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Recall Model of Flow Transformation

Flow Transformation
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Sca”ng element : no buffer, Does Convolution-Form still apply

X = (X,)., hon-negative integers, to the end-to-end analysis?

At)
scaledprocessA*(t) = ) X,

i=1
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End-to-End Analysis

m To preserve convolution-form: commutation
X A X E

Dynamic Server  Scaling Scaling Exact Dynamic Server

(a) (b)
Definean exact server 7 (s, f) = ZA(SHS(S’O X., suchthat E(t) < D*(t).

__________________________ i=A(s)+1
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“On Expressing Networks with Flow Transformations in Convolution-Form,”
by Florin Ciucu, Jens Schmitt, Hao Wang, INFOCOM 2011
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A Case of Flow Transformation - Loss

m Review somo
A—’@ - > X — o D(t)
D”(t) = X. =>»1-X.
Service \\lé ®) ,Zzl: | ,Z:;‘ |

m However, sometimes the flows are of packets with variable
lengths and hard to know the scaling information of each bit

More realistic to know the scaling information of each packet!

== Use packetizer + define packet scaling element
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Packet Scaling Element

Packet process L: L(n)=kh+h+---+1,n=0,1,2,---
Packetized process: PL (A(t)) = Z,N:fl l;, where
Ny = max{m : >, I < A(t)}. Denote packetizer as P".

Ap

A packet scaling element consists of an L-packetized
arrival process A(t) = SN [;, a packet scaling process X
taking non-negative integer values and a scaled packetized
flow defined for all t > 0 as AX(t) = SN 1L.X;.

A AX

W (t) is called packet delay, if for all t > 0
W(t) =inf{d >0: P-(A(t)) < PY(D(t + d))} .
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Model with Packetizer and Packet Scaling

%BBI |_PBPI
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DX

Fluid
Arrivals
SrcPktizer

salq

S,:node 1 )transcoder

SN

S,t:node 2 | transcoder

m Challenges
0 Commutation to reserve convolution-form
oDynamic server of service with packetizer St
0MGF bound of scaled process
0 Capture randomness from packet process
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An Approach

. X X
= Commutation _A.M D”, _A :@Lﬂi

Service Curve Scaling Scaling Exact Service Curve

We define Tt(s, t) = Zf\lzs’,f/,sﬂ [;X; as the exact service curve,
where A(s) = Z,-Aisl li, A(s) + St(s, t) = Z,N:S{ l;.

m A packetized server St consists of a dynamic server S and a
packetizer PL.

If the maximal packet length /,,,,x exists, a possible dynamic
server is St(s, t) = [S(s, t) — Imax]+.
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End-to-end Delay: Two Nodes Case (1)

Pr(W(t) > d) o
Pr(PL (AX(1)) > P (D(t + d))) A@&E@:E D,

< Pr(ANt) > A @ (T ®S5) (t+d))
— Pr ( sup  {A%(t) — AX(s) — T @ S5(t+d) > 0})
0<s<t+d
< 3 Pr(AN) = ()~ TE(s.u) — Sk(u.t+ d) > 0)

0<s<ts<u<t+d

N Ns,u
— z Z Pr(Z/X Z/,'X,'— z /,‘X,'>52L(U,t—|—d))
=1

0<s<ts<u<t+d I=Ns+1

Ns Ns,u
where Z [ = A(t), Z I = A(s), Z li = A(s) + Sk (s, u)

= Y Y Pr(Z/X ZIX>S(ut+d))

0<s<ts<u<t+d =1
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End-to-end Delay: Two Nodes Case (2)

Assume that X is a stationary Markov process and I{s are 1.1.d. ,
[ X;, 1 > 1is a Markov modulated process (MMP) .

PrW(t)>d) v
< > > pr Z/X Z/X > Sk(u, t + d) | stationary
0<s<ts<u<t+d =1

Nt —Ns,u dependent or independent

— Z Z Pr Z [ X; > S2L(U, L+ d) Assume SE(s, t) = [Si(s, t) — Imax]+

0<s<t s<u<t+d i=1

< Z Z £ 'e—asg(u,Hd)' £ 92"“ NS“.’X}

B 0<s<ts<u<t+d ) ) MMP

< Z Z £ [0St ut+d)| £ _EM(MN&U)} 6-MER
0<s<ts<u<t+d ) ) A

Macty—aes)-stsy(0) =

_ {eogf\/h]s V(N — Su} < @f—S)e—Q@

Let OR(6) = log M, (6') and b = sup {e 92, e ¥C1}
e—QCZd e(9+9’)fmax Z 1 Z e(|og b+9’r(9’))(t—5)

s<u<t+d 0<s<t

£ {eﬁ" S “’5”/] I E [69’(A(r)—A(s))e—B’Sf(s.u)}

IA
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End-to-end Delay: N Nodes Case

[ -packetized arrivals, stationary and (mutually) independent bit level service

S51,55,---,5,, scaling elements are 1.i.d. loss processes X1, X5, -+, Xp—1.

Assume [;'s are i.i.d. . Maes ¢)(0) < e?ra(0)(t=5) and Ms, (s.t)(—0) < e 0Ck(t=s)
Pr(W > d) < e(X5a 88 )hnaxgnpd

where 6,R,_1(8,) = log M;(8,_1) and b =supe %« : 1 < k < n.

500
——Theorem 1 (p=0.3)
Simulation (p=0.3) 7
4007/ -~ Theorem 1 (p=0.75) e
Simulation (p=0.75) e
300} ‘
Py
=
A
200}
100+

1 3 5 7 9

Number of scaling elements
Poisson bits arrival Poi(1) packetized by i.i.d. li's ~ U[1,16]; X; ~ B(p;) and
let p = p; Cy,--+,Cyo = 1.25,1.15,1.05,0.95,0.85,0.80,0.75,0.70,0.65,0.60
g=10"3
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Some Thoughts

m Heterogeneous packetizers
0 Bit delay, dynamic packetized server, packet scaling to bit scaling

Fluid
Arrivals
srcPktizer

S;":node 1 Jtranscoder| S,-2:node 2 | transcoder

m Consider the packet distribution in flow transformation

o Tail bound adapted for analysis with packet distribution but not for
scaling element

=) Capture the scaling information in form of tail bound instead of
MGF bound

= Without packetizers, still packet scaling
m Packet scaling information harder, then bit scaling
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Conclusion

= Model flow transformation with “bit’-level scaling element

= Model flow transformation with variable packet lengths
0 Motivation
0 Definition of packet scaling element
0 Commutation

= End-to-end delay analysis under simple assumptions

® Some thoughts

di!toh A Network Calculus Modeling Flow Transformations with Variable Packet Lengths

12



Thank youl!
Questions, comments,

discol
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