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U.000ddddl ans3.txt U000, ODUOOUO requestOl.txtl request05.txt U L [
gbbooboboooboboobbooboooboo,o0obboobobboobbo
g.ogbodb,0boboboobobobobbol . m
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® requestOl.txt

4 t 2 get-on 0 2

015 od2000o00000020000000

014 t 2 get-on 1 2

418 t 4 get-on 2 0

20 6 10 t 15 get-off 1 13

Ubd10001 00000 130000000000
26 get-off 0 24

38 get-on 3 18

50 get-off 2 46

63 get-off 3 25

- o 5 o

request.no= 0 wait-time= 2 onboard-time= 24
request.no= 1 wait-time= 2 onboard-time= 13
request.no= 2 wait-time= 0 onboard-time= 46
request.no= 3 wait-time= 18 onboard-time= 25
average-wait-time= 5.5
average-onboard-time= 27.0

® request02.txt

66 get-off 1 25
81 get-off 2 29

3 t 13 get-on 0 9
448 T 27 get-off 0 14
20 10 5 I 41 get-on 1 21
2891 I 52 get-on 2 24
l
l

request.no= 0 wait-time= 9 onboard-time= 14
request.no= 1 wait-time= 21 onboard-time= 25
request.no= 2 wait-time= 24 onboard-time= 29
average-wait-time= 18.0
average-onboard-time= 22.667



® request03.txt

3 t 2 get-on 0 2
018 t 19 get-off 0 17
40 2 10 t 52 get-on 1 12
66 4 10 t 70 get-off 1 18
t 88 get-on 2 22
t 104 get-off 2 16

request.no= 0 wait-time= 2 onboard-time= 17
request.no= 1 wait-time= 12 onboard-time= 18
request.no= 2 wait-time= 22 onboard-time= 16
average-wait-time= 12.0
average-onboard-time= 17.0

e requestO4.txt U DOUOOOUOOOOOOOOOOOOO, obbOOaOO

7 t 2 get-on 0 2 t 202 get-on 4 2
015 t 16 get-off 0 14 t 216 get-off 4 14
17 5 1 I 17 get-on 1 0 t 217 get-on 6 1
17 5 10 I 31 get-off 1 14 t 232 get-off 6 15
100 10 1 t 47 get-on 2 30 I 249 get-on 5 33
200 1 5 t 62 get-off 2 15 | 263 get-off 5 14
216 5 1 I 102 get-on 3 2

216 5 10 I 121 get-off 3 19

wait-time= 2 onboard-time= 14
wait-time= O onboard-time= 14
wait-time= 30 onboard-time= 15
wait-time= 2 onboard-time= 19
request.no= 4 wait-time= 2 onboard-time= 14
request.no= 5 wait-time= 33 onboard-time= 14
request.no= 6 wait-time= 1 onboard-time= 15
average-wait-time= 10.0
average-onboard-time= 15.0

request.no=
request.no=
request.no=
request.no=

ad W NN~ O

e requestO5.txt UOOUODOOOOOOOOOOOO

4 t 2 get-on 0 2 L 127 get-off 2 15
015 t 16 get-off 0 14 I 146 get-on 3 36
051 { 17 get-on 1 17 I 163 get-off 3 17
100 7 2 I 31 get-off 1 14
110 9 2 I\ 112 get-on 2 12

request.no= 0 wait-time= 2 onboard-time= 14
request.no= 1 wait-time= 17 onboard-time= 14
request.no= 2 wait-time= 12 onboard-time= 15
request.no= 3 wait-time= 36 onboard-time= 17
average-wait-time= 16.75
average-onboard-time= 15.0
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INSTRUCTIONS

10.

11.

Do not open this problem brochure until the signal to begin is given.

Write your examinee ID below on this cover.

An answer sheet and a draft sheet are delivered. Write down your examinee ID on both

sheets. Q1 and Q2 should be answered on the answer sheet. If you need another sheet

in the examination, raise your hand and request it to the test proctor.

The USB memory delivered beforehand to each examinee contains seven ASCII text

files: request00.txt, request0l.txt, ..., request05.txt, and request.txt. Newline

is represented by a pair of carriage return (CR) and linefeed (LF) in these files.
Before examination starts, copy these files to your PC and browse them. Make sure

you can see a set of numbers separated by blank or newline in these files, and then keep

your hands away from your PC. If you cannot read the file properly, consult the test

proctor. The contents of the USB memory is common to all examinees.

You may choose your favorite programming language.

You may consult only one printed manual of the programming language in the exami-

nation. You can use or copy any libararies or programs existing in your PC.

By the end of the examination, make a directory/folder on your PC, whose name is

the same as your examinee ID, and put your program files and related files under the

directory/folder. Copy the directory/folder into the USB memory.

At the end of the examination, the USB memory, the answer sheet and draft sheet are

collected.

After the collection, stay at your seat, until all examinee results have been checked

briefly by the test proctor.

After the brief check, try to retain your program execution environment on the PC so

as to be able to resume it as soon as possible at the oral examination. Because the

problem is longer than usual, and may be a little so difficult that Q&A in the oral

examination will be important, which asks you how you analyzed the problems,

what data structure you designed, and how far you can run your program correctly

for the sample data files.

Leave your PC and this brochure together in the room for the oral examination and

leave the room until you are called.

Examinee ID U0 000000000 OOOOOO



Write a discrete event simulation program for an elevator system controlled by a computer
(Figure 1). We assume that the building has 10 floors and no basement floors.

[EO]

[E1]
[E2]

[E3]
[E4]

[ES5]

[E6]

[E7]

[E8]

G — o — 03

Request
Button
(Up & Down)

Fig 1. An elevator system.

The time unit is second, and there is no sub-second time quantity. The order of events
even at the same time should be strictly obeyed. Simulation will start at the time 0.
Every elevator accommodates unlimited number of passengers.

There are up-button and down-button at every floor by which passengers can request
the elevator service.

On every floor, each elevator has a D-lamp that indicates its direction, “up” or “down”.
At the time 0, all elevators stay at the 1st floor with the doors closed and the D-lamps
turned off.

Passengers inside an elevator are guaranteed to move in one direction to their des-
tinations. Passengers only get into the elevator whose D-lamp points to the desired
direction, or if the D-lamp is turned off and the door is open.

It takes 3 seconds for an elevator to move between two adjacent floors if it starts and
accelerates from one floor to pass the other, or if it decelerates at one floor position to
stop at the other floor. Otherwise it passes adjacent floors in 1 second at its maximum
speed. It takes 4 seconds to start from a floor and immediately stop at the adjacent
floor. The elevator cannot change its action between floors. See Figure 2.

max speed
acceleration deceleration
velocity /
3sec 1sec 1sec 3sec
2nd 3rd 41,]1 Sth 6th
floor floor floor floor floor
direction

Fig 2. An example of the elevator movement.
The velocity curve of an elevator which moves from the 2nd floor to the 6th floor.

If a passenger on the f-th floor which will be passed by an elevator which is starting
from, or is passing the previous floor at the time ¢, he/she must touch the button of
the same direction at the time ¢, < ¢. In Figure 2, if a passenger touches an up-button
on the 5th floor when the elevator is just passing the 4th floor, the elevator can begin
to decelerate as shown by the dashed velocity curve.

In 1 second after an elevator stops at a floor, its door is fully open and all passengers
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[E9]

whose destination is the floor get off at an instance. There is no open/close button
inside the elevator, the door remains open for 5 seconds.

As shown below, the door begins to close at 5 seconds after it fully opens. Passengers
who come to the elevator, from the time t + 2 to ¢ + 6, to go to the same direction as
the D-lamp can get into it without waiting, after touching the outside request button.

t t+1 t+2 t+3 t+4 t+5 t+6 t+7
| | | | | | | |
stop fully open can get in can get in can get in can get in can get in closed
begin to open  get off [ O begin to close
[E10] When a passenger touches an up-button on the f-th floor, at least one of the ascending
elevators below f which can stop at f by E7 will not pass f. The same holds for the
downward direction.
Q1 There is only one elevator in the building. Answer the following questions on the answer

sheet. Write your calculation process with illustration.

(1-1)

At the time 100, the elevator stays on the 3rd floor with the door closed. Mr. A touches
an up-button on the 1st floor to go up to the 7th floor. No other touches any button
in the building until Mr. A arrives at the 7th floor. Answer the time when Mr. A gets
off the elevator.

(1-2) In the same initial setting as (1-1), when Mr. A passes the 5th floor, Mrs. B touches an

up-button on the 6th floor to go up to the 10th. She can get into the elevator by E7
and E10. Answer the time when Mr. A gets off the elevator. m

Let us refine the specification of the simulation program.

The request of a passenger is denoted by a triple of the time, the requesting floor, and the
destination floor. The time is the count in seconds from the beginning of the simulation.
The requesting floor (called source floor), and the destination floor is denoted by its floor
number. For example,

2008 1 7

denotes a request arrived at the time 2008 by someone who wants to go from the 1st floor
to the 7th. Given files contain a sequence of requests in this format one by one in a line in
the arrival order. The first line shows the number of requests in the file.

[E11]

[E12]

[E13]

Every passenger touches either up or down button before riding an elevator. Every
passenger touches the destination button inside the elevator just at the time he/she
gets into it. Therefore, the control program knows the number of passengers at any
time. It cannot know the destination of a request until the passenger has got on.
When more than one elevator of the same direction opens the door simultaneously,
passengers get into the elevator of the smallest number.

The control program assigns every request to an elevator at the time the request arrives.
Then it makes, from scratch every time, a plan for the elevator in what order (and
time) it stops at the floors as shown in E14. Note that the plan is incomplete because
destinations of some requests are unknown yet. This assignment will not be changed
until the elevator arrives at the source floor. Note also that an elevator may possibly
stop at a floor where its to-be-passengers have ridden other elevators that arrived at
the floor simultaneously or before.



[E14] The visit plan of an elevator is made at the time when a Q

request is assigned, a destination floor is specified, or its
D-lamp direction is reversed, as follows (Figure 3).

(1) If the D-lamp is turned off, turn it on for the direction that
will satisfy the request as fast as possible.

(2) If the D-lamp indicates “up”, register the stoppable floors
in the ascending order, including its current staying floor,
if any. Then, from the top floor to the 1st floor, register
the floors with descending requests in the descending order.
Finally, from the 1st floor, register the remaining floors with
ascending requests in the ascending order. The uppermost current I
floor in this plan is called Q. We denote the Q at the time  direction

The procedure is similar for the case of the “down” D- source 3
lamp, in which case €2 is the lowest floor of the plan. floor
: . - . destinati
Q2 There is only one elevator in the building. Requests are in ﬂisoin ahon 3
the file request00.txt. [llustrate the plan diagrams right after .
the following events in the similar way of Figure 3 on the answer Ic;;l:if;n

sheet. Put the floor numbers in your diagrams.

(2-1) Receiving all the requests at the time 7. 3
(2-2) Receiving all the requests at the time 10. m

Fig. 3. A plan diagram.

[E15] The elevators move according to their plans. There are some detailed rules. Here too,
only the case of the “up” D-lamp is described. Let Uy denote the set of ascending
requests on the floor f and any requests on floors f > f, and Dy denote the set of
descending requests on f and any requests on floors f’ < f. Touching a destination
floor button inside the elevator is counted as a request here.

[D-lamp turn-off and Early reversing] If an elevator arrives at the floor f = ;_; at
the time ¢ with one or more passengers, all the passengers surely get off at t + 1. If
Qi1 = f, Up = ¢ (empty) and Dy # ¢, the D-lamp direction is reversed to “down”
immediately at ¢ + 1. If Uy = Dy = ¢, it is turned off at ¢ + 1.

[Plan exception] When an empty elevator arrives at the floor f at the time ¢, if there
are only descending requests on f, the D-lamp is reversed at t, even if there are requests
on floors f” > f. This rule eliminates the case where an empty elevator opens the door
but does not accept any existing request of the floor.

Q3 There is only one elevator. Requests are in the file request.txt. We control the
elevator system under the conditions and rules E1 to E15. For every request in the file,
compute the waiting time, i.e., the difference between its get-on time and requesting time,
and the on-board time, i.e., the difference between its get-off time and get-on time. Also
compute the average waiting time and the average on-board time of all the requests (at least
up to two decimal points). The output file should be ans3.txt. The output format is of
your choice. Consult the sample computation for files requestO1.txt, ..., request05.txt
attached to this brochure to check your program. In the oral examination, it is asked how
far your program runs correctly for these files. m
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Q4 There are four elevators in the system, each numbered from 1 to 4. Requests are in
the file request.txt as Q3. We use the following assignment policy for E13. Compute the
results in the similar way as specified in Q3. Output file should be ans4.txt.

Simple Time Guess Assignment: When a new request arrives, every elevator is asked to
make a plan as shown in QQ2, and guess the time to arrive at the source floor. Since there
may be some unknown destination floors, we use the following simple procedure.

(1) Put the new request tentatively into the current plan, or make a tentative new plan if
there is not.

(2) Simulate the elevator movement and compute the time to arrive at the new source floor
in the specified direction as follows; stopping at planned floors, move to the furthest
floor of the current direction (the uppermost floor or the 1st floor) and open the door,
then turn for the opposite furthest floor and open the door there, and finally turn to
the current direction, until the new source floor is found.

The elevator which reports the minimum time will be assigned the request. If more than
one elevator reports the same minimum, the elevator of the smallest number is assigned.

[Sample computation]

® requestOl.txt

4 t 2 get-on 0 2 ; At the time 2, the passenger of request 0 gets
015 ; on after waiting 2 seconds.

014 t 2 get-on 1 2

418 t 4 get-on 2 0

20 6 10 t 15 get-off 1 13 ; At the time 15, the passenger of request 1 gets

; off after 13 seconds riding.
26 get-off 0 24
38 get-on 3 18
50 get-off 2 46
63 get-off 3 25

- o 5 o

wait-time= 2 onboard-time= 24
wait-time= 2 onboard-time= 13
request.no= 2 wait-time= O onboard-time= 46
request.no= 3 wait-time= 18 onboard-time= 25

request.no=
request.no=

N = O

average-wait-time= 5.5
average-onboard-time= 27.0

® request02.txt

66 get-off 1 25
81 get-off 2 29

3 t 13 get-on 0 9
448 1 27 get-off 0 14
20 10 5 I\ 41 get-on 1 21
2891 I 52 get-on 2 24
l
l

request.no= 0 wait-time= 9 onboard-time= 14
request.no= 1 wait-time= 21 onboard-time= 25
request.no= 2 wait-time= 24 onboard-time= 29
average-wait-time= 18.0
average-onboard-time= 22.667



® request03.txt

3 t 2 get-on 0 2
018 t 19 get-off 0 17
40 2 10 t 52 get-on 1 12
66 4 10 t 70 get-off 1 18
t 88 get-on 2 22
t 104 get-off 2 16

request.no= 0 wait-time= 2 onboard-time= 17
request.no= 1 wait-time= 12 onboard-time= 18
request.no= 2 wait-time= 22 onboard-time= 16
average-wait-time= 12.0
average-onboard-time= 17.0

e requestO4.txt ; Requests at the same time are dealt differently depending on
; the D-lamp direction.

7 t 2 get-on 0 2 t 202 get-on 4 2
015 t 16 get-off 0 14 t 216 get-off 4 14
17 5 1 I\ 17 get-on 1 0 t 217 get-on 6 1
17 5 10 I 31 get-off 1 14 t 232 get-off 6 15
100 10 1 t 47 get-on 2 30 I 249 get-on 5 33
200 1 5 t 62 get-off 2 15 | 263 get-off 5 14
216 5 1 I 102 get-on 3 2

216 5 10 I 121 get-off 3 19

wait-time= 2 onboard-time= 14

wait-time= O onboard-time= 14

wait-time= 30 onboard-time= 15
wait-time= 2 onboard-time= 19

request.no= 4 wait-time= 2 onboard-time= 14

request.no= 5 wait-time= 33 onboard-time= 14
request.no= 6 wait-time= 1 onboard-time= 15

average-wait-time= 10.0

request.no=
request.no=
request.no=
request.no=

ad W NN+~ O

average-onboard-time= 15.0

e request05.txt ; The early D-lamp reversing and plan exception.

4 t 2 get-on 0 2 I 127 get-off 2 15
015 t 16 get-off 0 14 I 146 get-on 3 36
051 { 17 get-on 1 17 I 163 get-off 3 17
100 7 2 I 31 get-off 1 14
110 9 2 I\ 112 get-on 2 12

request.no= 0 wait-time= 2 onboard-time= 14
request.no= 1 wait-time= 17 onboard-time= 14
request.no= 2 wait-time= 12 onboard-time= 15
request.no= 3 wait-time= 36 onboard-time= 17
average-wait-time= 16.75
average-onboard-time= 15.0
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