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P1. Consider an application that transmits data at a steady rate (for example, the sender generates
an N-bit unit of data every k time units, where k is small and fixed). Also, when such an
application starts, it will continue running for a relatively long period of time. Answer the

following questions, briefly justifying your answer:

a. Would a packet-switched network or a circuit-switched network be more appropriate for

this application? Why?

PRI S I 248 B, — D TR, TR AR B A A i, DR LR 3 T
R 990 FE Bl I Bt S B AT S BE R 2 e 2 B A, AN S 41504 s 55—, M.
MIFIR G SRR Es AT 2 KA —BURTR], PR 52 AR R G A 1 0, LI
A, AT, WATFEALH, GBI = i A ReR.

b. Suppose that a packet-switched network is used and the only traffic in this network
comes from such applications as described above. Furthermore, assume that the sum of
the application data rates is less than the capacities of each and every link. Is some form

of congestion control needed? Why?

AN EHNZESE ], TR E] “such applications” JERHL, UL T BEAFAEZ AR MY
AR TR AR S A N T R AR A R RE T, TP 2R R I T AR A R
KT TR H BE ) AR AR, BT DA I AN 5 2 264 ]

P2. This elementary problem begins to explore propagation delay and transmission delay, two
central concepts in data networking. Consider two hosts, A and B, connected by a single
link of rate R bps. Suppose that the two hosts are separated by m meters, and suppose the
propagation speed along the link is s meters/sec. Host A is to send a packet of size L bits to
Host B.

a. Express the propagation delay, dp,.,, in terms of m and s.

d

m
prop = — second
s
b. Determine the transmission time of the packet, d;,qns, in terms of L and R.
L
dirans = = second

c. Ignoring processing and queuing delays, obtain an expression for the end-to-end delay.

m L
dend_to end = Aprop + dirans = ( " + E) second

5



P3.

P4.

F—F N &L

d. Suppose Host A begins to transmit the packet at time t = 0. At time ¢t = dy.qns, Where
is the last bit of the packet?

Ja—A> bit WINIEE Host A % i, {H Host B A AKULH,

e. Suppose d,.., is greater than dyyqns. At time ¢ = dypqns, Where is the first bit of the
packet?

Si—A> bit IR, Rk Host B 1.
f. Suppose dop is less than dyyqns. At time ¢t = dyyqns, Where is the first bit of the packet?
F—A> bit ©&4 Host B s 1
g. Suppose s = 2.5 - 108,L = 100bits,and R = 28kbps. Find the distance m so that d;..p

equals dyrqns-

fiF
dprop = dirans
m L
s R
m 100

2.5-108  28-103
100 6250000

28103 7

m=2.5-10% x ~ 892857.142857143  (meters)

O

Consider the queuing delay in a router buffer (preceding an outbound link). Suppose all
packets are L bits, the transmission rate is R bps, and that N packets simultaneously arrive
at the buffer every LN /R seconds. Find the average queuing delay of a packet. (Hint: The
queuing delay for the first packet is zero; for the second packet L/R; for the third packet 2L/R.
The Nth packet has already been transmitted when the second batch of packets arrives.)

fiE
s . N . L = 4
Fih Qo R A (i - 1), BRENSE, BERZIETYH
SRR HEA LR
N N
1L L L&, L N(N—1) L(N-1)
NZ;“ R vrZ VI NR 2R

O

Consider a packet of length L which begins at end system A and travels over one link to
a packet switch, and travels from the packet switch over a second link to a destination end
system. These two links are connected by one packet switch. Let d;, s;, and R; denote the
length, propagation speed, and the transmission rate of link ¢, for ¢ = 1,2. The packet switch
delays each packet by dpoc. Assuming no queuing delays, in terms of d;, s;, and R;, (i = 1,2),
and L, what is the total end-to-end delay for the packet?

d;
denditoiend = dproc + dp?"O;D + dirans = dl)mc + Z o + Z

i=1 " i=1

»
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Suppose now the packet is 1,000 bytes, the propagation speed on both links is 2.5 - 108
m/s, the transmission rates of all both links are 1 Mbps, the packet length is 1,000 bytes,
the packet switch processing delay is 1 msec, the length of the first link is 4,000 km, and the
length of the last link is 1,000 km. For these values, what is the end-to-end delay?

2 2
d; L
dend_to_end = dproc + deOP + dtmns = Uproc + Z 3_ + Z ﬁ
i=1 "

i=1 "*

1 10-3 4 4000 10%m . 1000. 10%m g5 1000 x 8 bits

B 2.5-10%m/s ~ 2.5-10%m/s 1-106bits/s
4000 - 103 1000 - 103 1000 x 8

_(1.10-3 3

= (10 S T a5 108 T2X Togge ) X107 ms

=37 ms

P5. Consider the throughput example corresponding to Figure 1.16(b). Now suppose that there
are M client-server pairs rather than 10. Denote R,, R., and R for the rates of the server
links, client links, and network link. Assume all other links have abundant capacity and that
there is no other traffic in the network besides the traffic generated by the M client-server

pairs. Derive a general expression for throughput in terms of Ry, R., R, and M.

K 1.1: Figure 1.16(b)

|

Falin - woN
min {RS, R.,

<=
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P6. Consider sending a large file of F' bits from Host A to Host B. There are two links (and one
switch) between A and B, and the links are uncongested (that is, no queuing delays). Host
A segments the file into segments of .S bits each and adds 40 bits of header to each segment,
forming packets of L = 40 + S bits. Each link has a transmission rate of R bps. Find the
value of S that minimizes the delay of moving the file from Host A to Host B. Disregard
propagation delay.

& day(F, S, R) &7 XK EHAK 3% F) THLBEG A 3RER | BPE 2R

argmin  dgy(F, S, R)
s

dan(F,S,R) = [51x 1(:0"'5) n (40;— S)

([5]-)-252
ol f o)

F
—BERAT, S F, Fivk {S“ ~ g,ﬁfrw\

1
R
1 A0F

:<S++F+m)

F F
dan(F, S, R) ~ <4O><S+S>< S+4O+S)

R S
> 37<2¢40£’+.F-%40)
“ R
B ALY S = VAOFEY, e REXa9ES M
COSTWVAOFRY , 35 S ZAHLAL 12 F) 2 HUBRY A SRIER F,



P1.

P2.

P3.

Consider an HTTP client that wants to retrieve a Web document at a given URL. The
IP address of the HTTP server is initially unknown. What transport and application-layer

protocols besides HTTP are needed in this scenario?

Gk, P HEERE URL Fayik £355) IP sk, iXF 2 DNS #a0 (3X 2 2 A B
i), 7 DNS #330GE & T UDP #hilay (X2t Bil) « Z)5a9 HTTP #hilde R T2
HTTP3.0, M AF TCP ity (X240 EWL), 4ef2 HTTP3.0, M &% F UDP #
BLay (X AEH EWL) .

B45 R E HTTP3.0, Wit F & m A ZEWil DNS, 44 2% UDP; 4R K%
HTTP3.0, WitE %25 A Eil DNS, ## Etil UDP, TCP,

Suppose within your Web browser you click on a link to obtain a Web page. The IP address
for the associated URL is not cached in your local host, so a DNS lookup is necessary to
obtain the IP address. Suppose that n DNS servers are visited before your host receives
the IP address from DNS; the successive visits incur an RTT of RTT, ---, RTT,,. Further
suppose that the Web page associated with the link contains exactly one object, consisting of
a small amount of HTML text. Let RTT, denote the RTT between the local host and the
server containing the object. Assuming zero transmission time of the object, how much time

elapses from when the client clicks on the link until the client receives the object?
Bk, F%4%1 DNS, &y F DNS £ F UDP, WuFE £ > | RTT; #4afia T DNS &
. ZBEM R %A HTTP hitésn, BREX 2 Aeg 2 HTTP 3.0, AR 24X 2%
#F TCP #riay HTTP #pis, BukFE 2 RTT, w4yt i)k < TCP 45, X 5k RKievkh ik
FZ—A RTT, vyaf i),
B b & g e 8] A :
> RTT; + 2RTT;

i=1
Referring to Problem P8, suppose the HTML file references three very small objects on the

same server. Neglecting transmission times, how much time elapses with

a. Non-persistent HTTP with parallel connections?
Bk ik R Awoly BLARE BT B —AF109 TCP i, ik sbif 35T AR oy 24T, HHE
Zagagin] A : . .
> RTT; + 2RTT, + 2RTTy = Y | RTT; + 4RTT,

i=1 i=1

b. Non-persistent HT'TP with no parallel TCP connections?

9
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i

Fp ik R ook BLARE I B —Aday TCP &4k, M HLiX
& Zayatin A

N
i
i
A
)
I
b
pua
A_‘-
e
puy

EZRTD+2RTQ+3x2RMh:§:RTE+8RT%

=1 =1
c. Persistent HTTP?

RIFe—A TCP &4, A EZA TCP &4+, HTTP #REZAARMAE, 4Lzt 2
PAREZFF A —/A HTTP F RN Evm B G B R % e —A HITP #FK, & T Zekis4
BF ), BT VAR A A F KB T E s, a2k 2, 25X = A7 Rk SR8 T
HTML S #ragem iz, Bk e DNS &5, &&#Es—x TCP %38, 2 5 eEZA#EEE
wAT A HTTP a4iF K fevm 5, B agaTin) A -

> RTT; + RTT, + 2RTT, = » RTT; + 3RTT,
i=1 i=1
P4. What is the difference between MAIL FROM: in SMTP and From: in the mail message itself?

SMTP w44 MAIL FROM %74 15t4 SMTP R & Byt 5 K129 A F 4, dukiH1z
BH ey From =R P 8 LHEHAE.

AL ABL, IR R Z LR S k4R, M SMTP ¥ 44 MAIL FROM #= fR 5 %
A ABEEEIREB AR P 4, M E 8 ey From B0 A

LR, BT From £ TVARA P B TR, FTvAR P ALTT VS —A B B0 K13 o4 R
Mpeht, WA PELEL MAIL FROM Li#B7 (MR P A A S8y SMTP R4 %),

P5. Consider accessing your e-mail with POP3.

a. Suppose you have configured your POP mail client to operate in the download-and-keep

mode. Complete the following transaction:

C: list
S: 1 498
C: list S: 2 912
S: 1 498 S:
S: 2 912 C: retr 1
S: S: blah blah ...
C: retr 1 ; St o blah
S: blah blah ... S:
S: oo blah C: retr 2
S: S: blah blah ...
S: oo blah
? S:
C: quit

S: +0K POP3 server signing off
b. Suppose you have configured your POP mail client to operate in the download-and-delete

mode. Complete the following transaction:
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S: oo blah

S:

C: dele 1
S: oo blah C: retr 2

; S: blah blah ...

S: oo blah
? S

C: dele 2

C: quit

S: +0K POP3 server signing off

¢. Suppose you have configured your POP mail client to operate in the download-and-keep
mode. Using your transcript in part (b), suppose you retrieve messages 1 and 2, exit POP,
and then five minutes later you again access POP to retrieve new e-mail. Suppose that
in the five-minute interval no new messages have been sent to you. Provide a transcript

of this second POP session.

C: list

S: 1 498

S: 2 912

S:

C: retr 1

S: blah blah ...
S: oo blah
S:

C: retr 2

S: blah blah ...
S: oo blah
C: quit

S: +0K POP3 server signing off

P6. Consider query flooding, as discussed in Section 2.6. Suppose that each peer is connected
to at most N neighbors in the overlay network. Also suppose that the node-count field is
initially set to K. Suppose Alice makes a query. Find an upper bound on the number of

query messages that are sent into the overlay network.

BAFERS G N ABEF LR EENESL, RATEG% A LLEENELNRS S
KEENE L, FWRIET Alice 5h, FAMERS 6 N -1 ANARET S % ENE L. M Alice
AR EMHEAE, AR S0 N BB ELEZEDE L.

B, & Alice KAty &A% 0 k&, ARELZBAENARERS 1 REm, IRt
KA. & oa (1 € N) Rudh i REwmedInks Eaeg s E8, M apg =ax (N-1), &
ap = N. ZHMERRSIAT K 3, 2R S LENENE LELAAFTAKE & ih 4R 5
FogBde, BLRERELLR EmeT 3] &0 09 40 B R R AR T .
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1-(N—-1) 2—-N




B ez

P1. True or false?

a. Suppose Host A is sending a large file to Host B over a TCP connection. If the se-
quence number for a segment of this connection is m, then the sequence number for the

subsequent segment will necessarily be m + 1.
iR, F k& FI5 B A m he EIX R R R e BAESR0 F P 4

b. Host A is sending Host B a large file over a TCP connection. Assume Host B has no
data to send Host A. Host B will not send acknowledgments to Host A because Host B

cannot piggyback the acknowledgments on data.

R, PR A AR R R 3%, LB R iE ACK R, TNHEHF T 7T &M hitedr
0y

c. Suppose that the last SampleRTT in a TCP connection is equal to 1 sec. The current

value of Timeout Interval for the connection will necessarily be > 1 sec.

B,
SRTT = 0.875sRTT + 0.125Sample RTT

DevRTT = 0.75DevRTT + 0.25 |SampleRTT — sRTT|
Timeout = sRTT + 4DevRTT

F L7, 1Bi% sRIT 4o DevRTT #R4E$45i% 0, % s —A SampleRTT
A 1A, WAET—8z T 5435

SRTT = 0.1254F DevRTT = 0.25% Timeout = 0.125 +4 x 0.25 = 1.125%%

% sRTT ¥4 w4 DevRTT ¥4 o, #fp44¢ Timeout 3% e, Bk Timeout > 1.125%),
vk Timeout > 14) FE#,

d. Suppose Host A is sending Host B a large file over a TCP connection. The number of

unacknowledged bytes that A sends cannot exceed the size of the receive buffer.

13
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e. The size of the TCP RcvWindow never changes throughout the duration of the connec-

tion.

#3%, TCP RevWindow 2 4RIEILMIH A9 I AL /1 1.

f. The TCP segment has a field in its header for Revwindow.

JE‘E)%O

g. Suppose Host A sends one segment with sequence number 38 and 4 bytes of data over a
TCP connection to Host B. In this same segment the acknowledgment number is neces-

sarily 42.

ik, BFINFT AT N2 H R ES | THERFT, r?w'ink Foch B R it
g ES, WAl4 A B RPasFS, BHA A %IPayFS, ERF LA,

P2. UDP and TCP use 1s complement for their checksums. Suppose you have the following three
8-bit bytes: 01010101, 01110000, 01001100. What is the 1s complement of the sum of these
8-bit bytes?(Note that although UDP and TCP use 16-bit words in computing the checksum,

for this problem you are being asked to consider 8-bit sums.) Show all work.

01010101
01110000

+ 01001100

HiERF 100010001
5 he F) KR, 00010010
IR 11101101

Frvh 8 fitdsdese 11101101,

Why is it that UDP takes the 1s complement of the sum; that is, why not just use the

sum?

1R B G, BENCERIERT R E 2o BN R L —RFITE AR e, BIR, B4R A4 1
W38 A mAE AR LR feF R A A 0 BT R Ao AIUR

With the 1s complement scheme, how does the receiver detect errors?

FMH AT BAIR L Ao R % 5 BATAR R 893 1F, AR F RS, BPER o2 R 16 1549
ERILAFTHAFTT (AR RERL 1612), MNBERE—-ANFHERREIE 0 7



15

F) 16 15 Z Ed5aX e 16 {apyF RKAo, 48t 16 1569 51230 s (BPatis) mE|& 16 126536
S BATRUR, Shit s Rhe R A4 1, NGRS EH, & NI 4EE .,

Is it possible that a 1-bit error will go undetected? How about a 2-bit error?

11289452 L R 2 AN, BA 1 5095 FREANBRIBER P E P —1585 1 &
A0, M 2 1589458 T e AR o

P3. Consider our motivation for correcting protocol rdt2.1. Show that the receiver, shown in the
following figure, when operating with the sender shown in Figure 3.11, can lead the sender
and receiver to enter into a deadlock state, where each is waiting for an event that will never

occur.

\‘ - -
Wait for Wait for udt_send (sndpkt)
call 0 from ACK or
above NAK 0
rdt rdt (rcw
& Kt) & & rup Kt)
is (revpkt
A A
Wait for Wait for
ACK or call 1 from
NAK 1 above

Figure 3.11 r4t2.1 sender
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Wait for
1 from
below

Figure 3.57 An incorrect receiver for protocol rdt 2.1

Bk, rdt2 e B kA 2455 LT R (LA TRAEE). R

4% &

Yo TN, RiEFLFETHES 0 896, 3lssislk, wibhEs, 29 ACK HiRkE, 2
ACK 4, RERIBHEREEHAERT 0096, TG L2 THHFF5 1 ooy

KE, €KkE 5T 0098, 2#8E NAK, Kiz#mks NAK, X2EL55 0098

HEFHUH, LiFEsd—AKEFS 0098, Ils—HaEE NAK,

, A

P4. Consider the GBN and SR protocols. Suppose the sequence number space is of size k. What

is the largest allowable sender window that will avoid the occurrence of problems such as that

in Figure 3.27 for each of these protocols?
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Sender window Recelver window
(after receipt) (after receipt)

0123012 pkt0

ACKO 0123012
0123012 pktl

ACKl 0123012
0123012 pkt2 ::

ACK2Z 0123012

timeout
retransmit pkt0

0123012 pkt0

receive packet

with seq number 0

a

Figure 3.27 SR receiver dilemma with too-large windows: A new packet or a retransmission?

Sender window Recelver window
(after receipt) (after receipt)

ACK0O 0123012
ACK1 0123012

ACKZ 0123012

"= receive packet

with seq number 0

T GBN #9%, RRMZERGE T RDA 28 — 15 3 F SR #i, RRAGREZHE TR
A 2k,

P5. P24.Consider transferring an enormous file of L bytes from Host A to Host B. (P24 MSS %
536 “FI7)

a. What is the maximum value of L such that TCP sequence numbers are not exhausted?
Recall that the TCP sequence number field has 4 bytes.

BT TCP ity 55 H AANFH, MAFFTELEAZXZL 0~ 2% -1, AR FEE
TCP #9755 R4%, L &K 2478 = 4294967296 = 4Gi.
(1Gi=1024Mi=1048576Ki=1073741824)
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b. For the L you obtain in (E) , find how long it takes to transmit the file. Assume that a

total of 66 bytes of transport, network, and data-link header are added to each segment
before the resulting packet is sent out over a 10 Mbps link. Ignore flow control and

congestion control so A can pump out the segments back to back and continuously.

L 232 )
—k &0 == M, BREKEA 6 = 602 (bytes), T=&% &tk
*4 MSS_ 536 MR, ARBAG KA 536 + 66 = 602 (bytes), TR % &4
PR AERG B KA (== x 602) bytes.,

536
FIT VA% 4y S % a4 18] A

32 32 .
10Mbps (10 x 220)bit/s 335

~ 3680.28656716418%) ~ 61.338%4F

P6. Consider Figure 3.58.

45—
%) 1
S 40 - __‘_,.--"’ |_:
e 1
g\ 35— =
@ A l
»w ¥ !
Q 30 ] .'I .! F
N |' | e
(7] | :: .: '_.. il |
g 25 .'I | = [
2 20 ',
2 |
c 154 ! |
o |
i 10 - l
S > ’ | A
-"l lt’.l
0 — T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Transmission round

Figure 3.58 TCP window size as a function of time

Assuming TCP Reno is the protocol experiencing the behavior shown above, answer

the following questions. In all cases, you should provide a short discussion justifying your

answer.

a. What is the value of Threshold ssthresh at the 18th transmission round?

% 16 ety BT O A 42, % 17 I E T O Fo ssthresh #7075 H 42 wy—F B 21,
% 18 # ssthresh &L, HiLE 21,
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. What is the value of Threshold ssthresh at the 24th transmission round?

¥ 22 #hatag BT 2 A 26, % 23 % ssthresh £ h 26 a9—EKBF 13, & 24 #%
ssthresh £ %, BitxE 13,

. Identify the intervals of time when TCP slow start is operating.

PP AMET o KRG R, BPE 1 2646, % 23 2] 26 4.

. Assuming a packet loss is detected after the 26th round by the receipt of a triple duplicate
ACK, what will be the values of the congestion window size and of Threshold ssthresh?

% 26 RN E T T KA 8, ssthresh # 13, WF|=AEH ACK B EMER
Ok T A 8 by—FBP 4, ssthresh 4L H 8 a4—F 07 4,

. After the 16th transmission round,is segment loss detected by a triple duplicate ACK or

by a timeout?

% 1T SN E T T AL 16 #hey—F , X HLAREHILE T =AE A8 ACK,

. After the 22nd transmission round, is segment loss detected by a triple duplicate ACK

or by a timeout?

% 23 M E T T A 1, XHLAKE SRR ARG E| T L6,

. Identify the intervals of time when TCP congestion avoidance is operating.

BRI AR B 0 KRR ag s, BPE 6 F) 16 4. 5 17 B 22 4,

. What is the initial value of Threshold ssthresh at the first transmission round?

EH T et WIE A RS HBFINER RS, IR T T KA 32, K
% 1 #andh ey ssthresh # 32.

i. During what transmission round is the 70th segment sent?

1,2,4,8,16,32,33,------

N TVEEFAT 6 AR B EA 1+24+44+84+164+32=063, a] 7 R BN
H14+244+8+16+32+33=96, M 63<70<96, FH& 70 NELSE 7L E,
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j. Suppose TCP Tahoe is used (instead of TCP Reno), and assume that triple duplicate
ACKs are received at the 16th round. What are the ssthresh and the congestion window
size at the 19th round?

% 16 R 9N E ST O h 42, 1% TCP Tahoe, NI F|=AFH 09 ACK 5,
% 17 3504 ssthresh T h 42 05— FBp 21, MEF 2 KDL H 1, B 19 3549 ssthresh
21, MEFT2RANA 4.

k. Again suppose TCP Tahoe is used, and there is a timeout event at 22nd round.How

many packets have been sent out from 17th round till 22nd round, inclusive?

% 1T HEH 22 g BT o RAMRK A 1,2,4,8,16,21, ey EGT 2 KA
R BN E, F 22 BN FHR LIRS 22 ML BN ANANKER RS
Hoh i 22 AR M AT, S 17T 5% (835) 3] 2240 (035) ReugiEh:

1+2+4+84+16+21 =52

[2010 %5 @] FHLHFI EHLCZ M E @ —4> TCP 4, TCP R AEK Ay 1000B. #1:
PLH A 4 HIHHZE 57 110 40008, 7E FALH [0 EHL LS R API N RKREBUS, B FHLL
KB — D BIRIBIARE, BHIAB Tl B EET 1R/ 20008, Wi ML B T DA T
FH L EE AT (B).

A. 1000 B. 2000 C. 3000 D. 4000

FAMFTEMB EINCEENE ARG HINR G, KK FT T EATMER 9,
HF 2 HAFE N AF) 2000B (3T 2 Ko) ARTEIRIEARCHIN, MRANEET 2 XA
4000B, &iz T AAS R K (BF 2000B), HHETyAK 2000B o9 F 7 3.

FivAsk it B,

[2020 5e% B # FHUF 5 WL @S TCP B4Ry, &KX SYN B iy)F-5-4 1000, 78
WP RS, FRRSE 21 FIN Behif)y-52 5001, WIFETALMEAER T, Himses
FIR I R B 7 HCA (C).

A. 4002 B. 4001 C. 4000 D. 3999

WA ET 4o, R INT LR ALK, FHLENT L2 FiEdE, EMTFTLiE SYN &
TG R ERAE, 26 EMTE EMTFT K iE ACKHSYN, AT H L iz ACK Bat=T1L
R BAAE, MR AN BBy ACK 895% 4 1001, @ T4 i%% 289 FIN & (5%
H 5001) AR 4% A 5 R E R, AT A R B AR 6 F R 55 A 1001 ) 5000, B A
%4 0 R EARAE G F 4 5000 — 1001 + 1 = 4000

iRt C,
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[2021 %% BH/ ) W EHL @ TCP [ AL ks, MadBa T Eus. BIE to iz
Rk AFE seq=501, % 200B FARAYEL, 16 t1 BZILEI 2 K IEHIFS seq=601. HiilF
5 ack_seq=501. HEULH 1 revwnd= 500B ¥ B, WHAERILEHIIMMIANBZ B, 7T AGAS:
6] & R IR BR TS 2 (A).

[
%. [

Iy seq=so1, 200 Bﬂ&

seq=601, ack_seq

A. 501 ~ 1000 B. 601 ~ 1100 C. 701 ~ 1000 D. 801 ~ 1100

AT EAF s a9 KA T O Ko Rde, AR LA RAEARIE TR ¢ 8T 2B LR FE Bk
Flif, ST #INGS A 501, PIATEZELF5 A 501 e98; Flh v 500B, NHLAA
B AN EF 0 BN AT, & % RALK % 500B 89 R BHAE , B P T VAL £hE) K % Y B
1% 58 B 501 ~ 1000,

FrvAsbAiie A,
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R13.

R16.

R20.

R22.

SR M2

Suppose Host A sends Host B a TCP segment encapsulated in an IP datagram. When Host B
receives the datagram, how does the network layer in Host B know it should pass the segment
(that is, the payload of the datagram) to TCP rather than to UDP or to something else?

£ IP Hilagksr, A-—ANFHEBFT S EMGER, T B RN&ERBEIANATE
gk T HagdeiX A TP 3R LR g B AF 8 0N & B,

Suppose an application generates chunks of 40 bytes of data every 20 msec, and each chunk
gets encapsulated in a TCP segment and then an IP datagram. What percentage of each

datagram will be overhead, and what percentage will be application data?

fBi% TCP EAe IP BE¥EZA FIreyk RF &, AL TCP a9k3rAh 20 5, 1P a9k
A2 F¥, LABEEREALRZEA chunk A 40 FF, RLAHESR LG KE LA

Suppose you purchase a wireless router and connect it to your cable modem. Also suppose
that your ISP dynamically assigns your connected device (that is, your wireless router) one IP
address. Also suppose that you have five PCs at home that use 802.11 to wirelessly connect
to your wireless router. How are IP addresses assigned to the five PCs? Does the wireless
router use NAT? Why or why not?

EERABFATHAIRENFELT, ZEMARIEL TP dehbdy R &35 B34, 5 B2 B
M IP ik, 124 TR oy B inaeis B ZRA , B BE 28R NAT (M&iksik),
PR3 A R HALIL &0 TP Foin O ek i 23y 2509 1P Fest o, B8 M P o9 K1k &-%F
Aeig o) BRI

Compare and contrast link-state and distance-vector routing algorithms.
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FE WL E

e

iR B | #5789k % (Link-State) Hoik £ % &= (Distance-Vector) Hik

3 BAFEGHA LT LB | BATERERELMTR, 135
A, Ré&EfG L Aienigseshay st | AVEH TR, tEhiiEl Ty
JEi[ LAT ARG A

BRI ELebt | Soill B & SEERR 00 R, B AR | R Ret, EAA AEAREARE N
OnE) MR S —F4kag %A | RBR I st F %2 R &%

TACRY, SLIRB eI A T 5 iy HAERR R R T eT, R %

FEARE 89 B A AR R HE 2R A

PRy, A BCE a9 R .

sk | FEE O(nE) AR O(n?) w3 | IREURIZ. T2 B F K EIR, X,
T T AE) T 57 g 1P AL,

B b LR RL AN, BIFER | 6B bR AUE. BEHER
Kz B HORE, Yol RehiEiEey | R F AR, AT ET LR
—SAERE T TR A . Sh It | TR B RGT A R LR E S e
FAAMR S (BT g Tasi R k), | IR AEIE. —AF et s
B — A, i 4 Ceg AR B, T IR AR 1R 1 2

SRBMGARJE . — A REHG I AL
A HE|EANAM %,

R24. Why are different inter-AS and intra-AS protocols used in the Internet?

ook
Y VXS L

BB AN EANEER, AT E R ER

é«kd&é’]ﬁkdﬂ«fi/ T $hdy g Ko
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EREE T ACE
BiEARZIA D ReET ARk
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A% &2 T AR,
MR R ER,

R25.

the following advertisement:

TR MBI B R T ANAR KA E LTS

Bl e ag M 2%

, YT BEAR R ERMAE.

Consider Figure 4.33. Starting with the original table in D, suppose that D receives from A

Destination Subnet Next Router

Number of Hops to Destination

Z C
— _

X —

10
1
1




Figure 4.33 + Routing table in router D before receiving advertisement
from router A

SE—--
Destination Subnet Next Router Number of Hops to Destination
w A 2
y B 2
z B 7
X — 1

Will the table in D change? If so how?

D gt R R 2L,
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Bk, TAEE AGDRET A5AZ zwx a9 FT—okfelpkdt, a2 D &EFH

Baagpkd k. D Robiekag®| z ag Sokdir 7, 2w RE T A BE 2, Mk b x 1+10 =

11,

R MIREGE %, R TRE 3 2 iX—4T; D RAILEME| w ag kBT 2, M AL E] Y
TARE, i A BE wahpkEtE 1+ 1 =2, fo)ak—4, H L TH w X —I7;

D BhiTFaHE x KA 1, B8RV T, REZBIH,

vk D O E| g A 9T ZATIEEH R S5 D 33, $ /MU THEELEL Y, Ak

TVAIRA D 95k g AR 2K TE.

P11. Consider a datagram network using 8-bit host addresses. Suppose a router uses longest prefix

matching and has the following forwarding table:

Prefix Match Interface
1 0
11 1
111 2
otherwise 3

For each of the four interfaces, give the associated range of destination host addresses and the

number of addresses in the range.
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P13.

P14.

EACE SRNEECY

o B &9 T AU A £ B2 ) B &4 T AUk $
0 1000 0000 - 1011 1111 26 — 64
1 1100 0000 - 1101 1111 25 =39
2 1110 0000 - 1111 1111 25 — 39
3 0000 0000 - 0111 1111 27 =128

¥E—T, By ENNEHEFoh 64+ 32+ 32+ 128 = 256 = 28, B4,

Consider a subnet with prefix 101.101.101.64/26. Give an example of one IP address (of form

XXX.XXX.XXX.XxX) that can be assigned to this network.

Hitde kM %S ny IP ®ehtho—BFsT, BP 101.101.101.65.

Suppose an ISP owns the block of addresses of the form 101.101.128/17. Suppose it
wants to create four subnets from this block, with each block having the same number of IP

addresses. What are the prefixes (of form a.b.c.d/x) for the four subnets?

BT FRIELA 17 =84+ 8+ 1 15, FfvA IP 3ehbadal AN IR VA B F = /N30 504 F —
15k TM%ES, Bk IP ¥k AR5 g 25 = 128 A BFTMEA, oM 4 AMATH,
128+-4=32, 17+2=19

128 +0x 32 =128, 128 + 1 x 32 = 160, 128 + 2 x 32 = 192, 128 + 3 x 32 = 224,
FT VAW /AS T a4 AT 48 A

101.101.128.0/19

101.101.160.0/19

101.101.192.0/19
101.101.224.0/19

Consider a datagram network using 8-bit host addresses. Suppose a router uses longest prefix

matching and has the following forwarding table:

Prefix Match Interface
00 0
01 1
10 2
11 3

For each of the four interfaces, give the associated range of destination host addresses and the

number of addresses in the range.
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P20.

27

o B &9 T AU A £ B2 ) B &4 T AUk $
0 0000 0000 - 0011 1111 26 — 64
1 0100 0000 - 0111 1111 26 — 64
2 1000 0000 - 1011 1111 26 — 64
3 1100 0000 - 1111 1111 26 = 64

In this problem we’ 1l explore the impact of NATs on P2P applications. Suppose a peer with
username Arnold discovers through querying that a peer with username Bernard has a file it
wants to download. Also suppose that Bernard and Arnold are both behind a NAT. Try to
devise a technique that will allow Arnold to establish a TCP connection with Bernard without
application-specific NAT configuration. If you have difficulty devising such a technique, discuss

why.

# T Arnold #= Bernard #f{& NAT Ed@, FEAEATE R AEL IS 7 BT E-T M a9 34 b 544
IP #enk (AW IP), # TCP 452555809, B RIZ A NAT #7476 E ﬁu,
itk B TCP 4TR% X, TCP 4TiRARd iR £ 4, X ZAMEMLE —TF, RECT@iT—
ANER AR IP 89k 4535 TCP Z k3B F a9k LT P 4k, 18— 537 a9ik b BTl
12, f2xf F L ERLAIFIE G Rk T TCP 4, dmH TCP THE R —Z AL, #l4e
3 Faf Ak NAT st ik, #mid B R AR T, TAEERMELTAH.

Consider the network fragment shown below. x has only two attached neighbors, w and y. w
has a minimum-cost path to destination u (not shown) of 5, and y has a minimum-cost path

to u of 6. The complete paths from w and y to u (and between w and y) are not shown. All

link costs in the network have strictly positive integer values.

;*’ %

a. Give z’ s distance vector for destinations w, y, and wu.

%k Tk e R FK
w
Yy w
w

b. Give a link-cost change for either ¢(x,w) or ¢(z,y) such that x will inform its neighbors

of a new minimum-cost path to u as a result of executing the distance-vector algorithm.
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FmOE M

% c(r,w) =10, N x 3| u 9 AR 893ES 4 A 11, BT —kE# A vy, it x &
Bimw Foy CHER AT R AT LTI,

. Give a link-cost change for either ¢(x, w) or ¢(z, y) such that z will not inform its neighbors

of a new minimum-cost path to u as a result of executing the distance-vector algorithm.

% c(z,y) =6, W o 3 u sy IRINMBAZE T, T—RIBRZE w, kit o REil4Eay
ARJE



RI.

R2.

R9.

R10.

dHhn Bwukst

N1

Y

What are some of the possible services that a link-layer protocol can offer to the network

layer? Which of these link-layer services have corresponding services in IP? In TCP?

HAEEIR BT AR A TR, 244N I2 B, £F B3 -% %50, 45K EHmit,
L Agish. 244N E IP o TCP P ARA AL a9 R 5, 4454 Zmabie TP 4 X may IP e
}"l]:o

If all the links in the Internet were to provide reliable delivery service, would the TCP reliable

delivery service be redundant? Why or why not?

4o R A2 B 4 W b 8y PR G A AR ARAR AR ST SDIL AR 5, TCP 89 7T S0 B IR 4L = % Aoid s
XA R ARAIRIEB| A0 LR A 242, 124 [P B TAde it L8 4 B 4200305 FHEL, X
HENFIE OB RRE R F A B8y, FRIECLLS, TCP TR LIMSE LM E
&, o 5L 04 M)A

Why is an ARP query sent within a broadcast frame? Why is an ARP response sent within

a frame with a specific destination MAC address?

ARP Himtk R 7450 B A & 3% 5% St 3T T Aeid 300k 5% a9 MAC ek, TiLEE, AT
RAete A 7 4&m; M ARP s phiz2ie B2 7436 MAC 3bibdofr, R2E 07 fel 23047,
v H k%A & iE ARP & hiag EHLE] ARP vh B WAL A £ F, FLit Ko REA 15001,
b HLE) B 45 MAC RA& g TAM#RFEF7F7T .

Suppose nodes A, B, and C each attach to the same broadcast LAN (through their adapters).
If A sends thousands of IP datagrams to B with each encapsulating frame addressed to the
MAC address of B, will C’s adapter process these frames? If so, will C’s adapter pass the IP
datagrams in these frames to the network layer C? How would your answers change if A sends
frames with the MAC broadcast address?

C hyiE fe B A %X S il 4 3009 B 09 MAC #bibfe C 49 MAC oibibis, X IRAARE, #
X EMEFT, A C i BELSAT T, (2T FETLENEFT, MMATEH IP &
WBtEiHss C MR, 124k A Zazagmiie Al T MAC J#xnk, R4 C ahiEf a4
LT, AW E e TP BB O EiRss C oMk 2 (M EL A Ta-EFR LAY ).
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R11.

R13.

P1.

P15.

$EF RIBHRE

In CSMA/CD, after the fifth collision, what is the probability that a node chooses K = 47
The result K = 4 corresponds to a delay of how many seconds on a 10 Mbps Ethernet?

FERRFRE, K 9IEEE A (0,25 — 1], BP K ST [0,31] P IR—A %,
Mk P(K = 4)

frd @ °
M K =4 st Fvk £3ER 4 x 512bit 4944t Bk fE 10 Mbps a9vA KA &, &6t A
4 x 512bi 2048bi
Delay — 22X 512bit _ 2048Bit ) 00048 45

10Mbps 10 x 106bit/s

Suppose a 10 Mbps adapter sends into a channel an infinite stream of 1s using Manchester

encoding. The signal emerging from the adapter has how many transitions per second?

Z M A A AT 5 By P IR AR — AT, s TRIEA 1, PRI S ey s 4k
BEREER, AR—13155H 2 A%, @i 10 Mbps #9iE e 2 L A4 e t54 10 x 106 1342
2 BTV AN ag ST A 20 x 106,

Suppose the information content of a packet is the bit pattern 1010 1010 1010 1011 and an
even parity scheme is being used. What would the value of the field containing the parity
bits be for the case of a two-dimensional parity scheme? Your answer should be such that a

minimum-length checksum field is used.

BT E B H B AR E RN, FARBIEOEEAR 16 AFF, V16 =4, AL
BE—AT AT, £ 447 BRBETETUE R % AT

Ol R = =
oo O O O
O = = =
== O O O
== O O O

F & b0 33E %4 10100 10100 10100 10111 00011,

Suppose nodes A and B are on the same 10 Mbps Ethernet bus, and the propagation delay
between the two nodes is 225 bit times. Suppose node A begins transmitting a frame and,
before it finishes, node B begins transmitting a frame. Can A finish transmitting before it
detects that B has transmitted? Why or why not? If the answer is yes, then A incorrectly
believes that its frame was successfully transmitted without a collision. Hint: Suppose at time
t = 0 bit times, A begins transmitting a frame. In the worst case, A transmits a minimum-
sized frame of 512 + 64 bit times. So A would finish transmitting the frame at t = 512 + 64
bit times. Thus, the answer is no, if B’s signal reaches A before bit time t = 512 + 64 bits.

In the worst case, when does B’s signal reach A?
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MAPLEAETRT, ERENHELT, A %%‘éﬁfl’u‘% 8 ANF Ay AT R F AAe b 64 A
FR YR ANy (EFRKER DN 46 F5), Lk 644512 =576 12, A a9z 5
Bk B H & 225 ANkdfatin], AR EZMFLT, £ A LBayMElk B ag—ukE, B AET
B ey, skEF B #9135 BEiE A UF 2 225 ANreadadia), FSbES 2 x 225 = 450 A~k
AT, B #9425 23k A, 450 < 576, Hib A RA&EENE] B E# 2 AT4 RA1EH

Suppose two nodes, A and B, are attached to opposite ends of an 900 m cable, and that they
each have one frame of 1,000 bits (including all headers and preambles) to send to each other.
Both nodes attempt to transmit at time ¢t = 0. Suppose there are four repeaters between A
and B, each inserting a 20-bit delay. Assume the transmission rate is 10 Mbps, and CSMA /CD
with backoff intervals of multiples of 512 bits is used. After the first collision, A draws K = 0
and B draws K = 1 in the exponential backoff protocol. Ignore the jam signal and the 96-bit

time delay.

a. What is the one-way propagation delay (including repeater delays) between A and B in

seconds? Assume that the signal propagation speed is 2 x 10% m/sec.

XL a4 636 P Uk S e s et R RATEA P 4R B 20 sk Ay i oy ket At & ¢ f2iX
T et ot ayiees T ¢ R LB T AR A Hve,
125 135k % 2 x 18% m/sec, AB ZA{£H 900 m 4y v 4ide. HE R B P
G BRI OLT ket
900m
2 x 108m/sec
AP Uk B 20 seaFRT M agakat, 45 10 Mbps, FHAA 4k S e iEet A
20bit 20bit
10Mbps 10 x 105bit/s

FTVA L% 5 P 4k 2509 17 DU T B0 15 35 28 0T

=45x 1076 %

=2x107% %

45x107%+4x2x107%=125x 10" #

b. At what time (in seconds) is A’s packet completely delivered at B?

X AH LRy & “packet” ? “packet” RN 1%Z &35 M 44 B 6 W-EE S T 2 XA
Rt FERIEGEYEEL O m A AL T B T —m (frame).
B NF E— BT ey B A Ak at AL A Y ARt IR, BB EH R A 10 Mbps, FTvA

10Mbps x (12.5 x 10~ %)sec = (10 x 10%)bit/s x (12.5 x 10~ %)sec = 125bit (rk4Fat1d))

Ao BAEt=008F2 % B, £t=125087%, A fo B A4EME T R, Bek 48
WHRMEES, AF b L%, A EIRER#BPiRET K =0, s 32 E#HESL
K%, REMEiE e, A 44T, B EdsABR#PiAFET K =1, A& E 512 tiFat
18] )& < BT K AE ML,
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"

B t=125+125 =250 8F %], B KZa9ti L2 A3RE|AT A, WM ZE RH, Bk
96 reAF ey ioretin, A 5% ER K EM.

£t =250+ 125 =375 6%, B FF4sdE2mi.

fEt=125+512+737 6% %), B /E&EAM, 123 (B EEAEEN), Bkfd

FE t =375+ 1000 = 1375 %), B 40T Wi,
e A B 1) 4 4L £

1375bit

— —1375x107% &
10 x 10%bit /s <107 v

FivAfe 1375 x 107¢ #F, A sy w42k B,

c. Now suppose that only A has a packet to send and that the repeaters are replaced with
switches. Suppose that each switch has a 20-bit processing delay in addition to a store-

and-forward delay. At what time, in seconds, is A’s packet delivered at B?

RA A RiEE, FREEFRARHAGERT . X078 ME T 458 4 ad ) kit 5
T, B AR A A R R
gkt R ERHEARFEE A B B 2009 L8500+
900m

toropagation = ~————=——— = 4.5 x 107 £
propagat 2 x 108m/sec g

A AT, FEAS ALY L TZ 3k 0Ty 20 AN RTINS0 A AT A4 X BT i) 2 A
i 20 ey g oy B e, AR ZARBRIE A F S 10 Mbps, "TVAH 0k 432 st n

20bit

torocessing = 4 X ————— = 8 x 1070 #)
processing 10 x 105bit/s v

W T A IRAAARR A AL X, Frodfeinatnt A (4 A et sb R T 5

« 1000bit
10 x 106bit/s

ttransmission -

=500 x 107° #¥

FIT VA % 3E BT
tall = tpropagation + tprocessing + ttransmission

=45%x107%4+8 x 107 4+ 500 x 107°
=512.5 x 1076 #

FRvAZE 512.5 x 107% %, A a4z 4 %)k B,

P17. Suppose nodes A and B are on the same 10 Mbps Ethernet bus, and the propagation delay
between the two nodes is 225 bit times. Suppose A and B send frames at the same time, the
frames collide, and then A and B choose different values of K in the CSMA/CD algorithm.
Assuming no other nodes are active, can the retransmissions from A and B collide? For our
purposes, it suffices to work out the following example. Suppose A and B begin transmission

at t = 0 bit times. They both detect collisions at ¢ = 225 bit times. They finish transmitting
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a jam signal at ¢t = 225 + 48 = 273 bit times. Suppose K4 = 0 and Kp = 1. At what time
does B schedule its retransmission? At what time does A begin transmission? (Note: The
nodes must wait for an idle channel after returning to Step 2—see protocol.) At what time

does A’s signal reach B? Does B refrain from transmitting at its scheduled time?

LR RE 5 48 bit a9 B F 0t A Fo 96 bit a9 Ted ), X —MSBEEIET

WRIEAZ, A Fo B # ¢ =225 o 248ME| TR, &t =225+48 =273 044 R &
FMERIET. zﬁéib iR AP A #®4FT K =0, B2 #AMTRE., & T B ZAT
FIFWPWERIER A FA A, BkiXet A MvrEsiE .

B 89155 £ 225 N u4Fnt ) B A Fik A, Bk t =273 +225 =498 a¥ %], A {773
B 6 2R, FRAE 96 MFet i G, Lk t =498 496 = 594 BF ], A 46 K E
i

FE 225 ANpedsatia) 5, ALkt t = 594 + 225 = 819 8- %, A EH L % ey M 44 5] ik

TS HGRBEAE Y B 33T K =1, FHbfE 512 Mksdndia 5, st t =273 +
512 =785 BY ), B #EAMIRA, Rt ZiE TR, 122/ t =819 =785+ 34 i¥%l, B 4
Bl A RFEaSW, BT ZHE IS, 34 < 96, L 96 ANt NZE LT, BT
VAT B &K iE M.

Ak, A fo B ey ELM AL N R,

P19. Consider three LANs interconnected by two routers, as shown in the figure below.

-
—_—
subnet 1
D
Subnet 2

a. Redraw the diagram to include adapters.

b. Assign IP addresses to all of the interfaces. For Subnet 1 use addresses of the form
111.111.111.xxx; for Subnet 2 uses addresses of the form 122.122.122.xxx; and for Subnet
3 use addresses of the form 133.133.133.xxx.

c. Assign MAC addresses to all of the adapters.
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Route 1 Interface 1
MAC: 01:23:45:67:89:11
IP: 111.111.111. 1

Adapter A
MAC: 01:23:45:67:89:01
IP: 111.111.111.1

Subnet 1
Adapter B

MAC: 01:23:45:67:89:02
IP: 111.111.111.2

Subnet

Adapter D

MAC: 01:23:45:67:89:04

IP: 122.122.122.2

Route 2 Interface 1
MAC: 01:23:45:67:89:21
122.122.122. 21

IP:

HAF  FOEHERLE
Route 1 Interface 2

MAG: 01:23:45:67:89:12

IP: 122.122.122.12

Adapter C
MAC: 01:23:45:67:89:03
IP:

122.122.122.1

E
:23:45:67:89:05
133.133.133. 1

Adapter
MAC: 01
IP:

F
:23:45:67:89:06
133.133.133.2

Adapter
MAC: 01
IP:

2

Route 2 Interface 2
MAC: 01:23:45:67:89:22
IP: 133.133.133.22

d. Consider sending an IP datagram from Host A to Host F. Suppose all of the ARP tables

are up to date. Enumerate all the steps, as done for the single-router example in Section

5.4.2.

F—sk, FTHA i EHF o4 IP

ik (133.133.133.2), TAHET —ANRIP A

111.111.111.1, B a9 IP % 133.133.133.2 89 [P ¢, 2 5 A A I8 89 [P Fe AL IP R AE—A
TH, T2 AMA ey ARP A+ &R X (64 %) a9 TP (111.111.111.11) *§ sy MAC

(01:23:45:67:89:11), 4% B 49 MAC # 01

B\ BB RS RA AR, T R iR &,

:23:45:67:89:11, /& MAC 4 01:23:45:67:89:01 7%



35

ok, FAHE 1 asdEe 1 gFZm, Bz ME ey MAC F= g a9 MAC, #
INEREL TG, EHZMN IP BN, I A6 IP (133.133.133.2) Ffedivr 1,
B2 HRE—ANTFR, FAEEA M GR, LILTF GO R LKLY
229 1 ey IP (122.122.122.21), FHFZMAIED 2 £, 2555 B by ARP
%, F&F IP 2F oy MAC (01:23:45:67:89:21), 45 B &9 MAC # 01:23:45:67:89:21, ik
MAC % 01:23:45:67:89:12 (312 2) B\ HIEE BB, BRMMED 2 £,

F=vk, 3% 28940 1 LF M, AZME a9 MAC 40 g T8y MAC, #ik
RAFEBATHE, EREMAN P ZAE, I8 TP (133.133.133.2) 4ok 2 f
Fl—AFH, T24548 89 ARP &, #%)sk IP 2 59 MAC (01:23:45:67:89:06), 4%
B 49 MAC % 01:23:45:67:89:06, % MAC % 01:23:45:67:89:22 (4212 2) 743|345 45 34
BB, BAMMIED 2 2t

e, EHF LB M, reiizmgarey MAC fo g 2oy MAC, #HiAELiE4 AT
e, BEIZMNIP BAR, Wi B IP o uy IP, #ikE R E% s, %
IP EeyFERR L6 X oh L AR,

. Repeat (d), now assuming that the ARP table in the sending host is empty (and the
other tables are up to date).

Gk, MAALIMA Gl EHF 89 IP ik (133.133.133.2) , FRAHET —AR
IP %4 111.111.111.1, A&y IP # 133.133.1332 64 IP &, 256 A £I A8 49 IP Fo KL
IP RE—ANFM, TESHRMA (BdEe IP) (28 FAH 111.111.111.11) 2t 24y
MAC, 12 ARP &A%, Zix%F 0 IP sF ey MAC, T2 A Xi% ARP & 4%, ¥%
B a9 MAC & A7 #&nk (& 1), B MAC % A o9 MAC (01:23:45:67:89:01), & IP #
A uy 1P (111.111.111.1), B a9 IP &4 111.111.111.11, $ &R 1 a9dE 0 185 %M,
HEMA N, B RE 2 g ey MAC ik, AES FIZWE EHIERS, LI
& ARP &R X, ;FHRAay IP A= g Ty IP 48R, TREEKE ARP kL. 3
HWE1AE£AHTH ARP A ¥ HifiZR PR (111.111.111.1) 1P 2 sy MAC, & IK%F)
A 01:23:45:67:89:01, T35 B &9 MAC &4 01:23:45:67:89:01, & MAC Ak 1 4
o 149 MAC (01:23:45:67:89:11), & IP A& w1 422 145 1P (111.111.111.11), A
89 IP A 1111111111, $FizhikdEn 1 RiEd &,

A EZ M, M B SR MAC Fe g Toh MAC, kR RiE% TG, &F
ZmNey IP BN, Wi Aag IP fefg Toy IP, #ARKEL AT E, ZIIP BN
W3R A ARP sh B4R, JFHeh B4R P a9k IP (111.111.111.11) E4F2& A TR A
Haney TP, FR¥kiiag iR IP Foik MAC 7N B 09 ARP &P, T2 A #hboid i %
(fhdg %04 1P) Y ay MAC 4 01:23:45:67:89:11 T, Z Eay ¥ Hstfe L— AR T .
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