
HW #6
ELEN E4710 - Intro to Network Engineering Due4/16/2002
Spring2002 Prof. Rubenstein
Homework must be turnedin at the beginning of classon the duedateindicated above. CVN studentshave one
additional day. Lateassignmentswill notbeaccepted.

1. 3 flows,
���������

, and
���

all passthrough thesamerouter 	 . Packetsfrom flows
�
�

and
���

arriveat 	 in burstsof
100with a period of onesecond, packetsfrom

���
arriveat therouteroneata timewith aperiodof .01seconds.

Packetsfrom all flows containthe thesamenumber of bytes). Supposepacketsfrom
� �

startarriving at 	 at
time ��
�� , flow

� �
at time ��
�� , andflow

� �
at time ��
������ . If eachflow transmitsa total of 1000packets,

andtherouter processesapacketevery ��� ����� seconds,whatarethecompletion timesof thevariousflowswhen

(a) 	 usesFIFO (FCFS)queueing?

(b) 	 usesroundrobin?

(c) 	 usesvirtual clock?

(d) 	 usesweighted fair queueing wheretheslack(i.e., themaximum reservethata flow canbuild up) is 200
packets?

2. Construct a FSM for a router that implements weightedfair queueing for two flows
� �

and
� �

where � � 
� � � � 
�� , andtheslackis 0.5(wheretheprocessingof a packet from
� �

adds ��� � to its virtual clock,andthe
processingof a packet from

� �
adds ����� to its virtual clock). Your statemachinecandependon thefollowing

functionsandevents to simplify its design:

�! �"$#&% : thequeue is empty(prior to anarrival)�!'(#*)+%-,.'(#/)0% equals0 whennopacketsfrom
�21

arequeuedin thesystem,andequals1 otherwise�!34#5% : triggeredwhentherouter completesprocessingits current packet.�!67#*)0% : triggered whenanarrival to therouter from
�
1

occurs(only needsto beusedwhentherouteris not
processingany packets).

With thesefunctions andevents, you shouldbuild your FSM so that it indicatesclearly whosepacket should
be processednext whenever sucha decisionneedsto be made. (Hint: eachstateshouldindicatethe current
differencebetweenthetwo flow’sclocks)

3. Considera queuewherepacketsarrive at rate 8 andwhoseprocessingtimesareexponentiallydistributedwith
rate 9 . Whenthe queue is empty, the processorprocesses“pretend” packetsat rate 9 . Whena real packet
arrives,thepretend packet is immediatelyaborted(discarded) andtherealpacket is processed.Thecompletion
of a “pretend” packet is countedasanevent.

Recallthat : #/;<% equalsthenumberof packetsin thesystemafterthe ; th event. Here,anevent is apacketarrival
or a servicecompletion, including thecompletionof pretend packets.

(a) Whatare =?> # : #/;<% 
���@ : #*;BA � % 
C� % and =D> # : #/;<% 
E�F@ : #/;BA � % 
C� % ?
(b) ConstructtheMarkov model for this queueing system.

(c) Solve for thesteady-statedistribution, G 1 
CHJILKNM�OQPR=D> # : #/;<% 
 )0% for all ) � �TS ) SRU .

(d) Solve for G 1 as UTVXW .

(e) G 1 is different thanthevaluecomputedusingtheMarkov model formulatedin class.Explainwhy this is
thecase.

4. Construct a Markov model for a round-robin queueing systemthat canstoreup to 4 packets for processing,
whereno morethan2 packetsfrom a singleflow is ever stored. Assumetherearetwo flows in the system,
wherebothflow’spacketsareprocessedat rate 9 , andflow

� 1
’spacketsarriveat rate 8 1 . Labeltransistionswith

their transitionprobabilities.
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5. Construct Markov models for eachof two priority queueingsystems,eachprocessingpacketsfrom two flows.
Eachsystemcanholda total of U packetsfrom eachflow. A packet from

� �
shouldalwaysbeprocessedbefore

any packetsfrom
�Y�

in the queue. Assumebothflow’s packetsareprocessedat rate 9 , andflow
� 1

’s packets
arrive at rate 8 1 .

(a) In thefirst system,a packet from
� �

arriving to a full queue will replace a packet in thequeue from
� �

(if
oneexists).

(b) In thesecondsystem,packetsin thequeuearenot removedexcept whentheirprocessingis complete(i.e.,
a packetarriving from

�2�
to a full queuewill beturnedaway, evenif therearepacketsfrom flow

�Z�
in the

queue.
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