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Introduction -

This’report treats the problem of . allocation of
pr10r1t1es to the dlfferent types - of message traffic
: that can flow. in- a computer communlcatlon network for
eg. CANUNET (1) . The assumption made, is ‘that messages
‘flow Jin such a network between two host computers “that
are 1nterfaced to the network. V1a Network Control Un1ts»
. (NCU) in the: samie way as they do, for example 1n the
. ARPA network (2) B o T ' o

' Messages.Which flow between'hosts are broken up into
‘packets and a NCU can accept up to eight of these packets,
‘each of Wthh is routed to its dest1nat10n NCU and
correspondlng over the same or. dlfferent communlcatlon 11nes
Each time a NCU sends a. packet to another NCU the receiving

. NCU keeps a copy of 1t, unt11 1t rece1ves an acknowledgement

-(ACK) from ‘the . transm1tt1ng NCU. If an ACK is not rece1ved
w1th1n a given t1me perlod ‘the transm1tt1ng ‘NCU repeats
the- transm1531on of the same - packet.r The absence of an

 ACK can be caused by detected error or by lack of buffer
space in’ the receiving NCU. G1v1ng pr10r1ty to the ACK
‘message trafflc over -the packet- message traffic empt1e5"

- the NCU buffers quickly and thus reduces trafflc o
congestlon and b10ck1ng ' :

Single-Channei Queue . - TwoﬁPriority Classes

Con51der now two prlorlty classes (1 and 2) l Messages

of c1ass 2 have pr1or1ty over messages of class 1. A non—
preemptlve pr10r1ty system is assumed ie. if a message of
‘class 2 arrlves when a message of class 1 1s be1ng served
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the class-l‘message.ls.not preeemptedr_v

For example, in a store-and-forward network such as

- ARPA or CANUNET, the acknowledgement messages would be

considered as class 2 messages. Also within each priority

_class messages are . served in a first in flTSt out (FITO)

bas1s, by a 51ngle server

- Let A; and Ay be the rates. of class 1 and class 2.
messages respectlvely, and A = ) ST ) be overall arrival
rate. The service times for these messagesare assumed to
be .an 1ndependent1y d1str1buted ‘random’ var1able, with

"d15tr1but1on functlon B (x) i= 1or 2 for class 1 or 2

messages respectlvely _ The overall serv1ce t1me
dlStleutIOH B(X). is. therefore,'

| - xlBlcx) B )
B(x)

Momenrs.of~ServicelTime"

Denotlng, the first and second moments of the dlstrlbutlon'
functlon ‘B, (x) as

= fx B
i |
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. The first and second moments of the d1str1butlon
functlon B (x) are therefore,
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V"and the average queulng tlme for class i messages has
- been found ( ) to be o '

o E[N]
i'i (1-0 ) (-0, )

iz l, 2 e

- where
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The expected time to’ flnlSh serv1ce on the message
already in serv1ce when a new one comes in is E(T 3. and is
given by: '

B[]

A
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This quantity represents”the'expecfed.time to finish
serv1ce on the message already in serv1ce when.a new one
comes ‘in. By equatlon (1) the average queulng time for -
class 1 and class 2 messages, 1s,_ o
v, - 20 P

(1-p) (1-p*py) - - |

B[1,]

7(159tP1)

and .using. equatlons (2) and (3), the follow1ng curves

are, obtalned ””. S “' RN ;w;_ S
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.
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The overall average queuing-timé is therefore given by;

i

Wos ol ¢ (1=adW, . iieeaeaees 4
where
- Ay 4

»(‘xA:;;__.“‘ . B K
A ‘ _
The parametér o represents the percentage'othhé total
number of meSSages that are of class 1. U51ng equatlons (2)
and (3), equatlon (4) can be: rewrltten as: ‘

= E[T ] -prap .
tl p) (1 P+, )
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Queuing: Time for Systems With .and Without Priorities ' . -

It is 1nterest1ng to compare the value of the
average queu1ng time under priorities. to the -value of
the average queulng tlme obtalned assum1ng that messages
~are served under a first in f1rst out ba51s (FIFQ) ‘with no.
prlorltles ' o

In azno priority situatibn it 1s well known, that-
 using the POLLACZEK KHINCHIN equatlon, the value of ‘the
average queu1ng tlme W for the FIFO case _is

B[To]
1o

oooooooooooooooooooooooooooooooooooo

"‘where o _
‘ E[g ] = E_[f3'”"

and 51nce 0 (6) can be ertten as

-'.1:[>5 :

‘ 1EtToi :

Thus, for any partlcular value of a, the average
queuing tlmes as g1ven by equatlons (5) and (6) arereadily
-compared. ' ‘ -
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Optimum Assignment of Priorities -

Th1s sectlon now presents the solutlon (3) to the problem )

~of f1nd1ng the optlmum d1v1s10n ‘of a’ flow’ of messages
,1n a network 1nto ‘two pr10r1ty classes. ‘

- For s1mp11c1ty, assume that the probabillty dens1ty
functlon b(x) of the serv1ce tlmes is exponentlal

"H(x)fefuéf“x :

‘Here: l/u 1s the average 1ength of a message.A Th1s dens1ty

functlon can be plotted as shown in Pigure 2.

Figure 2

Where the parameter o denotes the percentage of tota1
number of messages hav1ng a 1ength greater than ¢/u

' For a Poisson arrival stream, the Value_of'the-overallx‘

average queuing time W as'given by equation-(4) is
W= awl + (1 ) w

=~E[To:[. 1 o *+ ap
' (1 p) (l-p+p, )

and the parameter p1 can be related to ‘¢.and y as follows
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From Flgure 2, it is- obV1ous that the

' .relatlonshlp between o and ¢ is . .

Y T
[_b(x)dx = 1-a

15
[y
]
@
1.
-

and therefore

o0

o =

Furthermore, 51nce p1 = A /ul, t follows that

P, = A J xdB(x)

¢/

A f xue “xdx
¢/u :

B

and integrating

pl‘: pdo. + po A' ) o ) - ;..{;;.f.r. 7

Substltutlng equatlon (7) 1nto equatlon (5) the value of the overall

~average queulng tlme obtalned as a- functlon of a- mx1¢ is

f.Eﬁd U.p+am

(1 p) (1 o+ o¢u + pa)
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the . follow1ng curves areobtalneddf?;l“gﬁT"”””“

o Wﬁ o

Curve (a) represents the average queu1ng t1me as. glven by

equation. (6) and: curve (b) average queulng tlme as -given -

by equatlon (8)

It is'therefore’elear from Figure 3, that an. optimum- value
of ¢. can be. found that mlnlmlzes the - delay ‘

{(S)

This value can be proved tofbe‘given-by.

Thus-it'is poSSible By dynamit”asslgnment of prlor1t1es'-
to obtaln an average. queulng delay wh1ch is less than the
raverage queulng delay w1th no prlorlty - |

In a typlcal problem one is given the value of A and o

Wlth those values, o) and ¢ are computed and prlorlty is as51gned

to those messages whose length is less than ¢/u.
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Equatlon (8) Wthh was derived for the case of a single

channel can be easily extended to the case of a network of

‘ channels.

th

~If for the i™" channel, W as giVen by equation (8) is

‘ represented by LA the toLal average queulng tlme for a:

network ef M channels ‘is glven by

. M }\-_
W, =X i W
t i:l_lh PO S 10
Y _
where
“A; -= average number of messages on the i™ Channel
o=

= totallinput'traffic toithe netwdrk.

"In a network of compnters,rthe"ith'node éentreijnnit,(NCU)
wOnld compnte~the vaiue of.pipat a given instant and find

the value of ¢ which minimizes W' The optimum Value of ¢
would be dlfferent for each channel. In this fashion.the

total average queuing time W would be much 1ess than the

t
total average queulng time obtalned when pr10r1t1es are not

considered.
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Example

The preceedlng equatlons w1ll now be applled to Lhe

,‘case of the three node network shown 1n Flgure 4 The speed |

~ of the lines and’ average message length are chosen to be

respectlvely 50 kb/s_and 400 b1ts.» For 51mp11C1ty, the

traffic matrix ‘was asSUmed‘to be75ymmetr1c1n-order to get

.,exactly~the»samesline.ntilizatiohﬁfactors*forhthe three branches.

For several 1evels of traff1c the follow1ng matr1ces

were computed

a) Average queuing delay matrix with‘no.priorities R

by " -.~,~":_ T prioritiesd
ey oo L ' ) 1 | " for class 1 : 1m.essages_
d) . .n " "o w '..:.‘n- . " 2 A "

Furthermore;.the ratio of the totalpaverage quening
time under'no prlorities; over the”totalpaverage:queuing
time‘with priorities,'andrche.upper bound of“fhe"length'of_
hlgh prlorlty messages, were calculated as a functlon of:
the llne ut111zatlon factor

‘The - results obtalned (Table l) were used to plot

‘several graphs (Flgures 5 6 7 8)



.{L,

L 5]

Figure74 '

" Three Node Network
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Line

“jion .

Utilizat—i

TAQNP

(sec)

‘ TAQﬁ'

(sec)

Ay

(sec)

A.Q,
(sec)

- TAQ. .
Q.

- TAQNP i

‘¢/u
(bits)

. 987
.979

917
.875.
.833

- .750
.583
417

.208

994 |

- .958 1

.333 |

- .083

1.2718

L6320
.3760.
.1840"

.0880

.0560 |
.0400. |

0240
L0112

L0057 |
L0040 |

1,0021
.0007

.3198
©.1823
1211
- -0697

<0220

0082
.0047
0035
0019

1 .0398
- .0284

L0150

0007

130076

- 4.157 .}

- .1.864
.637

215
072
+«015
.007

- .004

-001

114

002

037"

- 0.082
0.052
0.039
.027

(}013

014"

.012

- .009
006

.004

003 |
.002
.001

. 2514

L3787
© 4528
~..5068

5511

6236

8248
8642

9686

2885
3220 -

7356

9186

1600

1380

1240

1060 |
880 .
T o780

720
640
540 .
480
460.

440

420

o TAQNP 'z
TA =
QP

A.Q,

e

H-

© TABLE 1.

Total Average Queueing Time (No Priorities) -

. " ( Priorities ).

Average Queueing Time for class 1 messages

o

13

" m class 2 messages
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Conclusion:

It has been shown and proven that the introduction
of the type of- priorities described in.a network of computers
is des1rable in partlcular for line load1ngs exceedlng 50
Calculatlons made . for the case of two prlorlty classes, _
proved that the mean . queulng time when u51ng a non~preempt1ve '
head of the llne prlorlty scheme can be up to ZSa less ‘than

" the mean queulng t1me w1thout pTlorltleS.

It can be ‘shown that further galns are possible

_1f more than two priority classes are 1ntroduced but. the

d1v1s1on of trafflc 1nto two prlorlty classes seems reasonable
for the type of traffic flow1ng in a store and- forward
computer network '

Flnally,llt should be noted that the software
complex1ty of the node control unlts under an as51gnment
of prlorltles could be. 1ncreased subSLantlally
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