PRRT: Pread

Real-tim

Telecommunications Lab

Motivation | Predictable Reliability

4 N
State-of-the-art Internet Media- and network-aware  ajpiicatio —
. . Conanamt Reliability Control
video streaming ... error control
. . . . Protocol Performance
Buffar T e Consider application’s constraints Configuration Feedback Time
uttering ... T Budget
g 1 on delay and rellablllty Protocol Performance Model
e V/s. total and partial reliability YT M1 r
[o) ) [ —
. . o) © o (O}
. (RTP,)UDP e Based on stochastic modeling and S S S e
combinatorial optimization 2 S 3 =
o o ) c
.. S e 'O £
* e Instantly optimize protocol [ k: % =
PRRT configuration subject to delay
Objective: constraint, reliability constraint B|Jock_el rasurel Molde| v
. _ _ _ _ , and bandwidth constraint Packet
Predictably reliable media transport pipe with Packet Loss Interval
capacity-approaching bandwidth utilization” e Dynamically approach variable
Channel ca paCIty In the Internet Transport Protocol (EI’I’OI’ COﬂth')
Y,
: : r N
7 e Combined proactive & Block Erasure Model X XXX X
| RTT Mea- reactive error control with e Observe patterns of *
o | surement Network . G “ ”
£ State k source packets and repair oacket erasures e ”ggg’(’jStSattZte
Sy Reliability Feedback packet schedule Np Simulate t I
= [
5 : i INFB e Error control |mu|at? er(npora' P ( )
S et correlation (e. g. via
2 Optimize N  captures short-term , 118
Protocol Parameter Block-erasure . Gilbert-Elliott mode|)
' Parameters Update MocS sample N€twork dynamics A I —Pg.. PG Transition
ki size e Reliability control e Block error distribution £ Pss Probabilities
¥ Repalr FESe optimizes error provides general S *
I Daig SCheclly Data . . o Block Error Distribution
| | Source ; Sink control in long term representation o
—= >
f;ﬂ | N Sample Size Reliability Model Number of Erasures
8| TN Feedback Interval S
5 | - Turp Update Interval e Formulate expected residual *Hypergeometﬂc Distribution
o ! ' R_ | Dr  Delay Constraint erasure rate
| Pr  Reliability Constraint X XXX X
Packet-level Packet-level .
i FEC Encoder Packet Loss FEC Decoder k # Source Packets e Consider all cases f= )
Np Repair Packet Schedule of decoding failure Source Packets Repair Packets
T| m | ng M Odel e Simulate erasure patterns via block error distribution
and hypergeometric distribution
. C D¢ Np[0] X Dpry A : : : A
® Synchronize distributed |« jj<sy Dr e Consider unreliable negative
protocol operations < | g receiver feedback 22 .
e Compensate for host . 885
P , Efficiency Model 80
and network latencies o Q o 5
. . . ° . . . o | |
Dr  Delay Constraint Simulate J.omt efficiency of proactive 0 i 5
De Coding Dela RTT and reactive error control Repair Cycle
g Delay
. 2 Dp;, NP[2] X Dpry [
Drec  Forward Error Coding Delay < o E tHallv d .
Dreo Repair Request Delay X.ponen ally . .ecreasmg .
Dpr: Transmission Delay failure probablllty Source Packets Repair Packets
RTT Round Trip Time
< >} e > _
| Dri Loss Detection Delay Do Drroll Drrol?] ) \0 Formulate packet-level redundancy and protocol overhead )
N\ [ N
Physical ) 35 Shared Bottleneck:
e Delay- and equation-based base RT'T Packo! Loss e Replace HTTP/TCP in S and i 32.Mbps\)ﬁ . . . —

: tRTT : o gt te —— TCP1
congestion control curren Quele standardized DASH 30! bk ,‘,'.,"ﬁ'ﬂ i‘f:"'".' W o
(based on FAST TCP approach) Level (Dynamic Adaptive Streaming / :I i;':'i‘ I :: LN I TCP3

ver HTTP i ! |i NI “.l | :
ove ) LY v I
Emulated Packet .g.é o - e Y o 1|~ TCP4
Loss Rate ™SS e Proactively schedule g ! 1 v || T TGRS
PLR=0.0% PLR=0.1% PLR=0.5% PLR=1.0% i = ! | \ | — PRRT
a5 . et et s > ? currentRTT — base RTT” packets under PRRT’s < 1
S goodput estimate = : )
weSatt 2 AV oyl v . =
sol ! \ ; —prr7 || ® Smooth, near-optimum = :
. . . . I i @©
,'Sh d : . ---3 bandwidth estimation via * Transmit at highest i v
ared Bottleneck: )7 . . . I
257 | Banwidth 32 Mbps, 1, 11 ts Ly em, ame'ti4  integer congestion signal quality level as long as ” ’ v ‘ lu‘ U ‘
o A AV 1A PR N ¢ . ) . ’ l' .’1 I
€ |, RTT50ms PR v bandwidth is underutilized ‘ W m"' .
! i . . . (W ke v
= 20 y e Unaffected by physical by competing TCP sessions ‘ Dj
S acket loss (e. g. on wireless ' ' ' ' ' '
s 15 | P (e. g e Increase throughput byup © 50 100 150 T2_00 250 300 850 400
S network paths) . ime [s]
3 0 to 100% compared to
e Obtain additional bandwidth HTTP/TCP —>©—> u)» D
5 M'AA\WWW in case competing TCP traffic Experimental Setup: 7 —
ol . . . ) ) underutilizes the network: e Wide area network + IEEE 802.11n e Dynamic video bit rate 4 - 12 Mbps,
0 50 100 Tir:go[s] 200 250 300 Opportunistic TCP-friendliness wireless network (RTT 50 ms) chunk size 25
\ J y,

Manuel Gorius, Jochen Grun, Yongtao Shuai, Thorsten Herfet Predictably Reliable Real-time Transport

shuai, herfet}@cs.uni-saarland.de http://www.nt.uni-saarland.de/en/projects/running-projects/prrt.html



mailto:gorius@intel-vci.uni-saarland.de
mailto:gorius@intel-vci.uni-saarland.de
mailto:herfet@intel-vci.uni-saarland.de
mailto:herfet@intel-vci.uni-saarland.de

