System Dynamics Teaching at a Japanese University
Toshiro Shimada, Meiji University, Tokyo, Japan
Abstract

For{dbout 20 years 1 have taught SystemVDynamics modelling at a seminar cource,
faculty of commerce, Meiji University, Tokyo. About 6-10 sophomore students used to
be divided into 2 grbups and each:Agroup chose an optional company Or‘an urban city,
for which students tried to formulate a System Dynamics simulation model, and its
results were seen every year in a magazine published in Japanese by thé faculty of
commerce, Meiji Universiiy. There"were,about'30‘papers of -students, for such com-
panies as super-market, watch, drugs, newspéper,'transportation, brewery, bank, gas,
restaurant, tobacco, airline, and so on, or for a suburban city near Tokyo. |

Students gathered historical data, had interviews with objectivé coorperations,
formulated models, for which they analysed,feedback7100ps and simulation results.
They did all by themsélves.7These systems thinkihé studies were of‘very,much value
for students. , | ‘ R | ' ,

“ 1 will explain a few exampleénfrqm my«Studehtfs works and éome.other Japanese

research case studies.

1. Introduction ’

[ attended the course of Industrial Dynammics I by Dr. Carl V. Swanson in
1966, and the course of Industrial Dynamics II’by Proféssof Edward B. Roberts in
1967 at MIT. Soon after my return to Japan, I began to teach Industrial Dynamics
at Meiji University, Tokyo. For aboout 20 years I have tﬁught System Dynamics
modelling at the university. Students used to be divided into 2 groups and each
group chose an optional! company orian urban city. Their simulation results Were
published every year in a magazine in Japanese by the university. There were about
30 papers of students, for such companies as super-market, watch, phermateutic,
newspaper, record, security, transportatiom, brewery, bank, gas, restaurant,
tobacco, airline, and for a suburban city near Tokyo. »

I will explain here 3 examples of an electric railway company, a suburban city

of Tokyo and a super-market chain

2. Model of an Electric Railway Company ( monthly model )
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2.1. General Condition

This company is an electric railway company connecting a center station of
Tokyo, with Kanagawa and Shizuoka prefectures and as side businesses, pursues real

estate, car parks, recreation parks, travel agency and highway buses.
2.2. Present Condition

This company plans a few new lines, so it is important to investigate about
future financial conditions, relating to new lines and real estate development

along new lines.
2.3. Parts of the Model

This model contains 3 sectors of transportation, facilities and finance.
2.8.1. Transportation Sector

This sector contained population along the railway, number of passengers, car
shortage, urbanization, mean fare and so on. Increment of transport capacity in
the facility sector accelerated urbanization, which, on the one side, increased
population along the railway, on the other side, urged the ride distance of
passengers. Increment of population along the railway increased passengers and
then car shortage appeared. Increment of mean ride distance accelerated mean fare

increase and consequently the total income in the finance sector dincreased.

2.3.2. Facility Sector

In this sector students treated number of registered cars, security goods, equip-
ments, number of employee, and transport capacity. The number of registered cars
increased owing to car shortage from the transportation sector and financial con-
straint from the finance sector. ‘The increment of registered cars urged -to increase
security goods, equipments and employee. These changes affected transport capacity
which was connected with urbanization in the transportation'secton
2.3.3. Finance Sector

Various expenses flowed into this sector from the facility sector and from the

transportation sector various income flowed into this sector. The difference

between the total income and the total expenses were added to the company cash

balance and decided the total profit. The cash balance affected financial constraint,
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which was connected with the number of registered cars in the facility sector.
2.3.4. Simulation Results '

The simulation was run for 30 years from 1961 to 1991 and DT was one month
This model was the first model, which was simulated by my students with DYNAMO
about 20 years ago. The simulation results were not considered to show good fit-
ness to the actual data, but 8 students put their energy into this model and had

incomparable experiences.
3. Model of a Suburban City of Tokyo ( yearly model )

3.1. General Condition
This city is a suburban city along the Bay of Tokyoe, about 70 km to the east
of Tokyo, with about 110,000 residents. The Tokyo Metropolis is too much crowded
to live, -so the population of suburban cities is gradually increasing. The
populatiom of this city became twice as many as ten years ago. Students tried to

formulate the SD model for: this city and made:a research on some policies.

3.2. Present Condition _

The increment of the population caused the explosive increase of financial
demand of the city. This was mainly because of new buildings of elementary or
junior high schools. The city planned to reclaim land from the sea for residences, -

industrial and commercial land, public services and recreation grounds."
3.3. Parts of the model

This model has 3 sectors of population, finance and city attractiveness.
3.3.1. Population Sector

Total population was divided into 4 classes, 1) infants ( 0-6 ), 2) pupils of
elementary schools ( 7-12 ), 3) pupils of junior high schools ( 13-15 ), 4) 16~
vears of age. The population varied with social increase between in- and out-
migration, and with natural increase, that was, excess of births over deaths.
3.3.2. City Attractiveness Sector

In this sector stedents treated the comparison between this city and Tokyo
Metropolis in regard to rate of demesne, land price and water pollution.
3.8.3. Finance Sector

The revenue consisted of city - rates;- allocated tax, grants from the national
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Fig.2 Flow Diagram of a Suburban City of Tokyo,
Sectors of Population and Attractiveness
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and the prefectural governments, and city bonds. On the other hand, the annual
expenditure consisted of personal expenses, non-personal expenses, investing
expenses and sinking bonds expenses.
3.3.4. Simulation Results

The simulation was run for. .30 years from 1965 to 1995 and DT was one year.
About ten vears ago, this city reclaimed [and from the sea and developed a large
scale apartment area. Students formulated this model before thfs development and

made a research on expected changes beforehand.
4. Model of a Super-market Chain ( yearly model )

4.1. General Condition
This super-market chain opened the first shop in Osaka city in 1967, when the
number of employee was 13, the floor area was 53 m’and the capital was ¥ 4 million.
12 years later the sales exceeded ¥100 billion and now this company is the biggest

retail store chain in Japan.

4.2. Present Condition ‘

This company intended to develop a retail store chain of low price = bulk
sales. For this purpose, a central buying system has been established, and the
company has set up several distribution centers, from where goods are delivered
to each shop. 3 management policies came to question. First was hiring policy.
Personal expenses were an important factor of financial conditions of this company,
so the number of part-time employee was increased to improve financial conditions.
Second was to decrease distribution cost by means of rationalization of distribution
system. As the number of shops increase, facilities of distribution centers may be
magnified and delivering cost may be saved. Third was controling policy of loans.
If this supar-market chain kept the policy of developing many .shops, it would have

an important means to decrease loan interests.

4.3. Parts of the Model ’

This model has 4 sectors of>facilities, finance, distribution and hiring.
4.3.1. Finance Sector

This sector was based on securities reports of this company. The cash balance
was added by the annual sum of income, such as sales income, income by real property,

loans, received dividends, convertable bonds, added stocks, and so on, minus the
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annual sum of expenses, such as buying goods expenses, personal expenses, operat-
ional costs,paying interests, repayment loans, facility expenses, dividends, tax
and so on.
4.8.2. Financial Constraint

Financial constraint was set equal to smoothed loans divided by smoothed cash
balance of the:company. This-variable had an influence on loans, loan repayment,
capital increase, or issue of bonds.
4.3.3. Hiring Sector

The employee were divided to full-time employee and part-time employee. In
recent years this company refrained from hiring new full-time employee and plomoted
to hire part-time empldyee. In this sector students treated to analyse the policy
of attaching importance to part-time employee. °
4.3.4. Distribution Sector

In this sector students analysed the distribution system from makers to shops
of this chain, centering around distribution centers, and treated customers, in-
ventory at shops and distribution centers.
4.3.5. Simulation Results

The simulation was run for 20 years from 1972 to 1992 and DT was one year.
The expense by way of distribution centers / good were always lower than the margin
of wholesalers / good. Students recommended that this super-market chain should
continue to increase facilities of ditribution cénters, and they advised a few

other improvemental policies.
5. Conclusion

1 explained 3 examples from student’s works. The first was the model of an
“electrtic railway company, connecting a center station of Tokvo with 2 neighboring
prefectures. The second was the model of a suburban city of Tokyo. This city is
along the Bay of Tokyo with about 110,000 residents. The third was the model of
a super-market chain. This chain is now the biggest company of retail trade in
Japan.
Students gathered historical data, formulated models and analysed feedback
loops in the model. They did all by themselves and had incomparable experiences.
I think, System Dynamics is the best way for students to try to formulate

models of real systems .and to understand the system structure of those systems.




System Dynamics '91 Page 551

e e e e e e
bt ¥
H o=~ N ;
o] S
G - o mv :
° ® I Toem g Ly
h - . N L} 1
0 [ ' . H "/V “
5 ' ! : - o — !
G oo [ ﬂum ' T ﬂUm 1
mv b2 I RS- HIUR B S I
3 2% SRR €5 HERE
“ A g Pl MNBeddy 0 ANSS
: 0 R o
. 5% IR I
B ' -
! = O " ! vle . V &
- R S AN S
. [ 23 ' i
o © R - N N =8
i ' s L 1 3 - @
P aa s2 : il §
Lo . O
S RIS PN
." S " 3 :
[ ] " H ' “ ”
[ ' H ! !
. [
AN Ge | |
I o 1 Vo 3
. ] H it
lllllllll N I 8 L aa
J- t —" Lame 3 ) "-l||~ 1.1 :
SRt I S 3P g Yo
! » b ' : '
m o [ 1 ' T [ -
=0 O [ ! 4
g0 W [ 1 ! (I !
R e L
Y [ 4 ] []
et [ \ '
4 ' “ !
-.---w“w---r; 1 —
B e A
1
t & 1 “ ' “
! T o
- L 1 ' ¢ t
—_til N 1 L 1
‘ w > 0 1 | ! ”
it I
1 ! , ’
me A N ” : ' ' 1 1
deg ylv b FEL, OSTESTe g8 r2 2y SR Rt ’ )
@ 3, o, . : .
M 1 " 1 R lnl&.{ = ~
—“ ' —_— -«
e o
1 P :
L vy _
| I " s | '
' ' _
oo BN \
t " 01 -
L =
- 3 -

;

S

|Receiye
Divig/
Co. &
Tax
D
-~ X -
-d -
| I
"1|||
(] ll
1
R 2!
NV g
: =

\---—-—'-—-—--.—-—-9———---- J

>;5;
Mitdss

B e L

5

S

1
-- -3

]
\ﬁ;::>
]
Cash
nce

Co
Bala

B JEU

-

1

:

U
K]

Smoothed
Loans -

1

1

]

o BB

Kl
Eoon o

|||||||||||||| -
BT | ST}
-t 6, ~

<

B e e e e e e <

EER
R
i
]
1
'
i
1]
i
'
i
1
]
1
]
i
'
i -
1
'
1
'
ifancia
ongtrain oy

I Fi




. (3)(2) (1)
: 40 e eeesm s e e a2
' {re
H { e
[racilities Areap ;,ea for I :
nder . - :
Constrvetion | Fecilities | (Raclities !
I R lescence ;
r IS : i H
! | ©
ol = i
P i
:\.Jg'......"r\ .............................................. '3. -5 :
i Distribution i
4 Center Shipmen te;
i ts_ from Jecplye +
% enter Dist.Center:
hipmen x 1L
Receilved:
a 10ps

gt mema s e a - ~—————y

.o ST

W

L N

oeem—————

)

Facilities for

Fig.3 Flow Diagram of a Super-market Chain ( continued )

i
y ments ; 'l
ARt
©-

Distribution >€
e o Center
emrce s

A1 |

16, SoTweuA (] WwNsAS



