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Network Superheterodyne

Buildimg Rebust Network: Periionmance Indicators:

Work at IBV Thomas J. Watson Research Center

*“Applying Statistical Process Control to the Adaptive Rate
Control Problem’”; by Manohar, Nelson R.:; Willebeek-ILemair:,
Marec H.; Prakash, Atul, in Proceedings of Multimedia
Computing and Networking Conference, pp: 45-60. San Jose,

CA, January 1998.
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Motivation

Multimedia Computing Networking
x handling the impact of multimedia over the network
€.g., session-oriented, multimedia ilows, end-to-end
QoS regs., resource management, value-asset model,
elc.

a handling of the “impedance mismatelr” that exists
between multimedia applications
and (to-be provisioning, present o future) networks

x we would like the resulting mechanisms or building
blocks
101 be robust
easy to implement
low (signaling and' tracking) overheads Y



Related Work

mechanisms to handle *‘impedance mismatch’
s (traditionally) from applications to the network:

inducing multimedia application regs. mio networking
middiewane

a {or example, difiserv (TCP); multicast (routing), eic.

5 (but also) from network to multimedia infrastructure:
enhancing network capacity (imternet2, viBINS, eic:)

enhancing the mtelligence off multimedia infrastructure to
adapt to the network state (RSVP, QoS, etc.)

network state measurements
1 (active) networl probing

probe-and-adapt: shori-term iuctuations, Unnecessany.
adjustments

m (passive) network and web traffic characterization

(web) spatial/temporal stability: dilferent time-scale
components

ethernet/web tratiic tractal: stmilar shape regardless ol 5 &
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Network Performance Envelope:

Factoring Process Variability on Sessions

Irom:
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analysis RTT network probe: one apparently stable process mean,
but upon examination variability states (i.e., a process shifts).
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Building Reliable Building Block:
Network Performance Indicator

Reliable process performance indicators (PP1)7?
% robust lorecasts
strength ol sampling and smoothing
capable ol associating coniidence (o lonecasts
s assimilation of process variability
1o recognize signilicant chianges
a generation/tracking ol process state
to)understand where we stand PPI

Important to adaptive applications

u atop (1., guiding) prove-and-adapt protocols ARC :
m suchi as Adaptive Rate Control (ARC) x(® x(t)

Statistical Process Control (SPC) as PPI-kernel

n (ypically long-term horizon, industrial processes
run-to-run feedback control vs. online-SPC
centralized online-SPC vs. distributed online-SPC

n adapt online-SPC for distributed' ARC problem
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Network Performance Envelope:

Statistical Process Control Formulatlon

Supplier: media server Consumer: media client
w

AR C (Xh d'ﬁ : ﬁ(E*L, CT*J) Process: network delivery S Q C (E*” o

SPC: end-to-end

Supplier: adaptive rate control
process;performance

5 (0 match production: to deliveny s quantizes
6 . erformance
Process: network delivery s s
n goods: media packets, frames, = info statistical process
buficrs state — a quality
indicator
Consumer: smoothing problem s then drives ARC() n{SPC

such quality mndicAtd s ne
g )

m adapts delivery to presentation



Network Measurements — Setup

(active) network probing and monitoring
s network indicator: RTT roundtrip delay (measure off congestion along path)
m c.g. availableibandwidils netywork congestion, stabilitys jitter

probing methodology (time series acquisition)
s end nodes: (Univ. Michigan at A2) - (Univ. North' Carolina — CH))
s network probe: ping (ICVIP)

m test duration: 3600 seconds
= timescale: seconds to minutes

=, smoother: 120/30 UWMA smoother €
a sampling frequency: | random sample per second

o**
.
.
“““
.
-----

s sampling load: negligible (40ms to 400ms) with respect to sampling
irequency (1 second) with respeet to available network bandwidih

a sampled distribution: no constraining assumpition due torlaw oi large
numbers, random sampling, temporal/spatial stability, and network fractality
bottleneck spots, router instability, underlying distr.

m timescale leads to aggregation effect on multiple path routing and
corresponding random sampling of underlyimg distribution(s) across i-t/
samples o



dhvlin'e;Si"CI?;lﬁ(r)'éting Performance
IEnvelope

UCL(i) = u(x(i),m=120) + 1.5 o(x(1i),m=120)
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WaLCL(i) = uW(x(i),m=120)

u(x(f),m=120)
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Network Performance Envelope:

Process State — Basic Idea

iloating performance envelope

m tracking window over process, state (L, 6)
a under associated statisticall conlidence region

(ko)
m rneacts to) statistically significant changes

process stability indicator

that is, just with
state online-SPC, but
now three signals!

providing context for state changes
m between (Iractional process state) sigmal
u writ slow (liull process state) signal

compare fast against stable signal N |
B approx. same vensus signiiicantly: difierent e AVEIA
m two types ol piece-wise linear segments
horizontal segments (process' state)
linear slopes (process changes)
o il N &
n building block for adaptive infrastructures




Network Performance Envelope:

Online-SPC Process State Tracking Kernel

Running Window Indicators
UWMA(x;,m) smoothers

online-SPC

u(l,m ’) = ].L(Xl oo Xm’-i) present state
handling

= wi,m) = ux;..x_.)
= o(i,m) =o(x;.. X, )

“long-term” “short-term”
process state process state
3 " (slow) signal (fast) signal
Hypothesis Testing
= HO: u@im’) = u(@i,m)
m Z0=u@sm’) - ua-",.m signals represent
u( 2 ) u( 22 ) same underlying
Process State Generation update
g 1 “long-term”
m iflZ0l <k * G(l,m) process state
= then mon, = mon, ,
= else mon. = uw(i.m online-SPC
. : u( ? ) data & outlier
= mon , = momn, forecast handling
= error = mon’; - mon;
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Network Performance Envelope:

Network Stability Monitor

720 = p(x(i),m=30) -
L(x(i-m=120/2) ,m=120)

Stability monitor

~ A over online-SPC signals
/ \ f _,f \ over RTT time series
| ' i i w/ 120/30 smoothers
’ o AAVNE | \ & 1.5¢ control limits
WA W | '/ \\

|
—p* (x (i) ,m=120) "\ 4 /\
mon (Z0) |k=1.5 J \/

W* (x (i) ,m=30) -
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Network Performance Envelope:

Stationarity Test: Comparison of Sampled Vieans

zoz{ u(i, m’= 30) }_{ u(i-—%—l—,m=120) }

fast signal (front - end) slow signal (~ uncorrelated past)

if 120l < k o(i,m=120))

Hypothesis tested by comparing two indicators
= (a) slow signal and
= (b) fast signal
This resulting in two process states
= (a) stationary state or
= (b) process change
Sensitization parameters
s m’ (fast signal), m (slow signal)

= k (confidence), m/c (decorrelator)
14



Network Performance Envelope:

Haquality Between 1'wo Population Sampled Vieans

KO m

Mi=(m/c=2)%m,m

r=test on unknown mean and unknown variance or'a ~normal
population with test Statistic PRSSSICGNI0 bl A Guli Y2200

o(i,m)24o(i—m/2,m)2

at (0=0.5, m=120) > t = 3.3
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Network Performance Envelope:

Sensitivity Parametrization

|
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[ tor (Z20) | k=1.5

720 = p(x(i),m=30) - p(x(i-m=12°/,),m=120)

Stability monitor sensitization —

(1) inertia— how sensitive to shifts
(2) lag— how fast it reacts

(3) confidence — how reliable

L

il ! H

16



Network Performance Envelope:

Comparative Analysis Test Space

Parameters
m 1 — size of the moving window outleook for the slow: signal
B 1 — size of the moving window: outlooksfor the fast signal

K — number ol sigma levels used to clip outliers, from the imnput
time series

m Kk — approx. number of sigma: levels used to iecognize as
statistical significant the curtent variability’ on the state tracking
signal (1.€., how sensitive o, process state shriits)

a ¢ — point (t-".)1nto the recent’s past ot the slow moving used to
decorrelate the windows! ol the slow: signal irom the fast signal

Constraints
]<K=<3
I<k=<3
m < m
cC<Im
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Network Performance Envelope:

Test Case Structure

Input time series
m approximately normal distribuied random: variablersignal

m 3600 samples — representing random: l-second-spaced samples

three progcess state shilitsi(L1,6)
s RTT (L=80,0=10) from t=2 1o, 1201
= RTT (L=160,0=20) from t=1202  to 2401
s RTT (L=40,0=5) from t=2402  to 3601

signall recognition setup
m state recognition lag test — square wave signal
M state recognition accuracy: test — process state shiilts
m {racking error test — random generated signal

18



Network Performance Envelope:

Comparison Metrics

state monitor°s overall accuracy

» Monitor’s sum of enror squares
s [moen(tim®)-RIT(6)]* + [mon(tim™)-moen(tim)]?

state monitor’s fractality,
B moniter’s number of states

a2 monitor’s standard deviation

monitor’s,state tracking accuracy
= R1: RTT (u=80,0=10) rom (=2 1o 12201
s R2: RTT (u=160,6=20) {rom t=1202 to 2401
m R3: RTT (u=40,0=5) from t=2402 10 3601

19



Network Performance Envelope:

Findings (to be updated)

Hast vs. Slow Signal Window Size

20
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Network Performance Envelope:

Network Superheterodyne (Armstrong)

RTT(1) AGi,)= MON(t)

RTT(i) mu(|,m)-%mu(|,m ) mon*(i)= |
u(i,m’)= A(i, |-m/c) mon(i)=
SQC(RTT(|)|K 119 SPC(mon*(l) k,m’)

tuner V mprlg;_ . mixer demodulator amplifier transducer
(sampling) (f:stF;ilglﬁal) (differentiator) (decorrelator) (SPC) (state signal)

w(i,m)=
SQC(RTT(i)|K,m)

mixing

frequency
(slow signal)

v,
Of;; relatimg; 1o, o1 being a liotnm ol radio recepiion

in which the irequency, ol an mcoming radio)signal
st mixed withra locally: generated: signal
and' converted! to)an miermediate frequency

in order to facilitate amplilication and the rejection oir unwanted
signals

m superheterodyne necervers have better performance because the
components can be optimized to work a single mtermediate 23
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Network Performance Envelope:

Network Stability Monitor Requirements

robust processistate tracking
8 quantimable conlidence mierval
m fonecast coniidence

low tracking overhead

a moving window kernels have
straightiorwand O(1) complexity;

easy to implement

5 moving window: process state and Ry
control rules are simple (see ilowchart) g M.

low signaling overhead

B process state communicated only when
necessary, that 1s, when it changes (1.¢.,
only when statistically significant)
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Research Contributions

online generation of' a robust floating envelope
a showed the particular relevance oir online-SPC - despite its
STmplicity;
a used to track the' process periormance associated: with anl indicaion

a shown iior RTT — indicator o network congestion: and ilow
management

formulated online SPC=-based monitor ol network state

§ detection ol stationary: conditions, (temponal stability, process
state)

a detection of piece-wise linear (process changes)
s fast, robust, reliable ; and low overhead
§ SOIe setup!vs:. parametrizable statistical performance

robust state tracking building block

m near-stationarity conditions used to distinguish: between process
state and process changes

m timescale and robustness taroeted for nrocess-nerformance
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Future Work

simulations of SPC+ARC()

n [urther sensitivity analysis ot SPC+ARC kernels

lag (m, m*), contidence (ko), smoothing (1),
smoother/sampling (UWMA, EWIMA. eic.), adaptation: ()
and' adaptation strategy (linear, multiplicative; constant),
duantization process! (1momn), outlier iecognition (ko).
ntness/residual analysis (er), eic.

8 [urtherperiormance g and optimality
companative periormance ot SPC+ARC()
statistical performance (alpha errors, beta errons, eic.)

implementation of applications ol SPC+AR(C()
s multimedia networking performance

m other distributed online process control (See next segment)
26 M



