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THE MISSION OF THE SYSTEMS
ENGINEERING IN CHINA

Abstract The paper describes that the systems engineering SE  has been developing
with reform and opening in China. It is always hoped to solve all sorts of knotty and important
problems by using SE. The professional force of SE has founded and obtained many actua a
chievements. It points out that SE must study continually both in its theory and applications.
In the applications there are two sides  the study of various development strategies and plans
and the design of various management and decision systems by computer which are presented
with three dimensions structure respectively. At last two works are put forward  to increase or-
ganized degree of SE force and to give full play actions of the young systems engineers.

Keywords systems systems engineering mission
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THE METHOD AND MODEL SYSTEM
OF SOFTSIENCE RESEARCH

Abstract  This paper covers two parts. Its first part presents the purpose and sudject
meatter of softsience research. It provides consults for leader’ s decision. Its genera proceedure
of studying project is to define problem and its goal choose metheds and models  set yp model
system cdlect date calcutate on computer synthesize and eveluate. This part also explains
several orgwares. The second part of this paper presents the model system and model warehouse
of studying softsience project and then introduces methods and models  such as mathemetical
programming input-output analysis econometrices economic cybernetics and system dy-
namics and their latest achievements.

Keywords softsence method modle syatem
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DISCUSS ABOUT HIERARCHY
AND EMERGENCE OF SYSTEMS

Abstract Hierarchy and emergence are the important attributes of systems. The redliza-
tion of* The whdle is more than the sum of parts’ is based on these two attributes. System
emergence includes emergence between systemi s hierarchies and system whole emergence.
From the low level to the high level from some parts to the whole it has not only quantitative
increases but also has qualitative leap on functions and elements. That is emergence. Emer-
gence is some requirement for the appearance of the high level hierarchy and the existing and
development of system whale. The mission of systems engineering is to do some researches to
find out what the* requirement” is and how to satisfy it. While the requirement is associated
with people s views on values so ancther research issue of SE is to adjust views on values sci-
entifically and then put forward reasonable requirement. The researches on emergence of social
systems can promote conceptual innovations and social reform. The paper expresses the related
discussions into six propositions.

Keywords system systems engineering SE system whole emergence  emergence
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ON SITUATION AND MISSION OF
MANAGEMENT EDUCATION IN CHINA

Abstract  In this paper reviewing the fall and rise path of management education in
China anayzing the current situation and thinking that the emphasis of cultivating manage-
ment talent should be postgraduate and bi-bachelor such as* 3 +2” compounded taents .

Keywords management education management science  systems engineering  soft
science  reform and open

1. Deeply Fall and High Rise Now It Is Proud of Itself

In China management education has a fall and rise course and now it is very popular.
This paper discusses management science mainly business administration education.

Before 1949 university was involve management education in China e g. Management
School was set up in Jiactong University in 1928 and it was one pillar in whale the university.

After 1949 the years just fdlowing liberation a few universities continued to have man-
agement courses or department e g. South China University of Technology 1952 - 1988
South China Ingtitute of Technology before that period Zhongshan University — some univer-
sities set up management courses or department in Soviet Union model e g. Harbin Palytech-
nic University.

But good times didn' t last long after 1958 “ making a great leap forward’ manage-
ment education was cancelled. Neither enterprise nor government bodies paid attention to

management”  but put pdlitics in command leading of party - padlitical consciousness etc.

Before 1966 there were a few universities that cultivated talents with professional skill e g.
Heilongjiang Business Institute which was the only business management education. In the peri-

od of the Culture Revolution smashing public security organs procuratorial organs and peo-
pl€ s courts every rules and regulations were regarded as feudalism capitalisn revisionism.
The person who mentioned” management”  vainly attempt to restore capitalists. “ The Gang of
Four’ wanted to set up a factory without rules and regulations. All factories offices schodls

1999 11
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would be the tools of proetarian dictatorship in order to realize dictatorship to capitalist. The
working class is leading class worker peasant and soldier are main force of revolution  every-
one is master of the country management isn' t necessary. If management is necessary it is
aimed at capitalist landlord and class enemies. Since universities recurred students again in
1972 worker-peasant-soldier students were enrdlled without passing entrance examination  just
with® recommending’  even though examination was held the student who handed in blank
was the hero. The aims that they went to schod was to accomplish historic mission—represen-
ting the proletariat to go to university administrate university remake university exercise dic-
tatorship over intellectual—teachers —remake university which is capitalism blockhouse into
important basement of proletarian dictatorship student have reason adways teachers are guilty
aways in this situation management education was not existed

Richard Nixon the President of the U. S A at that time said The whole world except
China was attaching importance to management China will pay a high price for this. The pre-
diction has unfortunately come true

Snce reform and opening China attach more and more importance to management em-
phasis that modern economy is a cart technology and management are it s double whedls. Do-
ing a project needs 30 per cent technology 70 per cent management. Many rules and regula
tions have been revised and set up all levels and kinds management talent have been trained
again.

Around 1980 many universities run cadres training class management departments were
set up one after another and enrdled training undergraduate postgraduate then manage-
ment college was founded. In 1979 South China University of Technology founded. “ The
Teaching Group of Modern Management and Technology Economy”  and offered management
caurse in whale the university. After then the group held train class for Guangdong Province
and Chemical Ministry. Management Engineering Department was set up in 1982 and enrolled
undergraduate in 1983 enrdlled postgraduate in 1984. College of Business Administration was
set up in 1992 enrdled MBA in 1993. Now there are about 1 300 undergraduates and over
400 postgraduates in the Callege of Business Administration accounting for 10 per cent school
students 20 per cent postgraduate in whole the university. The college has three departments
management trade finance and investment and also a ingtitute of management science ain-
dtitute of economy  a ingtitute of property appraisal  a business administrative training centre a
research centre of industrial engineering. The developmental path of the university and the cal-
lege is typical.

Ancther main force of management education is adult higher education such as all levels
callege of economy management for cadre or administrative training centre. Maost of them were
founded by centre and local economic committee. “ The Industry and Technology Management
Training Centre of Chind' is the most famous one which is founded by China and U. S A. in
Dalian Liaoning Province it not only cultivated management talent for enterprises and govern
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ment who are general manager in state owned enterprises even leader in center ministry  but
also cultivated teachers for many universities.

A small number of management teachers who taught management or studied management
since 1950s are now about seventy years old more teachers who are around fifty years old
studied early machinery chemical engineering automation economics mathematics or
worked in factory. They studied very hard when they changed their profession. They learned
theory and method on management science. They were main force of management education in
the 1980s.

Now younger talent who are under 45 years old has cultivated after reform and open-
ing. They study management science and have high academic degree Master Doctor. Many of
them studied in abroad and play an important role more and more in their field.

2. Three Friends a Great Business

China attaches more and more importance to management science and management educa-
tion. National Natural Science Foundation of China set up“ Department of Management Sci-
ence’ in August 1996. Nation Degree Committee promulgated new branch of learning and spe-
cialist catalogue and Management is regarded as a large category five first - grades in it
Management Science and Engineering MSE ~ Business Management Public Management
Farming - Forestry Economic Management Library - Information - Archives Management.
There are no second grade under MSE. As a large category Management is on an equal level
with Economics Engineering Science Philosophy  Pdlitics Education  etc. Before this
there was no Management independently. Management depended on other subjects e g. En-
terprise Management belonged to Economy Management Engineering belonged to Engineering
Health Management belonged to Medicine. Now the special category for undergraduate is re-
vised Management will be classified as independent one. It is believed that management sci-
ence and its education will develop rapidly in China.

Management science has other two friends systems engineering soft science.

“ Technology about organization and management - Systems Engineering’ is an important
propasition  and an important paper aso. It was published in Sep. 27 1978 on Wenhui Daily

Shanghai  its authors are Qian Xuesen Xu Guozhi  Wang Shouyun. This article is the first
one about systems engineering SE  in China. Reform and opening need SE  because the the-
ory and method of SE should be applied to research and solve complex problem in reform and o-
pening. SE needs reform and opening also because it would be not introduced from overseas
without reform and opening. In recent twenty years SE was disseminated popularized and ap-
plied widely because of two matives scientists of the older generation represented by Dr. Qian
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Xuesen and al levels leaders from centre to locality. General Secretary Jiang Zeming said in
many circumstances that reform and opening is a large-scale and complex project of SE  setting
up the system of Socialism Market Economy is arduous and complex prgect of SE too SE
greatly contributes to launching guided missile and a man - made satellite researching popula-
tion problem solving vegetable-supply of great city. Today the people places great hopes on
SE to solve many difficult questions e. g. Sanxia Engineering public order protecting envi-
ronment sustainable development. Dr. Qian Xuesen indicated that. Systems Science Natural
Science and Social Science belong to the same level SE is engineering technology in system
science divided into military project agriculture enterprise education information  etc.
and they are studying organization and management such as plan design produce experi-
ment application. Dr. Qian Xuesen attached great importance to studying the Open Giant
Complex Systems and put forward the research methodology of Meta - Synthesis  from qualita
tive to quantitative  and The Hall for Workshop of Meta - Synthesis Engineering.

Due to Nation Science and Technology Committee effort soft science SS  rose since
1986. SSisdecison science H. Smon thought that the management is the decision. SS gives
advices on deciding important problem according to SE theory and method studying project
put forward alternatives for leaders. There is no difference between SS study and SE study. If
there is any difference for one thing SE may be“ harder”  specidly in automation for an-
other SS concentrate on decision.

Systems

Soft

{ Science

Management ]

Science /

Science

Figure 1

It is obvious there are close relationships between MS  Management science SE and
SS. Figure 1 represents these relationships. The circle with shadow represents MS.

There are very large intersections of MS SE and SS. Any two circle are not al coinci-
dent. Management has many functions such as plan organization decison control etc. A
large-scale system management e. g. a big enterprise is often divided in different levels. Ac-
cording to special objects of management there are personnel finance technique produce
quality market etc. SE are aimed at whole study and management and realize the best whale
effect. It maintain that management of system should be* Macro - controlled and micro - acti-
vated” . SE run through total management process. SS emphasize decision consultant  promote
scientific and democratic decision.
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Management Science Systems Engineer and Soft Science are three close friends they
push forward modern administration in China foundation and perfect socialism market system
realize sustained development and make China rich strong and prosperous.

3. Key to Management Education

High management education should be developed rapidly in China senior talents should
be cultivated. This paper discusses mainly cultivation of undergraduate and postgraduate in uni-
versities.

Universities especially key universities set up Management College e g. Beijing Uni-
versty Fudan University or College of Business Administration e, g. South China Universi-
ty of Technoogy or Callege of Economy and Management e g. TsingHua University . Some
management department was set up in Economy Callege. Shanghai University of Technology set
up College of Systems Science and Engineering. Nanjing University of Technology set up Re-
search Ingtitute of Soft Science. The cultivated talents are Bachelor  Master and Doctor.

In 1991 firgt batch of MBA student only 80 students are enrdled in nine universitces.
In 1996 twenty-six universities enrolled MBA students. South China University of Technology is
one of them. 2 300 MBA students were enrdled in 1997. Fifty-six universities enrdled 4 300
MBA students 1998. This is the complete regular education for postgraduate passing strict en-
trance exam studying courses two years for 45 credits writing thesis is aimportant character of
cultivating postgraduate included MBA in China. It ensures the quality of cultivating. MBA
has its own specific characteristics. First to enrdl the students who have worked for three
years after graduation. Second they study part-time in their spare time having lessons in Sat-
urday and Sunday. Four kinds of thesis are permitted for MBA research typica case enter-
prise diagnose investigation report. It is evident this way is high effective. But the present
scale was utterly inadequate. So the second way was opened by two government offices De-
gree. Office of the Sate Council State Commission of Economy and Trade in 1998.

The process of the second way enralling core prafessional member  cultivating regularly
for MBA degree. The first batch more than 2 600 students was enrdled in spring of 1998.
Therefore about 7 000 MBA students were enralled in above two ways in 1998 this number
increased by 90 times compared with the number of 1991. The cultivation scale for other spe-
cialty of management is increasing. But it is not enough. In order to meet the great demand
many universities enroll students for postgraduate-course class and hold business administra-
tion training class which has high standard and long period as the pattern of MBA.

The cultivation scale for Doctor degree in Management Science is very small in China a
few degree conferment is distributed unbalance. It is to be expanded and adjusted.
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There is no dispute in cultivating management postgraduate. It is necessary to enlarge
scale rapidly. But there is some disputes in cultivating management undergraduate. Although
many universities enroll management undergraduate many scholars were opposed in recent
twenty years.

The reason of opposition is that the undergraduate from senior middle schod can’ t live a
lone have not life experience not practice experience especialy management experience.
They study in university for four years. The chance to touch society understand enterprise
and do some management job is few. From book to book theory to theory concept to concept
classroom to classroom  what can they do after graduation They are different from MBA
students who are engaged in management before entrance and still work after entrance they are
also different from postgraduate who are older and finished other specialty. The author thinks
this opinion is reasonable should be considered and accepted.

The other way to cultivate Management talent is to cultivate bi-bachelor selecting a group
students from third year students studying second speciaty——management or economy for
two years. The bi-bachelor students finish their former specialty and start second speciaty in
the fourth year. So they acquire two bachelor degree in five years engineering management or
economy. South China University of Technology cultivate” 3 +2” students since 1994 they are
very popular with enterprises and government office because they not only have speciaty foun-
dation in engineering and management/economy but also have been trained in foreign language
and computer. Other universities have” 3 +2" pattern or* 4 +1" pattern too.

To sum up the author thinks that the emphasis of cultivating management talents should
be postgraduate and bi-bachelor major postgraduate should be MBA. The postgraduate-course
class and business administration training class should be held positively.
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ON THE PATTERN OF MODERN
MANAGEMENT EDUCATION IN CHINA

Abstract This paper briefly explains the development of Chind s management education
since the pdlicies of reform and opening up to the outside world. 1t then puts forward the basic
points of China s management education pattern the pattern should have both international
and national characteristics it should aim to train compound talents at higher levels it should
major in theory teaching and minor in case methods it should persist in carrying out scientific
researches and require students pursuing degree to submit dissertations.

Keywords Management education Compound talents Chinese characteristics Case
education Theory education Dissertation

1. Development since the policies of reform
and opening up to the outside world

Snce 1978 when we implemented reform and opening up palicies management and man-
agement education in China have received an enormous amount of attention and had a great de-
velopment. As the Chinese saying goes “ Management accounts for 70 per cent of success
technique accounts for 30 per cent.” In addition the sayings that* If economic construction is
a wagon then technique and management are its two wheels neither of which can be neglec-
ted” and“ Management science is the way to build our nation into a prosperous one€’  aso tell
us the importance of management and management education.

The macromanagement—the state management in China—is very successful. The past two
decades have witnessed the great development of our national economy. Our country enjoys its
stability rural and urban residents experience continual improvement in their life conditions.
Guided by the great principle of* One country two systems’ Hong Kong has returned to the
motherland on July | 1997 Macau will aso return to China on December 20 1999. Nothing
can resist us to unify the country. In the field of micromanagement—the business management

University 2000 Seminar 21 Organised by Cultural and Education
Section of the British Consulate - General  Guangzhou 9 November 1999
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there is also a great success. Town and township enterprise private enterprise and enterprise in
three forms of ventures Sno-foreign joint ventures cooperative businesses and exclusively
foreign-funded enterprises have found some management methods according to their experi-
ence. On the other hand the reform of state-owned-enterprises which has determined its ob-
jective and thoughts clearly is being undertaken although it has encountered great difficulties.
The Fourth Plenary Session of the Fifteenth Central Committee held recently had a specia study
of the state-owned-enterprises reform and have made great decisions.

We turn now to the management education. After 1978 in the early 1980s the training
courses for management cadres were widely conducted from central to local government lasting
from several weeks several months to one year. A great amount of engineers and technicians
took the positions of management in enterprises  scientific research ingtitutions and government
departments at different levels after fairly good management training. Universities began to open
speciaties in management or to establish the department of management engineering in succes-
sion. Up to tile time around 1990 these specialties and departments in many universities es-
pecidly the key ones of China have expanded into college of management callege of business
administration college of economic administration. Take South China University of Technology
for example in 1979 this university ran the training course for the cadres of Ministry of Chem-
ical Industry and Guangdong Commission for Restructuring Economy. In 1982 the Department
of Management Engineering was established. It began to recruit undergraduates in 1983 and
postgraduate in 1984. Further Cdlege of Business Administration was established in 1992.
The college then began to train Masters of Business Administration  MBA in 1993 and doctors
in 1998.

The development of our college in South China University of Technology is a typical case
in China. Now our callege has one doctoral programme—Management Science and Engineering

Class 1 discipline  four master programmes—Management Science and Engineering Corpo-
ration Management National Economics and Master of Business Administration MBA  and
four bachelor speciaties—Business Administration Engineering Management  International E-
conomics & Trade and Finance. Moreover our college cultivate® 3 +2° students who are &
warded by two bachelor degrees and thus become people with many-sided abilities. These
students are singled out from each engineering department when they are juniors. Then for an-
other two years they will receive training in specialty either in International Economics &
Trade or Business Administration or Engineering Management so as to get the bachelor degree
of economics or management science. At the same time  they have to pass the graduation exam-
ination and to write an acceptable thesis to get their bachelor degree of engineering as well.
These students with two bachelor degrees and with many-sided abilities are easily to find a job
in enterprises. They may even select a satisfactory pasition among several ones.

Management and management education have been paid great attention by the country
which can be proved by the fdloning events. In 1996 State Natural Fund Commission estab-
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lished Department of Management Science. Premier Zhu Rongji came to the meeting of estab-
lishment and conveyed his congratulations Premier Zhu Rongji has been the chancellor of
Schod of Economy & Management in Qinghua University and acts as the doctor supervisor . In
1997 Evauation Committee of Academic Degree in the State Council issued the new catal ogue
of subjects and specialty for the education of postgraduate and education for academic degree

in which the twelfth category—Management has been added. This category is divided into 5
Class 1 disciplines the first of which is Management Science & Engineering and 14 Class 2
disciplines. The newly - issued catalogue of specialty for postgraduate also added the category

of Management.

2. Management education with both international
and national characteristics

China should employ modern management and modern management education keeping
Chinese style or characteristics. The modern management education in Chinese style ought to
have international and national characteristics neither of which can be neglected. On the one
hand Chind s management education should have international characteristics. As we know
the superstructure should serve for the economic base thus education should serve for the econ-
omy congtruction. Management education in particular should serve for the economy con-
struction. The economy in China is stepping on the road of Socialist Market Economy  which is
the existing economic system and economic idedogy developing throughout the world nowadays.
Thus the Socialist Market Economy is an international economy. After making a comprehensive
survey we find that on the whoe Chinese economy nowadays has broken away from the tradi-
tional Russian pattern of Planned Economy and has established the Framework of Socialist Mar-
ket Economic Systems. This transform has been carried out a little dower in the Middle & West
of China than in the coastal areas. As the forward position of reforming and opening up to the
outside world  Guangdong Province especially Guangzhou and the areas in Delta of the Pearl
giver has been even faster in the transformation. Chinad s economy intends to make a further
step towards the world. Hence China is prepared to join WTO. We are making progress now
although we have met with many resistance obstructed by some countries. Transnational compa-
nies came to China in succession. The headquarters or headquarters in Asia of many compa
nies which are among the 500 excellent companies listed in Fortune have been moved to Chi-
na mostly in Beijing Shanghai and Guangzhou. Correspondingly Chinese enterprises are do-
ing business abroad. In 1998 Chind s total volume of import and export trade is $§ 323. 93
billion equal to 33. 8% of the GDP. These facts indicate that the internationalization of Chi-
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na s economy has developed to a comparatively high degree at a considerably fast speed. Then
is doubtful that Chinese education especially management education should have the interna-
tional characteristics We must train large quantities of talents in management for international
economy  especially top managers by means of management education with international char-
acteristics.

On the other hand Chind s management education should also pay attention to its own
national characteristics that is to integrate with the Chinese nation’ s culture. Our objectiveis
to establish the Socialist Market Economy which is a market economy with Chinese onn char-
acteristics. We do not copy some country’ s ready-made pattern of market economy such as
that of America Germany and Japan. This is because these patterns do nat accord with Chind s
national conditions. We may learn a lot from them but we must get rid of their shortcomings
including the shortcomings that al the patterns of market economy have. Then we can create a
new pattern of market economy so that we can contribute our efforts to Chinese nation. Serving
for the Socialist Market Economy with Chinese characteristics Chind s management education
should have its oamn characteristics that is the characteristics of the Chinese nation.

The basic points of Chind s management education with both international and national
characteristics should include the fdlowing

1 Western management theories and methods starting from Taylor' s scientific manage-
ment to modern management science which are too familiar to be discussed hereby.

2 Chinese management thoughts in the ancient times including Confucians and Confu-
cianism Laoz and Taoism Sunz and Militarists Hanfeiz and Legalists. China has had plen-
tiful management thoughts and management practice in the ancient times. For example in
1930s there emerged the Behavioral Science in the western world  which include theory X and
theory Y. However they are just the modern edition of Xunz' s thought that“ nobody is born
evil by nature’ and“ everybody is born evil by nature’ . The world-famous projects built in
ancient times such as Dujiangyan Irrigation Works and the Great Wall are not only the maste-
rpieces but also typical cases of success in ancient management. The thoughts underlying them
are still splendid. In the society nowadays although the material civilization is highly devel-
oped the spiritual civilization has met with many problems. The crime rate is almost in direct
proportion to the degree of economic development. The worsened environment and the ecologi-
cal disturbance are the serious problems that all humankind has to be confronted with. Thus al-
most al of the far-sighted scientists and pdliticians in the world begin to pay attention to the
Chinese ancient philasophical and management thoughts. Hence Chind s modern management
education should certainly team from the Chinese ancient thought of management.

3 The summary and refinement of the practical experience of Chind s reform and open-
ing up to the outside world. Chind s reform and opening up palicies have achieved great suc-
cess. The world has witnessed our country’ s splendid achievement in the economic develop-
ment.
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Although many problems in the management annoy us our country s economy is improved
gradually. We have accumulated many experiences which should be summarized into theory.

Moreover we have achieved some achievements in the management theory. For example
theories such as* Macro-control and micro-flexibilize Give considerations to the interests of the
state the cdllective and the person Grasp the big and release the small”  can all be regarded
as the classics and be written into historical books. Management education must have case edu-
cation. We should cite not only the foreign company s cases but also the Chinese cases in-
cluding the updated cases nemy written. Otherwise we may only* scratch an itch from outside
our boot” .

3. To train compound talents at higher level

The focus of Chinese management education should be to train compound talents at higher
level.

The so-called” at higher level” refers to the education of university undergraduates and
postgraduates that is to train bachelors masters and doctors. In enterprises China has es-
tablished Post-doctorial Research Station  where talents with post-doctorial degree can make
scientific researches. In Foshan in Shantou Chaosheng Group  for example there are such
stations which have achieved success. The so-called” compound’ refers to the study of two or
above two specialties before such as* 3 +2" talents with two degrees we mentioned above. As
for the postgraduates it is better for students with engineering bachelor degree to pursue master
degree of management or students with engineering master degree to pursue doctor degree of
management. Before they pursue the master or doctor degree  they ought to work in company or
the government office for two or three years so that they can get more practical working experi-
ence including the experience of management. Otherwise the bachelors masters or even doc-
tors who have studied one specialty or management and who have always been in schods so
as to get no practical experience at hand are hard to become excellent managers. Their knowi-
edge is too limited their knamMedge of management does not correspond with the practice and
thus they lack the practical ability of management.

The training pattern of MBA is a success for which there are two reasons Firstly the
pattern intends to recruit students from those having at least three years of experience of man-
agement refusing to recruit students from the undergraduate without having never worked out-
side the university. Secondly theory education is combined with case education. Indeed these
two ways are widely applicable to cultivate people in management.

Case method is the vulnerable spot of Chind s management education nowadays. Many
teachers have acknowedged the importance of case education and have quoted more or less ca-
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ses in education by now. By“ wulnerable spot” of case study we mean appropriate cases es
pecialy those suitable to China are inadequate. Additionally vivid and vigorous atmosphere
of discussion and figuratively electronic teaching methods are nat enough. However the above-
mentioned phenomena are changed rapidly. For instance the great research prgect of Ministry
of State Education” Establishing Prgect of Corpus of Chinese Company s Management Cases’

has moved up to a new stage. On October 31 the Meeting of Reporting the Achievement and
Case Education Seminar is held in Beijing University.

On the other hand we should not neglect theory education. Just as theory education can
nat take the place of case education the latter can not replace the former either. Students come
to the university hoping to have a systematic study of theoretic knomedge. They will retro-
gpect summarize and refine their former experience after the theory study. These theories
combined with an appropriate quantity of cases will help the students with their retrospect and
refining. Moreover discussion can help them draw inspiration from each other and pod the
wisdom of the masses. Generally the combination of theory and case education should major in
theory education and minor in case method.

Management education should also note the international communication and co-operation.
The excellent textbooks and advanced effective teaching methods and techniques at abroad
should be introduced to China. Foreign professors are welcome to deliver lectures including
making speeches and opening lessons  Teachers in our college should aso go abroad to visit
and study. Some young ones can pursue doctor degree or MBA degree abroad. We will also de-
velop callaboration in the delivery of programmes with foreign universities attempting to award
the students degree by our university or by the foreign university. We can cite the foreign train-
ing pattern module systems as appropriate by teaching students in English. In this way we
can improve and create our own training patterns and module systems.

The management education at the level of postgraduate including that of MBA  should in-
sist on carrying out scientific researches and requiring students to submit dissertations. China
has persisted in the submitting of dissertations all along in the training of MBA. However quite
a few people argue that it is unnecessary to submit dissertations because they find some western
countries do not. To my great joy however | acknoMedge that the British universities require
students pursuing MBA degree to submit dissertations persistently and serioudly.

4. Conclusion

In short the basic points of Chind s modern management education pattern are the pat-
tern should establish our own patterns with Chinese characterigtics that is with both interna-
tional and national characteristics it should train compound talents at higher levels it should
major in theory teaching and minor in case methods it should make scientific researches and
require students pursuing degree to submit dissertations.
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AN ARDUOUS AND COMPLEX SYSTEM
ENGINEERING ABOUT THE SOCIALISTIC
MARKET ECONOMIC SYSTEM

Abstract It is an arduous and complex system engineering that the Socialist Market Eco-
nomic syssem SMES is built and perfected. In this paper where are on the back-thinking
of the Triditional Plan Economic System TPES and perspective of market economic system
the economic effect and social effect the conditions of SVES and the mission of the systems en-
gineering.

Keywords socialist market economic syssem SMES triditional plan economic sys-
tem TPES market economy  systems engineering  SE socia effect economic effect
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21

NETWORK ECONOMY & NEW MARKET
ECONOMIES WITH ELSES

Abstract  With the development and application of computer networks including inter-
net the network economy appears. The 21st century is the network economy age and the net-
work economy can realize effective macroscopic regulation & control and sufficient microcosmic
brisk and make planned mechanism & market mechanism government behavior & enterprise
behavior perfect integrated. Network economy is likely to the realixing modality of sociaistic
market economy and other new market economies. We must attach importance to network facili-
ties construction in the Western Region Development of China.

Keywords Network Economy Market Economy  Socialistic Market Economy  Macro-
scopic Regulation & Control - Microcosmic Brisk  Western Region Devel opment

12 2002 11

98



1996

21

21

CASNORCN®)

90

20

80

20

99



1993

Internet Economy
IT Information Technalogy

YOUCOOL. COM
Digital Economy
2.
@
@
®
@

100

Economics of Networks

11

20 90

2

10



Internet Service Provider |SP

EDI

1996

Microsoft IBM HP
IT

Internet Content Provider ICP

Cisco

101



102

Yes

No



103



104

1997

2000



20

60

105



NMD TMD

Kenneth Arrow

Paul Anthony Samuelson

®
” 1
O @
@
@ 1
2000 GDP 88 189.6
7 2001 GDP 95933 7.3%
2010 2005

106



11

21

2001

“ ” 1999

1996 3-9
2 . . 2000 4 97-103

1996 1 38-42

2000 2 82-86
5 . . 2001 5 25
6
3 18-21
7 http //waww. top500cn. com/jj/jj4/jj40004. htm
8 “ § .
9 . . 2001. 3
10 . . 1999. 29
11
2001.14 - 15
12 .
1995

2000 8 36-38

13 .
1994
107



ON THE COMPLEXITY OF CHINESE LEGAL
SYSTEM CONSTRUCT BY SYSTEM THEORY

Abstract  Lega system construct of our country is a social system engineering. The theo-
ry on system complexity and cther theories give the analysis tod for the law system construct of
our country. The structure function and complexity of law system of our country are dis
cussed and some issues are aso brought forward in the paper.

Keywords legal system construct law system  system engineering  complexity
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THE POLICY AND LEGAL SYSTEM
ENVIRONMENT OF DEVELOPING
ELECTRONIC BUSINESS EB

Abstract  The Development of Electronic Business EB isacomplicated social system
engineering. A good palicy and legal system environment should be built to develop EB beside
certain social  economic and technical conditions are needed. On the base of discussing the
genera situation of developing EB and padlicy and legidation in international society the obsta-
cles of developing EB in our country are discussed in this paper and the countermeasures are
also put forward that are in favor of building the policy and legal system environment of develo-
ping EB.

Keywords EB pdlicy and lega system environment legidation systems engineering
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MAKE FOREIGN THINGS SERVE CHINA MA-
KE THE PAST SERVE THE PRESENT MAKE
THE LATTER DAYS SERVE THE PRESENT
SET UP MODERN MANAGEMENT SCIENCE

WITH CHINESE CHARACTERISTICS

Abstract The paper puts forward the proposition—Set up the modern management sci-
ence with Chinese characteristics MMSCC . It points out three sources for setting up MMSCC
are making foreign things serve China making the past serve the present and making the latter
days serve the present. Setting up MMSCC is a historical mission of Systems Engineering.

Keywords modern management science with Chinese characteristics MMSCC
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the present systems engineering SE
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PERT/CPM

THE FLOATS ANALISIS IN PERT /CPM

Abstract  The floats analysis are very important and useful in PERT/CPM. In this pa-
per the relations between the total and free float of activities have been discussed. The actual
meaning of dummy s floats has been showed and some theorems and formulae have been de-
rived and proved.
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THE NECESSARY CONDITION AND CRITERION
FOR THE CRITICAL PATH IN PERT/CPM

Abstract  This paper proves that the necessary and sufficient condition for the critical
path in PERT/CPM is when the total activity floats equal zero while the node floats being e-
gual to zero is only the necessary condition.

PERT/CPM Critical Path
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THE NECESSARY CONDITION AND
JUDGEMENT THEOREM FOR THE CRITICAL
PATH OF A NETWORK DIAGRAM IN PERT/CPM

Abstract This paper proves that the necessary-and-sufficient condition for the critical
path of a network diagram in PERT/CRM is that each total float of activities equals to zero on a
path while the condition that each node float on a path equals to zero is only necessary. The
former is used as judgement theorem for critical path but the latter can nat.

|. INTRODUCTION

The purpose of this paper is to prove one necessary condition and one necessary-and-suffi-
cient condition which is used as criterion for judging critica path in PERT/CPM. These
conditions are widely quoted in various materials without any stringent proof moreover in
some materials the necessary condition is mistakenly used as the sufficient condition  thus they
must be proved mathematically.

First two definitions and some symbals are given below.

Definition 1  The chain of arrows throughout a network diagram from the source node
to the sink node is called a path. On the path the sum of all activity duration times is
called the period of te path.

Definition 2 In a network diagram the path with the longest period is definited as the
critical path and its period is the period of the total project.

Some fundamental formulas introduced in textbooks * * ° of PERT/CPM are quoted di-
rectly hereunder with marks asterisk = fdlowing the formula number. This paper adopts
the marking method of* Activity-Arron’ which is also called“ Double Code Arrow’ . > Here-
inafter CP represents critical path T. i is the earliest possible realized time a node

ISSE 88 25- 28 July 1988 Beijing China Systems Science and
Engineering ISSE 88 -Proceedings Edited by Cheng Weimin  International Academic Publishers.
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event i T, 1 isthelatest necessary redlized timeat nodei R i isthe float at node i
andR i | isthetotal float of activity i |j t i | isthe duration time of activity

i j Tisthe period of the project node 1 and node n is the source node and the sink node
respectively i. e. the starting event and the finishing event of the prgject in the network dia-
gram.

There is at least one critical path in a network diagram®  and Definition 2 provides a
method of searching for the critical path that is enumerating exhaustively every path in the
network diagram and calculating every path period then the path with the longest period
may be found out by comparisons each other. But it is not an economic method for a compli-
cated diagram. So an effective algorithm in which we may find out the critical path promptly
and reliably is needed.

II. THE NECESSARY CONDITION FOR CRITICAL PATH

Theorem 1 On a critical path each node float equals to zero while the path on
which each node float equals to zero is not necessarily a critical path.
Proof

The critical path is the longest path node nisthe snk neCP and

T=T. n = % t i ] OF

Suppose al other paths are crossed out  only the critical path in the network diagram re-

tained soasnodeieCP withnoshifttoT, i toT, i thefomula
Te | =rr\1jejpx Te i+t 0 @
j=2 3 n
is simplified to
Te j =Tg i +t i | ®
or
T i =T j toij @
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Since

andneCP s0

Suppose node ge CP is the last node but one  sink  from the formula

Tooio=min T -t ©"
J

i=n-1 n-2 1
and from the formulae G & @ we have
T g =mn T, n -t gq n

=mn T n -t g n

=mn T (g =T: g

Then

R q :TL q 'TE q =0

Suppose h e CP is the last node but two similarly we have

Continue to retrograde till node1 source and nodeleCP we have

Here in above the rightness of the first half of Theorem 1 is proved. The proof of the sec-
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ond half employs a counter example.

Figurel. An example

Suppose a network diagram as Figure 1 in which unit of time is the day let

T. 1 =0 @
From foomulas @ &) & ©® caculateevery Tz i and T, i

2 T i isfilledinabox symbd T, i

searched out by any effective method

mark them in Figure
is filled in a triangle. Given the critical path

CP= 1 2 3 45 6

and is marked in heavy arrows. There is only one critical path and T =20 days. In Figure

2 figures marked in sguare brackets beside activity arrows are the total floats of the activities.
They will be used as illlstration for judgement theorem hereinafter.

Figure 2. Solution of the example
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Obvioudy each node float on the critical path is zero. If any path on which each node
float is zero is critical path al the paths is Figure 2 should have been critical paths. It is
wrong obvioudly. For example wetakepathP= 1 4 5 6  its period

T, =t 1 4 +t 4 5 +t 5 6
=3+2+5=10<20=T

therefore P is nat a critical path. Theorem 1 is fully proved.

The node with zero float is called critical node. Hence Theorem 1 can be revised as fal-
lons All nodes on a critical path are critical nodes while the path connected with all
critical node is not necessarily a critical path.

Therefore that each node float equals to zero is merely a necessary but not a sufficient
condition to judge a critical path.

1. CRITERION FOR CRITICAL PATH

Theorem 2 Judgement Theorem In PERT/CPM the necessary—and—sufficient
condition to judge a critical path is each total float of the activities on a path equalsto
zero.
Proof

The necessity is first to be proved
i j eCP=R i j =0

SQuppose i j eCP by Theorem1

icCP LT 0 =T
jeCP v T =Te
We have
R i j =T, j -To i -t i ®
By formula®
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Conclude from formulae 9) and @0 we have

The necessity has been proved.

The sufficiency R i j =0= i j eCP istobe proved hereunder.

From formula @ we have

R i j =T, ] - T i
=T, 0 -Te |
1. e
R i j =T | -T¢
T j =T |

the right of @=0
168

<T, ] -max Tg i
=T, j -Te j =0
i. e
R i j <O
Then combine formula @ with & we have
R i j = T ] -t i]
=mn T, j -t i
=T, i+ -T¢ i =0
1. e
R i j =0



from the supposition

the left of 12 =0
the rignt of @ =0

S whenR i ] =0 weaways have
T, ] =Te j =max Tz i +t i |j (5

Sncenodel source is sureto be on the critical path leti =1 the follow-up node j
may be chosen out accordingto R i j =0. Then choose the next folow-up node in the
same way above on the basis of nodej. Repeat for many limited times we may obtainj=
n snk node atlast consequently obtain a path P. Snce every activity i j on the path
P surely satisfies foomula @ P is the longest path in the diagram which means P is the crit-
ical path. There upon we have

The sufficiency has been proved. Therefore Theorem 2 is fully proved.

Theorem 2 may be revised as fdloas On the critical path each total float of the ac-
tivitiesis zero conversely a path is a critical path if each total float of its activities is
zero.

The activity with zero total float is called critical activity ® . Therefore Theorem 2 may
also be stated as  All activities on the critical path are critical activities and a path con-
nected by critical activities must be a critical path.

Theorem 2 is used as a criterion for the critical path in PERT/CPM  and the relevant al-
gorithm is called” Activity Float Algorithm”  which is a more effective way than exhaustive e-
numeration to find out the critical paths in a complicated network diagram. Figure 2 has set up
an example.
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Note To revise the proof of the necessity of Theorem 2.

Toproe i j e CP=R i j =0
Proof  From the difinition of the total float
R i j =T j -Tg i -1t i] 8 -~
In the proof of Theorem1 we suppose al other paths are crossed out  only the critical path in the network
diagram retained soasnodei € CP withnoshifftoT, i and T, i the fomula
T ] = nﬁx T i+t i j=2 3 n 2"
is simplified to
Te ] =Tg 0 +t i ] 3
o
Te 1 =T jJ -t i1 ]
i j eCP , jeCP T j =T j 4/
Frontheformulae 8 * 3 & 4 ' wehae
R i j =T j -Tg i -1t ]
=T, j - T i +toij
=T, | - max T i+t 0
=T, j -Te | =0
e R i j =0

The necessity has been proved.
september 2004
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R-SO THE COMPREHENSVE DEVELOPMENT
AND UTILIZATION OF WATER RESOURCES
OF RIVERS

Abstract R-SD is a dynamic system model used to study the comprehensive development and
utilization of water resources of rivers. This problem covers a wide range of aspects such as
hydraulic power generation water transportation flood control  water consumption of industry
and households irrigation in agriculture reservoir fishery around-reservoir tourism and rec-
reation facilities. R-SD also relates to the thermal power generation and land transportation. It
is a system with multivariable nonlinear and complex feedback structure. Usudly it is
called as economic system of river-valley.

This paper emphasizes on the structure of R-SD model. First it gives the interrelation-
ship figures between the subsystems then the main cause-and-effect chains and flowchart of
the system. Finally a part of the results of a case study is given. It turns out that during the
comprehensive development and utilization of water resources of rivers  the emphases should be
placed on the development of hydraulic power generation in association with water transportation
and other aspects. Meanwhile thermal power generation and land transportation should be
jointly developed to promote the economic prosperity in the river-valley. In R-SD  we have al-
s0 posed three degrees of satisfaction  which are guided to decide the development velocities
and investment proportions of power generation  transportation and water-supply.

1. PROBLEM

China is rich in water resources in its many rivers. Once developed the water resources

The 1987 International Conference of the System Dynamics Society June9-12 1987  Shanghai
China. Proceedings of The 1987 International Conference of the System Dynamics Society Edited by
Qifan Wang Robert Eberlein
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may benefit the people and serve the construction of the four modernizations. Water resources
are regenerable and inexhaustible as soon as they are developed. One remarkable example is
the Dujiangyan Irrigation Works which was constructed in 2580 B. C. Up to now it has been
benefiting for more than 2 200 years. On the contrary the water resources will sip by in vain
if they are nat exploited. A river may be beneficial they may do evil as well. Some rivers
flood and weter-logging calamities often cause tremendous losses of people s lives and proper-
ties due to lack of appropriate harnessing and development. In Chinese history the Yellow
River and the Huaihe River were well-known for inundation which caused disasters. Before the
Dujiangyan Irrigation Works the Minjiang River was also destructive.

Today we have comprehensive contents in our discussion of the development of water re-
sources. The following issues are included hydraulic electrogenerating water transportation
water-supply-and-consumption of industry and households irrigation in agriculture flood-con-
trol and waterlogged fields draining reservoir fishery around-reservoir tourism and recreation
facilities meanwhile thermal electrogenerating and land transportation should also be taken
into consideration.

At present most researchers at home and abroad adopt the optimization method of mathe-
matical program in the study of water resources development laying particular emphasis on
one aspect such as hydraulic electrogenerating or problem of hydropower station sequence
many of which achived practical effects Li Mi-an 1986 . This paper studies the compre-
hensive development and utilization of weter resources of rivers by means of the method of
System Dynamics Forrester  1968. Wang Qifan 1986 . Itsmodel iscadled R-SD  Riv-
er-D .

2. OBJECTIVES AND BOUNDARY OF THE SYSTEM

2.1 Objectives of the system

Our system is a river-valley economic system. R-SD deals with the fdlowing issues

1 The quantitative relationship between the total output value of industry and agriculture
within the river-valley TOIA and the total investment in the comprehensive devel opment
and utilization of water resources TIV .

2 The proportion of investment in power transportation weter-supply and flood-control

in terms of the total investment .

3 The proportional relationship between the investments in hydropower and thermal power.

4 The proportional relationship between the investments in water and land transportation.

5 The rates of development of hydraulic electrogenerating thermal electrogenerating water
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trangportation land transportation  agro-irrigation  water-supply  etc.
6 The amount of each investment and its sum within a historical period.

Water Supply

Consumption

+
/ T+ N
o

Industry Q IOUSG]](D Agriculture
L T

Demand

Capacity of

Transportation

Figure 1. The General Relationships Between Subsystems

2.2 Subsystems

R-SD is composed of four blocks subsystem  industry agriculture transportation and
water-supply-consumption. The general relationship between them is shown in Figure 1. The
total output value of industry TOIl and that agriculture TOA decide the demand for trans-
portation while the capacity of transportation affects TOl remarkably. TOl agro-irrigation and
the water-consumption of households decide the total consumption of water while water-supply
affects TOA remarkably. Other influences are relatively less so they do not appear in
Figure 1.

There are altogether ten level variables in the model of R-SD  their distribution is  four
in industry block two in agriculture two in transportation and other two are in water-supply-
consumption block.

2.2.1 Industry Subsystem
Industry subsystem focuses on electricity generations of which hydraulic electrogenera-
tion is a certain aspect to considered. Today world is faced with energy crisis. It is specialy
true to develop hydraulic electrogeneration in ariver-valley in which there is shortage in coal
oil and natural gas but is rich in water-power resource. Water resources can be developed step-
wise dfter generating electricity at upper reach the water can be used for generating electrici-
ty for the second or more times at lower reaches of the river. The water devoted to electricity
generation can still be used for irrigation or supplied to industry or househalds. Thermal power
plants however burn coa or ail to generate electricity the waste residue and gas left over in
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the process cause pallutions. Water resources are regeneratable  while coal and ail are not
once burnt in generation the natureé s accumulations for millions upon millions of years will
never return.

But it is unwise only concentrate on hydraulic electrogenerating ignoring Thermal. Both
have their own weak and strong points. For instance the construction period of thermal power
plants is generally shorter than that of hydroponer stations.  The construction period of a hy-
dropower station can aso be shortened provided constructs efficiently. For example  the Xin
anjiang Hydroponer Station in Zhejiang Province of China was completed basically within three
years in 1950s . Thermal generators may run continuously for ayear with usual annual gener-
ating hours of more than 5 000 hydraulic generators however have less due to the influ-
ence of natural precipitation large-and-medium-scale hydropower stations have annual genera-
ting hours of more than 4 000 but small stations only have less than 2 000 . But hydropower
generation can be realized instantaneoudy electricity can be transmitted out a few minutes af-
ter opening the duice however thermal electrogenerating process takes as long as severa
hours from strengthening combustion to increasing power output. Therefore hydroponer sta
tions should be appropriately matched by thermal power plants making up each other' s defi-
ciencies even though it isin a river-valley being rich in water-power resources.

There must be equal techno-economic conditions upon which the research of matching of
hydropower and thermal power is done. A hydropower station passesses two major functions
store water and generate electricity. Soring weter is to realize the exploitation and storage of
the primary energy weter energy  electro-generating is to transform the primary energy into
secondary energy  electro-energy . While athermal power plant only realize the transforma-
tion of the primary energy chemical emergy in coal or oil into secondary energy. The ex-
ploitation and storage and transmit of coal or dil are not invdved in a thermal power plant’ s
function. When comparing the two method of power generation of course rational conclusion
can only be obtained when both the development of the primary energy and the transformation of
the secondary energy are involved that is to say the exploitation and transportation cost of
caa or ol including the investments in expanding the capacities of coal or oil production and
transportation  which are essential to a therma power plant  should be added to the construc-
tion cost of a themal power plant. Under such comparison the per unit kilowatt investment in-
generator capacity is hardly and difference between the two.

In R-SD  we choose recoverable water energy reserves WER  hydropower generator ca
pacity HPG and therma power generator capacity TPG as level variables. Total power
amount TTPA  consisted of hydroponver HPA  thermal power and net power input from
outside the system  NIA  is supplied to industry in a certain proportion. The product of in-
dustrial consumption of power ICP and output value per kilowatt-hour is designated as
TOI1. The TOI1 will be the actual total output value of industry TOI if the system is sup-
plied with insufficient power. The output value per kilowatt-hour is given as an increasing table
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function for it will increase in pace with the improvement of product structure the progress of
productive techniques and the raising of managerial level. If thereisa dgut of powver supply it
will be exaggerative to regard TOI1 as TOl. Therefore R-SD takes it another way designate
the product of fixed assets of industry and its rate of output value as TOI2 and

A TOI 3. K=min TOI 1..K TOl 2. K
A TOl. K=TOI 3. Kx MTRS K

@
@

Inwhich MTRSKe 0 1 isa multiplier decided by the degree of transportation
satisfaction DTRS .

Fixed assets of industry FAl  is chosen as a level variable too.

The degree of power consumption satisfaction DPCS s defined as follows

A DPCS K=min 1 TO 1. K/TO 2. K ®

Inwhich DPCS Ke 0 1 which decides the multiplier of the rate of power devel-
opment. The less the value the greater the rate of power development by means of increasing
power devel opment.

2.2.2 Agriculture Subsystem

In agriculture subsystem the irrigated area  IRA  and non-irrigated area NIRA  are
chosen as leved variables. The grain yields per unit area of the two sports of cultivated land are
different. The sum of the two sorts of land’ s grain yields is the tatal grain yields TGY .
Then we obtain the value of TGY which accounts for a certain proportion in the total output
value of agriculture  TOA  thus obtaining TOAL. TOA is liable to the influence of water sup-
ply satisfaction DWSS <o

A TOA K=TOAL K x MWSS K @
Inwhich MWSSKe 0 1 isamultiplier decided by DWSS.

2.2.3 Transportation Subsystem

The* hydro-railway’ river channels are the cheapest way of transportation. The unit cost
of inland river transportation is one fifth of railway and one twenty-fifth that of hignway. There-
fore the development of water transportation is an important part of the comprehensive and uti-
lization development of rivers.

Water transportation must develop with land transportation coordinatively. In China rail-
road are programmed constructed and run by the central government department in R-SD
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we regard it as an external variable . The strong points of water transportation are large
freight volume. low cost land transportation however has its strong points of high speed
flexibility and door-to -door service. Obvioudy they are mutualy complementary.

In trangportation subsystem land transportation capacity LTRC and weter transporte-
tion capacity @ WTRCL formed under investment in water transportation are chosen as
level variables. Under rational program hydropower development may bring about a great ad-
vance to weter transportation. For example after stepwise development of the Ganjiang River
in Jiangxi Province the river opens to navigation to ships with tonnages each over 1 000 as
compared with before development navigable tonnage is merely 50 - 100 in ordinary months
and a little better tonnage of 100 - 300 in flood season at lower reaches from Ganzhou city in
the province Da Xichou 1986 . As for the Yangtze River ships with tonnages each over
10 000 may be expected to reach the Chactianmen Port Chongging Sichuan Province as
soon as the Sanxia Three Gorges Engineering is developed. Therefore WTRCL should be
multiplied by a multiplier decided by hydropower development MHP  obtaining an actual
water transportation capacity WTRC

A WTRC. K=WTRCL. K x MHP. K ®

The total capacity of transportation TTRC  consists of water  land and railroad transpor-
tation capacities excluding air and pipeline transportation for the time being. The degree of
transportation satisfaction DTRS  is defined as

A DTRS K=min 1 TTRC. K/TRD. K ©

DTRSK= 0 1 inwhich TRD. K is transportation demand. If DTRS K is less
one TOI will be affected remarkably then R-SD will speed up the development of transporta-
tion capacity. In case the tatal capacity of transportation exceeds transportation demand R-SD
will restrict the development of transportation.

2.2.4 Water-Supply-and-Consumption Subsystem
In water-supply-and-consumption subsystem we choose potential groundwater reserves
PGW and its exploitation EGW as level variables. Total water-supply TWS is com
posed of three parts water intakes from rivers lakes and ponds WRLP  from reservoirs
WS and from ground h water draning  WGD  which is to replenish the fore-mentioned two
parts. Total water-consumption TWC is aso composed of three parts  water for agro-irriga
tion WAC forindustry WC and for househods WHC . The degree of water-supply
satisfaction DWSS s defined as follows
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A DWSS K=min 1. TWS K/TWC. K @

DWSSKe 0 1  which will affect TOAif it is less than one. Then R-SD will increase
the investment in explaitation of weter-sources In case TWC  R-SD will regtrict the invest-
ment.

3. COUPLING BETWEEN SUBSYSTEMS AND THE SYSTEM
FLOWCHART

In R-SD subsystems are coupled closely  and hydropower development plays the rde of
the core. System Dynamics fits right for studying such a nonlinear system with multivariable and
a complicated structure of cause-and-effect chains  especially for the research of long term de-
velopment program in overall amounts  Wu Jianzhong 1986 .

3.1 The Constitution and Allocation of the Total Invessment

The constitution of total investment TIV ~ demanded by the development of water re-
sources of a river is shown in Figure 2. In which the flood-contrd cost FCC is the sum of
urban flood-contral caost and agro-flood-contral cost. The development of hydropower may in-
crease the ability of flood-contra  thus cutting doan on FCC. The investment in each part is
decided by the rate of its development.

Figure 2. The total Investment

All arrons drawn in Figure 2 can be simultaneoudy reversed then it shoas how TIV on
hand is allocated.
The sources of TIV includes self-raise founds by local government SRF depending
upon the development of industrial and agricultural production in the regions  central govern-
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ment investment CA  external investments  EXI from abroad or other provinces  oth-
er funds OTF  such as raised funds in society

3.2 Multi-benefits Brought about by Hydropower Development

The development of hydropower may bring about multiple economic and ecological bene-
fits asisshown in Figure 3.

After the stepwise development of a river and constructing large reservoirs at upper and
middle reaches the distribution of runoff inner-year or even inter-years may be adjusted effec-
tively thus enabling water-supply balanced and ensuring water-supply in dry season.

The flood-contral and water logging-draining capacity may increase at middle and lower
reaches as large reservoirs retain huge amounts of floods.

Improve
Climate
‘\ _ it /
S HP N
Development
. / \
GTRCD Water
— Folld Supply
Contro |

Figure 3. The Multiple Economic and Ecological Benefits by Development of Hydropower

Cmn Cm >

Faloning hydropower development reservoir fishery may be develop for improving peo-
ple slife. Large reservoirs may improve partial and local microclimates thus being advanta-
geous for planting and the growth of forests and fruits. Moreover it booms around-reservoir
tourism and recreation. For instance the Xin' anjiang Reservoir has become well-known as
Qiandachu a lake with a thousand idands scenic spot  which received four hundred thou-
sand person-time of tourists in 1983  and tourists keep coming to make tourism income of the
reservoir to be second only to electricity sales income Su Yunhua 1986 . In addition a
good economic circle may be expected sufficient hydropower supply-more and more bene-
fits... provided we carry out the pdlicies of“ benefit the investors’ and” hydropower stations
support themselves’ . For instance we may invest the incomes from reservoir fishery IRF
and around-reservair tourism and recreation ITR  into hydropower development. We may al-
so draw partial investment of the water-transportation and water-supply and put them into hydro-
power development. R-SD studies in details the relationships between electrogenerating and
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transportation and that between electrogenerating and water-supply.

3.2.1 The Relationship Between Electrogenerating and Transportation

If we concentrate only on developing hydropower while neglecting water transportation
then dam will hinder or cut out navigation. So we should build ship locks and open log-ways
when developing hydropower to promote water transpotation. Since channels are deepened in
stepwise development  the annual rate of navigation may be increased.

As is mentioned above thermal power plants should also be constructed. Because of the
heavy demand for fuel transportation thermal power development will increase the pressure on
present transportation networks and reduce the degree of transportation satisfaction. Then we
have to increase the investment in transportation to expand its capacity if it saturates.

. HPG TPG
WTRC HPIL TPl TPFC
+{ :\\/l
TTRC
1 .
TRI

’ DTRS—’/

Figure 4. The Relationship Between Electrogenerating and Transportation

TRD

Figure 4 shows us the relationships between hydraulic electrogenerating thermal electrogen-
erating and transportation.  The loop involved hydraulic electrogenerating is shown as a positive
cause-and-effect chain in the left while the loop involved thermal electrogenerating is shown
as a negative chain in the right.

3.2.2 The Relationship Between Power Generating and Water -Supply-Consumption

The relationship between power generating and water-supply-consumption is shown in Fig-
ure 5. On the one hand developing hydropwer may increase the degree of water-supply satis-
faction soit is pasitive cause-and-effect chain  on the other hand because developing hy-
dropower and thermal power bath will provide more electricity fir industry to increase TOl  thus
increasing industrial consumption of water so there emerges two negative cause-and-effect
chains.

3.3 System Flowchart
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System floachart is shown in Figure 6. The coefficients in the figure are mostly variables

and are given as table functions in the process of smulation. They are simplified and are shown
as small circles in the figure.

TOl ICp

+ (=) I

. TPA

+
WCI / U
+ +

TWS

WS - 4PV

Figure5. The Relationship Between Power Generating and Water -supply-Consumption

The flowchart can be redrawn ancther form having a few differences with the former by re-
versing several arrows. The former determines easily the development velocities of electricity
transportation and water-supply by their investments but the later determines easily the devel-
opment investments by that development velocities respectively.

4. SYSTEM SIMULATION

In accordance with Figure 6 we compiled the programs in DYNAMO language utilizing
Micro-DYNAMO software  then may conduct system simulation in a IBM PC/XT. We cal
Figure 6 with its program R-SD 1  and the ancther version of Figure 6 with its program R-
D 2. BoahR-SD 1 and 2 are combined into the Model R-SD.
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4.1 R-SD 1 andR-SD 2

INR-SD 1  suppose the velocities of development are given then we can work out a
lot of alternatives for the development and conduct system simulations to evaluate a series of
investment proportions the proportions of investment in posver  PIP transportation
PITR  irrigation and conservancy PIIC and in hydropower PIHP  transportation
PITR transportation PIWTR  land transportation PILTR  water-supply development
PIWS etc. The supposed velocities of development are only bases which will be revised in

the processes of simulation in accordance with the degrees of satisfaction of electro-consumption
DECS transportation DTRS and weter-supply DWSS .

InR-SD 2  suppose the proportions of investment are given we can work out a lot of
aternatives for investment and conduct system simulations to evaluate a series of velocities of
development the growth rates of hydropower RHP  therma power FTP  water trans
portation RWTR land transportation RLTR water-supply  RWS irrigated area

RIA  etc. The supposed proportions of investment are only basestoo  which will be revised
in the processes of simulation in accordance with DECS DTRS DWSS.

The results from simulation inR-SD 1 and 2 may refer to and be adjusted by each
other thus obtaining some satisfactory plans to solve the problems raised in Section 2. 1.

4.2 Case Study

20.00B 42.50B 65.00B 87.50B 110.00B #HT
[980.0 —#h-— - - === - - m e —— oo [T
DX : : : < #HT
H#* : : : DoxT
I : : : C¥T
Hak . . . DRT
* : : D RHT
: T : : - %H
; *H : - CxT
[990.0 m=-==-=---tafF-—---Z-—-m-———laeoeo———o2 T
: . % H : : CFT
*H : o wT

Figure 7. The TOIA of Three Alternatives

A case study has been made on a river within the boundaries of a province utilizng R-
SD. The result shons that  Priority should be given to the development of hydroponer  bring-
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ing along water transportation irrigation water-supply and flood-control. The results of the
simulation about TOIA under three basic supposed rates of development for hydraulic and ther-
mal power are shown in Figure 7. There are three aternatives to develop thermal power with
an equal rate to hydropower its TOIAis noted by to develop hydropower prior to thermal
porver itsTOIA i.e. TOAH isnoted by H  and to develop thermal power prior to hydro-
poner its TOIA i.e TOIAT isnoted by T . Obvioudy we may conclude that we have to
give priority to the development of the hydraulic power generation. Figure 8 shows three curves
of degree of satisfaction of Alternative H. To develop thermal power properly and in cooperation
with hydropower to solve the problem of insufficient power-supply in the river-valley. To devel-
op land transportation properly and in cooperation with water transportation to solve the problem
of heavy transportation in the river-valley.
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Figure 8. The Degrees of Satisfaction of Alternative H
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APPENDIX NAMES OF VARIABLES AND COEFFICIENTS

HP Hydraulic Power

TP Thermal Power

WT Water Transportation

LTR Land Transportation

AGHH Annua Generating Hours of HP
AGHT Annual Generators of HT

AIR Added Incomes of Reservoir

ANTI Tansformed Area from NIRA to IRA
BSWS Base of Surface-Water-Supply
BUWS Base of Underground-Water-Supply
CFCJIP Coefficient of FCIP

CETTP Coefficient of FTTP

cal Central Government I nvestment
CHPP Cost of HP per Unit

CLTRC Cost per Unit LTRC

CNIP Cost of Net Input Power

CNIPP Cost of Net Input Power per Unit
CNTIP Cost per Unit ANTI

CRAIP Cos per Unit RAI

CRAWP Opened up Cost per Unit NIRA
CSRF Coefficient of SRF

CTIIRP Cost of TIIR per Unit

CTPP Cost of TP per Unit

CTRD Coefficient of TRD

DTRS Degree of Transportation Satisfaction

202



CwWsP Cost Water-Supply per Unit

CWTRP Cost per Unit WTC

DPCS Degree of Power Consumption Satisfaction
DWSS Degree of Water-Supply Satisfaction
EAWS Exploited Amount of Water-Supply
EGW Exploited Groundwater Reserves
EXI External Investment

FAI Fixed Assets of Industry

FCC Flood-Control Cost

FCE Flood-Control  Effectiveness

TCP Fuel Consumption per Unit Power
FTRC Fuel Transportation Cost

FTTP Fuel Transportation of TP

GvYI Grain Yield of Irrigation

GYIP Grain Yield per Unit IRA

GYNI Grain Yield of Non-Irrigation
GYNIP Grain Yield per Unit NIRA

GYPP Grain Yield Price per Unit

HIV HP Investment

HPA HP Amount

HPG HP Generators

IAFAI Increased Amount of FAI

IFCC Initial FCC

ILTR Increased Amount of LTR

|OPK Industrisal Qutput Value per Kilowatt-hour
IRA Irrigation Area

IRF Income from Reservoir Fishery
IRFAI Increased Rate of FAI

IRIV Irrigation Investment

ITAR Income from Around-Reservoir tourism and Recreation
IWTR Increased Amount of WTR

ICP Industrial Consumption of Power
LTRC LTR Capacity

LTRI LTR Invesment

NIA Net Power from Outside

NIRA Non-Irrigation Area

OAC Occupied Area of Cultivation

OAl Occupied Area of Irrigation
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AR Opened Up Investment of Irrigation

ORC Occupied Rate of Cultivation
ORFAI Output Value Rate of FAI
ORI Occupied Rate of Irrigation
OTR Other Funds

PGY Proportion of Grain Yield
PGW Potential Groundwater Rsesrves
PHP Proportion of HP

PICP Proportion of ICP

PV Power Investment

POIR Proportion of OlIR

POP Population

PRIV Population of PIV

PRF Price of Unit Fish Output
PTIIR Proportion of TIIR

PTHI Proportion of TPI

PTR Proportion of TRI

PURP Proportion of URP

PWS Proportion of WS

RAFAI Retired Amount of FAI
RAHP Retired Amount of HP

RAI Reclaimed Area of Irrigation
RATP Retired Amount of TP

RAW Reclaimed Area of Wasteland
RCHP Retird Coefficient of HP
RCTP Retire Coefficient of TP

RFO Reservoir Fish Output

RFOP Fish Output per Unit RSA
RRFAI Retired Rate of FAI

RRW Reclaimed Rate of Wasteland
RSV Reservoir Vdume

RSA Reservoir Area

RTRC Railway Transportation Capactiy
RUP Rural POP

RWR Retained Water of Reservoir
SAHP Sarted Amount of HP

SATP Sarted Amount of TP

RF Salf-Raised Funds by Local Governments
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WCH
wWcl
WCIR
WCPR
WCPU
WCIV
WER
WS
WTRC

Total QOutput Value of Industry

TP Amount

Fuel Consumption of TP

TP Generators

TP Investment

TR Investment

Transportation Demand

Total Grain Yield

Total Output Vaue of Agriculture
TOIA per Person

Transformed Investment of Non-Irrigation to Irrigation
Transformed Proportion of Non-Irrigation to Irrigation
Total Power Amount

Total Capacity of Transportation
Total Water-Consumption

Total Water-Supply

Urban POP

Value of TGY

Water-Consumption of Agri-Irrigation
Water-Consumption per Unit IRA
Water-Consumption of Households
Water-Consumption of Industry
Water-Consumption per Unit TOI
Water-Consumption per RUP
Water-Consumption per URP
Water-Conservancy |nvestment
Water Energy Reserves
Water-Supply Investment

WTR Capacity

WTP |nvestment
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ON RESEARCH OF THE PROGRAMMING
FOR ENTERPRISE DEVELOPMENT

Abstract This paper demonstrates the general process of research the methods of re-
search and the system of mathematic model of the programming for enterprise development from
the point view of the methodology of systems engineering. This research must insist on inde-
pendence and science. The general process of research must include multi—feedback loops and
many dialogues between the first part and the second part. We should persist in combining
gualitative and quantitative analyses in the research. The two kinds of analyses are requested to
complement each other and to be done aternatively. This paper introduces the model system
constituted by the analytic hierarchy process prdfit and loss balance analysis linear program-
ming and goal programming production function and some forecast models and also introduces
the manipulation skills of the model system and its severa models.

1989 3 3~4

On Research of the Programming for Enterprise Devel ogpment The Southeas Asa Acadamy of Inter-
national Busness June 26 - 28 1989 Nanjing.

GX
206



GX

o7 | B i |

A
ﬁ G A l i B
LI L gt N et

207



208



=]

Cobb—Douglas

209



1.
GX
4
(A)
(F)
F, F,| |F,| |E| |F F, F,| | F
P (Fx-Fy F))
p,| |p, |P| P P, P, P, | | P
4
3 GX
13 ” 13 Gx ” 13 ”
P,~P, GX 8
8
GX G GCR GR GX
GR GX
GX F,

210



GR 3
5
GX
GX
Cy Cy
1988 —2000 G
GX
GX GX

GX

GX

GX

3.5

GX

GX

GX

GX

~7.5
5%

GX

13

5%
211



GX

GX
GX
y G
6 G Q
3.5 G 100 255
o
a = X /
=100 x 255/35 000 =0. 728 6
y =6Q- 1-8 «
B G Q
y 1988 - 1995 - 2000 y 3.2
~5.4 ~7.9 G 13
GX
GX 1988 - 1995
1.5 ~2
GX
GX
GX

212



GX
3
5
SN NPT T s—
A
i b
b i
i 2N
i o
A
| ST |«
5
3 System Dynamics SD
Delphi
AHP Delphi
PERT/CPM
1 .
1988 1
2 _
. 1986
3
1985 4

213



ON THE LOCAL PEOPLE RUNNING RESE-
ARCH & DEVELOPMENT ORGANIZATION

Abstract The local people running Research and Development R&D organization is a
new kind of economic entity emerging in the reform of China in 1980 s. The loca people run-
ning R&D organiztions are awned and operated by local people but government. The groanth of
this kind of organization essentially in Jiangsu Province and its economic benefit socia
effects are pressented. The concept of it and the characteristics of its oanership are discussed.
Finally the tendency toward its development is showed.

Keywords local pegple running Research and Development R&D  organization

sence & technology soft sience
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1983 5

3 1983 5 1985 1985
1986 1987
1987 172 4 340 1988 6
300 7 000 11
56% 63%
10
5% 17% 13% 9.3%
64. 3% 1988 449 254
56. 6% 53 11. 8%
1986 2133 6 046
3170 3.5
1 600 1987
3641 8 389 70.7% 38.8%
1987 22 1 8
1
2 86
4188 3 855
2 920
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A REPUTATION EVALUATION MODEL FOR
NON-GOVERNMENT-RUN SCIENTIFIC
SERVICE ORGANIZATIONS

Abstract  This paper presents a reputation evaluating model for non-government-run sci-
entific research and technical service organizations of China. The model is compased of quanti-
tative and qualitative factors fuzzy comment set and weight vector. The fuzzy judgement tech-
nigue is applied in the model. The application of the model is also demonstrated in the paper.

Keywords multiple criteria evaluation  fuzzy sets

1. Introduction

The non-government-run scientific research and technical service NGST organization is
a new kind of economic entity introduced in Chinain the 1980 s. There are thousands of such
organizations which are owned and operated by individuals other than by the government. Ac-
cording to their ownership the organizations can be divided into three types individua owner-
ship partnership and collective ownership.

For the time being the management pdlicies for the NGST organizations are incomplete.
But the economic reform makes it necessary to establish a set of administrative and financial
pdicies and laws towards these organizations. In order to do this the government must get
some information about these organizations such as their characteristics development level and
financial status. Among them reputation is an important factor.

“ Reputation” is a fuzzy concept which means the reliability of an organization when it isin
touch with other organizations individuals and the government. Reputation of an organization is
influenced by many factors some of which may nat be measured directly in quantity. In order
to evaluate the reputation of the NGST organization in quantity scientifically we will apply the
fuzzy judgement technique to set up a reputation evaluating model.

Journal of Systems Science & Systems Engineering 1992 2 Sun Dongchuan
QOuyang Yingming

218



2. A Mathematical Model of Fuzzy Judgement

Suppose that there K essential factors influencing the reputation of the NGST organi zations.
Each essentia factor has a degree of membership u  which describes the degree to which the
reputation of an organization is influenced by the essential factor. Then we can get a vector

T T TP T

According to the importance of the essential factors we set a weight vector A
A= a a ... &

Wherea, a, ... a,areweights of essentia factors

k
kglak =1 ae 0 1
Thus the degree of reputation

D

A u
= e & .. & o I

k
= kglak' M @
In order to determine the degree of membership u precisely we break down each essential
factor into several elements. Suppose an essentia factor includes n elements and each element
has a comment set with the comments such as
Excdlent Good OK Poor Very poor
The comment set of element i is denoted as
Vi Vo oo Vi

For the elements we get a fuzzy relation matrix
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Whereb, b, ... b, areweights of the elements of the essential factor k

|:|Vll V12
R=E\/2l V22
H
Ij\/n:L Vn2
We aso set a weight vector B
B= b b
Sb=1 he
Then
V=B R
DV11 Vi
Ov,, V.
= b b ... b 0% %
H
D\/nl Vn2
= Vl V2 Vm
Where
Vi=3hV j=1
i=1
Let
i :j; A

&)

Smilarly the degree of membership u of each essential factor can be determined. Finally

the degree of reputation can be calculated with formula @D
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3. Formulation of the Reputation Evaluating M odel

The reputation evaluating model is composed of factors a comment set and a weight vector

see Table1 .
Table1 The reputation evaluating model for NGST organizations
Top level factors | Weight | Second level factors | Weight Bottom level factors Weight
Percentage of tax payment 0.6
Reliability e pay.
Payment for tax 0.6 Frequency of tax evasion 0.2
Towards . i
Ratio of fine to tax 0.2
Government Due principal 0.8
0.3 Repayment for loan 0.1 )
Departments Due interest 0.2
. Business activities 0.5
Abidance by lans 0.3 ) ) i
Financial audit 0.5
I~ Contractural _
Reliability o 0.5 Percentage of fulfillment 1.0
obligation
Towards Frequency of dispute 0.8
o 0.3 Business dispute 0.3 eq- .cy *
Organizations Mediation 0.2
And 0.2 Customer' s benefit 0.4
Individuals ' After service 0.6
. Capability 0.5
alit Management 0.3
Quallty Cohesion 0.5
Achievements 0.5
Transfer rate of 0.3 Research power 0.4 0' :
achievements ’
Per capital income 0.5
Income 0.3
Income from technology 0.5
Effect on . Coverage of business 0.4
. 0.1 Celebrity 0.7 ) .
The society Public relation 0.6
) Ratio of contribution to in-
Public welfare 0.3 1.0
come
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Evaluation
Comment Y score
score
100% 100% ~ 95% 95% ~90% 90% ~ 80% <80%
0 1 =2
0 0~2% 2% ~5% 5% ~10% =10%
100% 100% ~ 95% 95% ~90% 90% ~ 80% <80%
100% 100% ~ 95% 95% ~90% 90% ~ 80% <80%
Reliable Legd Illegal
Reliable Pass Fail
100% 100% ~ 98% 98% ~ 95% 95% ~ 90% <90%
0 1 =2
Succeed Partially succeed Judge
Very high High Average Low Very low
Excellent Good Ok Poor Very poor
Very high High Average Low Very low
Very high High Average Low Very low
=4 3 2 1 0
100% ~ 80% 80% ~60% 60% ~ 40% 40% ~0 0
Very high High Average Low Very low
Very high High Average Low Very low
Very wide Wide Average Narrow Very narrow
Excellent Good Ok Poor Very poor
=5% 5% ~1% 1% ~0.5% 0.5% ~0 0 188
3.1 Factors

The reputation of a NGST organization is related with so many factors that we can nat find
out all of them but the primary factors can be summarized into several groups and the unimpor-
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tant factors can be neglected. To analyze the problem systematically four essential factors are
considered. They are called top level factors in this paper.

- Reliability towards government departments

- Reliability tonards other organizations and individuas
- Quality of itself
- Effect on the society

Each top level factor can be decomposed into several elements called second level factors.
For example “ Reliability towards government departments’ involves

- Payment for tax
- Repayment for loan
- Abidance by laws and regulations

The second level factors cannot be measured directly. But they can be broken down into

bottom level factors. For example “ Payment for tax’ can use three bottom level factors to de-
scribe the reputation.

- Percentage of tax payment
- Fregquency of tax evasion
- Ratio of fine to tax

The hierarchical relationship between factors of different levels is illustrated in Fig 1.

Reputation

‘ ‘ | ‘ ‘ ‘ | Top level factors

’ ‘ ’ ‘ ‘ ‘ ------ ‘ Second level factors

[] D L OO [ e e A e 1 [ Bottom level factors

Figure 1. Hierarchical structure of factors

Because of the complexity of the problem it is necessary to select as few factors as possi-

ble provided that al of the important factors are considered. Severa principles as folows are
considered in selecting factors
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- The factors cannat overlap.

- Select quantitative factors as far as possible which are easier to determine.

- Select relatively quantitative factors as far as possible and reduce the number of abso-
lutely quantitative factors.

Some absolute values cannat be used to describe the reputation of an organization because
the scales of NGST organizations are different from each other . For example tax payment is
an absolute quantitative factor. High tax payment does not mean that the organization has a high
reputation. But it means that the organization has a great scale. The percentage of tax payment
over the due from tax is a relatively quantitative factor which can be used to measure the reputa-
tion.

3.2 Comment set

Every NGST organization has a value evaluated for every factor. The scope of the value is
called comment set which is a fuzzy set. The fuzzy comment set reflects a membership function.
We use the discrete membership function corresponding to operate the reputation evaluating
model conveniently.

Generally we separate the comment set into five grades. Each grade is related with a de-
gree of membership. Thus the membership function with five grades is created. The model in
this paper accepts a membership function with domain

1.0 0.8 0.6 0.3 O

Now the comment set can be determined with five grades corresponding to the member-
ship function.

- Continuoudly quantitative factors
The comment set is separated into five divisions. Each division reflects a degree of mem-
bership. For example the percentage of tax payment is a continuoudly quantitative factor. Its
comment set is described as
100%  100% ~95% 95% ~ 90% 90% ~ 80% 80% ~0%

- Discretely quantitative factors

The comment set has five grades with discrete numbers. For example the number of a
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chievements has a comment set

=4 3 2 10

- Qualitative factors

The comment set of qualitative factor can not be presented in quantity. We use the verbal
definition to describe the comment set. For example a verbal comment set for a customer’ s

benefit received a dea can be defined as

Vay high High awrage Low Vey low

The comment set of qualitative factor must be clearly defined so that all the people who use

the evaluating model have the same understanding about it.

3.3 Weight vector

The factors influence the reputation of the NGST organizations to different degrees. Weight
is a concept that describes the degree of influence by every factor.
A pair-comparison method is used to determine the weight vector. Compare the relative
importance of factors with each ather. The construct a matrix as in Table 2.

Table 2 Pair-comparison matrix of top level factors
Factor j 4 Important

a; 1 2 3 4 g; Ij | coefficient
Factor i

1 1 1 1 3 16 0.3

2 1 1 1 3 16 0.3

3 1 1 1 316 0.3

4 1/3 1/3 1/3 1 2 0.1

> Ya 20
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If factor 1 and factor 2 have the same importance then a, =a, =1. If factor 1 is three
times as important as factor 4 then a, =3 and a,, =1/3. If factor i is k times as important as
factor j then a; =k and a; =1/k.

The important coefficients are calculated in Table 1 that is

4 4 4 )
e/ ¥¥a;, i =12 3 4
Therefore we get the weight vector of top level factors

A= 0303 0301

With the pair-comparison method the weight vectors of the second level factors and that of
the bottom level factors are determined. Because of the hierarchical structure the second level
factors are only compared with the second level factors under the same top level factor. And the
bottom level factors are only compared with the bottom level factors under the same second level
factor. This method decreases the frequency of comparison greatly and improves the precision.

In order to make the model practical we used the Delphi method in setting up the reputa-
tion evaluating model. Twenty-five experts were consulted and asked to offer their ogpinions and
suggestions in three iterations in our project study.

4. Application of the Reputation Evaluating M odel

The Science and Techndlogy Commission of Jiangsu Province of China evaluated the repu-
tation of many NGST organizations in 1989 with the help of the evaluating model. The evalua-
ting procedure was carried out in two steps  self-evaluating and evaluating by the Science and
Technology Commission.

4.1 Sdf-evaluating

Every NGST organization evaluated its reputation by itself according to the reputation eval-
uating model.

In order to fit with the hundred-mark system which is popular in China the degree of rep-
utation was transformed to the score of reputation. For example the degree of reputation of an
NGST organization is
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D= Ya- wm

k=1

0.76

Then the score of reputation
S =D x100 = 76
As aresult the average score of reputation evaluated by itself in our prgect study is
S, = 80.6
4.2 Evaluating by the Science and Technology Commission

Seventeen NGST organi zations were selected for evaluation by the Science and Technalogy
commission.

The evaluating group organized by the Science and Technology commission consisted of
several experts on NGST organizations. In order to keep the evaluating group independent the
self-evaluating results of the organizations had not been presented before the evaluating group
has its own results. Some of the results of the expert group were different from those of self-e-
valuating. The reasons are as follow

Some  about 10% NGST organizations overestimated their reputations.

Some criteria of evaluating were interpreted differently by the expert group and the organi-
zations.

In order to remove the differences of the evaluating results we combined the evaluating
score of the expert group with the self-evaluating score to get a final score.

Denoate the self-evaluating score by S, and the evaluating score of the expert group by S,

Let

X = ISe-Ssl
§=5

If X<§ then we have the final score
S =S

In this case there is little difference between the evaluating score of the expert group and
the self-evaluating score. Thus S can be considered as reliable.
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If X>5and S,>S, the self-evaluating score was overestimated. Then we have

S=§x 1- X/100

S

If X>6 and S, <S, the evaluating score of the expert group should be cut down to

S=8x 1- X/200

e

Examplel. S,= 85 S, ,=82.
Then

X =8-S =3<6
S=s57=8

Example2. S,;= 90 S, =82.
Then

X
|

= |S-S| =8<s andS.>S
82 x 1-8/100 =~75.4

0]
1

Example3. S,= 74 S, =82.
Then

X=|S-S| =8<6 adS,>S,
S=8 x 1-8/200 =~78.7

Finally the average fina score of the seventeen NGST organizations is
S=80.6
According to the Science and Technology Commission of Jiangsu Province the evaluating
result correctly described the status of NGST organization. The reputation evaluating model is

useful for government departments to make decisions about management palicies towards NGST
organizations.
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5. Conclusion

In order to evaluate the reputation of NGST organization in quantity scientifically a repu-
tation evaluating model is needed. The fuzzy judgement technique is a useful method for the es-
tablishment of models. It can operate with quantitative factors and qualitative factors in one
model. A lat has yet to be done on effective application of fuzzy judgement technique to practi-
cal problems.
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CHINA" S OUTWARD-ORIENTED ECONOMY
AND
ASIAN REGIONAL ECONOMIC INTEGRATION

|. Introduction

The dtrategy of economic development in the coastal areas of China has already been wide-
ly accepted and enthusiastically implemented. The emphasis of the strategy is on the devel op-
ment of an outward-oriented economy. The development of an outward-oriented economy  how-
ever should not be limited to the coastal areas. In fact some of the inland areas have already
expressed a desire to develop an outward-oriented economy and some of them have made great
strides in developing them. This study will consider the strategy for developing China s out-
ward-oriented economy in the coastal areas and will extend the discussion of the devel opmental
strategy of the outward-oriented economy to the entire country.

II. The Implications of an Outward-oriented Economy
Looking Beyond The World Bank’ s Report’ s Definition

What is an outward-oriented economy A number of discussions have emerged in acade-
mia and various opinions and suggestions have been put forth since the central authority pro-
posed the strategy for economic development in the coastal areas.

An outward-oriented economy can be defined as an economic pattern and system in which
a country or a region opens up to ather countries and regions so as to promote large-scale bilat-

American Asian Review An International Journal on Modern and Contemporary Asia Val. 11
No. 4 Winter 1993. Dongchuan Sun East China Ingtitute of Technology/Zhiming Xue
University of Massachusetts. Economic Integrations in Asa November
14 1992, . John' s University. The Asia Conference Proceedings 71 - 74.
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eral exchanges across borders for economic prosperity. This exchange of commodities and all
kinds of productive elements such as finance technology labor and raw materials etc. is
based on the law of commodity economy. This system is characterized primarily by the partici-
pation in labor divison and competition in the world market. Several aspects regarding the defi-
nition are explained as folows.

First of all opening doors to the outside is the prerequisite for the devel opment of outward-
oriented economies. Closing doors to the outside cannot create outward-oriented economies.
From the standpoint of system theory the countries and regions having outward-oriented econo-
mies are open systems rather than closed systems. The open system maintains frequent heavy
trade of materials energy and information with nearby systems. Such a system is undoubtedly
vigorous. Outward-oriented economies emphasize a two-way flow and exchange of commodities
and various productive elements between one country or one region and the international envi-
ronment. The purpose of this two-way flow and exchange is to promote economic prosperity of
the country or region. It is especialy significant for the less industrialized countries to acceler-
ate their industrialization and achieve a prosperous economic level.

Secondly this exchange is multi-dimensional and bilateral. As far as its multi-dimensiona
aspect is concerned the floning elements include nat only commodities but also capital tech-
nology and labor. Bilatera flow means that these elements flow both in and out. The volume of
the flow may be very large within a certain extent and range. It is very apparent and quite typi-
cal that commodity trade flows in two ways. The development of China s import and export
trade with foreign countries has been increasingly rapid since the open door palicy was imple-
mented. The total volume of import and export trade was US $39 billion in 1980 and in-
creased to US $135. 7 billion in 1991 or 3. 5 times of that of 1980. The fundamental principle
of our foreign trade is to keep imports and exports roughly in balance with alittle surplus. It is
a temporary phenomenon that the effect of the two-way flow on other elements is till ineffec-
tive but this is typical of outward-oriented economies in their earlier stages. To replenish the
construction funds we must vigoroudly attract foreign capital including foreign loans through
government channels direct foreign investments and other investments. During the decade from
1979 t0 1989 we reached agreements with foreign investors on 22 286 projects amounting to
US $89 992 hillion tatally and US $57 785 hillion has been put into use. Among these con-
tracts direct foreign investment projects amounted to 21 776 with a total of US $3 376. 5 bil-
lion and US $15. 494 billion has been put into use. The total amount of newly signed projects
in 1990 and 1991 was US $30. 1 billion with US $21. 4 billion being actually utilized. US
$7. 4 billion of the total wes attributed to direct foreign investments. * Direct foreign invest-
ments are primarily intended for establishing three types of joint capital ventures i.e. China
and foreign joint ventures Foreign and China cooperative ventures and sole foreign investor
ventures. Foreign ventures have played an active role in the economy of China. By the end of
1991 the total number of the registered three types of capital enterprises had reached 37 215.
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During 1991 there were 28 joint ventures being established each single day. In 1991 the tota
export volume was US $71. 9 billion jumping 15. 8 percent above 1990. US $12. 05 hillion
was from the three-capital joint ventures surpassing the previous year by 54. 2 percent and ac-
counting for 16. 8 percent of the total national export volume. One would predict that the pro-
portion will continue to increase. During the current developmental stage and in the near fu-
ture the inflow of funds has dominated and will continue to do so. But in the meantime the
outflow of funds should nat be ignored. We must make efforts to invest aboard open factories
and mines establish other non-trade institutions and establish transnational companies. Over-
seas investment should not be given up or even put aside temporarily. We must grasp all oppor-
tunities to invest in both developing countries and developed countries. Under the current cir-
cumstances we must pay special attention to investing in European Economic Community
EEC member countries and make all attempts to break into the market in these countries
before the European unified market is formed and completed. Technology exchange has become
a cornerstone of economic growth. We need to absorb advanced technology from abroad to pro-
pel technological transformation in our industrial and other productive enterprises to accelerate
the development of high technology and to form new types of enterprises. Meanwhile we have
a great number of successfully developed techndogies traditional techniques and a few ad-
vanced technologies to introduce abroad. The advantage of exporting technology is that not only
can we directly earn foreign exchange but we also can engage in the export of labor  including
technical labor and other elements machinery and equipment . A groning tendency for Chi-
na is to export labor to other countries. However we will need to invite experts in engineering
technology and in business and management and appoint them to the positions of factory direc-
tors and business managers.
Thirdly trade flow should be of large scale. Lower trade flow will not be adequate to de-
velop an economic pattern. The scale can be measured by a comprehensive quantitative index.
Fourthly trade is conducted according to the law of commodity economy. A nation or are-
gion should make every effort to obtain comparative advantage by participating in international
labor division and international market competition. For this purpase the structure of out flow
elements especially commodity structure which is exported for foreign exchange should ex-
pand toward a high level by increasing its proportion of high technology and its added value.
Although we have shifted emphasis on our export commodities to industrially finished products
rather than to primary products we till need to complete the transformation from roughly man-
ufactured finished items to finely and in-depth manufactured end products. In October 1985
the State Council approved a report on enlarging exportation of machinery and electronic prod-
ucts prepared by State Planning Commission Sate Economic Commission  Ministry of Fi-
nance Ministry of Economy and Trade and other ministries affirming the guiding rules and
objectives for the development of the machinery and electronic products export. A set of meas-
ures was proposed to support exportation and to mobilize the enthusiasm of all industrial sec-
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tors localities export production enterprises and foreign trade enterprises. After years of hard
work  we are now moving in the direction of the constant stable and healthy development of
machinery and electronic products. > In 1990 the exportation of machinery and €lectronic
products reached US $11. 088 billion and became the second largest category of export  second
only to textile products. 1n 1991 the export volume of machinery and electronic products was
US $14. 1 billion 19. 6 percent of the total national export volume. During the period of the
seventh five-year plan the annual exportation increase rate in mechanical and electronic prod-
ucts was 45. 9 percent. This increase exceeded the national average of exports by 17. 8 percent.
Export of technically intensive products such as machinery and equipment transportation ma-
chinery instruments and apparatus and so forth increased much faster than the export of en-
ergy and raw materials and labor intensive products which actually decreased. Export products
whose volume exceeded US $100 million increased from 4 types in 1985 to 24 types in 1990
of which radio and cassette recorders had an export volume of US $1. 516 hillion watches and
clocks US $946 million TV sets US $556 million. * The structure of export commodity is de-
termined by the structure of industries therefore we must carry out the state palicies for indus-
tries and improve gradually the structure of state and local industries. In order to keep our out-
ward-oriented economy developing properly and to reduce the risks due to the instability of the
international environment the inflow and outflow of commodities and all productive elements
should be adopted through multiple channels in response to the countries and regions all over
the world.

Fifthly an outward-oriented economy also includes international tourism. Chinais a coun-
try with a long history large territory and rich resources and picturesque mountains valleys
and rivers and has extremely abundant tourism resources as well. The increasing prasperity of
domestic tourism is greatly affected by international tourism. International tourism is a two-way
business. The China Travel Agency has organized groups of Chinese citizens to visit the South-
east Asian countries such as Sngapore Thailand and Malaysia. However at this devel opmen-
tal stage we need to make greater efforts to attract foreigners overseas Chinese and compatri-
ats from Hong Kong  Macao and Taiwan to travel to mainland China. In 1990 there were 27. 46
million tourists in China a 12. 1 percent increase over the previous year. Income in foreign
currencies from tourism was US $2. 21 hillion a19. 2 percent increase over the previous year.
In 1991 there were 33. 36 million international tourists in China a21. 5 percent increase over
the previous year. The income of foreign currencies from tourism was US $2. 84 billion a
28. 3 percent increase over the preceding year. Internationa tourism can nat only gain immedi-
ate foreign exchange for the state and promote the development of the service industry tertiary
industry  but also promote international trade attract foreign investments and stimulate inter-
national exchange in technology and culture. This can be summarized by a Chinese proverb
“ Tourism builds up a stage on which economic trade plays.”

Finally the establishment of an economic pattern abeit an economic pattern in a local
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area must be represented and sustained by an economic system. Therefore an outward-orien-
ted economy is an economic pattern as well as an economic system.

Outwerd-oriented and inward-oriented economies were distinguished in World Bank’ s
World Development Report in 1987 * by trade policies especially by the incentive structure of
the export and domestic markets. The outward-oriented economy was defined as one that pro-
vided incentives which were neutral between production for the domestic market and exports
and was further classified as a strongly outward-oriented economy and a moderately outward-ori-
ented economy. In a strongly outward-oriented economy trade controls were either nonexistent
or very low in the sense that any disincentives to export resulting from import barriers were more
or less counterbalanced by export incentives wheress the overall incentive strategy in the mod-
erately outward-oriented strategy was biased toward production for domestic rather than export
markets. The inward-oriented economy favored production for the domestic market which also
could be further categorized as strongly and moderately inward-oriented economy. In the report
41 developing countries and regions were placed in these four categories. Leaving the existence
of neutrality on the export and domestic market aside for a moment the understanding on the
outward-oriented economy is narrow even though it isrational. Infact itisin Chapter 5 of the
report “ Trade Pdlicy and Industrialization ” that outward-oriented and inward-oriented econo-
mies were described in detail according to the trade paolicy and incentive structure. Soit isin-
appropriate that some articles have evaluated our country s strategy of outward-oriented econo-
my by quating from this report while neglecting” trade€’ as its prerequisite.

[1l. Strategies for Developing an Outward-oriented Economy
Descriptions of Three Strategies

This section will discuss macro-strategies for national development from the perspective of
an outward-oriented economy.

1 T-Pattern Developmental Strategy

T-pattern strategy is formed with our coastal areas serving as a horizontal line and the Yan-
gtze River Valley as a vertical line. This strategy has been predominantly accepted in China
and has a basic implication for other strategies proposed in this research. In order to understand
the significance of the T-pattern strategy it is necessary to give a brief description of the Yan-
gtize River Valley.

Being the largest river in China the Yangtze River flons 6 300 kilometers from west to
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east between north and south. The Yangtze Valley is the largest valley in the nation covering
1. 8 million square kilometers or more than 18 percent of the total territory. The population of
this region makes up 35 percent of the national total and the population density of this region is
twice the national average of which the Yangtze Delta zone and Chengdu Valley areas are the
most populous areas in the country with a density as high as 800 people per square kilometer.
The industrial and agricultural gross output volume of this region makes up approximately 40
percent of that of the nation as a whole. Of the various industries metallurgy machinery tex-
tile electronics and petroleum and chemical industries of this region hold an important position
in the country. In terms of agricultural production it produces over 40 percent of the nation’ s
food one-third of its cotton and one-half of its fresh water products on a quarter of the total
land area of the country. It has an advanced educational system and a strong scientific and
technological force. The Yangtze and its tributaries flow through Qinghai  Sichuang Guizhou
Hubei Hunan Jiangxi Anhui Jiangsu provinces and Shanghai. The Yangtze River Valley is
divided into three economic zones by geographical locations as the upper middle and lower
economic zones each with its owmn characteristics and supplementing each other. With
Chongaing at its center the upper zone is located in the western part of the country and is ex-
tremely abundant in mineral and water resources and also has an advanced defense industry
heavy industry and chemical industry. With Wuhan at its center the middle zone of the valley
is located in the middle of the country and has substantial advantages in manufacturing agri-
culture and transportation industries. The lower economic zone of Yangtze River Valley hav-
ing Shanghai and Nanjing at its center is the most economically and technologically developed
region in which the Yangtze River Delta Zone is most striking. The population in this area
makes up one-twentieth while its industrial and agricultural output volume revenues and ex-
port earnings account for one-eighth one-seventh and one-sixth  respectively. This region
homever is short of natural resources and energy. Extending from the coast deep into the in-
land the Yangtze River Valley economic zone relies on its convenient weter transportation the
dispersion of economic advantages from the lomer economic zone to the middle and upper eco-
nomic zone and the dispersion of resource advantages from the upper to the middle and lower
and will play a significant role in promoting a coordinative development in the central areas of
the three mgjor regions by combining the two advantages through the two-way flow Exploiting
the Yangtze River economic region should be undertaken in coordination with the devel opment
of an outward-oriented economy and by relying on the Yangtze River so as to bring the upper
and middle inland areas into closer contact with the outside world.

The central government has decided that key national investment will concentrate on the
Yangtze River region during the last ten years of this century. The Yangtze Valey will be
opened further beginning with the explaitation and opening of the Pudong district in Shanghai.
Forming a T-pattern strategy through the coastal area and Yangtze Valley and focusing on the
development of an outward-oriented economy are a natural devel opment.
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2 ~-Pattern Developmental Strategy

Based on the T-pattern the mr-pattern is formed with one more line namely the railroad
from Xinjiang in the northwest to Lianyungang a seaport city in Jiangsu Province.

In September 1990 the railroads of China and the former Soviet Union were joined at the
border in the west of Xinjiang heralding the settlement of a new Eurasian continental bridge. It
starts from Lianyungang city in east Jiangsu Province and ends at Rotterdam in the Netherlands
with a length of 10 800 kilometers. It is obvioudy superior to the first Eurasian Continental
bridge which passes through Sberia for it is the shortest way to connect the West Pacific and
Atlantic Oceans via China Kazakhstan Russa Byelorussa Poand Germany and the
Netherlands. It provides easy access to many countries in Asa Eurgpe and Africa. It aso pro-
vides a convenient fast and reliable shortcut which will have tremendous influence upon the
world economy trade and transportation. It runs 4 200 kilometers through China passing
through Jiangsu Anhui Henan Shanxi Gansu and Xinjiang provinces and autonomous re-
gions adjacent to many other provinces autonomous regions and cities such as Shanghai
Shandong Shanxi Ningxia Qinghai and Inner Mongdlia.

A new problem arase with the crumbling of the Soviet Union. There are two new additional
states on the continental bridge Kazakhstan and Byelorussa on the other continental bridge
one new nation Byelorussia is added . Was there any impact In our view the impact is
very strong and the positive side is much stronger than the negative side. Being an inland
state Kazakhstan must be very enthusiastic about reaching the Pacific as well as the Atlantic
via this continental bridge.

Lianyungang is one of the 14 open cities in the coastal areas and has set up an economic
and technological open area. It is one of the important seaport cities in the Saté s construction
plan and is currently a domestic and foreign trade port of some scale with 11 berths of over
tens thousand tons capable of handling a 50 thousand ton ship and with an annual cumulative
handling capacity of 20 million tons whose aim is to be a seaport with a handling capacity of a
billion tons. Lianyungang is the shortcut exit to the sea for the central and northwestern regions
of China therefore these provinces and autonomous regions have invested enthusiagtically in
the congtruction of the port. The expanding construction projects of the east segment of Lanzhou
- Lianyungang railroad and Xuzhou pivotal station have recently been completed. As compared
with the Shanghai and Tianjin seaports and their railways Lianyungang has larger potential
handling and transporting capacities. Lianyungang is clase to the southern end of South Korea
and the southwestern corner of Japan. The countries and regions in the West Pacific Ocean are
eagerly looking forward to the availability of this continental bridge.

This continental bridge provides not only an ideal access to the sea for the Central Plains
and Chind s Northwest but a broad access to Europe and the Atlantic for the areas along the
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Continental Bridge on Chind s side. Thus it is natural that an economic zone along Continen-
tal Bridge will be formed and its influence will radiate over the whole country. This economic
zone should also be developed in connection with the development of an outward-oriented econ-
omy. The exploration and construction of the economic zone along the Continental Bridge will
supplement T-pattern strategy for economic gromh  will shape the w-pattern and will render
the structure of the outward-oriented economy to develop in-depth and with equilibrium.

The starting point of the «r-pattern strategy lies mainly inside Jiangsu Province from which
the name of little «r-Pattern strategy is derived wherein the coastline in Jiangsu extends over
1 000 kilometers the Yangtze River covers more than 300 kilometers and the Continental
Bridge stretches more than 250 kilometers. Therefore Jiangsu Province should pay much atten-
tion to the w-pattern strategy for its development.

3 Sguare-Pattern Developmental Strategy

On the basis of a mr-pattern developmental strategy ancther strategy is being formed in
consideration of the openness and develgpment of the border areas in our country which can be
represented by the Chinese character” four.” Here it is called square developmental strategy.

The countries adjacent to our border areas with close trade relationships with these areas
are primarily the former Soviet Union and the Southeast Asian countries. Presented here is a
brief description of relevant information on these countries.

The 1980s witnessed the swift restoration and development of economic and trade relations
between the Soviet Union and China as well as a rapid increase in the volume of trade which
amounted to US $16. 25 millions from 1980 to 1989 among which there was US $3. 677 hil-
lion in 1989 an increase of 26. 71 percent over the previous year. 1n 1989 China exported US
$1. 76 billion and imported US $1. 917 hillions which were 17. 76 percent and 36. 27 percent
over the previous year respectively. The magjor export commodities in China include agricultur-
al products and agricultural by-products and light industry products and textile products. The
mgjor imports are steel nonferrous metals timber gasoline chemica industrial products
poner station equipment power engines and freighters automobiles and parts aerocraft equip-
ment and ather complete sets of equipment. Raw materials and primary products make up half
of the total imports and exports respectively. Both countries supplement each other  which in
turn has laid a solid foundation for the development of the economic and trade ties between
them.

Some problems have arisen falowing the calapse of the Soviet Union. What was formerly
one nation has now become several. Those which are adjacent to the northern China include
Russia Kazakhstan Kirghizia Tadzhikistan and those which are closer to China are Uzbeki-
stan and Turkmenistan. Again we think that the positive side dominates and that the situation
is to our advantage. All these countries except Russia are landlocked countries. They all in-
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cluding Russia are eager to develop economic and trade relations with China.

The countries of the Southeast are all developing countries with nearly 1. 1 billion people.
Snce the 1980s China has developed economic and technological cooperation with Southeast
Asian countries ranging from pure economic aid to these countries to various forms of mutual
cooperation. By the end of 1989 Chinese companies had signed 209 contract projects and la-
bor Cooperation agreements with a total value of US $816 million and completed a business
volume of US $455 million. Chinese companies have invested in 21 joint ventures which have
a total value of US $20. 238 million of which the Chinese companies shared US $9. 461 mil-
lion. In 1989 the total voume of trade was US $1. 132 hillion between China and the South-
east Asian countries among which China exported US $890 million and imported US $242
million an increase of 41 percent 32. 6 percent and 3. 4 percent over the pervious year re-
spectively. The major export products of China to the Southeast Asian countries were industrial
finished products while the magjor import products included cotton ore hides rubber jute
chemical fertilizer tea tobacco etc.

Two points must be addressed. First the outward-oriented economy developed along our
border areas is geared to the entire world rather than to the neighbor states alone. Second it is
geographically advantageous to the border areas to make best use of the geographical conditions
of their contiguity to their neighbor states and develop frontier trade and other economic and
technological cooperation. As far as trade is concerned for example Heilongjiang Province ex-
ported its commoadities to 84 countries and regions in 1989 with a total export volume of US
$1. 027 billion ranking eleventh in the country. Its import trade volume was US $385 mil-
lion. Its export trade volume in Sino-Soviet frontier trade was 336 million Swiss francs and im-
port trade volume was 236 million Swiss francs. One hundred forty-one contractual projects
were signed for economic and technological cooperation under the commodity trade contracts
with a total value of 226 million Saiss francs. Smilarly the Xinjiang Uygur Autonomous Re-
gion exported its commodities to 48 countries and regions with an export volume of US $361
million import volume of US $125 million and border trade volume of US $74. 91 million in
1989. Yunnan province exported its commodities to 60 countries and regions with an export
volume of US $539 million import volume of US $263 million and border trade volume of US
$248 million in 1989.

The border areas except Northeast China are economically less developed. Compared
with the coastal areas they lag far behind and need to accelerate their development. Opening
to the outside world so as to develop 