
Practice Set 1 Solutions

1.3

We will count the transfer as completed when the last data bit arrives at its destination. An
alternative interpretation would be to count until the last ACK arrives back at the sender, in which
case the time would be half an RTT (25 ms) longer.

(a) 2 initial RTTs (100ms) + 1000KB/1.5Mbps (transmit) + RTT/2 (propagation = 25ms) ≈
0.125 + 8Mbit/1.5Mbps = 0.125 + 5.333 sec = 5.458 sec. If we pay more careful attention
to when a mega is 106 versus 220, we get 8,192,000 bits/1,500,000bps = 5.461 sec, for a total
delay of 5.586 sec.

(b) To the above we add the time for 999 RTTs (the number of RTTs between when packet 1
arrives and packet 1000 arrives), for a total of 5.586 + 49.95 = 55.536.

(c) This is 49.5 RTTs, plus the initial 2, for 2.575 seconds.

(d) Right after the handshaking is done we send one packet. One RTT after the handshaking we
send two packets. At n RTTs past the initial handshaking we have sent 1 + 2 + 4 + + 2n =
2n+1 − 1 packets. At n = 9 we have thus been able to send all 1,000 packets; the last batch
arrives 0.5 RTT later. Total time is 2+9.5 RTTs, or .575 sec.

1.5

Propagation delay is 4× 103m/(2× 108m/s) = 2× 10−5sec = 20µs. 100 bytes/20µs is 5 bytes/µs,
or 5 MBps, or 40 Mbps. For 512-byte packets, this rises to 204.8 Mbps. ‘

1.13

(a) The minimum RTT is 2×385, 000, 000m/3 × 108m/s = 2.57s.

(b) The delay×bandwidth product is 2.57 s×1 Gbps = 2.57Gb = 321 MB.

(c) This represents the amount of data the sender can send before it would be possible to receive
a response.

(d) We require at least one RTT from sending the request before the first bit of the picture
could begin arriving at the ground (TCP would take longer). 25 MB is 200Mb. Assuming
bandwidth delay only, it would then take 200Mb/1000Mbps = 0.2 seconds to finish sending,
for a total time of 0.2 + 2.57 = 2.77 sec until the last picture bit arrives on earth.

1.20

(a) Per-link transmit delay is 104 bits / 108 bps = 100 µs. Total transmission time including link
and switch propagation delays = 2×100 + 2×20 + 35 = 275 µs.
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(b) When sending as two packets, the time to transmit one packet is cut in half. Here is a table
of times for various events:
T=0 start
T=50 A finishes sending packet 1, starts packet 2
T=70 packet 1 finishes arriving at S
T=105 packet 1 departs for B
T=100 A finishes sending packet 2
T=155 packet 2 departs for B
T=175 bit 1 of packet 2 arrives at B
T=225 last bit of packet 2 arrives at B
This is smaller than the answer to part (a) because packet 1 starts to make its way through
the switch while packet 2 is still being transmitted on the first link, effectively getting a 50µs
head start. Smaller is faster, here.

1.22

The number of packets needed, N , is
⌈
106/D

⌉
, where D is the packet data size. Given that

overhead = 50 × N and loss = D (we have already counted the lost packets header in the over-
head), we have overhead+ loss = 50 ×

⌈
106/D

⌉
+ D

D overhead+loss

1000 51000
10000 15000
20000 22500

The optimal size is 10,000 bytes which minimizes the above function.

3.55

Apply each subnet mask and if the corresponding subnet number matches the SubnetNumber
column, then use the entry in Next-Hop. (In these tables there is always a unique match.)

(a) Applying the subnet mask 255.255.255.128, we get 128.96.39.0. Use interface0 as the next
hop.

(b) Applying subnet mask 255.255.255.128, we get 128.96.40.0. Use R2 as the next hop.

(c) All subnet masks give 128.96.40.128 as the subnet number. Since there is no match, use the
default entry. Next hop is R4.

(d) Next hop is R3.

(e) None of the subnet number entries match, hence use default router R4.

3.68

(a) Giving each department a single subnet, the nominal subnet sizes are 27, 26, 25, 25 respectively;
we obtain these by rounding up to the nearest power of 2. For example, a subnet with 128
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addresses is large enough to contain 75 hosts. A possible arrangement of subnet numbers is
as follows. Subnet numbers are in binary and represent an initial segment of the bits of the
last byte of the IP address; anything to the right of the / represents host bits. The / thus
represents the subnet mask. Any individual bit can, by symmetry, be flipped throughout;
there are thus several possible bit assignments.
A 0/ one subnet bit, with value 0; seven host bits
B 10/
C 110/
D 111/
The essential requirement is that any two distinct subnet numbers remain distinct when the
longer one is truncated to the length of the shorter.

(b) We have two choices: either assign multiple subnets to single departments, or abandon sub-
nets and buy a bridge. Here is a solution giving A two subnets, of sizes 64 and 32; every
other department gets a single subnet of size the next highest power of 2:
A 01/

001/
B 10/
C 000/
D 11/

3.73

We need to find the longest netmask IP in the routing table that matches the given IP address.
Since the routing table given is sorted in decreasing order of netmask, we can start from the top
and work our way to the bottom.

(a) F C4.4B.31.2E does not match with either of the A, B, C, D, or E. It matches with F and we
stop there and return F as the next hop. We won’t try to match it with the shorter netmasks
(i.e. G) in the routing table.

(b) B

(c) E

(d) A

(e) D

(f) C
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