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Problem 1 ‘

Binary numbers are répresented with the prefix “0Ob”. For example, the decimal number “9” is written
as “0b1001”.

For a W-bit value x, x[i] represents the value of the i-th bit, where the least significant bit is 0-th bit.
For example, when x =‘Ob 1110, x[0] is 0 and x[2] is'1. ; ' ‘
Use only two-input AND gates (Figure 1), two-input OR gates (Figure 2), and NOT gates (Figure 3),
unless otherwise specified. In addition, Figure 4 shows an example of a circuit that outputs a fixed

value 1 to terminal a.
1. Subtract 1 from 0b11010000 and express the result in decimal.

2. The 2:1 multiplexer shown in Figure 5 is a circuit that selects the value of terminal a or terminal
b according to the value of terminal s and outputs it to terminal c. Figure 6 shows an example of
a circuit that implements this 2:1 multiplexer. Describe the truth table for this circuit. Also, answer

which of the values input into a or b is output when the value of s is zero.

3. Construct a circuit that receives 4-bit inputs x and y, inverts the bits of x at the same bit positions
as the bits in y that are 1, and outputs the result as a 4-bit value z. Draw the circuit diagram. Use
only 2:1 multiplexers shown in Figure 5 and NOT gates. For example, when x = 0b1010 and y =
0b1100, the output z is 0b0110.

From now on, we consider a’ circuit Ty that takes an N-bit binary number from terminal a and outputs
an N-bit binary number to terminal b, Ty sets 1 for every bit up to the first appearance of 1 when
scanning the bits of a from the least-significant bit, and sets 0 for all bits above that, and outputs the
result to 4. If no 1 appears in the input, all output bits are 1. For exarﬁple, when the input bits are
0b11010000 in Ts, the output bits are 0b00011111.

4. Describe the truth table for T2, and draw the diagram of a circuit that implements it.
5. Describe the truth table for T3, and draw the diagram of a circuit that implements it.
6. Draw the diagram of a circuit that implements Ts. Use seven gates in total.

7. .Draw the diagram of a circuit that implements Ts. Ensure that the number of gates passed through

on any path from an input to an output is four or less, and that the total number of gates used is 20
or less. ‘



Consider constructing circuit Ty so that the maximum number of gates on any input-to-output
path is as small as possible. Explain how to construct such Tx. Then, express the order of the total
number of gates and the order of the maximum number of gates on any input-to-output path in

Big-O notation in terms of N, respectively.

9. Construct a circuit that subtracts 1 from a 4-bit value using only circuit T4, 2:1 multiplexers, and

NOT gates, and draw the circuit diagram.

O > >

Figure 1 Figure 2 Figure 3 Figure 4
Two-input AND gate Two-input OR gate NOT gate Fixed value 1 output
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Figure 5 : Figure 6
2:1 multiplexer Example implementation of 2:1 multiplexer



Problem 2

Consider communication between a wireless terminal and an access point. Let the signal propagation
rate be s = 3.0 X 108 m/s, the one-way propagation distance be 150 km, both of the uplink and
downlink effective transmission rates be R = 10 Mbps, and the processing delay at both the terminal
and access point be Dy, = 0.1 ms. Answer the following questions. The prefix “M” represents 10°.

(1) When the packet length is L = 4000 bits, calculate the average round-trip time (RTT) per one
packet. '

(2) In the round-trip communication between this wireless terminal and the access point, suppose
the probability that the initial transmission attempt is unsuccessful and requires a
retransmission.is p = 0.2 . If the transmission fails, the retransmission begins after a period
equal to the RTT calculated in (1), measured from the start of the initial transmission attempt.
Assume a simple retransmission control where a retransmission occurs only once if the initial
transmission fails, and the retransmission is always successful. Estimate how many milliseconds
(ms) the expected RTT increases on average. Ignore the time for acknowledgment messages
(ACK/NACK) that indicate whether a packet was received correctly.

(3) Instead of the above retransmission control, consider introducing forward error correction (FEC)
in which redundant parity bits are added to the packet in advance, allowing the receiver to
detect and correct errors. Given the original packet length L = 4000 bits, and a coding rate of
R. = k/n = 0.8, calculate the encoded packet length Lg. in bits. Note that k is the
information length and n is the codeword length.

(4) Calculate the RTT when the FEC (the original packet length L = 4000 bits, and a coding rate of
R, = 0.8) is introduced. ’

(5) In the communication described above, for what range of packet error rates is the delay of the
FEC smaller than the expected delay of retransmission-control?

(6) Explain how jitter (i.e., variation in delay) differs between retransmission control and FEC.
Describe for which types of applications FEC is suitable and explain why.

Two terminals simultaneously transmit over a shared communication channel, and a collision occurred.
To probabilistically avoid repeated collisions during retransmissions, we apply an algorithm known as
exponential backoff in carrier sense multiple access with collision detection (CSMA/CD).
When a collision is detected, each terminal randomly determines its retransmission timing. Specifically,
the initial collision is counted as the 0-th transmission attempt, in the i-th retransmission attempt, each
terminal selects one transmission slot (i.e., a discrete time interval in which transmission is attempted)
uniformly at random from 0 to 2! — 1. If they select different slots, the terminals successfully transmit
and the contention is resolved. If they select the same slot, a collision occurs again and we proceed to
the next retransmission. '
(7) Find the probability P; that the contention is resolved in the first retransmission attempt.
(8) Find the probability P, that a re-collision occurs in the first retransmission attempt, but the
contention is resolved in the second retransmission attempt..
(9) Find the probability P, that the contention is resolved for the first time in the k-th
retransmission attempt, using k. Assume k > 1.
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Problem 3

Select four items out of the following eight items concerning information systems, and explain each
item in approximately from four to eight lines. If necessary, use examples, figures, and/or equations.

(1) Merge sort
. (2) Garbage collection
(3) Program counter
(4) Rounding error in floating-point arithmetic
(5) Transformer in machine learning
(6) Monte Carlo integration
(7) Brushless DC motor
(8) Virtual memory
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