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Goal: Extend fairness to multiple timescales

— Define multi-timescale fairness
— Build on existing framework
— Re-usingtheexisting Per Packet Value-based resource sharing framework
— Build on Multi-Timescale Bandwidth Profile (MTS-BWP)
— Provide efficient and versatile implementation
— providefine-grained fairness on multiple timescales
— thatisindependent of traffic mixes and resource bandwidths.
— Demonstrate advantages

— "getting a scheme toinstantly serve web flows forimproved performance while maintaining fairness
between other persistent trafficremains an open and significant design problem to be investigated' [1]

[1] Ghulam Abbas, Zahid Halim, and Ziaul Haq Abbas. 2016. Fairness-
driven queue management: A survey and taxonomy. IEEE Communica-
tions Surveys & Tutorials 18, 1 (2016), 324-367.
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Overview of Core-Stateless Resource Sharing
Example: Per Packet Value based CS RS

— PPV is a Core-Stateless Resource Sharing framework, which
— allowsa wide variety of detailed and flexible policies;
— enforcesthose policiesforall traffic mixes; and

: =
— scaleswellwiththe number of flows | Packet Marker
Packi ~2¢K{  (per node)
(pel_PETToIET] | Edge
. . Packet
Packet Marking at the edge f Desired Resource Sharing is mzcrk?ng
— encodespolicyintoa value marked on each packet defined by gif;et marking
— Resource Node — AQM and Scheduling (no PO'icyisorf]é'gtvjveidn)fmmaﬂon
— behaviorbased on packet marking only Resource Dlﬂ

— no need for ﬂ
— policy information E
— flow identification
— separatequeues

— very fast and simpleimplementations exist

Core

Resource
mngment
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Bitrate measurement and timescales

— Bitrateisa derived measure
— Discrete packetarrivals are translated to bitrate
— Bitratealways has a timescale associated

Volume (bits)
Time (sec)

Bitrate =

— Natural timescales:
~RTT
~ 1s — speed shownin apps
~ Session duration (target)
~ 1 minute: short term history and activity
~ 10 minutes: longer termactivity
~Month: monthly cap
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Fairness on multiple timescales

— When to measure bitrate
— Whensource isactive — to describe performance

— During both activeand inactive periods — to judgethe
fairness of resource sharing

— Fairnessgoal on multiple timescales
— Balancedfairness: multiple timescales are considered

— Allow highershareon shortertimescales for flows
below their fair share inlonger timescales

— We aimatsmoothtransitionas the relations between
the rates measured on different timescales changes
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Per Packet Value marking defined by
Throughput-Value Functions (TVF)

— Fgrosmglehmescale 1010 Gold (G)
— Fine grained control ; _
— Independent of 109 Silver (S)
— Traffic mix . 1 ne —* Background (B)
— Resourcebandwidth = | ] N, == Voice (V)
. ¥ 1| |Highc. ~. e )
— Eachoftheser.es.ultlna ';fg, 1074 \L,\ : 10M-rest
Packet Value limit: o é : } «—>
, ] || Mediumc. (I1.)
— Congestion Threshold & 106 - | ;
Value (CTV) - Low congestion .\' >
— Intersection ofthe TVFs 105 J \~|\ : (1)
and the CTV defines I I R .7 G b
desired resource sharing 102 10! 100 101 102 10°

log Throughput [Mbps]
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Packet marking based on Rate Measurement
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Rate measurement algorithms (RMA)

and examples

— TokenBucketBased RMA
— Forthe ~RTT times-cale only

— Models thefair throughput and buffer share
atthe bottleneck

— Assingle Token Bucket
— itsrate changes when empty/full
— Sliding window-based RMA
— Alllonger timescales (TS)
— Rate ="amount of bitsarrived in [t-TS, TS]"/TS
— Efficient approximation of this (see article)
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— TS=[10ms, 15, 5s, 105]
— When transmission starts
— R;>R;>R3s>R,y
— Rate decrease/transmission stop
— Ry <R;<R3<Ry
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Multi-Timescale Throughput-Value Function(MTS-TVF)?

— (Single-TS) TVF
— 1 TVF perflowtype

TVF

N

Packet Value

E—
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Multi-Timescale Throughput-Value Function(MTS-TVF)2
Resource Sharing

JVF,TVF;  TVF, TVF,
— Dominanttimescale (TS))

— Whentherate measurement on thattimescale
(R) isthelargest

— (orthe longest timescaleamong largestand
roughly equal rate measurements)

— Example: Two flows of the same flow type
— One hasdominant TS=TS; (justarrived)
— The otherhas TS=TS, (long history)

— Theyshallshare the bottleneck according to
TVF,vs. TVF, \
\ Throughp;:t

Packet Value

— asifthey would be of different flow typesin the
smgle-TS'fromework o . Throughput Throughput
— But: we aim at smooth transitions when relation of flow with of flow with
betweenR;s change dominant TS, dominant TS;
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Multi-Timescale Bandwidth Profile (MTS-BWP)

— Provides multi-timescale fairnessamong flows
— Onlyinwell defined scenarios

— Number of flows

— System capacity
— A4 timescale, 4 Drop precedence example

— (ET = Enough tokens)

— Any MTS-TVF canbe quantizedtoan MTS-
BWP

— Not practical implementation

— E.g. 65k different PVs = 65k*4 token
buckets

flow out
—
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Practical packet marking using MTS-TVF

— Usinga quantized MTS-TVF to MTS-BWP T1vE, TVF,
— Multi-Timescale Bandwidth Profile (MTS-BWP) "

— Also measuresrateoneach timescale
(indirectly)

— Thelimiting Token Buckets determine the
rate measurement PVi.1 J

— At theserate measurements it switches \
betweentimescales, I I S
— i.e.between TVFs R R+A  Throughput
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Efficient packet marking based on
Multi-Timescale Throughput-Value Function

— Measurerateforall the timescales TVF, TVF; TVF, TVF, o
1 r
— R4 Rs, R Ry 5 ® r+A
— AtR;sdeterminedistance betweenthe > A3 A
TVFs g @ r+A3+ A4
— Blueregion of the TVFsare used = O r+lz+ M+ A
ke

— Changesas Ris change
— Algorithm
— risisauniformrnd [0,R]
— Determinerightregioni=@ - @
— Relationbetween Risandr

— Determine A;s

PV = TVF,-(r+2’c 1A)

log(Th roughput)>
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Simulations

— NS-3, NS-3 DCE (TCP Congestion Control)

— Core scheduler unchanged from ourarticle “Towards a Congestion Control-Independent Core-
Stateless AQM”

— 10 msdelay target
— A flow consist of either
— 1 DCTCP connectionor
— 4 Cubic TCP connections (faster slow start)
— TS=[10ms, 15, 55, 105s]
— TVF,is GoldorSilveras single-TS TVF
— Shorter TSsweights 2,4,8,i.e. TVF3(x) = TV Fy(x/2),

TVF,(x) = TVEy(x/4), TVF,(x) = TVFy(x/8).
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Throughput [Mbps]

Greedy flows of the same traffic class (DCTCP) =
100 Is t5s =10s
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Multi-Timescale PPV Reference: Single-Timescale PPV
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Rel. Resource Share
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Greedy flows of the same traffic class

— CUBIC-MTS == CUBIC-Ref. —— CUBIC-MTS —-— CUBIC-Ref.
—— DCTCP-MTS == DCTCP-Ref. —— DCTCP-MTS  —:—: DCTCP-Ref.
2.0 T==8 High initial boost : [ 4 Reaches 5s avg fairsharein ~1s
: o .
= 10 E ——en
o
:
o
10714
&U _
0.0 - . : . : . . : . : .
0.0 2.5 5.0 7.5 10.0 125  15.0 0.0 2.5 5.0 7.5 10.0 125 15.0
Flow Time [sec] Flow Time [sec]
(a) Flow-Time Average (b) 5s Time-Window Average
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Simple adaptive streaming model
MTS fairness for on-off pattern

\\

Faster startup (e.g.time-to play is less)

CUBIC-MTS
— CUBIC-Ref.

0.77

Throughput [Mbps]
)

10 20 30 [fillsthe playout buffer faster

Time [s]

60




Continuous arrival: 10 new flows every 10s

\\

New flows are temporarily

boosted

est have equal sharing

Throughput [Mbps]

0 50 100 150 200
Time [sec]
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Discussion

— Initial results look promising
— Multi-timescale fairness works
— Significant performance gains
— Advantage fornew flows/starting phase
— Betterlong term fairness for flows with on-off behavior

— Future work
— Whatis the practical number of timescales to be used?
— How shall the timescales be dimensioned?
— How to design multi-timescale TVFs?
— Does it make sense to use a different kind of policy at various timescales?
— What further policies that have practical relevance can be described in this model?
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