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INTRODUCTION OF HIGH SPEED SHIPS
INTO JAPANESE FERRY MARKET

YUTAKAWATANABE
Tokyo University of Mercantile Marine

Abstract

This paper is concerned with the introduction of high speed ships into Japanese ferry
market. There are two purposes that we try to explore. The one is aimed for
characterizing Japanese coastal ferry operation. The other is for calculating practical
models of high speed services based on the characteristics of those present operations. As
a result of our analysis, we finally come to the conclusion that Japanese ferry market is
nowready for introducing some new high speed ships.

Key Words: High Speed Ship, Coastal Ferry Operation, Replacement of Merchant Ship,
Ship Design.

1. INTRODUCTION

There are two purposes of this paper that we try
to explore. The one is aimed for characterizing
Japanese coastal ferry operation. As same as
European coastal countries, Japan also has
huge demand for coastal sea transportation.
Therefore there are many ferry services
operated in the country that have already been
used as the vital transportation alternative
against the congested Japanese road network.

Despite those facts the outline of Japanese
coastal ferry operation has not yet been well
known in the world. We expect that this paper
shows a better opportunity for those who wish
to examine the characteristics of the Japanese
ferry operator and the service.

The other purpose is aimed for calculating
practical models of high speed services based
on the present Japanese ferry operations. Al-
though Japan is the most advanced and indus-
trialized country all over the world, very few of
high speed ship have been introduced into the
coastal ferry operation. However as some
European ferry operators already proved, there
must also be possibility to achieve the success-
ful introduction of the high speed service in
Japan. We try to examine some feasible models
for the possible faster operations assuming the
conservative view of private operators who are
not interested in the cruising speed itself but
their customers.
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2. JAPANESE COASTAL FERRY
OPERATION

Japan is the one of the unique country in the
would that is entirely surrounded by ocean and
composed with many islands. Moreover the
islands are all quite mountainous. Because of
those topographical circumstances the concen-
tration of population and industries in Japan
has only been limited to locate along the long
coast area. Therefore it is no wonder that the
coastal ferry operation has been well developed
in Japan and becomes the vital domestic
transportation links against the road network. It
also has the important role to connect among
the four of Japanese main islands.

Figure 1 shows the Japanese long distance ferry
operations that include 26 coastal routes and 15
operators involved. If we include shorter dis-
tance operations that are operated among ar-
chipelago, the number of routes and operators
are counted to more than a hundred.

The names of the routes and the operators of
the long distance ferry are listed in Table 1.
The average capacity per ship is ll,065 tons,
768 passengers, 90 cars and 133 trucks
respectively. The total capacity operated in
Japan is 719,240 tons, 49,945 passengers,
2,790 cars and 8,618 trucks for each. This
proves that Japan needs the heavy tonnage and
the deck capacity in the coastal transportation
to maintain its economic activities.

For example figure 2 shows the diagram of the
ferry operation by KINKAI YUSEN that offers
the service between Tokyo in the center island
and Kushiro in the northern island ( See route
No.15 in figure 1 and table 1.). Despite the
long distance more than 1,100 km they offer 4
round services a week by the relatively large
sized two ships named Sabrina and Blue Zepha.
Since the scheduled transit time is stated as 29
hours, the average cruising speed is about 20.7
knot including harbor access time.

: Ferry Route

2

N

Figure 1. The routes of Japanese coastal ferry

3. HYPOTHESIS FOR INTRODUCTION
OF HIGH SPEED SHIP

We must regard at first that any kind of mer-
chant ship is just a tool for a shipping line.
Only better tools can survive for a long period
in a business field, and a high speed ship is not
an exception. Therefore the hypothesis to intro-
duce a high speed ship is fundamentally clear
as long as a private ferry operator (i.e., not state
controlled) is concerned. There are two of prin-
ciples of it.

•E* Vessel1 -4-
TnKvnMON_TUE WED THV
á".,_!

-Vessel 2
FRI SAT SUN

*

1,114km

0 12 0 12 0 12 0 12 0 12 0 12 0 12 0
Time

Figure 2. The diagram of the typical Japanese
coastal ferry operation by KINKAI
YUSEN (No.15 in figure 1 and table 1)
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T a b l e 1 . T h e li s t o f J a p a n e s e c o a s t a l f e r ry o p e r a t o r s a n d t h e s e r v ic e s

O p e r a to r s

R o u te s C a p a c ity o f s h ip s

N o . P o rt s

D is -

ta n c e
(k m )

T ra n s it

tim e
(h o u r)

A v e r-

a g e

sp ee d
(k n o t

)

N a m e o f

sh ip s

G ro s s

to n n ag e

P a s -

s e n g e rs

c a rs T ru c k s

S h in N ih o n k a i F e rry 1 M a iz u ru - O ta ru 1 0 6 1 2 9 1 9 .8 N e w A c a c ia 1 9 ,7 9 6 8 0 0 8 0 1 8 6

F e rry L ila c 1 9 ,3 2 9 7 8 8 5 5 1 8 6

F e rrv L a v e n d e r 1 9 ,9 0 4 7 9 6 8 0 1 8 6

2 T u ru g a - O ta ru 1 0 2 4 2 9 1 9 .1 N e w S u z u ra n 1 4 .3 8 5 8 7 2 8 5 1 8 9

N e w Y u k a ri 1 4 .3 7 5 8 7 2 8 5 1 8 9

3 N ig a ta - O ta ru 7 0 4 1 8 2 1 .1 N e w S h ira y u ri

N e w H a m a n a su

1 7 ,3 0 5 9 2 9 1 0 3 1 5 0

1 7 ,3 0 4 9 2 9 1 0 3 1 5 0

H ig a s h i N ih o n F e rry 4 Iw a n a i - M u ro ra n 7 2 1 1 8 2 1 .6 H e rm e s 1 3 .3 8 4 7 0 0 1 0 0 1 8 0

H a k iv u ri 1 3 .4 0 3 7 0 3 1 0 0 1 8 0

5 O a ra i - M u ro ra n 7 2 8 1 9 2 0 .7 B ik u to ri 1 7 .1 1 3 6 8 0 1 1 6 1 7 7

6 H a c h in o h e

T o m a k o m a i

2 4 2 9 1 4 .5 B e g a 6 ,3 4 0 6 0 0 2 0 9 6

F e rrv H a c h in o h e 4 ,9 6 7 5 2 0 9 3 5 7 ,

7 S e n d a i - T o m a k o m a i 5 6 5 1 5 2 0 .3 B a ru n a 1 6 ,7 2 5 6 8 0 9 0 1 3 5

K a w a sa k i K in k a i K ise n

S ilv e r F e rry

8 H a c h in o h e

T o m a k o m a i

2 4 2 9 1 4 .5 S ilv e r Q u e e n 2 4 ,8 2 1 4 6 8 8 3 5 9

F e rry H a c h in o h e 4 ,9 6 7 5 2 0 9 3 5 7

a ih e iy o F e rry 9 N a g o y a - T o m a k o m a i 1 ,3 3 0 3 9 1 8 .4 K i so 1 3 ,7 3 0 8 5 0 1 2 0 1 7 6

K i ta k a m i 1 3 .9 3 7 8 4 2 1 5 0 1 7 6

Is h i k a ri 1 4 ,2 5 7 8 5 4 1 5 0 1 7 6

B lu e H ig h w a y L in e 10 O a ra i - T o m a k o m a i 7 5 8 2 0 2 0 .5 S u n fl o w e r O a ra i 1 5 ,1 3 9 6 5 6 1 0 5 1 7 5

l l T o k y o - T o m a k o m a i 1 ,0 4 5 3 0 1 8 .8 S u n fl o w e r E rim o 1 1 .2 7 2 6 3 4 1 0 5 1 7 5

S u n fl o w e r S a p p o ro 1 1 .0 9 8 6 8 0 5 5 1 4 2

1 2 T o k y o - K o u c h i 7 2 6 2 1 1 8 .7 S u n fl o w e r T o s a 1 2 ,5 7 2 1 ,1 7 0 9 4 I l l

1 3 O sa k a - S h ib ish i 5 8 0 1 5 2 0 .9 S u n flo w e r O sa k a 1 3 .3 2 1 1 .1 7 0 9 4 I l l

S u n flo w e r S a tu m a 1 2 ,0 0 0 7 1 1 1 4 0 1 7 5

S u n flo w e r K iris h im a 1 2 ,0 0 0 7 1 1 1 4 0 1 7 5

B lu e H ig h w a y L in e

K a w a sa k i K in k a i R ise n

14 T o k y o - T o m a k o m a i 1 ,0 4 5 3 0 1 8 .8 T o m a k o m a i M a m 6 .7 3 9 12 4 0 1 5 4

T o k y o M a in 6 .7 3 8 1 2 4 0 1 5 4

H o k k a id o M a ru 7 ,2 2 7 1 2 4 0 1 5 4
K in k a i Y u s e n 15 T o k y o - K u s h iro 1 ,1 1 4 2 9 2 0 .7 S a b ri n a 1 2 ,5 2 4 6 9 4 1 4 0 1 7 0

Z e p h a 1 2 ,5 2 1 6 9 4 1 4 0 1 7 0

O c e a n T o k y u F e rry 1 6 T o k y o - K ita k y u s h u 1 ,1 7 3 3 6 1 7 .6 O c e a n E a st 1 1 ,5 2 3 4 6 2 1 1 8 1 6 7

O c e a n W e st 1 1 .5 2 2 4 6 2 1 1 8 1 6 7

M a ri m o 9 ,6 2 7 3 5 0 8 0 1 0 0
K y u s h u K y u k o F e r ry 1 7 O p p a m a - K a rita 9 7 9 3 4 1 5 .5 N iss a n M iy a k o M a ru 6 ,5 3 1 1 2 î n 1 4 2

M a rin e E x p re ss 1 8 K a w a s a k i - H u g a 8 8 7 2 0 2 3 .9 P a c ific E x p re ss 1 1 ,5 8 0 6 6 0 9 0 1 4 1

T a k a c h ih o M a m 9 .5 3 7 9 7 8 1 5 0 6 2

P h o e n ix E x p re s s 1 1 .5 8 0 6 6 0 9 0 1 4 1

1 9 O sa k a - M iy a z a k i 5 1 5 1 3 2 1 .4 M im itu M a m 9 ,5 5 2 6 5 0 1 5 0 6 2

S e n to p o ri a 5 .9 6 1 1 ,0 1 0 1 1 0 4 0

T a k ac h ih o M a in 9 ,5 3 7 6 5 0 1 5 0 6 2

2 0 K o b e - H u g a 4 7 0 1 4 1 8 .1 E b in o 6 ,8 3 7 8 9 8 1 0 5 6 7

M iy az a k i 7 ,0 5 3 6 9 2 8 0 9 0

a n k y u F e rry 2 1 Iz u m io tu - S h in m o ji 4 7 1 1 3 1 9 .7 H a n k v u 3 2 6 .9 5 1 9 5 0 3 8 1 1 4

H a n k v u 2 4 6 .9 3 7 9 5 0 3 8 1 1 4

N e w Y a m a to l l ,9 1 9 7 1 1 7 5 1 6 6

N e w M iv a k o l l .9 14 7 1 1 7 5 1
2 2 K o b e - S h in m o ii 4 6 5 1 2 2 0 .9 N e w H a rim a 1 2 ,5 7 9 1 .0 0 0 7 5 1 6 6

N e w S e to 1 2 ,5 8 9 1 .0 0 0 7 5 1 6 6

N e w N a g a to 1 4 .9 8 8 1 .0 6 6 1 1 0 1 8

N e w A k as h i 1 4 ,9 8 8 1 ,0 6 6 1 1 0 1 8

M e im o n T a iy o F e rry 2 3 O s a k a - S h im o ji 4 5 7 1 2 2 0 .6 F e rrv F u k u o k a 9 ,3 2 0 7 8 0 1 0 0 1 5 5

F e rr y K y o to 9 .3 2 0 7 8 0 1 0 0 1 5 5

F e rr y O sa k a 9 .3 0 6 6 8 9 1 0 0 1 6 0

F e rry K ita k y u s h u 9 ,3 2 7 6 8 9 1 0 0 1 6 0
K a n s a i K ise n 2 4 O s ak a - B e p p u 4 4 6 1 3 1 8 .5 S u n fl o w e r 1 2 ,1 3 0 1 .1 4 8 2 0 1 9 8

S u n fl o w e r 2 1 2 .1 0 5 1 ,1 4 8 2 0 1 9 8

S u n flo w e r K o e a n e 9 ,6 8 4 9 4 2 6 0 1 0
S u n flo w e r N is h ik i 9 .6 8 4 9 4 2 6 0 1 0 0

Q u e e n F lo w e r 2 6 ,8 2 3 1 ,3 0 5 5 4 1 0
K u ru s h im a 7 5 ,2 16 1 ,3 9 0 4 0 1 0

D ia m o n d F e rry 2 5 K o b e - O itta 4 1 0 1 2 1 8 .4 Q u e e n D ia m o n d 9 ,0 2 2 9 4 2 5 0 1 0 5
F e rrjr D ia m o n d 9 .0 2 3 9 4 2 5 0 1 0 5

B u le D ia m o n d 9 ,4 4 7 9 4 2 5 0 1 0 5
S ta r D ia m o n d 9 ,4 6 3 9 4 2 5 0 1 0 5

M u ro to K is e n 2 6 K o b e - A sh iz u ri 3 6 2 1 0 1 9 .5 F e rry M u ro to 6 ,4 7 2 8 6 7 5 3 8 8
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3.1 Departure and Arrival Time
The one is that any ferry operation must be
scheduled to satisfy the user who wishes to be
on board. Therefore departure and arrival time
are a critical issue for the ferry management.
For example, figure 3 shows the statistical dis-
tribution about the departure and the arrival
time of Japanese ferry operations listed in table
1. There are evidently two of time groups in
each of them. Since the major user of the
coastal ferry service in Japan as well as Europe
is truck and RO RO freight, this figure is sup-
posed to reflect the driver's behavior before or
after the sailing.

In Japan most of factories and manufactures are
active in the day time. Contrary most of
agricultural and fishery markets are active only
in the early morning. Since the transportation
industries that are partners of them must collect
and deliver those products in such an active

ll
10

8 9

z tｻ
S 5
1 ¥

Z 2
1
0

蝣   蝣 蝣 蝣 ,

0 2 4 6 8 10 12 14 16 18 2 0 22

D ep a rtu re tim e

Figure 3.1 The departure time of Japanese ferry

\m L,
2 4 6 8 10 12 14 16 18 20 22

Arrival time

1. User Oriented Schedule for
Departure and Arrival Time^

Operator Oriented Replacement
for Minimizing Risk of

Cost Increase and Loss of User

Successful Introduction of
High Speed Ship J

Figure 3.2 The arrival time of Japanese ferry

Figure 4. The hypothesis for introduction
of high speed ship

time, they may have to transport their freight to
another island within the other time. Then the
driver must drive his truck overnight if he
keeps going on road. As the most of Japanese
roads are almost saturated by traffic and
heavily congested all the day, it may not be a
better choice to take a trip on such a road if the
driver has to keep just in time delivery to his
customer.

This is what the need for Japanese coastal ferry
service is and because the departure and the
arrival time are grouped in figure 3. For exam-
ple it is quite likelihood in Japan that a truck
loaded some fresh fishes at a fishery market
can be driven in a couple of hours for a port
after closing the market and then board a ferry
about noon. If the ferry arrived at her destina-
tion in the next morning, the truck may deliver
the fishes to a shopping center in time before
the peak shopping hours in the afternoon. It is
also very possible that a truck loaded some
products at a factory in the afternoon can em-
bark a ferry in the evening. The ferry may
arrive at her destination in the next afternoon.
Then the truck can deliver the products to a
department store within the day.
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Thus the cruising speed can not freely be set on
a ferry route even though it is technically avail-
able. It depends on the desirable departure and
arrival time at the port. This is the first
hypothesis denoted in figure 4.

3.2 Characteristics of Ferry Operator
The other is the general characteristics of ferry
operator. They are not interested in the cruising
speed itself of a certain high speed ship but
about whether it can attract and satisfy their
customers who are drivers and passengers. It
means that any sort of ship is available for the
operation if it does not generate serious loss to
the owners. High speed sounds exciting for
engineers but no one can blame that real opera-
tors only want to survive in future keeping their
business in good order.

Wemust regard that those conservative are also
an essential hypothesis to introduce a high
speed ship. As it is obvious that building a
faster ship is more expensive than a conven-
tional one, the ferry operator who introduces a
high speed ship needs to revise the boarding
tariff for higher level than before. However
shorter transit time must be valuable especially
for a long distance transportation if the sched-
ule is maintained in an approving departure and
arrival time as shown in figure 3. Therefore
some present users satisfied with the faster
service may accept paying more for boarding.

Furthermore a few of unknown potential users
can be attracted by the new high speed service.
On the other hand there is also unknown risk
that a few of present users may decide to leave
the service disappointed about the increased
price.

Although some demand analysis should be ap-
plied before the introduction of the high speed
ship, very few operators can confidently be-
lieve the prediction that the demand for their
ferry service will drastically be increased or
declined after the replacement. Moreover any
user of the service never wants the boarding
price to be drastically increased. Therefore the
operator must also pay a special attention for
both the building and the running cost of the
ship to minimize the price increase.

Consequently a better solution for those sub-
jects is that the operator should concern that the
total demand for the new high speed service is
not so much different from the present one for
the conventional slow speed service. If we ac-
cept this idea, the high speed ferry operation
can not only improve the service but also con-
tributes to minimize the cost increase. For ex-
ample, the new high speed service needs less
number or smaller capacity of the ships if the
demand is kept as same as the amount for the
conventional service. This is the second hy-
pothesis stated in figure 4.

Table 2. A new Japanese ferry service versus the model service based on the hypothesis in figure 4
C o n v e n tio n a l  s er v ic e " N e w  s e r v ic e ,ｫ M o d e l  se r v ic e l*

(p r e se n t  o p e r a tio n ) (c o m in g  in  1 9 9 6 ) {b a s e d  o n  fi g u r e  4 )
D e p a r tu r e  p e r  w e e k /p o r t 4 6 6

N u m b e r  o f  s h ip s 2 2 2

T r a n s it  tim e  (h o u r s) 2 9 2 1 2 2
A v e r a g e  s p e e d  (k n o t) 1 9 .1 2 6 .3 2 5 .7
C a p  a c ity 2)

(p e r  sh ip )

P a ss e n g e r s 8 7 2 5 1 5 5 8 1 .3

T r u  c k s 2 1 7 1 4 8 1 4 4 .7
C  a p  a c ity 2)

(p e r  w e e k )

P a ss e n g e r s 6 ,9 7 6 6 ,1 8 0 6 ,9 7 6

T r u  c k s 1 ,7 3 6 1 ,7 7 6 1 ,7 3 6

l ) F e r ry  r o u te  :  T h e  ro u te  a p p lie d  fo r  th e  c o m p a ris o n  is  in d ic a te d  a s  N o .  2  in  fig u re  1  a n d  ta b le  1 .
2 )A s s u m p tio n :  T h e  c a p a c ity  is  a ss u m e d  to  c a lc u la te  th a t  th e  d e c k  sp a c e  o n  b o a rd  o c c u p ie d  b y

a  tru c k  is  a s  s a m e  a s  th e  o n e  b y  th re e  c a rs .
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4. RELIABILITY OF HYPOTHESIS FOR
A JAPANESE HIGH SPEED FERRY

To verify the hypothesis showed in figure 4 it is
quite fortunate for us that two of new Japanese
high speed ships are going to be inaugurated
this year on a ferry route between the center
and the northern Japanese island. This route is
indicated as No. 2 in figure 1 and table 1. The
operator of these ships announced their scheme
as shown in table 2 compared with the present
ships. It is remarkable that the total transporta-
tion capacity a week offered by the new service
is very close to the one by the present service.
Furthermore the new ships are apparently
smaller than those present ships.

These facts simultaneously appeared in the
table evidently prove the reliability of the hy-
pothesis in figure 4. To ensure our verification

•E4 Vessel1 < Vessel2
T .g»nMON TUE WED THU FRJ SAT SUN
"i i ~n n Tt tx Tt t

A

1,114 km

\l/
Kushiro.

0 12 0 12 0 12 0 12 0 12 0 12 0 12 0
Tiie

Figure 5. The diagram of the high speed
service model for the case of figure 2

wecalculate a model service based on the hy-
pothesis assuming the operation on the same
route. The result is also shown in table 2 on the
right side and it is obviously clear that the
planed new service and our model service are
quite similar each other.

5. FEASIBLE MODELS OF HIGH SPEED
FERRY SERVICE IN JAPAN

It is considered in figure 1 and table 1 that there
are some conventional ferry routes as similar as
the case of table 2. Therefore we can calculate
some feasible models of high speed ferry serv-
ice on those routes. Figure 5 and table 3 show
the high speed service model against the pres-
ent one shown in figure 2. The model service
offers 28.6 knot average cruising speed and 6
departures a week, which is about 8 knot faster
and added 2 more departures cutting 8 hours in
the transit time. In contrast to those im-
provements of the service, the capacity of the
ship becomes smaller than the present one be-
cause of the hypothesis in figure 4.

Figure 6 and table 4 show another possible
model in Japan estimated by the same method.
The model service offers 39.3 knot average
cruising speed, which is about 18.6 knot faster
cutting 9 hours in the transit time. Moreover

Table 3. The high speed service model to increase the departure frequency
C o n v en tio n a l  se rv ic el* M o d el  se rv ice,ｫ
(p re sen t  o p era tion ) (b a sed  o n  fig u r e  4 )

D ep a rtu re  p er  w ee k /p o rt 4 6

N u m b er  o f  sh ip s 2 2
T ra n sit  tim e  (h o u r s) 2 9 2 1

v e ra g e  sp e ed  (k n o t) 2 0 .7 2 8 .6
C a p  a city 2'

(p er  sh ip )

P a ssen g ers 6 9 4 4 6 2 .7

T ru c k s 2 1 6 1 4 4 .0
C a p a cityH ,2)

(p er  w e ek )

P a ssen g e rs 5 ,5 5 2 5 ,5 5 2

T ru  c k s 1 ,7 2 8 1 ,7 2 8

l)F erry  ro u te  :  T h e  ro u te  ap p lie d  fo r  th e  c o m p ariso n  is  in d icate d  a s  N o .1 5  in  fig u re  1  an d  tab le  1 .
2 )A ssu m p tio n :  T h e  ca p ac ity  is  a ssu m ed  to  c alcu late  th at  th e  d ec k  sp ac e  o n  b o ard  o c cu p ie d  b y

a  tru ck  is  as  sam e  a s  th e  o n e  b y  th re e  cars .
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this model shows the unique solution for intro-
ducing the high speed ship that can reduce the
number of ships needed for the operation. In
contrast to the present two ship's services, the
model can only manage one ship keeping as
same frequency as the present service. This is
also happened because of the hypothesis in
figure 4.

6. CONCLUSION

Both results showed in table 3 and table 4
should be the feasible alternatives against the
present conventional services if we pay atten-
tion for some European high speed ferries that
have already been operated for at least more
than a decade. As long as the cruising speed is
concerned, 28.6 knot and 39.3 knot can not be
out of order for the commercial operation. For
example, Sea Cat by Color Line offers 37 knot,
Finnjet by Silja Line offers 30.5 knot, Aqua
Strada by Tirenia offers 43 knot and HSS by
Stena Line offers 40 knot.

In comparison with those European commer-
cial situations, we come to the conclusion that
Japanese ferry market is also ready for
introducing some new high speed ships, and
not only Japanese ship building industries but
also any country's shipyards should contribute
toit.
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Figure 6.1 The diagram of the conventional

ferry service by HIGASHI NIHON
FERRY
(route No. 5 in table 1 and figure 1)
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Figure 6.2 The diagram of the high speed
service model for the case of
figure 6.1

Table 4. The high speed service model to reduce the number of ships
C o n v en tio n a l  se rv ice蝣ｻ M o d el  se rv ice
(p resen t  o p era tio n ) (b a sed  o n  fi g u r e  4 )

D e p a r tu re  p e r  w e ek /p o rt 6 6

N u m b er  o f  sh ip s 2 1

T ra n sit  tim e  (h o u rs) 1 9 1 0
A v e ra g e  sp eed  (k n o t) 2 0 .7 3 9 .3
C  a p a city 2

(p er  sh ip )

[P a sse n g e rs 6 8 0 6 8 0

T r u ck s 2 1 5 2 1 5
 :*.,2c a p a city

(p er  w e ek )

P a sse n g er s 8 ,1 6 0 8 ,1 6 0
T ru c k s 2 ,5 8 0 2 ,5 8 0

l)F erry  ro u te  :  T h e  ro u te  ap p lied  fo r  th e  co m p ariso n  is  in d icated  as  N o .5  in  fi g u re  1  an d  tab le  1 .
2 )A ssu m p tio n :  T h e  cap acity  is  assu m ed  to  c alc u late  th at  th e  d eck  sp a ce  o n  b o ard  o ccu p ied  b y

a  tru c k  is  a s  sam e  a s  th e  o n e  b y  th ree  ca rs.


