Computer Networks midterm (105/4)
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1. List changing processes of three tables of node X, Y and Z with the distance vector algorithm, from the
time before the X-Y link cost is changed from 4 to 1 to the time three tables are stabilized. (% 1 {7 table

EAgb i Ghin o 83 7 table - 7 3% (X, y,z &7 B & 787 1%),% 9% - # B} FbpF o
BB DN 2 1%% 4% =>total 13%)

1
1
5
Ans:
4-> 1
& x
node x table 50
cost to cost to cost to cost to
Xy z Xy z Xy z X
AR e — = & Ll Y 2
he: Baaoa 5o D gror
[ < o Y [o]
T zl51 gCostT z|5 1 0 ¥ ‘tzé‘«oé
I ‘\__7,/.
node y table changes —
Xy z Xy z
_ 045 e X|04 5 E?
SY 401 2 W)ho oy
“ zi51 0 Zl51 0 oz
node z table
cost to cost to
Xy z Xy 2 e
x| 04 5 g X|04 5 g X
g S vy ° v
2Y401 F 401 S

a). D,(3) = min{C(x, 5} + P(3¥),C(x,2) + Do(¥)}= min{l + 0,50 + 1} =1
b). D.(x) = min{C(y,x) + P (x),C (3=} + Dy(x)} = min{l + 0,1+ 50} = 1
¢). P (z) = min{C(x,z} + D (z),C(x,5)} + Pp(z)} = min{50 + 0,1 + 1} = 2
d). Dy(x) = min{C(z, x} + P,(x},€(z,5) + D,(z)} = min{50 + 0,1 + 1} = 2

2. Explain four NAT operations with this figure (* B]_F s#iciz 37 8%)



Ans:
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NAT translation table
WAN side addr LAN side addr

138.76.29.7, 5001 [10.0.0.1, 3345
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NAT router must: (8%)

outgoing datagrams: replace (source IP address, port #)=(10.0.0.1, 3345) (1%) of every outgoing
datagram to (NAT IP address, new port #)=(138.76.29.7, 5001) (1%)

remember (in NAT translation table) every (source IP address, port #)=(10.0.0.1, 3345) (2%) to (NAT
IP address, new port #)=(138.76.29.7, 5001) translation pair (2%)

incoming datagrams: replace (NAT IP address, new port #)=(138.76.29.7, 5001) (1%) in dest fields of
every incoming datagram with corresponding (source IP address, port #)=(10.0.0.1, 3345) (1%)
stored in NAT table

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 i j# @ & 58 15 — if_“,/]t? S kR 0=>z, 1=>y,
2=>x,3=>w, 4=>v, cost B AP e PF > BAEF A ORAEET A EG REF O Z B N2
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Step N’ D(u), p(u) | D(w), D(x), p(x) | D(y), p(y) | D(2), p(2)
p(w)

0 \% 2.v 3,v 2,v o0 00

1 vu 3,v 2,V o o0

2 Vux 3.v 3,x #1 |

3 VUXW 3.x 8, w #2

4 VUXWY 5.y #3

5 VUXWYZ
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#1.D(y)=min(D(y),D(x)+c(x,y))=min(e, 2+1)=3
#2.D(z)=min(D(z),D(w)+c(w,z))=min(co, 3+5)=8
#3.D(z)=min(D(z),D(y)+c(y,z))=min(c0, 3+2)=5

Forwarding table (- |1 4 )

Destination Next hop (output link)

u u

w w

X X

y X

z X
Mow i A Bk
Step N’ D(u), p(w) | D(v), p(v) | D(x), p(x) | D(y), p(y) | D(z), p(2)
0 w 5, w 3, w 3, w 1. w 5, w
1 wy S5, w 3,w 2,y #1 3,y #2
2 WYX 3.x #3 |3, w 3,y
3 wyxu 3.w 3,y
4 wyxuv 3.y
5 wWyXxuvz
#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)

u y

v \%

X y

y y

z y
X R AzEE
Step N’ D(u), p(u) | D(v), p(v) | D(wW), D(y), p(y) | D(2), p(2)

p(w)

0 X 1.x 2,x 3,x 1,x o0
1 Xu 2, X 3,x 1,x o0
2 xuy 2.x 2,y #1 3,y #2
3 Xuyv 2.y 3,y
4 XUyvw 3.y
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(eo, 1+2)=3
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Forwarding table

Destination Next hop (output link)

u u

v \%

w y

y y

z y
"y s ABE
Step N’ D(w), p(w) | D), pv) | Dw), | D), px) | D), p(2)

p(w)
0 y 0 ') 1y I,y 2,y
1 yW 6,w #1 |4, w #2 1.y 2,y
2 YWX 2.x #3 |3,x #4 2,y
3 ywXxu 3,x 2.y
4 ywXxuz 3.x
5 yWXuzv
#1.D(u)=min(D(u),D(w)+c(w,u))=min(co, 1+5)=6
#2.D(v)=min(D(v),D(w)+c(w,v))=min(co, 1+3)=4
#3.D(u)=min(D(u),D(x)+c(x,u))=min(co, 1+1)=2
#4.D(v)=min(D(v),D(x)+c(x,v))=min(c, 1+2)=3
Forwarding table
Destination Next hop (output link)

u X

v X

w w

X X

z z
"z 5 AL
Step N’ D(u), p(w) | D(v), p(v) | Dw), | DX), px) | D(y), p(y)

p(w)

0 z 00 00 5,2 o0 2.7
1 zy 0 0 3.y #1 |3,y #2
2 ZyW 8,w #3 |6,w #4 3.y
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(x)=min(D(x),D(y)+c(y,x))=min(oo, 2+1)=3
#3.D(u)=min(D(u),D(w)+c(w,u))=min(eo, 3+5)=8
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#4.D(v)=min(D(v),D(w)+c(w,v))=min(co, 3+3)=6
#5.D(u)=min(D(u),D(x)+c(x,u))=min(e, 3+1)=4
#6.D(v)=min(D(v),D(x)+c(x,v))=min(c, 3+2)=5

Forwarding table

Destination Next hop (output link)
y

< [x |2 |< |

< Y Y <

4, #% 1Pv4Class C et (2 Liemd 7 o 8 B2 42 ) (10% total)
#-% - i Class C # g4 = 15 subnets » subnet mask 7 2  ? (2%) #7141 % 15 § subnet e
B Q%) T IP BRI ?@%) £ ABIPT R ?(Q2%)

Ans:
#-% - B Class C et/ = 15 B subnets 4r + 25 0225 103 B3 iy * chsubnetID > B ° F
& 15+2=17<2°,%2 & HostID &% 5 & bits ¥ ¥ subnet IDe #4751 subnet mask €4 /& 4 Class C
1 default subnet mask 255. 255. 255.0 %z » zx= [1111111. 11111111, 11111111. 11111000 => 255.
255.255.248 (2%)

subnet (7 ID & & % — 1 Class C Network ID 11000000. 00000000. 00000001.00000000 * :z » F &
Host ID 7% 5 1% bits % {FsubnetID># ¥ > 5 08 1o F] % 15 % subnet ID 5 11000000. 00000000.
00000001. 01111000 =>192.0.1.120 (2%)

Fp % - B ¥ * HostID % 11000000. 00000000. 00000001. 01111001 =192.0.1.121  (2%)

B s - B¥ * HostID 3 11000000. 00000000. 00000001. 01111110=192.0.1.126  (2%)

># 3 25-2=6 B+ * HostID (2%)

5. (a) What are two main functions of ICMP to communicate network-level information by hosts &
routers? (6%) (b) How does the traceroute program run with ICMP? (10%, 14% total)

Ans:

(a)
B error reporting: unreachable host, network, port, protocol (2%)

B ccho request/reply (used by ping) (2%)
(b)

® Source sends series of UDP segments to dest (2%)
First has TTL =1
Second has TTL=2, etc.

® When nth datagram arrives to nth router:

Router discards datagram (2%)

And sends to source an ICMP message (type 11, code 0) (2%)

® When ICMP message arrives, source calculates RTT (2%)

® Stopping criterion

UDP segment eventually arrives at destination host. Destination returns ICMP “host unreachable” packet
(type 3. code 3) (2%)
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6. Consider sending a 5580-byte datagram into a link that has an MTU of 980bytes, including 20-byte IP
header. Suppose the original datagram is stamped with the identification number 1. List these segments
in a table with their data lengths, IDs, flags and offsets. (% t% # data length, offset # 71 0.5 4 - ID, flag
2R Ao G EEA 2 FE O ARR S %)

fragment | data lengths ID offset flag
1
Ans:
IP data=980-20=960Bytes. 980 Bytes p IP data=960Bytes, 5580 byte-20 byte datagram IP
data=5560Bytes, & = 960, 960, 960, 960, 960, 760 £ 6 i fragments, 4t _+ 20bytes IP header {¢ - data
length % 980, 980, 980, 980, 980, 780.
fragment data lengths 1D offset flag
Ist 980 1 0 1
2nd 980 1 960/8=120 1
3rd 980 1 120*2=240 1
4th 980 1 120*3=360 1
Sth 980 1 120*4=480 1
6th 780 1 120*5=600 0

(data length, offset,# 7] 0.5 & - flag ~ ID 23%— 4 - 25 A& 72 5§ AR L > 8%)

7. (a) Draw a figure to show four components of a router (8%) (b) Draw three types of switching fabrics
with their names. (2% each, 14% total)

Ans:

(a) (2% each, 8% total)

(b) (6%)

switching via memory; (2%)
switching via a bus; (2%)
switching via an_interconnection network (2%)

input port output port
=08 L
- switching .
- [ ]
- -
input port fabric output port
=08 g G =—
routing
processor
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8. (a) What is the goal of DHCP? (2%) (b) List four steps of DHCP (8%) (10% total)
Ans:
(a) Goal: allow host to dynamically obtain its IP address from network server when it joins network
(2%)
(b) Flow: (8%)
® host broadcasts “DHCP discover” msg (2%)
® DHCP server responds with “DHCP offer” msg (2%)
®  host requests IP address: “DHCP request” msg (2%)
® DHCP server sends address: “DHCP ack” msg  (2%)
DHCP server: 223.1.2.5

arriving
client

.‘.l’ sre : 0.0.0.0,68 GG

;I dest.: 255255 255 255 67

: yiaddr: 0.0.0.0 =

i transaction I1D: 654 |

DHCP offer

sre: 223.1.2.5, 67

DHCP discover

dest: 255.255.255.255, 68
yiaddrr: 223.1.2.4
transaction 1D: 654
Lifetime: 3600 secs

DHCP request

src: 0.0.0.0, 88 |
dest:: 255.255.255.255, 67 |
yiaddrr: 223.1.2.4 L
transaction ID: 655 !
Lifetime: 3600 secs {

-
time

DHCP ACK

T [sm22312567

dest: 255.255.255.255, 68 |
yiaddrr: 223.1.2.4 e
transaction 1D: 655
Lifetime: 3600 secs

9. (a) How many addresses do IPv4 have? (2%) How many addresses do IPv6 have? (2%) (b) Draw a
figure to explain how to tunnel IPv6 datagrams between two IPv4 routers? (8%,%& #.P? :E4%, 12%

total)
Ans:
(a) (2% each)
232 1Pv4 addresses;
2128 [Pv6 addresses

(b)
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A B E F
Logical view: E ; B @ tunnel @_@

IPv6 IPv6 IPv6 IPv6
A B C D E F
IPv6___ IPy6/IPv4 JPv4 IPv4 __ IPv4/IPv6 Ipvé
Flow: X Flow: X
Src: A Src: A
Dest: F Dest: F

. A A .
A-to-B: Bt B-f-c: E-to-F:
IPv6 IPV6 inside IPv6 inside IPv6

IPv4 (4%) IPv4 (47%)

e the source IPv4 router encapsulates the new IPv4 datagram by including the original IPv6 datagram as
its payload (2%) and IPv4 addresses of the two IPv4 routers as the new source and destination IP
addresses in the new IPv4 header. (2%) (¢ z =B}t = :#54%p)

e the new IPv4 datagram is decapsulated in the destination IPv4 router (2%) and the original IPv6
datagram is further transmitted through IPv6. (2%) (¥ 7z Bt + B 4%p)




