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Queueing in the Network Layer at a Router

TothisRouter’'s
Transport Layer

From DLL

of incoming of outgoing

links Packet links
—_—

Forwarder

Transport Layer
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Basic Single Queue Model

e Classical queueing theory can be applied to an output

link in a router.
Queue Server
Arriving Customers Departing Customers

Arriving Packets Transmitted Packets
Buffer Transmitter

e For example, a 56 kbps transmission line can ‘“serve”
1000-bit packets at a rate of

56,000 bits/sec
1000 bits/packet

= 56 packets/sec

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 4




Applications of Queueing Analysis

Outside of Networking

e Checkout line in a supermarket.
e Waiting for a teller in a bank.
e Batch jobs waiting to be processed by the CPU.

e “That’s the way the whole thing started,
Silly but it’s true,
Thinking of a sweet romance
Beginning in a queue.”

—QG. Gouldman, “Bus Stop,” The Hollies

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 5

The Poisson Arrival Model

e A Poisson process is a sequence of events “randomly
spaced in time.”

N A N O I

0 t, 1 f t, .

e Examples
— Customers arriving to a bank.

— Packets arriving to a buffer.

e The rate )\ of a Poisson process is the average number

of events per unit time (over a long time).

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 6
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Interarrival Times of a Poisson Process (cont.)

e Let m» = the length of time between the first and

second arrival.

e We can show that
P(rp>t|11=8)=P(mp>t)= e M for any s,t > 0

i.e. 7 Is exponential and independent of 74!

e Similarly define 73 as the time between the second
and third arrival; 7, as the time between the third
and fourth arrival; .

e The random variables 71,7, 73,...,7,... are called the

interarrival times of the Poisson process.

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 9

Interarrival Times of a Poisson Process (cont.)

e The interarrival time random variables, 71,7, 73,...
— Are (pair-wise) independent.

— Each has an exponential distribution with mean 1/).

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 10
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Aside: The D/D/1 Queue

e The D/D/1 queue has
— Deterministic arrivals (periodic with period = 1/)).

— Deterministic service times (each service takes
exactly 1/u).

— As well as 1 server and an infinite length buffer.

e If A\ < 1 then there is no waiting in a D/D/1 queue.

Randomness is a major cause

of delay in a network node!
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State Analysis of an M/M/1 Queue

e Let n be the state of the system = the number of

packets in the system (including the server).

e Let p, be the steady state probability of finding n cus-

tomers waiting in the system (including the server).

e How to find p,? The state diagram:

I S S N SN

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 14




State Analysis of an M/M/1 Queue (cont.)

e If this system is stable (i.e. p, = O for each n), then
in steady state it will drift back and forth across the
dotted line. So,

e the number of transitions from left to right

— the number of transitions from right to left.

e Thus we obtain the balance equations

PnA = ppt1M for eachn >0

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 15

State Analysis of an M/M/1 Queue (cont.)

Lets solve the balance equations: ppA =p, 41

For n = 0 we get

If we let p = \/u, this becomes

P1 = pPPO

Similarly

P2 = ppP1 = 02p0

And in general

Pn =

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 16
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The Finite Buffer Case: M/M/1/N

e Infinite buffer assumption is unrealistic in practice.
e N = total number of buffer slots (including server).

e New state diagram:

DEiommcelEC

e Get the same balance equations p,A = p,, ;11 but now
only for n=0,1,2,...,N -1 with N < . So

pn:ppn—l:pnpo for ?’L:O,1,2,...,N
as before, but we get a different pg.

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 19

The Finite Buffer Case: M/M/1/N (cont.)

e From p, = p"pg for n=0,1,2,..., N < o0 and

YN _opn =1 we get

N n
po=1— > p'po
n=1
e SO
po_ 1 p— 1 _-.-_—1_p
— — = —

R AWl 1 N

—p

e Note that this holds for any p > 0. No need to assume

p < 1. We always have stability in finite buffer case.

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI 20
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Single Link Example

Arriving Packets = Transmission Line

Buffer Transmitter

e Poisson packet arrivals with rate A\ = 2000 p/s.

e Fixed link capacity C = 1.544 Mb/s (T1 Carrier rate).

e We approximate the packet length distribution by an

exponential with mean L = 515 b/p.

e Thus the service time is exponential with mean

| L 515b/p
—= == ~ 0.33
I C T 1.544 Mb/s ms/p

i.e. packets are served at a rate of ;. = 3000 p/s.

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI
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Single Link Example (cont.)

e Using our formulas for an M/M/1 queue

_ A _
p=74 =067

So,

R

E(n) = i 2.0 packets
and
E
E(T) = (A”) = 1.0 ms

CCN, ECSE-4670: Performance II: Inside a Router, August 11, 1998, © K.S. Vastola, RPI
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