Computer Networks midterm (100/4)

HREEXEMSARRESE » fI—F0%
1. Explain the following.
(a) Explain how TCP Fast Retransmit works. (4%)
(b) How TCP does its flow control? (4%)
(c) Consider the TCP procedure for estimating RTT
( EstimatedRTT " = & x SampleRTT " + (1— &) x EstimatedRTT " ). Why TCP

uses this function? (4%)

2. Draw the flow of the TCP three way handshake to explain its
operations. Suppose the initial sequence numbers of the client and the
server are 99 and 1, respectively. WETEE 57 plEEERHE TCP
WAEERY flag, sequence number, and ACK number. (8%)

3. (a) What is the purpose of the DHCP protocol? (b) Draw a figure to
show the four messages exchanged between the DHCP client and
server. (10%)

4. Draw a figure to show (a) the router architecture (4%) (b) three types
of switching fabrics (6%) (10% total)

5. (a) How are routing algorithms classified by global and decentralized
information? (b) What are these two routing algorithms? (10%)

6. Use Dijkstra’s shortest-path algorithm to compute the shortest path
from the source node to all other network nodes. (6%) (a) Show how
the algorithm works by computing a table. (b) Show the forwarding
table of the source node. (5%) (note: the source node % ;2 @ & 58 13
- f:‘:% 5 ek L 0=>z, 1=>y, 2=>X, 3=>w, 4=>V, cost #ic B 4p
PE o R A E F AR R #)

5

7. #4 IPv4Class B pe (Lg% 7 0 &8 B 2 EER) (23%)
a. 4% - i Class B gt 42 5 @ 2(2%) 7 * IP §
Fl? (4%) 235 BB IP¥ * ?(2%) mask ehie 5 @ 7 (2%)
b. #-% - B Class B 4§ 4 = 15 i subnet » subnet mask g 3

w7 (2%) 74 % - B subnet shi i A T E (2%) F F IP 4
Bl ?(4%) 23 BB IPF* ?2(2%)
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8. What are the two key network-layer functions in a datagram network?
(&4 2%, P 2%, 8% total) What is the additional network-layer
function in a virtual-circuit network? (2%)

9. Consider sending a 3000-byte datagram into a link that has an MTU of
980 bytes, including 20-byte IP header. Suppose the original datagram
Is stamped with the identification number 100. List these segments in
a table with their data lengths, IDs, flags and offsets. (# - ¢ data
length, offset, flag # 51— 4 - ID 238- A& 25 fAaff e 2 5§ 0 4R

e s > 8%)

fragment | data lengths ID

offset

flag

10.Describe how TCP does its congestion control. (8%)
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(@) If sender receives 3 ACKs for the same data, it supposes that
segment after ACKed data was lost (2%): resend segment
before timer expires (2%)

(b) Revr advertises spare room by including value of RcvWindow in
segments. (2%) Sender limits unACKed data to RcvWindow
for guaranteeing receive buffer doesn’t overflow (2%)

(c) MREEHIE H 2k SampleRTT » {85 F§ Exponential weighted
moving average /\=, ° {fizT T —ZKHY EstimatedRTT » FHZKES
E T —2Z1Y Timeout B5RH(4%)

2. Three way handshake:
Step 1: client host sends TCP SYN segment to server (¥&C[E]
HLEHE 2%)
Step 2: server host receives SYN, replies with SYNACK
segment (3%)
Step 3: client receives SYNACK, replies with ACK segment,
which may contain data (3%)

@ client server @

Connection .
SYN bit=1,
request
seq=99
Connection
SYN bit=ACK bit=1, granted
seq=1,
ack=100
ACK SYN bit=0, ACK bit=1
seq=100
Ack=2

JERE BRI LSRR 2 RS 0 K 84
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3. DHCP: (10%)

Goal: allow host to dynamically obtain its IP address from network
server when it joins network (2%)

Flow: (8%)
® host broadcasts “DHCP discover” msg
® DHCP server responds with “DHCP offer” msg
® host requests IP address: “DHCP request” msg
® DHCP server sends address: “DHCP ack” msg

: arrivin
DHCP server: 223.1.2.5 e ving
client
src : 0.0.0.0, 68 D)
dest.; 255.255.255.255,67
yiaddr:  0.0.0.0 -
transaction ID: 654
DHCP offer
sre: 223.1.2.5, 67
dest: 255.255.255.255, 68
| yiaddm 2231.2.4
transaction ID: 654
Lifetime: 3600 secs ~
DHCP request
src: 0.0.0.0, 68
dest:: 255.255.255.255, 67
yiaddrr: 223.1.2.4 |
i transaction ID: 655
time +«—_Lifetime: 3600 secs
DHCP ACK
T | sre: 22312567
dest: 255.255.255.255, 68
yiaddrr: 223.1.2.4 —
transaction ID: 655
Lifetime: 3600 secs
4. (10%)
(a) (4%)
input port output port
=0
. switching .
- L ]
- 3
input port fabric output port
=0k |
| 4
routing
processor
(b) (6%)

List the three types of switching fabrics. (2% each, 6% total)
switching via memory; (2%)
switching via a bus; (2%)
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switching via an_interconnection network (2%)

A X
B
>Cm-|memory |FIm o ~OCm P
C zZ C 4
[ Iﬂ]ﬂ]]]ll:]:» +|:1E]|11mn*|»|1mm|:l|:|-
memory bus
A
g | I 11101 22
B
e crossbar
C
~C[Jmme-

-
& ¥
5. (10%)
(a) Global:
all routers have complete topology, link cost info (2%)
Decentralized:
router knows physically-connected neighbors, link costs to neighbors
(2%)
iterative process of computation, exchange of info with neighbors
(2%)
(b) “link state™ algorithms and “distance vector” algorithms (4%)

6. Ans: (°f step 2 *F > - 4 1 ~)

5
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LA v FsitEEh
Step N’ D(u), p(u) | D(w), p(w) | D(x), p(x) | D(y), p(y) | D(2), p(z)
0 Y 2, v 3,v 2, v 00 00
1 vu 3,v 2,V 00 00
2 VUX 3.V 3, x #1 00
3 VUXW 3. X 8,w #2
4 VUXWY S,y #3
5 VUuxwyz
#1.D(y)=min(D(y),D(x)*+c(x,y))=min(«, 2+1)=3
#2.D(z)=min(D(z),D(w)+c(w,z))=min(, 3+5)=8
#3.D(z)=min(D(z),D(y)*c(y,z))=min(«=, 3+2)=5
Forwarding table (—%1] 1 43 )
Destination Next hop (output link)

u u

w w

X X

y X

z X
PAw FsitCRh
Step N’ D(u), p(u) | D(v), p(v) | D(x),p(x) | D(y). p(y) | D(z).p(z)
0 w 5w 3,w 3,w 1w 5w
1 wy 5w 3,w 2,y # 3,y #2
2 wyXx 3. x #3 3,w 3,y
3 wyxu 3w 3,y
4 wyxuv 3.y
5 wyxuvz

#1.D(x)=min(D(x),D(y)*+c(y,x))=min(3, 1+1)=2
#2.D(z)=min(D(z),D(y)+c(y,z))=min(5, 1+2)=3
#3.D(u)=min(D(u),D(x)+c(x,u))=min(5, 2+1)=3

Forwarding table

Destination

Next hop (output link)

y

\"

y
y
y
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DL X FyieEh
Step N’ D(u), p(u) | D(v), p(v) | D(w), p(w) | D(y), p(y) | D(z). p(z)
0 X 1.x 2, x 3, X 1, x 0
1 Xu 2, X 3, x 1,x 00
2 xuy 2, X 2,y #1 3,y #2
3 Xuyv 2,y 3,y
4 XUyvw 3.v
5 Xuyvwz
#1.D(w)=min(D(w),D(y)+c(y,w))=min(3, 1+1)=2
#2.D(z)=min(D(z),D(y)+c(y,z))=min(x, 1+2)=3
Forwarding table
Destination Next hop (output link)

u u

v v

W y

y y

z y
PLy Ryt
Step N’ D(u), p(u) | D(v), p(v) | D(w), p(w) | D(x), p(x) | D(z), p(z)
0 y > © Ly 1.y 2,y
1 yw 6,w #1 4, w #2 1.v 2,y
2 YWX 2, x #3 3, x #4 2,y
3 ywxu 3, x 2,y
4 yWxuz 3. x
5 ywxuzv

#1.D(u)=min(D(u),D(w)+c(w,u))=min(«=, 1+5)=6
#2.D(v)=min(D(v),D(w)+c(w,v))=min(=, 1+3)=4
#3.D(u)=min(D(u),D(x)+c(x,u))=min(s=, 1+1)=2
#4.D(v)=min(D(v),D(x)*+c(x,v))=min(«, 1+2)=3

Forwarding table

Destination

Next hop (output link)
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Lz FytRh

Step N’ D(u), p(u) | D(v), p(v) | D(w), p(w) | D(x), p(x) | D(y), p(y)
0 z 0 0 5z 0 2,z

1 zy 00 0o 3.y #1 3,y #2

2 zZyw 8,w #3 6,w #4 3.V

3 Zywx 4, x #5 5 x #6

4 Zywxu 5, x

5 ZywXxuv

#1.D(w)=min(D(w),D(y)+c(y,w))=min(5, 2+1)=3

#2.D
#3.D
#4.D
#5.D
#6.D

Forwarding table

7.
d.

x)=min(D(x),D(y)+c(y,x))=min(e, 2+1)=3
u)=min(D(u),D(w)+c(w,u))=min(«=, 3+5)=8
v)=min(D(v),D(w)+c(w,v))=min(~, 3+3)=6
u)=min(D(u),D(x)+c(x,u))=min(=, 3+1)=4
v)=

(
(
(
E
(v)=min(D(v),D(x)+c(x,v))=min(«, 3+2)=5

Destination Next hop (output link)
u y
v y
W y
X y
y y

% — 1 class B =7 Network ID # -+ % 10000000. 00000001.
XXXXXXXXK, XXXXXXXX » Ligi 5 5 128.1.0.0 (2%)
74 16 B biteh X 27 25 08 1

% - ¥ * Host ID 5 10000000. 00000001. 00000000.
00000001 =128.1.0.1 (2%)

% 5 - %7 * Host ID % 10000000. 00000001. 11111111, 11111110
=128.1.255.254 (2%)

>+ 4 2'%-2=65534 + * HostID (2%)

Mask: 255.255.0.0 (2%)

#-% - 1 Class B et~ & 15 @ subnet » 4c + > 2 02 2> 5 10
7 B4 5 % chsubnet ID &b F & 15+2=17 subnet mask #iE =>
Z & Host ID & 5 B bits & i subnet ID - #7172 #7¢7 subnet mask
% 4 J » Class B = default subnet mask 255.255.0.0 %z » :x =
11111111, 11111111. 11111000.00000000 => 255.255.248.0 (2%)

subnet = ID & %% — T Class B Network ID 10000000. 00000001.
00000000.00000000 %k :x » F & Host ID == 5 i bits § ¥ subnet



C
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ID>7 ¥ 2% 0 & 1o %)t § - 1 subnet ID % 10000000. 00000001.
00001000.00000000 => 128.1.8.0 (2%)

F]g % - B 7 * Host ID % 10000000. 00000001. 00001000.
00000001 = 128.1.8.1 (2%)

5. #s— ®+¥ * HostID % 10000000. 00000001. 00001111. 11111110
=128.1.15.254 (2%)

-># 4 2M-2=2046 % ¥ * HostID (2%)

IP address, subnet mask, default gateway (3%)

What are the two key network-layer functions in a datagram network?
(8%) What is the additional network-layer function in a virtual-circuit
network? (2%)
Ans: forwarding: move packets from router’s input to appropriate
router output
routing: determine route taken by packets from source to dest. ( &

FE 2%, P 2%, 8% total)
Additional function of VC-based network layer: call setup. (2%)

. Consider sending a 3000-byte datagram into a link that has an MTU of

980 bytes, including 20-byte IP header. Suppose the original datagram
Is stamped with the identification number 100. List these segments in
a table with their data lengths, IDs, flags and offsets. (# t% ¢ data
length, offset, flag & 7|—- & > ID 23%— & 25 A 7 5% >
A R &2 0 8%)

fragment | data lengths

ID offset flag

AnS:

IP data=980-20=960Bytes. 980 Bytes p IP data=960Bytes, 3000
byte-20 byte datagram IP data=3000-20=2980Bytes, 4 = 960, 960,
960, 100 £ 4 i fragments, “c_+ 20bytes IP header {¢ - data length
% 980, 980, 980, 120.

fragment data lengths | ID offset flag
1st 980 100 0 1
2nd 980 100 960/8=120 |1
3rd 980 100 120*2=240 |1
4th 120 100 120*3=360 |0
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(% # ¢ data length, offset, flag, ID # #: 0.5 » - 25 f2f# 2 2 F %>
AL e 4 0 8%)

10.(8%)

When CongWin is below Threshold (196), sender in slow-start
phase, window grows exponentially (1%0).

When CongWin is above Threshold (1%), sender is in
congestion-avoidance phase, window grows linearly (1%b).

When a triple duplicate ACK occurs (1%), Threshold set to
CongWin/2 and CongWin set to Threshold (1%b).

When timeout occurs (1%), Threshold set to CongWin/2 and
CongWin is set to 1 MSS (1%o).



