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INFRASTRUCTURE TO SUPrORT SYSTEMIS NiJOELING 

AS A CONTINUOUS A11 TRANSFERABLE PROCESS: 

THE COMPUTER LIBRARY FOR AGRICLLTURAL SYSTE.IS SIMULATION 

by
 

Michael H. ibkin
 

Background and Rationale 

Under contracts AID/csd-1557 arid AID/csd-2975, In "igeria and in
 

Korea, the ilichian State University (:.SU) simulation 
team has developed 
and applied the gencralized system simulation approach to agricultural
 

development analysis and policy making. 
 As part of that effort, a 
number of models have been built, assembled and computerized. These 
incluJe, for examplc, models of prodtction and processing processes; 

demand and consumption- demographic processes as applied to human, 

cattle and tree populations: commodity, regional and national account

ing; resource allocation decisions; arid the diffusion of innovations. 

It has become clear that these and other processes are of .,ncral 

interest in the developing (an, developed) world and that generalized 

models of them could be built and then adapted and assembled in various 
configurations to ic.lp analyze particular problems in particular countries. 
The use of a software library of such generalized r:dels can greatly 

reduce the cost of conducting agricultural sector, subsector, policy,
 

program and project analyses by: (1)facilitating applicition of the 

computerized system simulation approach .icorporatirp a broad rann-.of 
quantitative analytical techniques--e.n., LP models, c-conorx tric models, 
PERT models, stt, spice models, etc.--to the analyses (tie approach was 

shown to be a cost-saver in comparing the 10SS and CSIIRD exp'.:riences); 

http:SYSTE.IS


and (2)greatly reducing the likelihood of one team ofoworkers, addressing 

Sp:prticular problem in a, particular country, going through the process 

of developing models w.hich may or could be virtually ident" I to models 

already developed or being developed by another team inanother place. 

For such a library to be effective, its prime concerns must include 

complete and clear documentation of each of its models and programminn 

the models in a language which isacceptable to a wide range of computer 

models and sizes. 

kith this rationale, the initiation of development of such a
 

software library was written into the first phase of the Project's AID
 

contract, AIJ/csd-97 and a Simulation Library .orking Conference was
 

held inilarch 173 with representatives from national and international
 

development assistance agoencics, LDCs ant relevant disciplines to get
 

some idea of the potential demand for such a library and of how' best to
 

go about organizing it. The conferees conclude(, briefly, that:*
 

1) there is clearly a need for devel3ring analytical capacity,
 
particularly inLDCs, for nolicy and other decision making in
 
development planning;
 

2) CLAPS can contribute to ths satisfaction of that need;
 

3) the library should be open to any annly+1r01 i.alniques which
 
prove themselves useful.
 

4) a passive clearinghouse woull not be sufficient, but rather
 
cnmplementary inputs, particularly expertise, need to be
 
actively provided to successfully implement library components;
 
and
 

5) such expertise isa major limiting resource and, the,'efore,
 
training isa high priority, comnlementary activity.
 

*"Summary of the Simulation Library Working Conference,
 
tarch 29-30, 1973" by T:ichel Petit.
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ith th'is backround the library and its scope have been defined 

as follows: 

The Computer Library for Agricultural Systems -Simulation (CLASS) is
vie:.ied as a unit w,.hich acquires, catalogs, maintains and distributes 
computer programs and associated documentation.. These computer programsare of goneralized simulation models and routines designed specifically
for the analysis of agric'ilturai development problems and processes.In particular, the library sets standardis of admissibility for programsand documentatioi' indexas programscatalogs and and documentation 
as to facilitate their retrieval 

so 
by users seeking a set of programs tobe used in a specific problem analysis; and distributes programs anddocumentation to users. 

To enhance tie effcctivenos.: of the library, its functions alsoinclude idontifying and solicitino ;eeded modals; actively bringingprograms and documentation up to t:'e library's standards; and providinglimited consultation in identifying and implementing appropriate library
programs for a particular applicati':n. A subsidiary function of thelibrary in conjunction with the identific:tion and solicitation of modelsis to survey and catalog ongoing re3earch in agricultural systems modol
ing and simulation.
 

It is essential that CLASS renain closely associated with, if not apart of, one o,- more organizations charged wii:h model development,
research and analysis applications, and training. In the short run
these broadr functions t',ill be carried out in fulfilling ISU's obligations under its AID contract, AID/csd-2.7. In the long run, however,
3s the library expands and acquires applications experience, it will be
desirable, even nccssary, that it movo from !1SU to, or to some associa
tion wii21, one or iore national or international devfelopment assistance 
agencies. 

Component General-I__
 

Inthe terminology of the library itself, the word "component'
 

refers to the unit maintained and distributed by the library, much as
 

a book is the unit of a book library. CLASS stocks two kinds of 

components: utility routines and models of socioeconomic processes. 

!'hen a 
set of such models and routics are linked together, they become,
 

in systeinas terminology, sub-models or comoonents of a larger system. 

model, e.g., the KASS modol or the ill erian simulation model. 
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Utility routines include programs of mathematical operations and
 

algorithms which have been found to be useful 
insimulation models.
 

Examples include discrete and continuous time delays, table functions,
 

LP algorithms, gradient search tchniques, PERT routines, matrix
 

inversion routines, and the like. The general applicability of such
 

utility routines isobvious, and no further discussion isnecessary here.
 

odols of socioeconomic processes may be general intwo dimensions.
 

First, a model can be generalized across applications. For example, a
 

demographic model may be applicable to human, tree, livestock or capital
 

equipment populations; or a processing model may be suitable for the
 

processing oif ppc9aj oil:.palm products;,, rubber or tobacco (as inthe
 

ligerian simulation model). 
The other dimension of modcl generality is
 

with respect to g3ographIic and problem areas. For instance, a popula

tion moel , a demand model or a proJuction rolJel nay be applicable to analyses 

of fooJ production problems in Tanzania, cattle industry problems in 

Venezuela or Colombia, or agricultural sector problems in kigcria or 

Korea.
 

It is difficult to measure the nenerality or goneralizalility of 

a model. Ie can say with confidence that complete generality--a model 

which is all things to all peopl--is not only impossiblo but nonsense. 

We may also assert that extreme gnerality--I ss than conplete--is 

undesirable for reasons of model development and application efficiency; 

likewise, extreme specificity would be inefficient from the point of view 

of the library's stocking and maintenance of a conponent with very 

limited demand potential. The implication is that the library must aim 

for a middle ground and, hence, a 
set of models for each process
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(including different levels of aggregation) so that within the set
 

can be found a model which meets the requirements of a given applica

tion. Of particular relevance for the kinds of models to be included
 

inCLASS is the fact that, at models become larger and more problem

oriented they of necessity lose generality. Thus, there will be
 

trade offs to consider.
 

Component Standards
 

For CLASS to be of service to, and thereby attract, users, library
 

components must maintain standards in three areas. 
 First, components
 

must: 1)meet the test of generality as discussed above; 2) be theoreti

cally and empirically valid, realizing, of course, the limitations of
 

the body of social and economic theory upon which the models must be
 

based; and 3) be mathematically sound, i.e., as to the use of techniques,
 

algorithms and Ionic.
 

Perhaps the most crucial aspect of a component from the point of view
 

of user access is its documentation. It isprimarily through the documenta

tion that the scope, assumptions, limitations and applications of a component
 

will be communicated to the users. 
 Therafore, strict documentation
 

standards are maintained which specify topics to be discussed (e.g.,
 

rationale for the model, mathematical description, sample run) and call
 

for readibility, thoroughness, and the citation of relevant references.
 

Included also isdocumentation of the component's computer program to
 

enable a programmer to implement it at the local installation.
 

Finally, the computer program itself isexpected to meet a set of
 

standards. A basic requirement isthat programs be in the FORTRAI
 

language so that they may be compatible with as wide a range of FORTRA!
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compilers as possible on a variety of computers around the world. In
 

addition, recognizing the role of the program itself as a vehicle of
 

communication with the user, clarity and readability are also important
 

criteria. Computational efficiency is also a factor, particularly if
 

libr.ry components are to be implemented o.n small computers, and this
 

then means that trade offs must be made with the compatibility and
 

readability considerations.
 

Simulation Lanquage
 

To facilitate user access to m.odels constructed from library components,
 

CLASS isdevelopinn a FORTRAI-based simulation lang'jage. Th language 

is conversational and interactive and allows the policy analyst to sit 

down at a computer terminal and enter paraimeter values to "tell" the 

model wh t he w':ants to do with itand ,ow ho wants output displayed-,

without th. nej of program~ming skills. For example, he can specify 

whether he wants to nerform a policy expiriment or sensitivity tests; if 

a policy experiment, what policy combinations and levels (e.g., budget 

levels, tax rates, etc.); what endogenous variables to display at what 

intervals and inwhat format (e.g., graphs, histonrams, tables, etc.); 

and the tire period to simulate and .hether he wants to interact and 

possibly change policies inthe course of sirulation or to see results 

only at the end. 

A second phas2 of the simlulation lanpuage dtvalopment will focus on
 

facilitatin,. the job of the model builcer/proqrammer in linking up library
 

components into the particular configuration desired as a model for the
 

specific application at hand.
 



Field and Trainin2 Links 

Aside from actual use of the library and its services, there are
 

important two-way links between the CLASS activity and the field
 

applications (i.e., Korea) and training program activities of the total
 

agricultural simulation project.
 

The field and training activities feed into CLASS by:
 

result of field experience
1)identifying needed components as a 

an(! training requirclents; 

2) testing library components in actuial field and training 
applications.
 

3) building models .hich co.!ld be reneralized and otherwise adapted 
to 	serve as CLASS componnts
 

4) testing, and thereby demonstrating the strengths and weaknesses 
of, the simulation lanouage under actual field and traininq 
conditions- and
 

5) ideihtifying useful output formats and testing output-generating 
routines in field and training applications.
 

Likewise CLASS services the field aplications and training 

program by: 

1) supplying components to serve a teaching and training function; 

2) sunplying the field with nodels and routines either not yet in 
pl,.ce or in need of replacement: 

3) 	providing and maintaininq the sirul-ation lanquage system to 
facilitate non-propra ;mer interaction with the niodels" 

4) providing and maintaining output-g..nerating routines- and
 

5) mainq the }'SS and oter field experiences (ioodels, etc.) 
readily availabl,: to other agricultural developrent researchers, 
analysts, advisors and consultants in th. field. This last 
contribution relates particularly to tho Simulation Library 
U!orkling Cenferenc-'s viewing CLASS as a means of conserving, 
utilizinq and disseminating the capital (i.e., models and
 
expertise) created under [ID/csd-1557 and .f,I[)/csd..2975.
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CLASS Advisory Boards
 

Inview of the fact that the library's objective is to provide a
 

service--and a 
rather unique and novel one at that for the agricultural
 

development field--it is considered essential that potential users and 

other experienced pro'essionals have an input into its development and
 

operationalization. Formally, this input will be channeled through
 

technical and policy advisory boards whose functions, in general, will
 

be 	to review, evaluate, advise and recommend. The Policy Advisory
 

Board has been constituted, and its first meeting is scheduled for 

early lay 1974, the Technical Advisory Loard will be define at a 

later date once the Policy fdvisory Board has specified its parameters. 

The specific charge given the Policy Advisory Doard %.!ill be to: 

1) Evaluate th, quality and covw.rage of library co:iponents, and 
recommend %-,hereexistinq componcits should he revised and
where further modeling is needeci. Coverage here refers boto to
the rioeling of subject matcer areas (i.e., socioeconor-lic processes)
and to the incorporation of various analytical techniques, 
e.g., cost-benefit analysis miodels, PERT models, optimizing
models (linear programmi nq or otherwi se), I i near--i n-the-parameters
simultaneous equations systems, stochastic process models, input
output models, etc. 

2)	Review and evaluate the librnry's scope and operations as to the 
level of usage and effectiveness of its components and services,
and recoamend modifications of services and operating procedures 
as necessary for irprovemrnt. 

3) Recomnend and evaluiate alternative means of disseminating
information to users and potential users on CLASS components

and services.
 

4)	Based on the performance of CLASS durin! the AID contract period,
consider and advise on the library's ultimate neographic and
institutional location and means of financial support.
 

The Ultimate CLASS 

The last function of the Policy Advisory Board discussed above
 

arose out of discussions at the Simulation Library Working Conference
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concerning the ultimate nature of such a library. 
Itwas generally
 

recoinized that itwould be neither appropriate nor efficient for an
 
operation such as CLASS, once it has been established and has become a
 
regular "business," so to-speak, to be located at any university.
 
Rather, its proper place will be within a 
national or, preferably,
 

international agency charged with performinl--and cieveloping indinenous
 
capacity to perform--the analysis necessary for development planning and
 

policy malinq.
 


