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(1) ��()*+,-./01, 2*��345(67829.

Do not open this problem booklet until the start of the examination is announced.

(2) 4 �:;<=>?@. ��A9=BCDEFG>HI5JH:/29.

Answer the following 4 problems. Use the designated answer sheet for each problem.

(3) G>HIK@L��34MNOPQ7829.

Do not take the answer sheets and the problem booklet out of the examination room.

RS=T�UV5W�:/29.

Fill the following blank with your examinee’s number.

T�UV No.
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3XYZ[*,\* 2XY]^_`*]^=a:/bR*�8=>?@cbR*8dE*ef\

gh3 ij-klmn=78g*9:/c0Fh8dE*ijg z op-q1./9:/c

]^rstujv- 3 XYop�*wj O =.xhz y=zl1 (0, 0, z0) 5{|:/_5]^

_t}~���v9:/tF�� z0 Mq*C�1./vcef\* 3 �*ij P1, P2, P3 *o

p5�E�E (x1, y1, z1), (x2, y2, z2), (x3, y3, z3) 9:/c0Fh2EQ*j5]^_=]^�F

j5�E�E P 01, P 02, P 03 9:/c]^DEFj (x0, y0, z0) =��h]^_n* 2XYop (x0, y0)
5��D�/ct,��v

(1) P 01, P 02, P 03 *]^_n* 2 XYop�=K6/op (x01, y01), (x02, y02), (x03, y03) 5���@c

(2) ]^_n*j P 0(x0, y0) -�?QEF9�h2*j-ef\ 4P 01P 02P 03 *�������C
:/��5��c��hj P 0 -ij=k��Fxh�*n=.�Fx:/�+M��1M
789:/c

(3) 3XYZ[1*ef\ 4P1P2P3 *�m�~��5 9�¡¢hef\ 4P1P2P3 5£¤_
*�¥¦5¡¢@c

(4) ]^_n*j P 0 -]^_n*ef\ 4P 01P 02P 03 *��=./�+5§?/c2*j P 0 M
3 XYZ[*ef\ 4P1P2P3 �*j P 5]^�Fj=��:/9�F9�hP 0 *op�
Q P *op5¡¢/¦5�?@c

(5) X=hj P - P1 9 P2 *rj1./9�hP 5]^�Fj P 0 - P 01 9 P 02 *rj97/
¨©5¡¢h�*ª«	¬7%5®;@c

0Fhj P - 4P1P2P3 *¯s1./9�hP 5]^�Fj P 0 - 4P 01P 02P 03 *¯s97
/¨©5¡¢@c

�� 4P1P2P3 9 O M°k�_n=78g*9±C�@c
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Problem 1

Answer the following questions on the projection of objects in a three dimensional space onto

a two dimensional screen. For all triangles in the following, assume that each has three vertices

that are not on a line, and that each vertex has a positive z coordinate.

Suppose that the projection center (viewpoint) is at the origin O of the three dimensional

coordinate system, and the projection plane (screen) is perpendicular to the z-axis and intersects

with the z-axis at the coordinates (0, 0, z0), where z0 is a positive constant. Let P1, P2, and P3 be

the three vertices of a triangle and have the coordinates (x1, y1, z1), (x2, y2, z2), and (x3, y3, z3),

respectively. The points P 01, P 02, and P 03 are de�ned to be the projections of P1, P2, and P3,

respectively, onto the projection plane. To a projected point (x0, y0, z0), coordinates (x0, y0) of

the two dimensional projection plane coordinate system are associated. (See the �gure.)

(1) Calculate the projection plane coordinates P 01(x01, y01), P 02(x02, y02), and P 03(x03, y03).

(2) Assume that a point P 0(x0, y0) on the projection plane is given. Find a method to determine

whether or not the point P 0 lies inside the triangle 4P 01P 02P 03. Assume that if P 0 coincides

with one of the vertices or on an edge of the triangle, then it is not regarded as inside the

triangle.

(3) Calculate a normal vector of the triangle 4P1P2P3 in the three dimensional coordinate

system, and give an equation of the plane that contains the triangle 4P1P2P3.
(4) Suppose that the point P 0 on 4P 01P 02P 03 is obtained by projecting a point P on 4P1P2P3

onto the screen. Write the coordinates of P using the coordinates of P 0.

(5) Next assume that P is the middle point of P1 and P2. Derive the condition for P 0, which

is the projection of P , being the middle point of P 01 and P 02, and explain its geometric

interpretation.

Also derive the condition for P 0 being the center of mass of 4P 01P 02P 03 when P is the center

of mass of 4P1P2P3.
Assume that 4P1P2P3 and O are not on a plane.
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²� N � 1 =��<hX*@�=C³DE/´µ LN 5§?/c

LN = {a1 · · · an � {0, 1}� | n � N, an�N+1 = 1}

bR*�8=>?@c

(1) L3 5T:/h¶·�- 4*¸¹Cº»¼½��¾��5¿Ec

(2) L3 5T:/h¶·�- 8*¹Cº»¼½��¾��5¿Ec

(3) LN 5T:/¹Cº»¼½��¾��*¶·�M 2N bn1./295ÀÁ�@c
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Problem 2

For an integer N � 1, consider the following language LN

LN = {a1 · · · an � {0, 1}� | n � N, an�N+1 = 1}.

Answer the following questions.

(1) Construct a nondeterministic �nite automaton with 4 states which accepts L3.

(2) Construct a deterministic �nite automaton with 8 states which accepts L3.

(3) Prove that any deterministic �nite automaton which accepts LN has at least 2N states.
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�� 3

Â8=Ã7/ nÄ*²��Q7/Å X = {x1, x2, . . . , xn} 5§?/c2*r�Q k U!=Æ

D8�5¡¢/Ç�È�ÉÊ9�<hbR*ËÌ��Í1ÎDE/Ç�È�ÉÊ5§?/c7Kh

|X| M X *ÏÐ�5Î:c0FhN M./q*C�1./c

1: Select(k,X) {
2: if (|X| < N) {
3: return Ñ�Ò5H8<X *r1 kU!=ÆD8�5¡¢Fg*;

4: }
5: X 5 5ÄbR*²��Q7/m = d |X|5 eÓ*²�Å X1,X2, . . . , Xm=Ô6/;

6: /* i < m7QÕ |Xi| = 59:/c|Xm|M 5Ö×97/ØÙº-./c*/

7: for (i = 1 to m) {
8: yi � Select(d |Xi|2 e, Xi);
9: }

10: a� Select(dm2 e, {y1, y2, . . . , ym});
11: Xsmall � X *r1 a@xÆD8²��Q7/Å;

12: Xlarge � X *r1 a@x��8²��Q7/Å;

13: if (|Xsmall| = k � 1) {
14: return a;

15: }
16: if (|Xsmall| � k) {
17: return Select(k, Xsmall);

18: }
19: else {
20: return Select(k � |Xsmall| � 1, Xlarge);

21: }
22: }

bn*ËÌ��Í=�8<bR*�8=>?@c

(1) 3Ú!1H8QE<8/Ñ�Ò9M�*@�7g*�GÛ�@c

(2) C� N 5ÜÝ��ÞßEÕh11 Ú!5àÔ�Fáj1 1
4 |X| � |Xsmall| � 3

4 |X| 1./2
95ÀÁ�@c

(3) n*Ç�È�ÉÊ*âã��ä5 T (n) 9�<hT (n) =a:/åP�¥¦5¡¢@ct7Kh

n = |X| 1./cv

(4) T (n) *½�æ�- O(n) 1./295��c
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Problem 3

For a sequence of n di�erent integers X = {x1, x2, . . . , xn}, consider the following algorithm

that computes the k-th smallest integer in the sequence. |X| denotes the number of elements in

X. N is a positive constant.

1: Select(k,X) {
2: if (|X| < N) {
3: return the k-th smallest integer in X computed by using a heap;

4: }
5: Divide X into m = d |X|5 e sequences of 5 or less integers, and let them be X1, X2, . . . , Xm;

6: /* We let |Xi| = 5 for i < m. |Xm| can be smaller than 5. */

7: for (i = 1 to m) {
8: yi � Select(d |Xi|2 e, Xi);
9: }

10: a� Select(dm2 e, {y1, y2, . . . , ym});
11: Xsmall � the sequence of the integers in X that are smaller than a;

12: Xlarge � the sequence of the integers in X that are larger than a;

13: if (|Xsmall| = k � 1) {
14: return a;

15: }
16: if (|Xsmall| � k) {
17: return Select(k, Xsmall);

18: }
19: else {
20: return Select(k � |Xsmall| � 1, Xlarge);

21: }
22: }

Answer the following questions on the above pseudo code.

(1) Describe what a ‘heap’ mentioned in line 3 is.

(2) Prove that 1
4 |X| � |Xsmall| � 3

4 |X| after line 11 when the constant N is large enough.

(3) Let the worst case computational complexity of the above algorithm be T (n). Show a

recurrence equation of T (n). (Note that n = |X|.)

(4) Show that T (n) is O(n).
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10 Mbps ç�èéê�1H8QE/��*ëVì9�<¾�íî}��ëV-./cbR=�

:@�=h¾�íî}��ëV1Mhï�� 15 0 � 1*ðñhï�� 05 1 � 0*ðñ1Î�h

ï��=��:/ðñM,*òó*@�=kC*á[[ô1õöD�/c

(1) ~÷ê~=°ø�<�ùDE/ï��5¾�íî}��ëV=úû:/üýþ5hD-�

�êÒ�÷êÒhANDhORhNOT ���5H8<¿��@c

(2) 10 Mbps ç�èéê�{�1¾�íî}��ëV5H8/�5 2�bn.�h3Úb�1

®;@c

(3) ¾�íî}��ëVM��:/ï���	* 2
*�	5éê���~=Ï¡:/c�8 (2)

1>?F¾�íî}��ëV*�51�/�6�N�7-Qhéê���~�	�5@x

��¬=JH:/ëVì��=�8<ü�@c
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Problem 4

Manchester code is used as an encoding method of data in 10 Mbps Ethernet. As shown in

the �gure below, data 1 is expressed by a 0 � 1 transition, and data 0 is expressed by a 1 � 0

transition. Transitions that signify data are generated with regular time intervals as shown in

the arrow marks of the �gure.

(1) Design a Manchester encoder, using D �ip-�ops, AND, OR, and NOT gates, whose input

data is synchronized with a clock.

(2) Explain at least two reasons to use Manchester code in 10 Mbps Ethernet. The answer

should be within three lines.

(3) Manchester code requires the network bandwidth twice as wide as the data transfer band-

width. Discuss a coding method that utilizes the network bandwidth better, without much

degrading the advantages of Manchester code answered in question (2).

9
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(1) ��()*+,-./01, 2*��345(67829.

Do not open this problem booklet until the start of the examination is announced.

(2) 4 �:;<=>?@. ��A9=BCDEFG>HI5JH:/29.

Answer the following 4 problems. Use the designated answer sheet for each problem.

(3) G>HIK@L��34MNOPQ7829.

Do not take the answer sheets and the problem booklet out of the examination room.

RS=T�UV5W�:/29.

Fill the following blank with your examinee’s number.

T�UV No.
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N 5X*YZ1 4 *[Z\

� = exp

μ
2�i

N

¶

5 1 *]) N ^_9:/`i MaZbcdefgZh (z0, z1, . . . , zN�1) =i:/ N jklm�

nopq (Z0, Z1, . . . , ZN�1) 5

Zk =
N�1X
j=0

zj�
jk (k = 0, 1, . . . , N � 1)

1Cr:/e

sR*�8=>?@e

(1) zj M:;<tZ`:7uO\av- 0d9:/e2*9w\Z0 9 ZN
2
MtZ97/295

xye0F\k = 1, 2, . . . , N
2 � 1 =iz< Zk = Z̄N�k 5xyè z̄ M z *{|fgZ5

}:ed

(2) zj M:;<tZ9z\

gj = z2j + i z2j+1
³
j = 0, 1, . . . ,

N

2
� 1

´

9Kw\(g0, g1, . . . , gN
2
�1) =i:/

N
2 jklm�nopq5 (G0, G1, . . . , GN

2
�1) 9:/e

:7uO

Gk =

N
2
�1X

j=0

gj�
2jk

³
k = 0, 1, . . . ,

N

2
� 1

´

1./e2*9w\Z0 9 ZN
2
5 G0 1}ye({|fgZ0FMtv~av5J�<�@8e)

(3) �8 (2) 9����*�91\k = 1, 2, . . . , N4 � 1 =iz\Zk 9 ZN
2
�k 5 Gk 9 GN

2
�k

1}ye
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Problem 1

Let N be a positive integer that is a multiple of 4, and

� = exp

μ
2�i

N

¶

be the primitive Nth root of 1 (i is the imaginary unit). For a sequence of complex numbers

(z0, z1, . . . , zN�1), its N -point discrete Fourier transform (Z0, Z1, . . . , ZN�1) is de�ned as

Zk =
N�1X
j=0

zj�
jk (k = 0, 1, . . . , N � 1).

Answer the following questions.

(1) Assume that all zj are real (that is, their imaginary parts are zeros). Show that Z0 and

ZN
2

are real numbers. Also show that Zk = Z̄N�k for k = 1, 2, . . . , N
2 � 1. (z̄ is the

complex conjugate of z.)

(2) Assume that all zj are real numbers. Let

gj = z2j + i z2j+1
³
j = 0, 1, . . . ,

N

2
� 1

´

and (G0, G1, . . . , GN
2
�1) be the N

2 -point discrete Fourier transform of (g0, g1, . . . , gN
2
�1),

that is,

Gk =

N
2
�1X

j=0

gj�
2jk

³
k = 0, 1, . . . ,

N

2
� 1

´
.

Express Z0 and ZN
2

in terms of G0. (Complex conjugates or the real/imaginary parts may

be used.)

(3) Express Zk and ZN
2
�k in terms of Gk and GN

2
�k for k = 1, 2, . . . , N4 � 1, under the same

assumptions as question (2).

3



�� 2

YZ`sR1M c1}:d9�'��4+9×�Q�QE/�5\sR*@�=z<��W�
*��h=pq:/eF�z\�E-��W�*��h w=pqDE/295E � w9��e

c� c

E1 � w1��E2 � w27Q�E1 + E2 � w1w2+

E1 � w1��E2 � w27Q�E1 × E2 � w1w2×

� E 5��*YZ��1��zF�5 eval(E) 9��e��W�*��h w9�*h`���

�ds*� (w, s)5�wq?/� 5sR*@�=¡�:/eF�z\� (w1, s1)-� (w2, s2)=

�wqu/295 (w1, s1) � (w2, s2)9��e

c *�- vc 7Q� (cw, s) � (w, vcs)

v = eval(v1 + v2)7Q� (+w, v2v1s) � (w, vs)

v = eval(v1 × v2)7Q� (×w, v2v1s) � (w, vs)

�*¢£¤¥5 ��9��e¦�

eval(E) = v �� E � w 1./7Q�\(w, ²)
�� (², v)-�§¨�

5©ªzF8eF�z\²M«h0FM«��h5}:e

sR*�8=>?@e

(1) ¬=:/P®�5H8<©ª:E�@8�e

(2) P®�-�0�8�F¯=M\©ª:/¦�5°±²z76E�7Q78e³*@�=°±

²:E�@8�e

(3) °±²DEF¦�5P®�5H8<©ªy@e
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Problem 2

Consider translating an expression made of integer constants (denoted by c below) and binary

operators + and × to a string in post�x notation as follows, where E � w means that expression

E is translated to string w.

c� c

E1 � w1 and E2 � w2 imply E1 + E2 � w1w2+

E1 � w1 and E2 � w2 imply E1 × E2 � w1w2×

Let us write eval(E) for the value resulting from evaluating an expression E by usual integer

arithmetics. We then introduce the following rules for rewriting a pair (w, s) of a string w in

post�x notation and a sequence (stack) s of values, where (w1, s1) � (w2, s2) means that pair

(w1, s1) is rewritten into pair (w2, s2).

if the value of c is vc then (cw, s) � (w, vcs)

v = eval(v1 + v2) implies (+w, v2v1s) � (w, vs)

v = eval(v1 × v2) implies (×w, v2v1s) � (w, vs)

The transitive closure of � is denoted by
��. We now want to prove a proposition that

if eval(E) = v and E � w hold, then (w, ²)
�� (², v) holds,

where ² denotes an empty sequence or an empty string.

Answer the following questions.

(1) To prove the proposition, should we use induction on what?

(2) In order for induction to go through, we should generalize the proposition. How should

the proposition be generalized?

(3) Prove the generalized proposition by induction.
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�� 3

2´µ«¶*jh U �Q·%* (0¸s¹*)j5º»z<1w/jh5 U *v¼h9@½eF

9?�\jh U = (v1, v2, v3, v4, v5) =iz\(v1, v3, v4) M U *v¼h1./esR1M\jh U

* iU!*j5 U [i]\jh U *jZM |U |9}:�*9:/e
f(U, V )5 |U | = |V |5¾F: 2�*jh U , V =i:/´*@�7Z9:/e

f(U, V ) =

|U |X
i=1

{dist(U [i], V [i])� c}

F�z\dist(v,w) Mj v9j w*¿��n�ÀÁk\cMÂÃ7X*tCZ1./e

2*9w\Ä?QEF U , V `jZMÅ7�<�@8d=iz<\|U 0| = |V 0| 5¾F::;<
* U *v¼hU 0 9 V *v¼h V 0 *�=i:/ f(U 0, V 0) *ÆÇ�5 min(U, V ) 9:/e0F

È*ÆÇ�5Ä?/v¼h5 U 0min, V 0min 9:/e:7uO

min(U, V ) = min{f(U 0, V 0) | U 0 � U, V 0 � V, |U 0| = |V 0|}
= f(U 0min, V

0
min)

-�§¨�eÉz U 0 � U M U 0 - U *v¼h1./295%Ê:/e

0F\k = |U 0min| = |V 0min| 9z<\1 � ` � k =iz<

U 0min[`] = U [i`], V 0min[`] = V [j`]

97/@�= i`, j` 5C¯/e:7uO\

min(U, V ) = f
¡
(U 0min[1], U 0min[2], . . . , U 0min[k]), (V 0min[1], V 0min[2], . . . , V 0min[k])

¢
= f((U [i1], U [i2], . . . , U [ik]), (V [j1], V [j2], . . . , V [jk]))

-�§¨�eF�z i1 < i2 < · · · < ik�� j1 < j2 < · · · < jk9:/e
sR*�8=>?@e

(1) sR* U , V , c =iz\min(U, V )K@L (i1, i2, . . . , ik)9 (j1, j2, . . . , jk)5Ë¯@e

U = ((0, 2), (1, 2), (2, 2), (3, 2), (3, 3), (4, 3), (4, 2))

V = ((1, 1), (2, 1), (2, 0), (3, 0), (3, 1), (4, 1), (5, 1))

c = 1.2

7K\1 � ` � k =iz dist(U 0min[`], V 0min[`]) � c 97/29=$%y@e

(2) jh U * iU!�Q jU!01*v¼jh5 U [i..j]9}:e

1 � ` � k5¾F:·%*YZ `=�8<\

min(U [1..i`], V [1..j`]) = f ((U [i1], U [i2], . . . , U [i`]), (V [j1], V [j2], . . . , V [j`]))

-�§¨�295xye

(3) min(U, V )5Ë¯/ÌÍÎnÏÐ9È*Ñ�Ò5xye
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Problem 3

Let U be a sequence of points in two dimensional space, and let us call subsequence of U a

sequence of points that can be constructed from U by removing some (more than or equal to 0)

points. For example, (v1, v3, v4) is a subsequence of U , where U = (v1, v2, v3, v4, v5). Let U [i]

denote the i-th point of the sequence U , and let |U | denote the number of points in U .

For two point sequences U and V such that |U | = |V |, we consider the following function.

f(U, V ) =

|U |X
i=1

{dist(U [i], V [i])� c},

where dist(v, w) denotes the Euclidean distance between v and w, and c is a real positive

constant.

For given U and V (possibly |U | 6= |V |), let min(U, V ) be the minimum of f(U 0, V 0) where U 0

and V 0 are subsequences of U and V , respectively, such that |U 0| = |V 0|. Let U 0min and V 0min be

the subsequences that give the minimum. That is,

min(U, V ) = min{f(U 0, V 0) | U 0 � U, V 0 � V, |U 0| = |V 0|}
= f(U 0min, V

0
min),

where U 0 � U means that U 0 is a subsequence of U .

Let k = |U 0min| = |V 0min| and determine i` and j` for 1 � ` � k as

U 0min[`] = U [i`], V 0min[`] = V [j`].

Thus we have

min(U, V ) = f
¡
(U 0min[1], U 0min[2], . . . , U 0min[k]), (V 0min[1], V 0min[2], . . . , V 0min[k])

¢
= f((U [i1], U [i2], . . . , U [ik]), (V [j1], V [j2], . . . , V [jk])) .

Here assume that i1 < i2 < · · · < ik and j1 < j2 < · · · < jk.
Answer the following questions.

(1) Compute min(U, V ), (i1, i2, . . . , ik), and (j1, j2, . . . , jk) when

U = ((0, 2), (1, 2), (2, 2), (3, 2), (3, 3), (4, 3), (4, 2)),

V = ((1, 1), (2, 1), (2, 0), (3, 0), (3, 1), (4, 1), (5, 1)),

c = 1.2.

Note that dist(U 0min[`], V 0min[`]) � c holds for 1 � ` � k.

(2) Let U [i..j] denote the subsequence from the i-th point to the j-th point of U .

Show that the following equation holds for an arbitrary integer ` such that 1 � ` � k:

min(U [1..i`], V [1..j`]) = f ((U [i1], U [i2], . . . , U [i`]), (V [j1], V [j2], . . . , V [j`])) .

(3) Describe an algorithm for computing min(U, V ) and its computational complexity.
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�� 4

2 Ó*Ñ�Ô¶5 1000ÕÖ×*ØCÙÚÛ�×1�Ü:/Ý��n��Þß�×à��5áC

:/eâÝ��n��Þß�×à��*�ÜÕ�Àã5 106 byte/sec\�Üäå5 10 msec\m

æ�çèyé\ÚÛ�×êëMì©DE789áC:/e2*Ý��n��Þ*¹=\´*@�

7ß�×à��íæ×�Í5îï01ðÑzFe

• ÚÛ�×*mñ�ò�×

+-----------------+-------------+-----------+--------------+

| Sequence Number | Packet Type | Data Size | data |

| (3 Bytes) | (1 Byte) | (2 Bytes) | |

+-----------------+-------------+-----------+--------------+

Packet Type: 1 DATA

0 ACK

• TÜó*ô
DATAÚÛ�×5T6õ�FQ\ACKÚÛ�×5öÜó=ö§÷:eACKÚÛ�×* Se-

quence NumberMTÜzFÚÛ�×* Sequence Number9:/e

• öÜó*ô
Sequence Number*øù�MúZ1û¯/eDATAÚÛ�×5öÜ:/�=\ÃüÚÛ�

×*ACKÚÛ�×5TÜ:/01\´*ÚÛ�×*öÜ5ý�eDATAÚÛ�×5öÜ:

/þ= Sequence Number= (modulo 224 1) 15�:e

sR*�8=>?@e

(1) ÚÛ�×-��z789w*Æ��Ü�Í�í�×5Ë¯@e

(2) ÚÛ�×��5��zFíæ×�Í=�Xy@e�	��À1�8<�@8e

(3) Ý��n��Þ*�ÜÕ�Àã5@§@�
H1w/@�=\íæ×�Í5�Xy@e

(4) ¹9��Ý��n��Þ5J�<\64Ó*Ñ�Ô5 8× 8*����=�7�/e¹W*

íæ×�Í5�=Ñ�Ô��-�Ü1w/@�ß�×à��íæ×�Í5ðÑz\RW'!

þ=È*íæ×�Í5�ªy@e

(a) ÚÛ�×mñ�ò�×

(b) �Ñ�Ô¹1*öÜ\TÜ\Í�����ô
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Problem 4

We assume that two computers are connected by a network of data-link layer whose packet

size is �xed as 1000 bytes. We also assume that the bandwidth and the latency of this data-link

layer network are 106 byte/sec and 10 msec, respectively. No packet �ow controlling mechanism

is supported, and packet arrival is not guaranteed. The following is an un�nished design of a

network protocol on top of this data-link layer.

• Packet Format

+-----------------+-------------+-----------+--------------+

| Sequence Number | Packet Type | Data Size | data |

| (3 Bytes) | (1 Byte) | (2 Bytes) | |

+-----------------+-------------+-----------+--------------+

Packet Type: 1 DATA

0 ACK

• Processing in the receiver

When a DATA packet is received, an ACK packet, whose Sequence Number is the same as

the received DATA packet, is sent back to the sender.

• Processing in the sender

The initial Sequence Number is randomly chosen. After sending a DATA packet, the sender

waits for the ACK packet of the DATA packet, and the sender sends the next DATA packet

after the receipt of the ACK packet. The Sequence Number is incremented by 1 (modulo

224) at each packet sending.

Answer the following questions.

(1) Calculate the maximum throughput when no packet is lost.

(2) Modify the protocol so as to consider packet loss. The protocol may be written in a pseudo

code.

(3) Modify the protocol so as to utilize the data-link network bandwidth better.

(4) Assume that 64 computers are connected with a network of 8× 8 mesh topology using the

same data-link layer as above. Design a new network protocol based on the above protocol

so that all the computers may communicate each other. Explain the new protocol from

the following points of view.

(a) Packet format.

(b) Sending, receiving, and routing on each computer.
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