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The strict priority scheduler

o

o

The strict priority scheduler is very simple and efficient

In the following, we will carry out the analysis of this scheduler to
determine the formulas for performance analysis, resource allocation
and admission control

The service envelope of service priority I, in the strict priority
scheduler, is

i-1
S; (t)= max[O, Ct—> X, (t)]
j=1
Where C is the line capacity

In fact, service class i is interfered only by service classes with a
better service priority, that is, classes from 1 to I-1
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The strict priority scheduler
a Thus

E[xi(t)—max(O,C(teri)—iZl:Xj(t+di)D
\/va{x (t)—max[O,C(Hdi)— i_l X, (t+di)D

o (t)=-

a The specific form of ¢i(t) depends on the average values and

variances of traffic flows from 1 to i-1
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The strict priority scheduler

a When all traffic flows admit a linear variance envelope, a closed-form
analysis Is possible

@ |n this case, the average value of Si(t) is approximated as
i—1
E(S(t))=Ct—> Nrt
j=1
a And the variance of S(t) is approximated as

var (S, (t)) = ZN rbt

a Thus, B
~N;rt+C(t+d,) ZN r(t+d,)

a(t) = . =
\/Nirbit+Zerjbj (t+d;)

i
j=1
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The strict priority scheduler

@ The absolute minimum of «(t) is

N R (CR RSN

i,min 2 i
Bi

a where
A= N B, =) Njrb;
_ j=1

@ From which we can calculate the closed-form formulas for
+ Delay distribution
+ Capacity planning
+ Admission control
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The strict priority scheduler: delay distribution with linear-
bounded variance traffic

a Delay distribution

B-2

Pr(D, >di)zexp(—2C_A* (C-AL)B —(C—A)Bil)dij

@ Average delay
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The strict priority scheduler: capacity planning with linear-
bounded variance traffic

a Given a strict priority scheduler with n service classes, where the
traffic of class i, X,(t) has average value E(Xi(t))=rit and variance
upper bounded by var(X(t))<r;bit

a Given the statistical delay SLA of class i: (d,, p;)

@ The line capacity C needed to satisfy concurrently all SLAs is
obtained by inverting the delay distribution formula

(Z'AXBH -A,B - AB )di _\/'Aﬁzleizdi2 —2A A Bi2di2 T A12 BiZdi2 T ZBi—lBiZdi In ( P )_ ZBiSdi In( pi)

C >

2(Bi—l o Bi )di
@ Then:
C=sup(C,)
1<i<n
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The strict priority scheduler: capacity planning with linear-
bounded variance traffic

@ The required capacity depends on the priority level assigned to each
service class

a Given n service classes, there are n! possible permutations for this
assignment

a The problem of finding the optimal permutation is NP-complete

a Frequently, the best permutation is that assigning the traffic with the
largest average value to priority 1, the second-largest average value
to priority 2 and so on

a However, this is not necessarily true in the general case, as also
variance has a significant effect
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The strict priority scheduler: admission region with linear-
bounded variance traffic

o

Given a strict priority scheduler with n service classes, where the
traffic of class i, X,(t) has average value E(Xi(t))=rit and variance
upper bounded by var(X(t))<r;bit

Given the statistical delay SLA of class I: (d;, p;)
Given the line capacity C

The admission region is the set of tuples (N;, N, ..., N,) for which the
SLAs are concurrently fulfilled

The admission region is calculated by inverting the delay curve

Algebraic calculations are very complex, but it is possible to find a
closed-form expression of the admission region
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The strict priority scheduler: an example of calculation of delay
curves

a For example, let us consider the case of two service classes, with the
following parameters
+ 1, = 200 kbit/s, b, = 9,600 bit
+ 1, = 200 kbit/s, b, = 4,600 bit
+ N; =30 sources
* N, =10 sources
+ C=1x107 bit/s
@ The delay curves is this case are calculated with the proposed
formula and they are plotted in the next slide
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The strict priority scheduler : an example of calculation of
delay curves
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The strict priority scheduler : an example of calculation of
capacity planning

a Continuing with the previous example, let us assume that capacity is
unknown and let us add statistical delay SLAs

+ 1, = 200 kbit/s, b; = 9,600 bit
* 1, =200 kbit/s, b; = 4,600 bit
¢ d, =50 ms, p, = 1x107

+ d,=70ms, p, = 2x103

+ N; =30 sources

+ N, =10 sources

@ The resulting capacity requested to fulfill concurrently all SLAS is:
+ C, = 6.6 x10° bit/s
+ C,=9.35x10° bit/s

@ Thus
¢+ C=max(6.6 x10° bit/s, 9.35 x10° bit/s) = 9.35 x10° bit/s
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The strict priority scheduler : an example of calculation of
capacity planning
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. . Delay, d _ _
@ |n the scenario of the previous example, the delay curve is that plotted in the

figure; the SLA of service class 2 is provided exactly, while the dimensioning
for class 1 is large
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The strict priority scheduler: admission region with linear-
bounded variance traffic

B, B,) ,. Inp B ? 42 NP
[ i B o i e
N

. B., _b,ln P;
A

for 0<N,, <min(N;, N, 1, ),andi>k=12,...,n

N =0 for N, <N, <N

andi>k=12,...,n

i—k,max?

a where

NG - (Cd,~b,, Inp, _diAﬁ—l—k)_\/_ln Pi (_ Snp+2db (C-A )+ 2diBi—1—k)
ik =

_ 2d,.,C*
=k, max 2d; v ,C—r b  Inp,,

N
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Admission control curves for the SP scheduler

class 1 class 2

@ For example, with the r1 2.00E+05 bils r2 2.00E+05 bils
selected parameters, the bl | 19Eoobils bz 920808 bitds
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Admission control curves for the SP scheduler

a This is another example, class 1 class 2
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The GPS scheduler

a |[n a GPS with n service classes the statistical service of the class-i
traffic is given by

j=1..
Ct — O,w.Ct— X (t)),
=W +;ZW max( W, ‘( )) {kzl,...,n backlogged classes

k= j

@ Where the j index represents non-backlogged classes while the k
Index refers to backlogged classes

a Therefore, the average value of the statistical service envelope
available for service class i can be evaluated as

E

X (t)- [WC t+d,) +ZZWW max(O,WjC(t+di)—Xj(t+di))
o (t) =~ s

\/va{x() wC(t+d,) +ZZWW max (0,w,C (t+d,)— X, (t+d,))

Quality of Service in IP networks Paolo Giacomazzi
16 Copyright © 2009 paolo Giacomazzi. All rights reserved.



Course of Multimedia Internet (Sub-course”Reti Internet Multimediali”), AA 2010-2011 Prof. Paolo Giacomazzi 16. SP and GPS schedulers Pag. 17
Politecnico di Milano, Dipartimento di Elettronica e Informazione, Via Ponzio, 34/5, 20133 MILANO, ITALY

The GPS scheduler

a With linear-variance bounded traffic,

E(S;(t ))~wc:t+zzwk (w;Ct=Nrt)

j#i
K+ |
2
var(S; (t))~ > N.rbt
( ) < ;g}mm i
a thus
~N.rt+ WC+ZZW (WjC—erj) (t+d,)
a; (t)= ]

N;rbt+ N.rb. (t+d,
; kzijwk iti J( )
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The GPS scheduler

a The absolute minimum of ai(t) is

4N;rd, (whC+bA +B;)-(WC+A -Nr)
(Niribi + Bi)2

(thm -

a where

J#i
k#j k= j

ZW max(O w,C—N, r) => ZWk N.rb..
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The GPS scheduler: probability of violation of delay bound
a Thus,

2N;r (WwbC+bA +B)-(WwC+A-Nr)

2 d
(Niribi + Bi)

Pr(D, >d,)~exp| —
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The GPS scheduler: admission control rule

a For the admission control rule, we define

™1 (2dwC- np)  MNimc= i (2d,(whC+bA+B)-bfInp,)

20, (wC)’ d;(WC+A)(WhC+hA+B )+bB In -+Jdi(vvib.<3+b.A+a)2(di(vviC+A)2+2a inp)
@ Then the following condition is checked

If (di(wiC+A)2+ZBilnpi)>0 then  N; <max (N, v Ni o )

else N, <N

i,min
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SP versus GPS: an example

16. SP and GPS schedulers

@ The figure shows a bll Zgggéé
comparison between the vz 100000
admission curves of a a2 0.05
Strict Priority and a GPS 2 0000001
scheduler W e
s The GPS scheduler 50 = -
guarantees a minimum B
bandwidth for all classes ;‘Z
a Thus, service class 2is not |
truncated as in the case of ¢ x|
the SP scheduler 20 |
15 ~
10 A
5
0 ‘ ‘ ‘ T T T T
0 10 20 30 40 50 60 70
N1
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