

CaL) <ioe
£L K<L KEHOT.K - A2 SCAPrA/BA/OTebiE3
€L - EOUIVALENT LAROR [PERSONS) <82>
L .- LABOR (PERSING} C2D)
NOT = NULTIFLIER FOR OVERTINE (PINEMSIONLESS) <83>
NOT K= TABLE(THOTRL KL Kr0r 1 2510.25) C MBI ELABVILOLLII/RINT 113
THOT=05 ¢ 25145 750 111,25 T3 HOT,AE3

KOT = MULTIFLIER FOR OVERTIME (DIMENSIORLESS) <BR
TABLE = TAZLE FUNCTION -

THOT - TAKE FOR HOT B>

kL = REQUIKED LABOR {PERIONS) <76>

L - LABDR {FERSONS] <432

CAPK=EL KSLUTIL. % : LR Bl 75
CAP -~ CAPACITY {SERVICE CALLS/MONTH} (84>
EL = ECQUIVALERT LABOR (FERSCHS) <82
LUTIL - LABQR UTILIZATION (SERVICE CALLS/FERSCH) {777

O1.K=EL.K-L.K As85 SCLPM & SALTOT Ar 59
oF - DVERTIME (FERSOWS) <OS» .
£ = EDUIVALENT LABOR (PEASCHS) <B2>
L ~ LASOR (PERSDRS) <45
HS0. X=KCAP . K/B.K ' 85 WS A 16/FLAT 1I/PRINT 4SS

KED = HOHEYWELL SERVICE QUALTIY (50} <88
HCAP . = KDRMAL €APACITY (SERVICE CALLB/MDHIH) <8

b ~ BAIRLDG {SERVICE CALLS) {75
HOAP, K<L, KILUTIL.K . 87 DA 7E/REG An 8IS
. NCAF - KOSHAL TAPACITY (SERVICE CALLS/MNTH) <87
. L - LARDR {PERSONG) 4%

LUTIL - LAROR UTILIZATION (SERVICL CALLS/FERSDH) (77>
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22,4 SERVICE RENVIRENENTS
22041 HOH-HIND INSTALLATIONS

Kfi K=TABLECTHHI TIAE Ko 0r 1201200 Arbl
TRET=12508) 12560 TeE8. 1
MY - HOM-MIM] THSTALLATIDNS {IHSTALLATICNS) <88>
TRELE - TABLE FUNCTION
THHI = TARLE FOR KON HIRI IHSTELL&TIDHE 88 |

£R:N. =i K/ER, H #rB?
SRNM - SERVISE REQUIREMENT FOR HOM-HINIS (SERVICE CALLS/
, KOWTI0 <BP>

WKE .- HON-SHIHI INSTALLATIONS {IMSTALLATIONS) (BH}

ER - {DIKENSIOMLESS) EQUIFHENT FELIABILITY (PO
ER.K=115TEP{STER, TSTER) A%
STER=0 Lol
T51E8=4 C+%0.2

ER - {DIMEASIDM.ESS) EGUTPNENT RELTABILITY <942

STER - STEP TEST FOR EF. (FARCTIONY <%0
TSTER = {(HDWTHS) YIAE FOR STEP TEST FOR ER <70

ASZHK K=5MO0TH SR, Ky TASRI} . 115!
ThIRNH=12 ) | Lefled
ASRNM - AVERAGE SERVICE REOUIRERENT FOR KOW-MINIS (CALLS/
BOHTH) 51>

SHOOTH - FIRSY DROER AVERAGING HALRD

SRNM - BERVICE RECUIREMENT FOR NON-MIWIS {SERVILE CALLS/
.. . HOHTH) <@%>

TASRHN = (MCNTRS) TIHME TO AVERRGE SEHN (91>

TRSRHN K=TRENDISRHN K r TASRMH) TETRHA ¢ L TSRRN) hi2
TETRM-18 L7210
115EN=0 fam2

TRERHN - TREMD FGR SRMM (CALLS/MONTH) (32>
- TREMD - TREND MACRO
SREN = SERVICE REQUIREHEMT FOR HOM-NIHIS (SERVICE CALLS/
KOHTH) <BY>
TASRHN - {MONTHS) YIME T0 AVERAGE SRNM <913
TETRKY - (HONTHS) YIHE T ESTAELISH TREWD FOR SkNM <92
TTERHY - (SERvICE CALLS FER BOHTH) INITIAL TRERD FGR SREN

92

FERNH, K= RSRAN K+ FFETRGRNN, K A9l
FP=i X B
FERNM - FORECAST OF SRNM (SERVICE CALLS/HONTRY <91>
ASEHM - AVERAGE SERVICE REGUIREMENT FOR HOM-HIMIS (CALLS/
KONTH) 51>
FP - (WONTHS} FORECAST PERION <93)
TRSRHA ~ TREND FOR SRHA (CALLS/RONTH) <82

B4 NN, K=F SRNNLK/HHLUTL K ‘ Ar¥d
BLEN - DESIRED LAROR FOR MOH-HIKIS IPERSONG) <943
FSRHA ~ FOLECAST OF Shud (SERVICE CRLLS/ADHTHY 3D
MELUTL = MOW-INT LABGR UTILIZATION {SERVICE CALLS/
PERZDN) <95)

Gy

" SGRNISH &) 47/ 5RHE A BFLOTH I

b1 BT FYC

YBrLaTS/RA 8 B1/ASRNA A F1/TRERI A, 92

YORHH &1 BY
ZER1 A RO !
R 10

JTEREM 453 _
YHSRME A 1A TRER e Ao R

| )FERHH:HI&]

PTRERNHIALD2
DTRSREF: By 92

SDLHE A T4 DANM) fs 74
SFSRNH 2 80 T3/F SR Ao 10K

SLUTILrAs 77/ W Ar 167
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NHLITY K=, SEHAEL K IHEAS K
WHLUTL - HON-MID LABOR GTIL1ZATION (SERVICE CALLS/
FERSOH) <¥5> :
MAFL - WOLTIFLIER FOR AEL (DIREWSIONLESS) (980
MEAS = KULTIFLIER FCR ASSET EFFECT O- SERYICE
. {DIHENSIOHLESS) €B0>

D&%, K FSRHN, KEANSRHN

LRNRsPED
DeMM - DASIRED ASSEVE FOR HDH-MINIS (DOLLARS) <%4>
FSKHA = FOKECAST DF SRMN (SERVICC CALLSJHONTHY <93
ANSEMN - (ASSE1S-HONTH/SERVICE [ALLS) ASSETS MEELED FOR
ERHN (74>

2:2.0.2  NINT IRSTALLATIGHS
SRAK= UHISH, KHRTSH KD /LTS K
SRN = SERVILE REQUIREHENT FOR WINIS {SERVICE CALLS/
HOHTHY £57> L.
HISH - HOMEYWELL THSTALLATIOHS SERVICE BY HED
- (WIHICQHPUTERS: (2%
K184 - RESELLER [MSTRLLATIONS SERVILE BY H5D
{HINICOMPUTERS) Q8>
C1§ - {DIMERSIOMLESS) CUSTUHER INTTIATER SERVICE <FB>

C15. k=1 4STEPLSTCIS TETCIS)

STCIS+0

TETETS =6 '

CIS, = IDIMENSTONLESE) CUSTOMER IKITIATED SERVICE <98
SICIS - STEP TEGT FOR CI5 (FRACTION) <@

151C1S - {WDKTHS) TIKE FOR STEP TEST FOR CIS <98

RIENK=ENOOTHISRM. K TSSRH)
Tahkiat?
BSRN = AVERAGE SERVICE REDUIREHEMT FOR WINWIS (CALLS/

KOWTHY <39 :

SHANTH - FIRST ORTLR AVEFAGING MACRE

KM = SERVILE REQUIRFMENT FOR KINIS (SERVICE LALLS/
HOHTHY <97

TSSRM - (HONTHSE TIME TO SHDOTH SRH <39

VRSRH K= TRENDESRh K 1 TSSRH TETSRH: ITSRH)

© 1EVLEM+1B

{ISRN=0
IRSRM - JRERD FOR SRN (CALLS/HONTR) <1005
PRERD - IREKD MACRD
SR = SERVICE REQUTRENFNT FOR HINIS (ZERVICE CALLS/S
RORTH} <37
TESRM - (HONIHSY TIHE TQ SHODTH SRM 59>
1ETSRM ~ (HONTHS) TIME 10 SETARLISH TREND FOR SRA ¢100%
ISRy - ESEH:;EE CALLS /HONTHY IRATIAL TRERD FOR SRA
T Al

LT 5]

firtd
C.74.)

r8?

[ Th1’]
Cr78: 1
£.98.2

Ae§?
nl?qll

A 100
CrifdA

_ £aid0,2

@3

ALUTL s Ae 77 FDLKN B R

YDheh 108
Ak BLTANN AR

YBrL75/RAs Ay D1/ASKN 4199/ TRERN1 &1 100

YERKeA 57
A1Em58
YIS 4478

JFSRA-ArLOL
JEERMs A FF/TRERM A 10D

SFERA 8181
JIREEH Ar 1 0
TRSRAs & 10
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FSRH, K=ASRH. X3 TRSRH, K3FP T he10}
" PSRN - FOKELAST FOR SRA (SERVICT CALLS/MONTH) <101
ASRN = RVERAGE SERVICE REQUIKEMEMT FOR RIMIS (COLLS/

KONTH} <59
TRSRA - TFEND FOR SRH (CALLS/HGNTI) <100 .
P - (KONTHS) FORECAST FERIOD <53
LHKFSRI KBTI K Aril

DLA - DESIRED LABOR FOR MINIS (PEREDNS) 100>
FSRH - FORECAST FOR SRA (SERVICE CALLE/RONTHY <101}
MLUTIV - WIKT LABQR UTTLIZATION {SERVICE CALLS/FERSON}

4 1113
ﬁUTILuﬁiTﬂFLE{TI‘H.UT!‘.'RISH_HHISH.II11-5E1|?1.551|5E3”HHW.H #1163
EAFL KYEEAS.K . ; _
THLUT=2 S do B 8000 1) . T1463,1
RLETIL - HIWD LaBOR UTILIZATION (SERVICE EﬁLLEfPERSUH]
40D

THBLE - TABLE FUNCTION
TALUT - TARLE FOR KLDTIL <103»
RISH - RESELLER INSTALLATIDNG SERVICE BY HSD
{MINICORPUTERS) 438> )
HISH - HONEYWELL IMSTALLATIONS SERVICE BY K3D
. {RIHICORPUTERS) {293
KATV - (DIMENSIOMLESS) WULTIFLIER FOR mAM IN THE VAN
FROGRAH <104
© RAEL - MULTIPLIER FOR AEL {DINEMSIOMLESS) <783
REAS - WATIPLIER FOR ASSET EFFECT OF S£avICE
t {DIHERE]ONLESS) <BY>

KNIV K=14STEPCSTRATY  THAIV) * 10

STHNIV=D Crid, !
TiHIV=4 L1042
WALV - (DIMERSIONLESS) MUALTIPLIER FOR HAN IN THE (ET)
PROGEAN <104)
EYHMIV - (FRACTIONY STEP TEST FOR A TN THE VAN PROGRAN
41T)S
WY - IKOKTHS) T1ME FOR STER TESTR FOR MAN 1M THE WaN
FROGRAK {104
BAM & =f SR KT AHSRH, K ' 4105

DAt - DESIRER ASSETS FOR RINIS {DOLLARS) <10%>
FERH - FORECAST FOR SRM (SERVICE CALLS/MOWTHY <141}
ARSEN - ASSETS REEDED PER SEH (DOLLARS-HQMTR/SERWICT

CalL) <log>
ANGRA K=TABLE (TLAKM) CRISR.KHITSH. K11, 563,28 SET/SEDD Ari0b
TLANN=20ES ) 14EDe? SET0 4, GED, 2L 5ES Telbd,!
ANSRN - AGSLTS MEETEL FER SR (DOLLARS-HOMTH/SERVICE
- CALLY <5oa>

TABRLE - TARLE FUMCTION
. TLARN - TABLE FOR ANSEN <106
R1SH = RESELLER INSTALLATICHS SERVICE 5t HSD
{RINICORFUTERS) <343 -
BISH - BOKEYWELL IMSTALLATIONS SERVICE BY %5D
LHINICOAPUTERS) 21>

@

YLK A 102/ DRMe b 10T

PLUTIL oty 3340004107

AUTIL A FITL M 102

 SRLUTIL, A 163

ALUTIL A1 103
JHAIV A 104
TRRIN A 104

5B he 109

yRAe B /TAN A0 105
» SR A 104
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DL K=DLK. KHDLRY. K . o ' ael? SLHR Rrb&/LUTIL PR3
L = DESIRED LABOR (PERSONS) 41990
feM - DESIRED LABOR FOK KIMIS (FERSONS)- (102>

ILHM =~ DESIRED LABOR FOR HOH-HIHIS (FERLMG) <942

DA R=DAN, KDAKN. K 41108 IRk 42
hA - DESIRED ASSETS (DOLLARS) 4.0 SUFFLEMENTARY
EQUATIONS <106)
DA - DESIRED ASSETS FOR RIMIS (DOLLARS) <1432
NS - DASIRED ASSETS FOR KOMN-HINIS {DQLLARSY <%&>

SRR RN T I R R R RN

sEEsBsd
3.0 SUPPLEMENTARY EQUATIOHS
AP K=8P L HDTAF | , Li0f  DRRINTILLE
#<h oo Ni18.1
. 8P =~ ACCUSULATED FROFIT (DILLARS) <109
BT - SOLUTION TIHE INTERVAL <HID>
P - PROFIT PER MONTH (FERCENT) 5.0 DYHAMD
DEFINTTIONS <100)
AR K=AR, HOTESREN, | LI10 OFRINTIIL
AR=0 S BTN

iR ~ ACLIMULATED REVERUE (DDLLARS) <114
1} - SOLUTION TINE IRTERVAL {11ls
ShPH - EERVICE REVEWUE FER HONTH (DOLLARS) {42>

#R=ERPH KASPH .4 : Al Pl LOR/PRINT 118
P = PROFIT PER HONTH {PERCEHT} 5.0 DY¥ARQ :
DEFINITIONS <li1:

SRPM - SERVICE REVEWUE PER MONTH (DOLLARS) {42
SPM - SERVICE FROFIT WARGIN (FERCENT) (Ol

BLEIINNIL SR SR R L S I S LA RIS R AT RLRRRILNNY

it
4,0 CONTRM, CARDS
SFEC DT=0,25/LENGTH:=24/PLTPER=0/FRTPER=] 12
1] | - SDLUTION TUME INTERVAL <110 !

LENGTH = LENGTH OF SIMULATION <1i2>
PLTPER - FLOT FERIOD {11
FRTFER - PRINT FERIOD <i12>
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PLOT A=ArRA=ROIEOESSITOESI =L (£, 1CES I/ HOT=000, 751,250/ 113
B=B10+BOET) /H30=010.825: 1,025) /SPH- HD...:ID SIREL=ELADe 803/
SRPH=RpSTFN-CLLOES) 2OES) -

A = ASSETS (DOLLARE) {41

kA ~ REQUIRED ASSETS (DOLLARSY <BlY»

L ~ LAREDR (FERTOMS) €433

MOT - WA TIPLIER FOS OVERTIAE (DIMENSIOHLESS) B3
B - BACKLOG (SERVICE CALLS) <737

K50 -~ HOMEYWELL SEFVICE QUALITY (SG) <B&>

EPH - SERVICE PROFIT HERGIN (FERCENT) <55%

AL - AVERAGE FXFERIEMCE CF LACER (MOATHS/FERSDN) 3.3
BFRVICE PERFORRANCE 472>

SRPA - SERVICE REVEIUE FER RCATH (DOLLARS) 4D

SCPH - SERVICE COST FER MONTH (DOLLARD) <4

PLBT BNI=HRI=H/R1=KoRISH=1,HISTH=2¢RIZH=T RISTH=110) 45ET) Li4
KNI - ROM-HIND INSTALLATIONS (IMSTSLLATIONS) <eds
R1 = HOREYWELL [HSTALLAFIONS (KRICOnPUTERS) <4>
‘Rl - RESELLER INSTALLTIONS {HIMICOMFUTERS) {of

RISK - HOMETWELL INGTALLATIONS SEFVICE BY WD
{IWINICONFUTERS) <29
HISTH - HOHEYWELLINSTALLATINS SERVICE BY THISD PARTY
. MAIHTALKERS (KIRIT €35
RISH = RESELLER INSTALLATIONS SERVICE Y WGP
' (INLCONPUTERS) (26%
RISTH - RESELLER IN3TALLATICHS SERVICE EY THIRD PRRTY
KAINTAINERS IMIAIC FINANELSL SUBETSTEM 2,1
" SERVILE REVERUE {40

FRINT ﬁlffﬁrliﬁﬂhB!HW!EFH:#EL:ER?MSEFH 13
fi = ASSETS (DOLLARS) <413
T « REQUIRED ASSETS (DDLLARSY {Bl>
L =-LABOR {FERSONS) 445>
AOT = WULTIPLTER FDR DYERTTRE (DIHEKSICHLESS) <93
B ~ BACKLOG (SEFVICE CALLSY <75»

M50 - HOWEYWELL SERVICE QUALITY {0} <B&d>

SPN « SERVICE PROFLT MARGIN {FERCENTY <X

AEL - AVERAGE EYFERIENCE OF LAECR (HONTRS/FERSON) 3.3
ECRVILE PERFOREARCE «73»

SKPK - SERVICE REVENUE FER MONTH (DOLLARS) 42>

SOPN = SERVICE COST FER MONTH (DOLLARS) <47
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FRINT ELRLsHISH:RISH HISTHIRISTH AP 2R Py T 118
L - HONEYWELL INSTALLATICNS {NINICANFUIERS) {48
k! - RESELLER IMSTALLTIZS (RIMICOGEUTERS) <0»

K15H = ROWEYWELL IWSTALLATIONG SERVICE EY HSD |

. (KINICONPUTERS) <29
RIS - RESELLER INSTALLATIONS SEKVICE BY HED

{RINICONRUTERS) (36>

HISTM - HONEYMELLTWSTALLATIONS SERVICE BY THIRD PARTY
MAINTAINERS (MIMIC 433}

RISTH - RESELLER THSTALLATIONS SERVICE BY THIRD FARTY
BATHTAINERS (MINIC FIMSHCIAL SHEETSIER 2.1
BERVICE REVERLE <40>

P ~ ACCUKLLATED FROFIT (DIOLLARS) {14%:

AR ~ RCCUMULATED REVERLE (DOLLARS) <1107

P ~ PROFIT FER HOMTH {PERCENT) 5.6 DYNAHO
DEFINITIONS <111>

THM - TOTAL NARKET GF HONEYNELL MINICQRFUTERS
{HINICONFUTERS) 1.2 RESELLEFR SALES <1%>

DPT 1XT=A/rLM=50/P BTV
RUN RASE | - 138
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L1ST OF VARIARLES

. OSTABL T WHR-CNP DEFINTTIOM

A L 61 ASSETS (BOLLARS) <81)
Ko sl .
R &4 ASSET DEPLETION RATE (DOLLARS/NTATHY <443
A 73 AVERAGE EXPERIENCE OF LABOR (MOMTHS/PERSON) 3.3
, SERVILE PERFESKANCE (D
AR R 42 ASSET IWVESTAZMT RATE (MLLARS/HRMTH) €52)
ALk €. 4. (HONTHS) AVERAGE LIFE OF ASSETS 3.2 LABOR SECTOR
W9
CR| C 18,2 (NOHTHS) AVERAGE LIFE GF HINTCOHAUTER
, INSTALLATIONS 18> :
ALL € 8,1 (HONTHS} AVERACE LIFE OF LABOR <68
ANSRN A 106 ASSETS NEEDED PER SRN (DOLLARS-HONTH/SERVICE
LALL) <104 -
ANSRIN {950 (ASSETS-MONTH/SERVICE CALLS) ASSEYS NEELED FOR
SRS <949
W L 10%  ACCUMULATED PROFIT (POLLARS) CL0%>
TN
AR L 110 ACCUMLATED REVERUE (DOLLAES} <1105
e
ASRH A %9 AVERAGE SERVICE REQUIREMENT FOUR MINIS {CALLS/
HOHTH) 99>
ASRHN A %1 AVERAGE SERVICE REQUIREMERT FCR HON-NINIS (CALLS/
NONTH} <913
ATAL C 620 (MONTHS) AVERAGE TIME TO AGUIKE ASSET <&2>
AICSC [ 30,1 (MONTHS) AVERAGE TINE F0 CHANSE SERVICE CONTRWCT
Can
ATHL C 48,0 (MONTHS) AVERAGE TINE TG HIRE LARCR <46
AP A 74 RVERAGE MAGE PER HONTH (DOLLARS/MONTHY <743
[} L 75  BACKLOS {SERVICE CALLS) <%
N 75t
TP A 84 CAPACTTY {SERVICE CALLS/RDNTHI (B>
CAPHS A 53 COST OF ASSETS FER MOMTH {EOLLARS) <53
LEL L 72 CUSNLATIVE EXPERIENCE OF LARDK CHOMTHS) O2>
R 7l
cLs A 98 (DIMENSIONLESS) CUSTOMER INTTIATED SERVILE <98
CLPH A 50 COST OF LABDR FER ESNTH (ILL&RST <500
tse A 1t COAPETITORS SERVICE PRICE (DOLLARS/HBHTRY <11>
CSPPM . A 52 COST OF SPARES FER KINTH (RLLARE) <52
CSTAPA A 51 COST OF SPARES SOLD TD THIRD FARTT AINTAINERS
PER HONTH (DOLLAR <513
.. DA A 108 DESIRED ASSETS (UOLLARS) 4.0 SUPPLEHEMTARY
EQUATIONS <103)
DaN A 105 DESIRED ASSETS FOR MINIS (DOLLARS) <105
DA A %4 BASIRED ASSETS FOR MON-NINIS (DCLLARS) <P8>
i A 71 BESIPED 2ACKLEG (SERVILE CALLSY -T71v
DELATS THIRD ORLER AVEREGING FACRO .
bEP A 54 DEFSETIATICN {DOLLARS/HCHTH) 2.3 SERVICE PROFIT
WARGIN <59>
BHEP A 27 DISCOUNT HOHEYWELL SERVICE FRICE {BOLLARS/HONTH}
. an ,
.8 A 107 BESIRED LAROR (FERSONS) <107
Ly R 102 DESIRED LABORK FOR MINIS (FEASENS) <102
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(121 A 94 DESIRED LAEOR FOR KON-MINIS (PERSONS} (54>

DPPR C 27,0 DISCOUNT FRICIMG POLICY T0 RESELLER (FRACTIOH)
Qo
1) C ti2  SOLUTION TIME TMTERVAL <112>
DTHI A §  (MONTHSIDOUELING TIME FOR HOWEYWELL
IHSTALLATICNS w8
)[4 A 22 DOURLING TINE FOR RESELLER INSTALLATIONS
{HONTHS) Q2>
L A B2 ECUIVALENT LABOR {PERSONS) (A
tR A %0 (DIKEWSIOMLESS) EGUIEHENT RELIARILTTY <70>
FCA A 5% FINANCIAL COMSTRAINT ON AZSETS (DIRENSIONLESS)
- o
FIL A &0 FIMAMCIAL COMSTRAIMT ON LABOR {DIMENSIONLESS)
<60
P € ¥i.1 (HONTWS) FORECAST PERIOD 93>
FSRH A4 101  FOREDAST FOR SR (SEFVICE CALLS/EONTH) <101
FSRN® . A 93 FORECAST OF SRNN (SERVICE CALLS/ACHTH) <¥)>
KOR . -® 17 HOMEYWELL BEPLETION RATE (MINXICOMPUTERS/MONTH)
) 4n
Ht L &  HOMEYWELL INSTALLATIONS {MIMICOWFUTERS) <&
U | (] .
KICSCR R 30 HOMEYMELL TMSTALLATIONS CHANGE OF SERVICE
. - CONTRACT RATE {HIRICON <39
RISH L 29, HONEYWELL INSTALLATIGNS SEEVICE EY WSO
K 29  (KINICOHFUTERS) 19>
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A

L

Ll 3 R

L3 - T

SCGPM.K=CLPH . K+CSTHPM . K«CAPM . K+DEP. K
CLEM.K=L , K¥AWPM.K+MAX(0,0T.K)*1.5%AWPH, K
CSTMPM. K= (HISTM.K+RISTH K ) ¥CSPPM . K
SPPM.K=25

CLPM.K=ADR.X

DEP.K=2250E3

HONEYWELL CUSTOMER SERVICE DIVISTON
2.0.0 SERVICE SUBSYSTEM
2.1.0 FINANCIAL SECTOR
2.1.1 SERVICE REVENUE

KEPNMISH.

K

2.1.2 SERVICE COS3T

2.1.3 SERVICE PROFIT MARGIN

SFM.K=(SRPM.K-SCPM.K)/SRPM.K

JMT.K=MAX(0.1,DELAYI(SPM.K,TC3PMT.K))
JCSPMT.K=36

SPMR.K=5PM.HK/SFMT.K

SFMR=1

FCA.K=TABLE(TFCA,SFMR.K,0.5,1.5,0.25)
TFCA=0.75,0.85,
FCL.K=TABLE{TFCL, SFHR.K, n 5,1.5,0,25)

TFCL=0,75,0.85,1,1.05,1,
OTE
HOTE
HOTE
OTE
+OTE
A.K=A.J+DT*{AIR,JK-ADR, JK}

ﬂ:1u2. 5E6
AIR.KL=C(((DA ,K-A.K)/ATAI)+LTADR.K)*FCA.K

ATAI=b

2'2'1

1,1.05,1.1

2.2.0 SERVICE 3ECTOR

ASSETS

LTADR.K=SMQOTH(ADR.K, TSADR)

TEADR=12

ADR.KL=A. K/ALA

ALA=GO

OTE

LOTE
NOTE
L.KsL.J+DTH*(LHR. JK-LAR, JK}

Ym

£3792.2 '
LHR.KL={{{DL,.K-L,.K+LTOT.X+LCR.K)/ATHL)+LTLAR.K)*FCL.K

ATHL=z6

2.2.2 LABDR

LTLAR.K=SMOOTH{LAR. ¥, TSLAR)

TSLAR=12

LAR.KL=L.XK/ALL

ALL=60

@

SAT, MAY 15 1¢9°
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00000y
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000004 "
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00000Y¢
000004"
000004,
0000047
0000047
000005
000004¢
000005¢
600005
000005z

" 0000057

0000057

000005

0o0005°>
ooon"a,
000 3
000L. 5E
0000057
0000057
0000058
000005L
000005¢
000005¢6”
0000055,
00DO0S5E:
0o00059-
0000059:

- 0000055

0000069:
00000&0
0000061
0000061
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0000062
0000063(
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00000uosL
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00000671
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\ LTOT.K=SMOOTH{OT.X,TSCT) @
2 T30Ts3 B
A .CB.K=SMOOTH((DB.K-B.K)/LUTIL.K, 3}
\ DB.Kz=NCAP.K
. CEL.K=CEL.J+DT*(L.J-AFEL.K®LAR.JK)
N CEL=z22T7532
4 AEL.K=CEL.K/L.K
L AYPM,K=2000
d0TE
Eg;g 2.2.3 SERVICE PERFORMANCE
B.K=B.J+DTE({SREHH.K+3RH. K~ CAF.FJ
B=14000Q
RL.K=(B,K/LUTIL.K)
LOTIL.X=({HLUTIL,.K*DLM.K)+ (NMLUTL KEDLAM.K)) /DL XK
MAEL.K= TAB[E(TH#EL1 AEL.K,0,96,12)¥3SWHAEL. K+TABLE{TH&ELE AEL.X,0,96,
12)#(1-SWMAEL. KJ
TYAEL1=.5,.8,1,1.05,1,08,1.1,1.1, 1,1.1
THAELE:.5,1,1.G5.1.UE,1.1,1.1 1.1,1.1, 1.1
SAMAEL,K=1-STEP(1, TSMAEL)
TSMAEL=1000 '
MEAS,K=TABLE(TMEAS ,A.K/RA.X,0,2,0.25)
TMEAS=0,0.2,0.5,0.9,1,1,1,1,1
FA.E=SENM.E*ANSENM+5RM . K*ANSRHK . K
EL.K=L.K*MOT.K
MOT.K=TABLE{TMOT,RL.K/L.K,0,1.25,0.,25)
TMQT=0,.25,.5,.75%,1,1.25%
SAPLE=EL.K¥LUTIL.K
A OT.K=EL.K-L.X
A HSQ.K:=NCAP.K/B.K
A HNCAP.K=L.K¥LUTIL.K
NOTE _
HNOTE 2.2.4 SERVICE REQUIREMENTS
NOTE
NOTE 2.2.4%.1 HOMN-MINI INSTALLATIONS
HOTE
KMI.K=TABLE(TNMI,TIME,.K,0,120,120)
TNMI=12500, 12500
SRNM.K=NMI.K/ER.K
ER.KE=1+3TEP(STER, TSTER)
STER=0
TSTER=6
ASRHM.K= SWDDTH{SRHH K, TASRHM}
TASRNM=12 '
TRSRHM . K=TREND(SRNM.K, TASRNM , TETRNM ,ITSRNH}
TETRHM =18
ITSREM =0
FSHEH.K:ASRHH.K+FP'THSRHH.K
FP=
DLHM.K=FSRNM.K/NMLUTL. X
AMLUTL,K=3.5%MAEL . KYMEAS. X
LANM . K=FSRHM.K*ANSRHM
G ANSRNM=GE3
NOTE
KHOTE 2.2.4.2 MWINI INSTALLATIOHNS
HOTE o
A SRM,.K=(HISH.K+RISH.K)/CIS.K
*CIS.K=1+5TEP(STCIS,TSTCIS)

A

HOREYJELL CUSTOMER SERVICE DIVISICH

SAT, MAY 15 19,
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CAGE 5

HONEYWELL CUSTOMER SERVICE DIVISION SAT, MAY 15 197
f &TCIS=zO 0000097
" TSTCIS=6 &F 0000097
~ D3RM.K=z SHDGTH(SRH K, TSSRM) po" -
(  T5SRM=z12 ot
v TRSRM.K=TREND(SRM.K, TSSRM, TETSHH ITSRM) 000009.
! TETSRM=18 00006Y<
€ ITSRM=0 000009
 FSRM.KzASRM.K+TRSRM.K*FP 000010
\  DLM.K=FSRM.K/MLUTIL.K 0000 10"
A MLUTIL.K=TABLE(TMLUT,{RISH.K+HISH.K),61.5E3,21.5E3,5E3) "MMIV, K* 000016”
X MAEL.K*MEAS,K 000010
' IMLUT=2.5,4.0,6.5,9,10 000010
“A MMIV.K=1+STEP(STMMIV, TMMIV) 000010,
C ETMMIV=0. 0000107
.1 TMMIV=6 000010;
A DAM.K=FSRM.K*ANSEM.K 000010!
A ANSRM.K=TABLE(TLANM,{RISH.K+HISH.K),1.5E3,21.5E3,5E3) 0000100
! TLANM=20E3,14E3,7.5E3,4.0E3,2.5E3 0006010°
{ LL,K=DLM.K+DLKM.K 0000167
A [DA.K=DAM.K+DANM.K peO0 107
NOTE 000010%
l[{]TEEIIII-I!lIiIIII-ll*l‘-lililliil*l!l*illlllIl-IIlli!lllil!l**iilllllll! ﬂﬂ'ﬂﬂ'lﬁl?
~dOTE 000010"
NOTE 3.0 SUPPLEMENTARY EQUATIONS 000010°
NOTE 0000107
L AP.K=AP.J+DT'P.J 000010
N AP=D 000"
" AR.K=AR.J+DT*SRPM,J gt
. +E=0 ﬂﬂmpd
A P.K=3RPM.K#SPM.K 000011¢
NOTE Qooo1t
HDTEI*****Ililil-i*I:I!I-*l***liiii*i*l*iiilliil-lill*i**!iiiiill!!ililll {}QGD11{
NOTE , 0000117
NOTE 4,0 CONTROL CARDS _ . pooGI1”
NOTE D000 ic
- SPEC DT=0.25/LENGTH=24/PLTPER=0/PRTPER=3 0000111
PLOT AzA,RA=D{150E6, 350£6)/L=L(5E3, 10E3)/MOT=0(0.75, :, 25)/8:=B{0,80E3)/ 0O00011:
X HSQ=Q{0. 825, 1.025)/SPH=P (0.2, 0.6)/AEL=E (40, B0) /SRPM=R, SEPN- 0000112
X C(10E6, 70E6) poBoI1:Z
PLOT NMT=zN,HI=H,RI=R,HISH=1,HISTH=2, RISH=3, RISTH=4(0, 40E3) 00001147
PRINT A,RA,L,MOT,B, HSQ,SPM,AEL,SRPM,SCPH 00001 1%
PRINT HI,RI,HISH, RISH,HISTM,RISTH, AP, AR, P, TMHK 000011°¢
OPT TXI=4/PLW=50/P 000011¢
RUN BASE 0000117
NOTE 0600117
HDTE!*i!*i*iIIlI-lll-iiliil***!*!ﬂi!!Iliililiiiiiili***liiillllil!llli! goaoly
NOTE 5.0 RERUNM STATEMENTS 0000117
NCTE _ 0000117
NOTE # TESTZt: HON-MINI GROWTH -HONEYWELL CSD 0000117
CP LENGTH=120/1TSANM=102.5 000011¢
T THNMI=12500,25000 000CTI1E
RN TEST#1 * TEST#2:; MINI GROWTH -HONEYWELL CSD 0000° "%
¢  DTHI=0.75/SDTRI=z0.85/TTSRNMN=O ~ 000( -
Run TEST#Z2 * TEST#3: GROWTH OF MINIS AND NON- 000012¢
NOTE MINIS 0000120
TP THNMI=12500, Eauncf1waﬂum- 0.8 0000128
RUN TEST#3 * TESTAU: GROWTH PLUS THIRD PARTY $Q 0000127
NOTE = 75% 0000121



"AGE &

L 3TPM3Q=-0.25
RUN TESTHU
{0TE :
~P STSPR=D.75
RUN TEST#5
10TE '

P 3THMIV=2
RUN TESTI6
10TE

P DFPR=0.15
HUN TEST#7

r-

@

HONEYWELL CUSTOMER SERYVICE DIVISION

SAT, HAY 15 19¢

B TEST#S: GROMTH & 3ERVICE POLICY
FOR RESELLER 75%

® TEST#6: GROWTH, SPR#75%, & MAN-IN-

VAN PROGRAM

# TEST#7: GROWTH, SPR=75%,

VAN, & DBISC.

PRICE 15%

MAN-IH-

000. .
000012"
000012,
0000132
000012
000012
000012"
8000121,
000012+
0000124,
0000124
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DIVISION DE EDUCACION CONTINUA
e FACULTAD DE INGENIERIA U.N.A M.

DINAMICA DE SISTEMAS (FORRESTER)

EXPERIENCIA Eft LA CONSTRUCCEON DE UN MODELO
SOBRE LA OPERACION DE INTERMEDIACION BAMCACIA

Dn. Mar1anOo RaraeL BLanco

MARZD, 1984

Palacio de Mineria Calle da Tacuba 5 primar pise  Delag. Cusuhtemoe DE00G Mixico, D.F, Tal.: 52140-20 Apdo. Postal M-2285






Ippresiones y experiencia recogidas durante ¢l preoceso
de construccidn de un modelo de simulacién, bajo la
metodologia de Dinfmica de Sistemas, desde el punto de
vista del usuario, solicitante de la construccidn de
diche modelo.- Antecedentes sobre el propbsito y use
del mismo, asi comg de la operacién gue se busca repre-
sentar (la intermediacifn bancaria). Descripcidn de)
modelo: su estructura, su funcignamiento, su aplica-
cifn.- Descripcibn del proceso de construccidn y de
implantacidén.- Conclusiones respecto a la utilidad que
se espera del modelo asi como de los requerimientos para
51 US0.

26-Abril-82



AN DIVISION DE EDUCACION CONTINUA
o) FACULTAD DE INGENIERIA _U.N.A.M.

DINAMICA DE STSTLMAS

LA DINAMTCA DE LA MATRIZ

TNSUMO PROVUCTO (I-0)

M. en I. Jonge S{fva Midences

MARZD, 1984

Palecio de Minerfs  Catle & Tacuba 5 primar pite  Deleg. Conuhtemoe GBO0O México, D.F. Tal.: B21-40-20 Apdo. Postal M-2285
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I. INTRODUCCION

IT. MARCO DE REFERENCIA
Lan Cusntas Nasienmales

La Matris 1-0

‘III, ALGUNOS CONCEPTOS BASICOS
Terainelsgia de la Matrixz I-D
Tesa-Nivel: Expresiones Uptenatieas Yy o2

Dyaans.

I¥, MANIPUVLACIONES BE LA MATRIZ IO
Permulseidn Estdtion
Permulaeida ¥iandniea
Evdole Causal

Y. EJEMPLOS

‘Yalideeidn ¥y andlinin de la scsuetdad do
reavussta

i'l nedele regismal
Bibliegratis

L



"EL ANALISIS INSUMO-PRODUCTO ND ES MAS QUE UNA CONSECUENCIA
PRACTICA DE AQUELLA TEQRIA CLASICA QUE POSTULA LA INTERDEPEN
DENCIA GENERAL DE LAS VARIABLES ECONOMICAS.  CONSIDERA ESTA
TEORIA QUE EL CONJUNTO DE LA ECONOMIA DE UNA REGION, UN PAIS
0 EL MUNDO CONSTITUYE UN SISTEMA UNICO, Y SE ESFUERZA POR EX-
PRESAR LA TOTALIDAD DE SUS FUNCIONES EN TERMINOS DE AQUELLAS,
DE SUS PROPIEDADES ESTRUCTURALES QUE SON SUSCEPTIBLES DE CUAN

TIFICAR,,."

Wassily LEONTIEF

"LAS EMPRESAS ESTADOUNIDENSES INVIERTEN CADA ARC MILLONES DE

DOLARES EN ELABORAR PREVISIONES DE VENTAS, BUSCANDO CON ELLOD

PERFECCIONAR SUS ESTIMACIONES CON RESPECTO) A LOS MERCADCS FU

TYROS DE SUS PRODUCTOS (estimaciones gue necesitan para poder
elaborar sus programas internos de produccidn y sus planes -

de inversidén)... DESGRACIADAMENTE, ESTAS PREVISIONES 50N MAS

CONOCIDAS POR 5US FRACASOS QUE POR SUS EXITOS...*

LEONTIEF



LA INDUSTRIA SIDERURGICA PROCURA ESTIMAR 5US VENTAS DE
PLANCHAS DE ACERO DURANTE EL PROXIMO ARO O DURANTE EL
PROXIMG QUINQUENIO A PARTIR DEL YOLUMEN DE PEDIDQS OUE
ESPERA QUE LE HAGAN LAS DISTINTAS EMPRESAS DEDICADAS A
LA CONSTRUCCION NAVAL,

LAS EMPRESAS DE CONSTRUCCION NAVAL PROCURAN ESTIMAR, -
al misme tiempo, QUE.LA INDUSTRIA SIDERURGICA HACE 3US
PREVISIOMNES, LA DEMAMDA FUTURA DE CASOLTNA "COM OBJETO
DE PODER DETERMINAR EL MUMERD DE "PETROLERDS"™ NUE LES
ENCARGARAN PROBABLEMENTE EL' PROXIMO ARQ.

A SU YEZ, A LOS ANALISTAS DE MERCADD DE LA INDUSTRIA DEL
PETROLEQ LES INTERESA CONOCER LOS NIVELES DE PRODUCCION
DE LOS PRINCIPALES SECTDREé DE LA EEDHUHIA (UE CONSUMEN
PROQUCTDS PETROLIFEROS, CON OBJETO DE DETERMINAR LA PO-
SIBLE DEMANDA DE LOS MISMOS.

"STMULTANEAMENTE, AUNQUE CON INDEPENDEMCIA LAS' UNAS DE
LAS QFRAS TODAS LA EMPRESAS, GRANDES, MEDIARAS Y PEQUE-
NAS, DE LOS DIFERENTES SELTORES QUE COMPONEN LA ECONOMIA
DE UN PAIS, ESTAN CGHFRUHETIDﬂS EN UN juego da conjetu-
ras extremalamente costoso e inGtil.* {Leontief)

. L
LA MATRIZ DE INSUFU—FRﬂhUCTﬂ NOS DA EL FLUJO GE BIENES
Y SERVICIOS QUE SE HA ESTABLECIDO ENTRE LOS DIFERENTES
SECTORES DE UNA ECONDMIA CURANTE UM DETERMINADO PERIODO
DE YIEMPQ,
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LA DINAMICA DX LA MATRIZ INSUMO-PROBVCTO (I-0)

: r-
I. INTRGPUCCION

"SI BOY IN DXA, JAMWES CLXRK MAYWELL, UNO BX LOS PI3ICOS KAS INI-
NENTES BXL 3IQLO XIX, ASISTIZRA A ALGUNAS DX LAS REUNIONES QUI -
RIQULARKINTE CELEBRA LA Aweriean Fhisieal Seelety LE SERTA SKGU-
RAMENTE XUY DIFICIL SEGUIR XL RILO DE LAS BISCUSIONES, ESTO, -
SIN EMBARGO, LX WABRIA RESULTADO MVY PACIL SI XN LUGAR DX MAPIR-
SX DEBICABO A LA FISICA SE RUBIXRA DEPICADO A LA RCONOMIA, COKO

U CONTEEPORANXO JOHN STUART MILL. La PISICA, AL TRAVES BE La A

PLICACION DEL KXTODO INDUGTIYO A 1OS HECHOS OBSERVABOS Y IXPRESA

D03 EN PORMA CUAKTITATIVA, HA RENOVABO TOTALMENTE 3US PREMISAS,

IA TCONOMIA, IN CAWDIO, CONTINUA SIKNMO ESINCIALKENTE UNA CIEV «
CIA BEPUCTIVA FUNBADA EX UN GRUPO ESTATICO DT PREMISAS, QUE XN -
SU KAYORIA XRAN YA CONOCIDAS POR STUART MILL Y ALOUNAS DE LiS. -
CVALES ENCONTRAMOS YA IN La Riquexs do las Naeiones, BE ADAM: ~-
SUITHY -

KX Li ACTUALIDAD O TOROS LOS ECONOMISTAS SX MUESTRAN 3ATISPE =
CHOS DXL ESTADO IN QUE ENCUENTRA LA XCONOKIA. 10S NOMBRIS BR AL
GUNOS ‘DX 10S MAS IMPONTANTES ECONOMISTAS XNTRE I0S PALLECIBOS -
DXNTRO DX LA PRIMERA MITAD DXL SIGLO XX, Ledn Walres, Vilfreds
Parete, Irvisg Flsher, APARECEN ASOCIAOS AL ESFUERZO REALIZABO
POR XNCONTRAR METOBOS CUANTITATIVOS APLICABLES A LA INORME CANTI
" BAD DI BATOS ENPIRICOY INVOLUCRADOS IN LAS SITUACIONES ECONOMI -
CAS REALXS. SIN EMBARGO, BURNA PARTE DE LOS ECONOMISTAS FPROPE -
SIONALES TOBAVIA SE MVESTRAN REACIOS A ACKPTAR XSTOS WLTODOS. Ld
RAZON DX ELLO MO ES SOLO QUE LES RESULTA ANTIPATICO EL NIGOR KA~
TEMATICO QUE CARACTERIZA A LOS MKISKOS, SINO EL QUE ESTOS RAMAS



L]

YECES WAN PERMITO OBTENER RESULTADOS QUI FUKRAN SENSIBLXMEXTE MX
. JORES QUE-L0S OPTENIBCS VTILIZANBO LOS METODOS TRAPICIONALES,
PEISPUES DZ TOPO, PAMA TODA CIXNCIA EXPXRIMENTAL 10 UNICO QUE -
CUENTA SON LOS RESULTADOS. -EST0 EXPLICA EL PORQUE MUCKOS ECONO-
MISTAS SIGUEN CONFIANDO XN SV "INTUICICN PROFESIONAL"™ Y EX 3U
WBUIN SENTIRO" GUANBO SE TRATA DE ESTABLECER LA RELACION EXISTRN
ENTRE 103 FECHOS Y LA TEORIA ECONOMICA

A PESAR BE TODO, IN 105 ULTILOS Aﬂns EL NUMERC DE IATDE Y CIPRAS
PX INDOLE ECONOMICA SUEINISTRABOS POR 1OS SERVICIOS DX INFORMA -
CION, TANTO PARTICULARES COMO QUBERNAMENTALXS, SE FA INCREEENTA-
BC IXTRAORDINAMIAMIKTE, DUENA PARTE PR ESTA INFORMACION ES8 U -
PLICABA PERIOPICAMENTE PARA QUE SIRYA BE REPERENCIA Y NO GUARDA
RRLACION ALGUNA CON NINGUN METOM PARTICULAR ME ANALISIS, EN -
CONSECUENCIA, BL PANORAMA QUE OFRECE LA ZCONOMIA FOY IN BIA IS
EL 31QUIENTE:

%, ..DE UN LADO TENEMOS UNA TEORIA MUY DESARRCLLABA SIN HECHOS -
QUE LA CORROBOREN Y BE OTHO UNA INMENSA CANTIPAD BE BATOS SIN -
NINGUNA TEORIA QUE 10OS INTEGRE..."

TL ANALISIS INSUMO PRORUCZO (I1-0) SE REPIERE A UN PROCEBINTENTO

QUX PRXTENDX COMBINAR, EN EL TERRENC RCONOMICO, LOS WECWOS CON -
LA TEORIA Y QUE SE CONOCE CON LOS NOMBRES DX "Andlisis Intersse-~
teTial” o "Anflisis I-O". 5X TRATA EN ISENCIA, DR UN PROCEM -
MIENTO ANALITICO PUNDABO EN KL WECHO DE QUE LOS YLUJOS DE BIENES
Y SERYICIOS GQUE SE DAN ENTRE LOS DIPERENTES RLEMENTOS QUE INTE ~
GRAN UNA ECONOMIA SON RELETIYAMENTE ESTABDLES, 1O QUE PERMITEJELQ
BORAR UN CUADRO RSTADISTICO KUCHO MAS COMPLETO BEL SISTEEA I IN-
GRARLO PENTRO BEL AMBITO EN QUE SE WWEYE LA TEORIA ECONOMICA. XL
'BETODC COMO TAL, O FA POMINO BESANROLLARSE HASTA QUE APARECIE -



¥ '

NON LAS COMPUTADORAS Y EN 10S APARATOS GUBERNAMENTALES Y PRIVA -
205 SE SINTIERON INCLINAZOS A ACUMULAR BATOS.

' ARORA BIXN, LA TEORIA ECONOKICA SE ESFUERZA POR EXPLICAR AQUE ~
LLOS ASPECTOS Y OPERACIONES MATERIALES BE NUESTRA SOCIEDA® BN .
FUNCION ds lam luteraseiones que 3¢ dan entre variadles talens
coms lu eferta v la demanda ¢ les. palaries y les preeisn, POR RE
GLA GENERAL, .LOS ECONOMISTAS HABIAN PUNDABO SUS BEDUCCIONES ANA-
LITICAS EN BATOS RELATIYAMENTE SIMPLES, COMO SON EL FROBUCTO NA-
CIONAL BAUTO, LS TIPOS DB INTERES O 10S NIVELES BE SALARICS, PR

RO, EN LA REALIPAD, LAS COSAB NO SON TAN SIMPLES, ZEntre el ims~

tante on qu--:- Bsdifiean les salaries ¥y aquel em ol qul di'sha
medifiencidn 5o doja mentir sm lew preeiss, TIENE LUGAR UNA COM
PLEJA SERIE DE TRANSACCIONES A .TMAVE3 lE LAS CVALES LAS PEHEUNAS
rexles SE INTERCAMBIAN ENTRE S1 BIENES T SERYICIOS . PUR REGBA eE
RAL, LA FORMULA CLASICA QUE RELACIONA LAS O3 TMIHLE MECIUHA
DA (les malaries y les presiem)}, NO BICE NADA ACERCA BE KST0S -

PASOS INTERMEDIOS. NATURALMENTE, ES CIERTO QUE LAS TRANSACCIONM
PARTICULARES, AL IQUAL QUE LOS ATOMOS Y LAS MOLECVIAS QUE ESTVIIA

LA PISICA, SON DEMASIADO NUMEROSAS PARA QUE PODAMOS OBSERVARLAS

T DESCRIBIRLAS CON DETALLE. PERO PODENOS T TAMDIEN POBEMOS BN -
RL(CASO BE LAS PARTICULAS FISICAS, ORDENARLAS DB ALGUN. %030 CLA-
SIPICANBOLAS Y FORMANDO GRUPOS CON ELLAS. ESTE ES EL PROCEMI -

MIENTO EMPLEABO POR EL ANALISIS I-O CON OBJETO DE AUMENTAR LA -
COMPRESTION ME LA TECRIA ECONOMICA CON RESPECTO A IOS HECHOS A -
LOS QUE DEBE ENFRENTARSE EN LAS SITUACIONES REALES.,

IT. MARCO BR REPERENCIA

EN_NUESTRO PAIS Y BAJO LA RESPONSABILIDAD DE LA Sesretarfa de Pu:
gramaeidn y Presupuests, LAS CUENTAS NACIONALES CONSTITUTEN. “LA



RSTRUCTURA CONCEPTUALMENTE ORGANIZABA EN-QUE SE INSERTA LA INFOR
MACION EBSTABISTICA DE QUE DISPONEMOS. LAS CURNTAS NACIONALES PER
' MITEN:CONOCER LA ESTAVCTVURA Y PORMA EN QUE ESTA OPERANDO LA ECO-
NOMIA| QUE PRODUCE, CUANTO SE PROBUCE, PANA QUIEN O PARA QUE 5%
FRODUCE, A QUE SE BESTINA EL INGRESO, ESTO XS, QUE Y CUANTO SB
CONSUME, CUANTO SE ARORRA Y CUANTC SE INYIERTR"

RL CONOCIMIENTO BE LA ESTRUCTURA BE LA ECONOMIA Y SU COMPORTA -
MIENTO NESULTA FUNDAMENTAL PARA LA TOMA DE BRCISICNES T PARA LA,
PROCRAMACION DE ACTIYIDADES BE LOS SECTORES PUBLICO, FRIYADO Y
SOCIAL DEL PAIS, ASI COMO PARA EYALUAR EL EFECTO BE ESAS ACCIO -
NES Y BECISIONES" | ‘

"LA MATRIZ I-C, PARTE INTEGRANTE BEL SISTEMA DE CUENTAS NACIONA-
L®S, KURSTRA LAS RELACIONBES QUE EXISTEN ENTRE 10S BISTINTOS SBRC-
TORES DX LA ECONOMIA, POM EJEMPLO, PERMITE CONOCER LAS ABQUIST -
CIONES QUE UN SECTOR NACE DB LOS OTROS SECTORES, ASI COMC L0 QUE
LES PROYEE" ' '

WCOKU NERAMIENTA DE ANALISIS ECONOMICO, UNA MATRIZ I-0 ES DE MU=
CRA UTILIDAD. PERMITE APRECIAR, PCR EJEMPLO, LA ESTRUCTURA DE -
COSTOS DE UNA DETERMINABA RAMA O IDENTIPICAR A LOS DEUANDANTES

DE I0S DIENES Y SERYICIOS PROFUCINOS EN T0BA LA ECONOMIA® °

"ES, SIN EMBARGO, COMO INSTRUMENTO BX PLANEACION, EN DONDE 103 U
SOS SON MAYORES. SU EMPLEO PERMITE RRSPONDER A MULTIPLES INTERRQ
GANTES s

" & QUE REPRRCUSIONES SE ESPERARIAN EN LA PRODUCCION BEL CGNJUHEd
DE SECTORES SI SE QUIERE AUMENTAR LA PRODUCCION BE GIERTO TIPO -
DE BIENES Y SERYICIOR? ' '

& CUAL SERIA EL IMPACTO DR UN AUMENTO EN 10S PRECIOS DE 103 PRO-
DUCTOS BE UNA RAMA INDUSTRIAL, SOBRE EL NIVEL GENERAL BE 10S PRE
CI08? '



JQUE REQUERIMIENTOS DE IMPORTACION MOTIVARIA LA EXPANSION DE LAS3
EXPORTACIONES DE UNA RAMA INDUSTRIAL METERMINADA?
[

.g.ANTE :ALTERNATIYAS DE PROMBUCCION, QUE EFECTOS SOBRE BL EMPLEO EN
LA ECONOMIA PUEDEN ESPERARSE? ‘

LQUE NIYELES DE PRODUGCION BEBE ALCANZAR CADA SECTOR PARA CUNPLR

CON LAS METAS FROFURESTAS DE CONSUMO BE LA POBLACION?

"LAS MATRICES I-0 SIRYEN TAMBIEN PARA EXAMINAR LAS REPERCUSIONES

QUE BN. LA PROBUCCICN BDE BIENES Y SERYICIOS DE LA.ECONOMIA TIENEN,

POR EJEMPLO, LO3 PROGRAMAS Y FROYECTOS BE INVERSION PUBLICA Y -~
FRIYABA; TAMBIEN PERMITE CONOCER EL IMPACTO BE 1OS CAMMIOS TECNO
1LOGICOS BN EL FROCESO DE PRODUCCION ME BIENES Y SE'YICIOS. POR O
TRA PARTE POSIDILTTA EXAMINAR, POR SEPARARO O EN CONJUNTO, LaS

REPERCUSIONES DE I0S INCREMENTOS EN SALARIOS, IMPUESTOS INBINEC-

1

TOS Y SUBSIDIOS" - T

TOPO'ELLO, PERMITE BETECTAR A TIEMPO I0S POSIBLES QUELLOS IE B0~
TELLA QUE PUDIERAN OBSTACULIZAR EL BDESARROLLC ECONOMICC FUTURO,

AL TRAYES DE:
1, LA SERIE DE CUENTAS CONSOLIBABES DE LA NACION

iCuenta de Preduets y Jzste Interms Brute
Cusenta de Ingrese Nasleanwl Dispenible y su Aniganeids
Cuenta de Aeunulaeidn y Finassismiente del Capital, y)

Cuenta de Treaxsasevisnss son o) Exterier

2. LA CUENTA DE PRODUCCION, CONSUMO Y ACUMULACION BE CAPITAL POR
RAMA DE ACTIYIDAD y: ‘

3. LA MATRIZ I-0O

"



WLA MATNIZ I-O SE PUEDE CONSIDERAR COMO UNA EXTENSION BE 14S CYEN
©AS DE PROBUCCION, CONSULO Y FORMACICN BE CAPITAL BR LA ECONOMIA,
' BONDE.LA PARTE REPERIDA A LA DEMANDA INTERMEDIA SE PETALLA PARA

. WACER EXPLICITAS LAS RELACIONES BE ABASTECIMIENTO Y USO BE BRIENES
" Y SERVICIOS QUE SE DAN ENTRE LAS BIFERENTES ACTIYIBADES ECONOMICE
QUE PARTICIPAN EX LA FRODUCCION INTERNA. A SU YEZ, TAMBIEN MUES -
A LA PARTE DE LA PROMCCION QUE SE PESTINA AL ABASTECIMIENTO DR
LA BEMANDA PINAL® , L

PARA CUMPLIR CON SU PROPOSITC La MATRIZ I-0 SE DISERA EN FORMA DB
CUABRO BE DOBLE ENTRADA, BONDE LOS CRUCES BE LAS PILAS Y IaS CO -
LUMNAS SIRYEN PARA REGISTRAR EN WN SOLO ASIENTO LAS TRANSACCIONES

,DEBIB0 A QUE LAS PILAS MVESTRAN EIL BESTINC DB 1OS DIENES Y SERYI
CIOS PRODUCIBOS POR UNA ACTIVIDAD ECONOMICA Y LAS' COLUMNAS LA COM
POSICION DR I0S COSTOS BE PRODUCCION KN BASE A LAS ACTIYIDADES E-
CONOMIGAS DE LAS CUALES PROYIENEN 1LOS BIENES Y SERYICIOS UTILIZA- .
BOS, PERO YEAMOS UN ESQUEMA SIMELE:

CUADRU DE'RELACIONES INTLRSECTORIALES

- Demanda Final -

5 4, [ f . ) l
Compeniricn de Toral _
iNLmos s Bicrics Ricnes
Agric. TruTue, Serv, _venta 1otal Sc}r'v .z S‘:_v V.B. P
THatrilmcidn e nterme- de c':l'll:l. e Ca p:li,at
la ||mdun-':£m tanas
—— 5 /ﬂ\ — 35 65 65T | )— 100
Ticlonkria 10 Bl ] a3 L) 30 13 150
Scnvicios |1 AT V. 23 115 NS — ;140
Totn! Tosuanon _-E,';-F--.f_lf}--h-—-la-“ I N R
Salarios ‘“-._fu--- Vs Y LR
Intcreses 5 5 1]
Inprevos 15 5 5 I
{rapnnciag L 15 20 40
V.A; i Ll 130 275
L [ LA lﬂ? 150 140 3t
i i




EN BL ESQUEMA ANTERIOR SE DISTINGUEN TRES CAMPOS:

KL PRIUERQ:(A), PRESENTA KN FORMA INTEGRAL TOBA LA PRODUCCION DR
DIENES INTERMEBIOS EN LA ECONOMIA. SE MACE NOTAR QUE AQUI SE TOR-
NA CLAROC BL FENOMENO GENERICO DE QUE LAS “SALIDAS"™ DE UN SECTOR

CONSTITUYEN "ENTRADAS" DE OTROS (O DEL MISMO SECTOM)

EL SEGUNDO (B),NOS MUESTRA TOBOS LOS BIENES FINALES PRODUCINOS
POR EL SISTEUA ECONOMICO EN UN PERICDO DETERMINAMG.

Y EN EL CAMFO (C} EN PORMA. GENERICA: 105 RENIIMIENTOS QUE SE PA -
GAN AL TRADAJO Y A 10S PROPIETARIOS BE LOS FACTORES CAPITAL Y RE-
CURS0S NATUNALES, ete, PERO AMPLIEMOS LA YISION: |

.

La Matriz de Insumo-Product o .
. - . ]

T

9 DEMAMDA INTERMED 14 ; DEMANEA FINAL
E v VALOR
= RECTORES DMl PRODUCCION INTERNA sAuTO
z 2 EXPOR. DE
[ ' CONSU- | cos- | INVER. TACIO- | TOTAL | PRO.
3| mcvones BERE 71| vz rotad #@  |Sfuen. |BOM | BUB ey o] ove-”
I | OF MEnLS ¥ SERVICKOE | """ PRI wO INTER- | TOTAL LIDN
VADO | GEnRRAL [ WA :
1| AGRICLILTUA S,
7| GANADERIA
Al SILWICULTURM
d] Cala v PESCA *
5| CaRBON ¥ DERIVADNN - '
r
A
To| BERVYEIOS MEQIDOS
71| SERYICICS GE ESPARCIMIENTO
12| GTROS "ERVICIOS
IMPORTALIONES ! TR
BIEMES
T BAuTO
MVER: [SERVE.  |EXPOR CEAN- | 'ng
: susTaTAL INEUMGCS DE BIENES ¥ EEAVICIOS CONEUMO FINAL 310N Ioins  |Tacio. (DA DG
. BRUTA |gispn.  [nes  (FINAL [ BES
INTERMA 19| F8 TOTAL | pomyar
e LIRES
YALOR AGAE GADD AAUTO
1} REMUMNEHACION DF
ASALAR| &IOS
7| SLRERAWVIT BALTO
DE EXPLOYACION
3| IMPUESTOS INDIRECTON NETOS
DE SUBSIONIOS
VALOR BRUTO OE PACDUCCIGN




III. ALGUNOS CONOEPIOS BASICOS

YALOR BRUTO BE LA PROBUCCION: SUMA TOTAL DE I0S VALORKS B 10S DIE
NES Y SERYICI0S PRODUCIPOS POR UNA SOCIEBAD, INBRPENDIENTEMENTE. BE
QUE SE TRATE PE Iasumes, ES DECIR, BIENES INTERMEDIOS,

!
PRODVCTC INTERNO BRUTO: SWMA BE IOS YALORES MOKETARIOS BE LOS NIE-
NES Y SERYICIOS PRODUGINOS POR UN PAIS EN UN ARO

Ejen»le: .
?iltr ds la Yenta Yaler Agregade
™IGO 100 100
WARINA ) 150 50 :
PAN 200 : 50
450 200
(¥YxP) {PIB)

2TASA «~ NIYEL

Ejelplo} Cresimients peblasisnal, Windtesis: La Tasz Neta de Cre -
aients (TNC) do .la meblaeién P, on prepecionnl a ésta
iP
1) TNC = —— = kP ® blang i = k dt
b , it r_

imtegrande

2) la P wkt + 1aC #I-ﬂ'kt
i t = O, I-!'. y dis 2) G-!'_-;:P
kt .

3J l't -.r"l'



‘Porunlgeifn saumal del eJenple anterier; : »
()]
“p,KmP.J + (3T)(TNC.JK) ‘mc+

M.."_M = THC.JK

i gy THGt pere | THC = k2 iy -k P
' B it
plguionds ¢l presese caterier: Kt
‘ F S T.l

&

!

kb'"

Huuua stre ejomple:

YN PEN ]HJLD

BE LONGITUD L Y MASA IuII,r SUSPENIIM DIEL FUNTO '.F SE MVE-

YE EN UN PLANC YERTICAL IAJD F, ENGUEHTRE LA ECVACION lEL MOYIMIEN

MIPOTESIS; EL CENTRQO DE GRAVEDAD DEL PENIULO SE MWEYE
EN FORMA CIRCULAR CON CENTRO P Y CON RADIC L, 3BA §
EL ANGULIQ POSITIYO MEBIDO EN SENTIDO CONTRARIO DPE LAS
MANECILLAS BEL RELOJ Y CUYA MAGNITUD BS FUNCION BEL

TIEMPO £. DA UNICA FUERZA ES LA GRAVEBAD (SENTINO PO
TIYQ MACIA ABAJO) Y SU COMPONENTE, TANGENTE AL CIRCY~
10 ES: Mg seng, SI S ES IGUAL AL ARCO P rl. ENTON -
CES S5 = I Y LA ACELERACION A IO LARGO DEL ARCO ES:



10

2 2
. 45 d_g
] - Il'

T ite

2

HL(IEgJ'- - ¥z seaf = Iriﬂ-—gnlf{ eeasfl)
: Tdt ‘ a2
) mltiplieande par 2 14 o integrande’
it '
L {!EJE- ~ 2 w08 g+ C |
it ¢ i | ‘
o bilom d -+ dt
Y2g eeng + G_._I:‘ L

ounnds @ es pequefie, SEN ¢ & ¢

, , .
g - - {Eﬁ {iﬁ' +
L“2+:¢ 0 4 GllilLt'tcElll It

0 IO QUE ES 1GUAL: ES UN EJEMPLO JEL MOYIMIERNTO ARMONICO SIMPLE
- ,l \ \II’.‘
Bt Gl L sssz f t + GE L aan 1 t

'F CONTINYANDO

i

‘A m (- - (8
imf -1 (-5) .A-EL ( 7 )~ 8.K)
Y= Adt Y.KE = ¥.J + {PT}(A.JK)
CP.KL = Y.K

S = ¥ it 3.K = P.J + (DT)(PCJIE)




I¥. MANIPULACIONES DE LA MATRIZ 10

Permulaeidn Egtftiea: COMO MEMOS YISTO, LA MATRIZ I-0 NOS DA EL
YLUJO DE BIENES Y SERYICIOS QUE SB WA ESTABLECIMG ENTRE LOS BIPE -
RENTES SECTORES DE UNA ECONOMIA DURANTE UN BETERUINABC FERIODO BB
TIEMPO, DIQAMOS BE UN ARO, REPRESENTEMOS UN BURMPIO WUY SIMPLE
CONSTITUIBC POR UNA RCONOMIA TRISECTORIAL:

. 8, | B2 53 | ™
Sy | T2 | B2 | M1 5 : o
52 121 Xpo 123 1‘2
Sy [ Far | Taz [T | %y

EN QUE:

S, = SECTOR DB PROMUCCION 1a1,23
x,j= VENTAS DBL SECTOR S AL SECIOR S, |
X, = YALOR PRUTO 3 LA FRODUCCION

1

AYORA BIEN: LSI x o= dy X =

CANTIBAD BE TR
4 = PROMUCCION DKL 51 ABRSORBINA Pﬂl_ﬁi

FRCBUGCION IR SJ

ES DECIR, 11: COEFICIENTE TECNICO QUE REPRESENTA LA COXPRA DB PRO

IUGTDS INTERMEDIOS DEL SECTOR J AL SECTOR 1, PARA CONCRETAR UNA WNI
3AD BE PROPUCCION ARUTA DEL SECTOR 3. POR 1O TANTO, LA MATRIZ DB

COEFICIENTES TECNICOS SERAs

!



1z

PARA ESTE BJEMPLO:

3
»
5, s, s, »
8, [z, = 50[x, 40 |3, =110 200
8, |z = 0]z = 30 | 3y w150 250
| ' w180 [ x.. = 40 00
33 131 = 80 132 ¢] 133 4 3
1 51 33 33. /ﬂaw
. Hl 0.25 0.16 0-3556; )
s, | 0.35 0.12 0. 5000 |
s, | 0.4 0,70 0.1333
g T 8

T REGRESANMO: SI LA PRODUCCION BRUTA X, BEL 5, ES IGWAL A SUS VEN -
TAS DE DEMANDA PINAL (Y,), MAS SUS VENTAS A 10S OTROS SECTORES FMO-

BUCTORES ENTONCES
U T AL PIR PSR G S N Y
12-12111 + 122 I2 + 12313 + !2

13 - 13111 + :32 I2 + :3313 +* 13




13

[ \
1l - -— { b r 1
"1 M2 ., x Y.
1 _— ..- -
l=a
et | . =8 33 X Y
2

EXPRESJON GENERAL:

(2] <[ [ - () [8)

S1 SUPONEMOS CONOCIBAS LAS DEMANDAS PINALES, KL SISTEWA TIENE SOLY
CION

LA MATRIZ I-0 BINAMICA SE DESANAOLLA A PARTIR BE LA ESTATICA DESDE

RL MOMENTO EN QUE CONSIDENAMOS QUE LA INTERDEFENDENQIA SECTORIAL -

PRESENTA DESPASES, O SUPONEMOS QUE LA MIS¥A EXPERIMENTA YARIACIONES
A L0 LARGO DEL TIEMPO, LAS RELACIONES ESTRUCTURALES ENTRE 103 STOKS
Y LAS CORRIENTES DE BIENES CONSTITUYEN LA BASES TECRICA DRL ENPOQUE
I-0 BEL ANALISIS EMPIRICO BEL PROCESC BE ACUMVLACION Y BE LA PLANEA
CION DRL DESARROLIO,

EL.STOCK DE BIENES PRODUCIDOS PON EL SECTOR i QUE EL SECTOR ) DEBE
ABSORBER FOR waidad BE SU PROBUCTO, CORRESPONBIENTE A LA PLENA CAPA
CIPAD, ES BENOMINADO COEPICIENTE DE CAPITAL DEL BIEN i EN EL SECTOR

J Y ACOSTUMBHA DESIGNARSE POR ‘id

EL EQUILIBRIO ENTRE EI PROMICTO Y LA CAPACINAD DISPONIALE BB UN SEC
T0R CARACTERISTICO, POR EJEMPLO EL 4, Y SV UTIKIZAGION £ UN ARO -
PARTICULAR t, POBRIA SER DESCRITO POR LA SIGUIENTR ECUACION LINEAL
DIFPERENCIAL, QUE IMPLICA LA EXTSTENCIA DE INTERRELACIONES ESTRUCTU-
RALES ENTRE IOS INSUMOS Y PRODUCTOS DE LOS DIVERSOS SECTORES Y SUS

tamas de eandis, 'xltt)l iz{tJl iBItJillitiii



J.'i(tJ - luxl{t) - nnxz(tj- -.....-r.li.I.(tj..

- ‘1111‘.1;) - ‘12':2{1:.} " tvvaan = ‘1.xl(t) = TI(.‘}

LA MAYOR PARTE DEL TRABAJC EMPIRICO EN ESTE CAMPO SE LLEYA A CARO
BMPLEANDQ EL ANALISIS DE PERIONOS BISCRETOS QUE SE FUNBA EN SIETE'
HAS DE ECUACICNES EN DIFERENGCIAS BERL TIM QUE INBICQAMOS A CONYI -
NUACION
¢ t t .
- - - rara™ X -
L A TP L %

t+1l ¢ t+1 _t _ t+1 _t t

LA PORMULACION EN BYNAMO SE PRESENTA EN LAS SIGUIENTES MOJAS, PERO
POBEMOS AFPIRMAR 10 SIGUIENTE:

- EN UN MODELO REGIONAL, LAS DEMANBAS FINALES SON TAMBIEN VARIABLES
ENDOGENAS Y POR L0 TANTO, EXISTE UNA INTERACCION ENTRE TAS YARIA ~'
BLBS NELEYANTES, TAL Y COMO SE PLANTEARA EN La PROXIEA CONPERENCIA
10 ANTERIOR PEMMITIRA DESCRIBIR PARA CADA POLITICA, POR RJEMPLO

EL RITMO DEL PIB, NIVEL BE EMPLEC ete., EN CABA BDIPERENCIAL BE TIRM'
YO idt:

- 105 COEPICIRNTES TECNICQS Y DE CAPITAL PUEDEN YARIAR INTERNAMENTE
A TODU 10 LARGO DEL WORIZONTE BE PLANEACION Y PARA CADA SIMULACION
A REALIZAR '

+

EJEUPLOS:
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Abustragt

i, Thip paper ln davote of tha Genoral Syotem Thao

r¥. Hipothenisy the real world san bw dascrl-
bed by & xat of mimultansous differentinl equa
tione and tha modal can be simulated op A digl
tal coputer with 4 set of ronsigultanwous dlf
ference squatlicne, actcrding with Fur:nltnr, hr
languaim DYHAMO :%m“"

Tha purpcsa is to l.m:lud- the Input-utput
(I-0) matrix Iln & madal of dypamics simulation
for reglonal snalywis, sclving the subsystes
I-0 by & sat of simultaneous differvnce egqua-
ticns, with tha domends (exoguncus varisble) i1
ke ondogancuy and with'ng necessarily £lued
tachnicel and capltal coafflciants ovar tha
tima. This lend us t¢ genmcatno paelly alterna-
tiva sste of prolsctionm and to incorporats po-
llicies within the framrsork ussd foxr projec-
tlon eo A to test their potential impact in ma
e realistic form.

Roasuman
—

Eate dociwento e #p0ya en 1a Teorla General da

Eisteman. HipStasia: sl punds real pueds aar
raprasentads per un gconjunco A4 scuaclonss difs
peaciales wimulckneas ¥ ol modalo pugde war T
maladc an una computadora digitql can un cohjun
to he simulthnec de scuagiones dm diferenciam,
% acusrdo’a TForraster, por Imdio dal Jangukje
DYNMMG mmn lﬂﬂ—dlll!

Xl propisito ds sete trabsjo es Inclulr la ma-
trizr Insunc-Prodocto (I-0}, en un modslo de i
wulacion dinfmico para &l andlisis reglonal, r-
poluiends al subsistess I-0 cowo un conjunta Ja
couacicnes do difersncias simultineas y manipu-
landa law desandas [variabla exdgenas} coms an-
dSgenan ani como sin tensr nocasaciazants f1ijos
los coetictentas thendcos y de capital & 1o laz
go dsl tleapo. Lo anterisr permita generar fA-
cilmenty Gonjuntos alternos de proyeccionss, in
corporands policican ¥ ostimando sus impactos
patspclalesso forma wia realiscs.

Antroduccifn

Law investigadiones clentiflcas son una eaxposi-

oiln de s estructura de los Blatemas naturalme
la tacrologla ha producida complelos sistaman:

de peoduccidn, pero alio as! a partir de la Teo-
ria ceneral da los Sieteman (1}, no hemcs entan

" dido complatamants sds pripcipice reapscto al

comportamianto de lom Sigreman, sln acaprande

#l concepto de sictema: *conjuntp de partes oo

dinadap cen ohjota da lograr un conjunts de ma-
tag® (2], Conforme & lo antarior, uba CORpOnAn
ts intersttuante dal degarrallc naclconel, e al
daprrrello, ragional an la aual tambifn sxiaten
pricticamente, Law nlmn varizbles. Hualoa ds

e b R L o=

»

olr la importantia que actualmente cobra #n
ruestra pals al anfiisin raglonal, debldea pres.
blemas thles como migraciln, comiraste en acti-
vidad econfmica, nival de inframdfruckura, con
taninacidn, ete. .

. Estadn del Artws
Ahora blan, dantro de los medelosm s gzan secala
raalizodos achbrs desarrollo reaglonal dal tipa
basa econdmica, comd son loam s4 han utiljza
do en Eatadog Unides sobra las ‘reglonas de San
Pimgo, Nusva Tork, Cusnca dl clo Chie, Califor
nik o #1 da la Cuanca Lehigh. todon ss han ca-
Taptarizads por reallzar dos proysccionaw :[nd_!
pardientry; poblacidn y fusrza laboral (1), =4
nipulands en forma s4parads la sarziz 1-Q y o
=) varlable exdgena la demanda, Una &xcoepeifin
AN cuAnto a proyecciones Lpdsperdlentas as sl
madelo de la Cusnca del ric Susguehanna, aumdqus
£ste o mwplea como Lnetrumento de andlisie wo
tSnico dicha matrig.

El presante trabajo propone wna intaracciln 44

nimlca para 1a wtilipacidn de la setric -I-0 sn -

a0l anflimie regicnal, o bian, & nivel nacional,
apoyindoss dirsctaments #n ls conceptuallizacidn
teficica ¥ patomftica de Forrester (4,5, lo
cunl permlts, bajn manipoulacifn sspecial, des—
cribir pass a paso las fluctuaciones de cady va

riable an sl cviempo para cada simolacidn redics

da,

El Subsistema I-0 Dindmico

"al anllpis I-0 no #1 mis qQue una consecuencia
Frictica de aguella teoris clislea qua postula
la intardependenclia general de las variables
ecanfalcas, "Considars #sta tecris que wl con-
junto ds 1s econcmia de una wgilfn, un pais o
al muhde costituye un alstema fGnico, ¥ ac an-
fusrza por oxpressr la totalidad ds sus funcig
ros on tirminos de sus propisdadem asbructura-
lex que Ean susceptibles do cuantiflcacién”.
{lwontief). 1a conceprusalizacifn de la interac
cidn dinimica repregentada por al dlagrams tau
sal de 1a fig. 1, a« ilustca sn la phgina -
guiente. Lo antarior 4rcoja COMD CORBECUANCIE
las siguipntom aspactos relsvantasi

Contribucifn
=En un modolo regional. las demandas Clnales

son tambifn varlables endiganas y por le tinto,
exinte una Interaccldn entrw todam law vazria-

bles relevantua (fig2), lo antmrler permite dus

cribly para cada polftica apumida, por sjemplas
€l ritno del PIP, erplac, ato,, ¥ #n cads difgs

rentia dal trempg di
-Lo# coetyentoy ticnicul y de capltal pueden va

riac intejLacontu & todo lo largo dal hozisontu
da anfilinzy y para cada eimulacidn realtjzar



o oaam p 4wl e

,~Las antragad gua &1 sector A ax hace A B min-
» ¥ & 1od dombs sactoras sn respussta & lam e
pectivas pocweidades de la capacidad produceiva,
¥ de aguerdo a Forrester (4,5}, we mida por la
difarancia exintents ontre &l nivel de producs
clén, del tlespo prapante X, ¥ e} tiempo paeads
J, as declr on cada difcerancial de tlampo 2,
&) & bien, como diferencis sners un prondstico
de svento futuro y tlempe prassnia. ,

' Coma elemplo do cémputo, kea la varishle Inventa
rio {I) am comc las Tasaw de entoads ¥ walida
Ry § respact|vamanta:

1 -1 +J {E=Eldt mremmm——wa—a {)

"ahoran “anteriar "

ENLE S e B YO me D))

an _'qul PT & ki para dofinir al lapso enctre )
YKok yE daascosrdo & 1la fig, )

Froducclbn L Produc.ifn
BACtar & % tandenoia o g Bootor B,
y ) \ L /A
Coafloientas

Técnicow y de Cap.

Dasanda flnal od :H& Demanda Elnal
profducto 2el :“:ﬂ cn produste del
Bacter A $RATHEE My Sector B

+ \ +
Damandy final
+ productos dal
/J Sector © .
-+ Poblacifin

Gobh. wto...

Figura 1

"La dasaripcifin anflitica ganaral y sl miamc
! tiwmpo realista &e law relaclonos I-0 du Sndo—
1l dipndmica parfa utilizando diferentes variss=
-bles para dasigrar las corvientas da insums y
produccifn efsttuadss o absorbidas por 1a mis
ima industris an alos diferantes. El equilibric
¥ ontse Jo producids ¥y la capacidad dispanible
_8e un wector caractaristico por sjesplc al x
Iy su utillzacidn an un mho particolar t, p-cdi‘h
«mer dascrlite por la siguiente ecuacifn lingal
-diferencial Qua ieplics la asletencla da inte-
rrelacionss eatructurales entre los lpgumos y
su preducalln da loa diverscs Bectords ¥ sue
tamas da canbic: il Itl;ﬁzltﬂ 17}

-
th=viou=a, x [t)-
n

x, Ly = .lel £y - 11212 "
.bllil ey - hlzl'z'lt'.i--. ”-hlninhl.
-rittj T P P ke {1}
xt u lr- Kf' - I.t !I: - '-lt £
1 1"t 1292 7 e TR R
t E+l b t E+l ot
h“l;atl xll t\vﬂ,l[:u2 ::I
4 t+1 L [ 4
—_— hln[H -un] - rl wamvemma [2]
BN quei
:1“‘.} -x = cantidad ¢o produccidn del segtar
iii.":] » taes d2 camhio dal sactor | an el
t tismpe t N
|

13 = ccaflclionts técnice del producto

L L

17

dal sector 1 en el sector j-,.;n Il-ti.lpﬂ t

t
bi:l

= coafiolents de capital dal hien 1 an al

sactor j, an al tiswpo g

y, (they =cantidad d¢ la Gemands final del pro-
ducto dal mector 1 en el tiempo t

t

=unidad da tiampo

‘}- la formulagifn goneral en lenguaje Dynama:

K) iPTj-KHI * YR s )

FT,+K = PT,.] + 10T (1/T) (TR 9 - wj.a}.-.m
'nti.x - 'Ilf[l-hu-llﬂ Iml-t *
+ 5 HIA XD EPT, KD
+jn.1.“Bi.j'
" BFROP K & (A CKI(PT LK) B bian —-emam-ant)

LIPS {Txi.'ﬁ sl REALS, .K = {(pronbatico)={3’)

=

EICK, .k~ i'ﬂ“-KJ (REALS, K] ==v=—mmmmmmmm——= §) .
. ‘mi.x- “-"‘“1*‘*“*“;""“’"“‘“i“"“ m
IFy.K  =PT,.K - A7 & blap -----n-- manasw {B)
tPrnnEll:im-'li.K. = TA Ko mneanem e (B
AR = ALT e (0T) (1/T) (3= 2y o)
PT, = 0 mmmmmee ; —m-mmrae e (10
1 Tl Ay (1),
ni.x - PT,.J - ' (13
81 REALS .K sa d;flhl an funcidn da un prandge

tico {6), antonces deEApAY®Can las ecuaclonay
), 107, 11} ¥ 12], wisndo la notaciSn ln.
piguianka: ' )

K om TE LK o« cantidad da pr;:dmiﬂm dal sac-

n,

Ty

i

tor | an el tiempo praaents K,

= valar da LInlcinlleacifn
1 mTX, T = gantidad da produccidn dal sec-

tor 1 an &) tiespo posads J

= diferancial do tlsmpo

= tiaEps promecdio de demcora
-k = cowficienta vhonico del products del
mctor 1 #n al sector 3, an el tieopo

Prepante X

K = coeliolunts da capical dal bien | an al
wacter ., en Al tiempo prassnts K °

QRO 1-: = Jusands proplia dql sector i en &l

tiampo prasants K

E'I'CKL-I --ndi.r..‘il:'anan al atogk de capital produc-
tlvo dol sectof | en el tlespo pro-

M

aahte K

1 i i

Xy Ay TA LXK, IF,.K = wariables suxiliazas
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DIRBCTORIC DE ALUMNOS DE EL CURSG DE :
DINAMICA DE SISTEMAS
DEL 1° AL 19 DE FARZD, 1984

NCMBRE Y DIFECCTON EMFEESA Y DIFEXCTIN

1. ROBERTO chms ANTWNA SECRETARIA DE DESARROLIO URBAND Y EOCLOGIA

2. JORGE FERHANDC CISMERDS IAZHRII..ID DIVISION HABITACION ¥ TURISMO
Aores No. 13-207 “ Reforma No. 211 6° Piso
Qol. Del Valle Col. Cuauhtémoc
03100 rexico, D. F. Deleqg. Cuauhtémoc
6676344 MSxico, D. F,

591-1611 ext, 3238

3. SERGID G. DEL VILLAR MARTINEZ ENEP ZARANIOZA UNAM
Av. Universidad No. 1953 E-34-304 J.C. Bonilla No. 66 Calz. I. Zaragora
Deleg. Coyoacén . Mixico, D. F.

MExioo, D. F.
550-3216

4. EDA ANGETICA FLOHES CARNENAS THGENIERIA
Petén ho. 538-4 Ciremito Interior
Col. Wirtiz, Narvarte Ciudad Universitaria
Deleg. Benito Judrez M&xico, D. F.
03600 p&Exico, . F.
555-4855

5. JADNE H. GARCIA MENDOZA U.M.A.M. DEFFI

" 2a, Cerrada del Pregoners No. 8§ Ciwiad Universitaria

(nl. Colina del Sur MSxico, D. F.
Deleg, Alvaro Cbregin 5505215 ext. 4477
Mixicn, D. F.

6. JERCHIMD LOPEZ DIAZ : BANDD MEXTCANQ, SOMEX
Crisantema No. 2-2 Eje Lizaro Jardenas No. 13-11
Col. Sta. Marfa la Ribera Col. Centro
Deleg, Cuauhtfmee Delayg. CuauhtSne
06400 MExico, D. F. 6000 MSxioo, D, F.
541~2316 521-2844

7. SERGIO MAQUEDA ESTRADA DEPAFRTRMENTO DEL DISTRITC FEDERAL
Cerro Chiquihuite No, 31 Divisitn del Norte No. 114
Col. Campastre Churubusco Deleg. Benito Juarez
Deley, Coyoacdn MExico, D. F.

04200 MExico, D. F. 543-7065
549-3950

8, ALFCHSO MARTIMNEZ MORA SFEDUE
Esperanza No. 864-8 Miguel! Laurent No. 840 8" Piso
Col. Rarvarte Col, Del Valle
Deleg. Benito Juirez Deleg. Benito Judrez
D3020 Méwico, D. F. MSxico, D. F

760-4185 559-2742 ,






1Q.

11.
12.

13.

14.

15.

16.

17.

15.

. LUIS MATEDS SANDCOVAL

Calle 1-A Mo, 22

Col. 5an Jofe de la Escalera
Deleg., Gustavo A. Madero
07630 México, D. F.
534-6557 - °

MARIOQ PEREZ CHIZ

Avellano dNo. 30 -
{fol, Sta. Ma. la Ribora
Deleg. Cuauht&moe

0400 MSxico, D. F.
S66~-5091

SANTTAGD PINZON LIZARRAGA

ALFREDG REYES GOMEZ
Sur 27 M7 5 No. 86
Col, Agricol Oriental
Deleg. Iztacaleo
(8500 México, D. F.
258-5294

MIGUEL ANCEL. REYES MARTINEZ
Altamirvano No. 47

Col. Sta. Cruz Meyehualco
Deleqg. Iztapalapa

Mexico, D, F.

£91-7181

WALTER RITTER QRTIZ

Jos& Mordn No. 53 EB - 206
Col. San Miguel Chapultepec
Deleg. Hidalgo

México, D, F.

CARLOS RUTT PALOMING

FERMANDCG TUIS SANDOWRL, MIRBNDA
Lauro Aquirre No. 36

Col. Agricultura

Deleg. Miguel Hidalgo

11360 MExico, D. F.

535-42372

JESIJS SAVER RAMIREZ

Ja Andador de Campostela No. 103-B
Col. Bellavista

Deleyy, Itapalapa

08960 México, D, F.

'222-5054

L

EVARTSTO VEGA TELLEZ

Peyote No. 15 U, Habitacional
Deleg. Ixtacaleo

Mixico, D. F.

650-2636

INFONAVIT

Barranca del Muierto No. 280
Col. Guadalupe Inn

Deleg. A. Coregdn

01029 Mé&xico, D. F.
651-5400

LABORATORIOS UPJGHN, S. A.
Calz. de Tlalpdn No, 2962
Col. Espartaco

04870 Mixico, D, F.
677-36B8

SOCRETARIA LF DESARREI) URBANO Y EOOLOGLA

TELERNDS DE MEXICD
Parque Via No. 190
México, D, F.

THGENTERTA.
Ciwdad Universitaria
M&xico, D. F.

UNIVERSTIDAD AUTONCMA DE MEXTICO

Centro de Ciencias de la Atmosfera
Cindad Universitaria

México, D, F.

277=7518 ext 4387

SECRETBERIA DE DESARROIIO URBAND Y ECOLOGIA

ELECTROMETHD, 5. A,
Vieductor No. 81
Col. Tacubaya
Mfwico, D. F.
277=13557

TELFFCNOS DE MEXTOD

Parque Via No. 190 Of:l.c:l.na 526
(ol. Cusuhtémoc

Deleg. Cuauhtémoc

M&xico, D. F.

535-5330

TELEFONDS DE MEXICO, S. A.
Parque via No: 190 Cficina 525
MExico, . F.

535=-5330





