CS 164 Fall 1994

Final Examination
SOLUTIONS

3 Hours, Closed Book
Aids allonved: Calculator

Briefly explain the follaving terms:

(i) isarithmic flav control; a technique for limiting congstion by estricting the total number
of pakets in the subnet. ehgadket needs to acque a "permit” befoe it can enter the sub-
net, and the total number of "permits"” is fixed.

(i) choke packet; a control padet genemted within the subnet at a caexgjed node and sent
bad to a host that is esponsible for (some of) thaffic at the node when the hosteceives
the doke packd, it reduces its ansmissionate for a while

(iii) idle token; a control symbol in tok&n ring networks that is used toagt transmission
rights to a host.A host wishing to ®nsmit must wait for the arrival of the idle &k con-
vert it to a lusy tolen and send its pket, and then gneate a nev idle tolen.

(iv) Hamming distanceA method of galuating the obustness of digital codes subject to bit
errors. TheHamming distance for 2 coderds is the number of bit positions widney dif-
fer, and the Hamming distance for a code is the minimurosacall pais o codevords.

(v) idempoteng; The poperty that an opeation can be epeated without anging the
result. If A==0 initially, then "A=A+1;" and "A=1;" have the samefett, lut only the sec-
ond form is idempotent.

(vi) quarantining. a technique for ensuring all-enothing eecution of emote opeations.
The information about the desit transaction is gathed first (ie, kept in quaantine) and is
then eecuted when all is availableOtherwise you could @t stu& part way though if you
start the opeation befoe dl the data ae present.

Namethree methods for controlling congestion in paetwitched netarks. Describeeach
one using a f& sentences. & each method, state whether or not it is equally good for vir
tual circuit and datagram netwks.

Tanenbaum, section 5.3, lists the following five methods, any 3 df whidd be ok: (1)
preallocation of bffers; (2) pa&e discading; (3) isarithmic; (4) flow contd; (5) choke
padkets. |would accept any sensiblegament about the applicabilityGeneally speaking

I think (1) is best left for VCs (since thexre too many places a dajeam could go to @al-
locate things); (2) is best for dagjeams, since VCs normally assume idesrdelivery so it
would mess things up; (3) would be best for getens because it is iffettive in VC sys-
tems because it wdrstop local hot spots, Wi thee ae fewer obviously better alternatives
with datagyrams; (4) works OK with bothubVCs gneally use small windows on a hop-by-
hop basis, wheas datgrams use a big end-end window; and (Bple packets ate really
only intended for dagram nets, although | suppose ytmuld work in a VC erironment if
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you really wanted.

1"l
a. For abinary messadg01011101001111 , compute its CRC code using the polyno-
mial x8 + x” + x? + 1. Your should use longdsion method to sokit.
1110011111011010

110000101)100101110100111100000000
110000102 - 7 CRC needs 8 bits of

padding to be added,
--------- and not just the plain
long division...
0101010111
110000101
0110100100
110000101
000100001011
110000101
0100011101
110000101
0100110001
110000101
0101101000
110000101
0111011010
110000101
00101111100
110000101
0111110010
110000101
00111011100
110000101
0010110010
‘‘‘‘‘‘‘ these 8 digits are the

CRC.

b. For CRC encoding, The longuision method is not suitable for programming. Describe
a smpler algorithm using a 8 bit shiftgister to sole this problem. ¥u dont need to
re-do the computation, just describe the algorithm in a highll@nguage.
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The feedbdc4hift regster algorithm is shown in Stens’ tet, on pae 464.

IV. Alice is trying to send a long sequence oé&fiXxength frames to Bobver a data link that
uses Go-BaclN. Assume that errors occdeterministicallyonce @ery ten frame transmis-
sions from Alice to Bob, and that there arganany arors on the acknaledgements. Also
assume that Alice reasss the ACK or NACK for the frame she sent at tiriejust before
she must decide which frame to send at fimeN.

a. Whattransmit windav size should Alice use®our answer should be a function igf
Alice should use a window of size N, since smaller than thatetiiey stalled, waiting
for an ACK to come bdg and Alice will neer let her xmit window of unkowledgd
frames gow large than N because shetg the feedb&cafter the Nth fame and thee
iS no point in continuig to send after an @roccurs because Bob uses go-tkal and
wont accept it.

b. Trace what Alice does during the first 25 time steps, assumingjl th&.
At time 1, Alice starts ansmitting fames 1,2,3,...At time 6, Alice eceives &K for 1
and tansmits 6, etcAt time 15, Alice eceives a NCK for 10 and starts wer from
10,11,12.... Atime 25, Alice eceives a NCK for 15 and starts wer from 15,16,17....
etc.

c. Whatis the channel &tiengy as a unction ofN?
Assuming N is smaller than 10, we see that after theedior has beenegaded, thee
is a repeating pattern wherthe first N fames after edteror get damged or thrown
away and the ngt 10-n fames @t accepted, so thefiefency is (10-n)/n

d. Whathappens whei =107
Deadlod, after the fist 9 fames have been sent, sinafe 10 will have an eor, but
you wont detect it (and etry) until time 20 -- whic will be another eror, and so on.

e. Whathappens whei >10?
The fist 9 fames ae celivered successfullyhen fame 10 is in ewor but we dort find
out about it until fame 10+N for N>10, and all of those Mfnes ag¢ going to be lost.
However, the retry for frame 10 will tak dace in slot 10+N, whie will be successful if
N is not divisible by 10.In geneal, Alice can sent a total of 9-(N mod 10)weames
befoe htting the nat error. Therefore the eficiency is [9-(N mod 10)] / [N+9-(N mod
10)]

V. You hae keen askd to set up a three-node netiwconnecting some host computers located
in Los Angeles, Rierside and San Diw. Assumehat all packt lengths arexponentially
distributed with a mean of 1200 bits, and thab menfigurations of equalent cost are possi-
ble. First,three 4800 bps lines could be used,vailhg direct connections between each pair
of hosts. In this case, all tréit will be sent wer the direct line.Second, tw 9600 bps lines
could be used, one connecting Los Angeles witterRide, and the other connectingv&i
side with San Digo. Inthis case, trdic between Los Angeles and San g@emust be sent
via Riverside. Theraffic matrix that this netark must support is skm belaw.

L R S
L | - 2 3
R | 3 - 2
S| 1 35 -

a. Whats y for this system?
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y=14.5

b. Draw both networks and indicate the floeach channel in each case.
Sorry; it's too had to try to draw these with the available toolsConfig #1 is fully con-
nected with link capacities of 4 gats/sec. eerywhee and flows given in the abe
table Config #2 only has R-L and R-S links, leadth capacities of 8 pa&ts/sec, and
flows given in the table below

L R S
L|- 5
R|4 -
S| - 45 -

c. Findthe average path length.
Obviously n = 1 for Config #1. For Config #2 we sum up the flows in the tablevabo
and divide by to get18.5/14.5=1. 27

d. Findthe overall mean pacit delay in each case.
Config #1.T = 1. 06,Config #2:T = 0. 39.

e. [Bonusguestion — the answer is shouitlit’s tricky]
You should hae found that three-line design had a higher delay than toeime
design. Sincalternate routing is possible with three lines, and since thasena ebrt
to optimize the routing, your boss asks whether your answer to part éidis @ive a
corvincing agument to shw him that no amount of rerouting of tf@fwould male the
overall mean pacét delay for the three-line design as small as the delay for tabrisv
design?
Optimal outing tries to balance thedffic in ead link (think of the "squarroot rule™).
That traffic would ceer at least one hopTheefore, in the best casahe flow in eals
direction wer ead link would be at least 14.5/6 ge#s/sec, whic gives a delay of

1
2-2.4~ %%
VI. The next generation of Metropolitan Area Neivks (MANS) is &pected to run at data
rates in gcess of 1 Gbhit/sec (i.e., 18ps) and span distances on the order of 100 kilometres.

a. For CSMA/CD to vork properly the transmission time for a patkneeds to be at least
twice the end-to-end propatijpn delay across the nairk. Assuminga propagation
speed of X 10° metres/sec. through optical fibre, whaiuld be the minimum paek
size for CSMA/CD on such a Gigit MAN?

The wost case one-way ppagation delay ist0° m. /2 * 10% m/sec. =5*107* sec.
Minimum paket transmission time is twice this, @02 sec, whib at 10° bits/sec ep-
resents1( bits.

b. What is the maximum throughput that a single station could aching 10,000 bit

paclets on a 1 Gbit/sec. tek ring, assuming ordinary service (i.e., one papler visit
of the tolen) and a total ring circumference of 200 kilometres?
Max thioughput by one station happens when nobody eteig the way to delay its
attempts. Inead "cycle", the station send&0* bits, and the time to do it is
10%/10° = 10°° for transmission and0 2 sec. for the idle tadn to go apund a 200 km
ring befoe the nat turn. Therefore the thoughput is

10*bits
1.01*105sec

= 10’ bits/sec
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c. Themost likely architecture for this type of Gifit MANs uses small paeks (roughly
500 bits, for compatibility with ISDN switches), and a medium access control protocol
vaguely similar to the slotted ringdow mary slots would there be on a 200 kilometre
ring? Hav large a windwr size would be required to ae the sender todep going
without stopping?How practical would the Selectie-Repeat ARQ be in this applica-
tion?
From above, a 200 km ring can ster1(® bits, whid is 2000 slots. But since the 8K
comes at the END of the slot, the minimum window size is 2004.isnt very practi-
cal for selectiveepeat.

VII. Consideran error receery technique where, in thevent of an erroryou dont repeat the
damaged paek. Insteadyou send blocks ofxéra error correction information that can be
combined with the damaged patko repair the damagdJnder this scheme, assume that
the initial transmission will contain an error with probability 1/2.there is an errorthe
sender will send a first block oktea error correction information that will allothe recerer
to correct the damaged pa&tkvith probability 3/4.And, if there is still an errgthe sender
will send a second block okta error correction information that is guaranteed to correct
the damaged paek

a. Whatis the aerage service time for a pagk assuming it tads 1 second to transmit
each pacét or block of error correction information, and that the time until theuecei
returns an ackwaedgement is rgigible?

1/2 of the timgeyou cet though in 1 second; 1/2*3/4 = 3/8 of the time you haves fir
error but get thiough on the second try using 2 seconds; 1/2*1/4 = 1/8 of the time you
have a fist error AND a second eor, and ¢et thiough in 3 secondsTheefore

_ 1 3 1 13
X==+20-+3FL =—=1.62
2 8 3 8 8 625

b. If the arrval rate of nev packets is 0.4 paaks/second, what is theenage packt delay
in this system?
We reed to apply the M/G/1 formula, since the service time has this funny 3-valued dis-
tribution instead of anx@onential. kst we need the second moment of the service

time:
— 1 3 1
X2=_+22[ +3% [ =25/8=3.125
2 8 8

Now we plugt =0.4 X =1/u=1.625 p =0.4* X =0.65and X = 3. 125into the
PK equation to gt

-1 axe 0.4*3.125
T=—+_——-=1625+_—————— =3.41
u 2(1-p) 2*(1-0.65)
A . 1 ]
FORMULAS:  p=—; Y xl=—"— if|x|<l
4 i 1-x
- V)
MIML: 2 =(1-p) p%; N=-2—. T="H.
1-p 1-p
X2 1 ax2
Mean Residual Lifer—=; M/G/1:T = —+
2X 1w 21-p)

END OF EXAMIN ATION
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