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Motivation

Vision: Future Internet Problem Statement

p high-rate, low-latency p low and unstable throughput on
communications services large BDP paths via TCP
p tele-presence, multi-view/free- ) aggressive, loss-based rate control
viewpoint video, distributed :
point » ARQ-only error correction
Manuel Gorius collaboration
, » RTT-fairness issues
Goran Petrovié p media source rates of several
|0 Mbps » no multicast support
e ) heterogeneous wired/wireless p TCP flavors for large BDP do not
network paths address error control

Telecommunications . i
Lab p long-distance paths with large

Bandwidth-Delay Product (BDP)

Missing support for high-rate, low-
latency communications services by
state-of-the-art Internet Protocols!
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Outline

p Predictable Reliability - PRRT Protocol

Manuel Gorius

p Timing and Performance Model

Goran Petrovic

p Performance Evaluation under large BDP

Thorsten Herfet

p Conclusion
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Predictable Reliability (PR)

Motivation

p |IP media delivery: strict time
constraint but loss-tolerance

p vs. partial reliability

» Spend applications’ delay budget
“predictably”

PR Erasure Coding Unit ...

p .. meets delay constraint (Dy) ...
p ...and reliability constraint (P;) ...

p ...under current RTT, packet loss rate
(Pe), packet interval (Ts) ...

p ...with minimum redundancy
information (R/)

Dt, Pt TS y RTT

4 4

—_ o— ®
Channel Model >

— .

P —p P

RI

Mediate between application
requirements and network conditions
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Predictably Reliable Real-time Transport

Parameter
Calculation
Data Data
Source Sink
Manuel Gorius
Goran Petrovic
Thorsten Herfet ‘1—' E{-' Ly’ it
Packet-leve Packet-leve
Packet Loss
Telecommunications FEC Encoder FEC Decoder
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PRRT Parametrization

Protocol based on
adaptive Type || HEC

- g " ——

JENEEEEEEEEEE

Manuel Gorius a) FEC mode N,[0]  N,[1] Nyl2]

Goran Petrovic b) hybrid mode b) ‘ ‘ ‘ ‘ ‘ ‘ D ‘ ‘ ‘ ‘ ‘ ‘ ‘

Thorsten Herfet c) incremental Y kel
redundancy c) ‘ ‘ ‘ ‘ ‘ ‘ ‘ D ‘ ‘ ‘ ‘ ‘ ‘ ‘

) parameters k, N,
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Timing Model

Application Delay

. Host Response Dela
Constraint 4

Round Trip Time
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Number of (reactive)

. Codin Blck Length Packet Interval ..
Telecommunications g gt Transmission Cycles
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Performance Model

Residual Packet

Erasure Rate

Ave rag over
Block Length

Number of Erasures

n—k+ 1

Ly z G- Paln, ki) - Pl

1=1 j= max(n— k+1 1)

“received less than
k packets out of n”’

Probability Mass Function
of Erasure Length
(Channel Model)

Hypergeomric Distribution
(consider Systematic Code)
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Redundancy Information

Redundancy Information

“Overcode”

Avera over
Block Length
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k

Proactive Parity
(0t Cycle)

Reactive Parity
(wth Cycle)

p[O] + Z Pfr(Rwl k) Np[w]

Aggregéte Parity
over r Cycles

Probabilit‘ of Decoding
Failure in Cycle w-|
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Efficiency under Large Delay

! D: = 300 ms, Dyesp = 20 ms | Packet Length = 1316 Byte, 1s = 0.5 ms

| P =107, Source Rate = 20 Mbps I
_ //;// //\,\\é
RTT | P, E | Np RI _ 02 ;///"(\’/ /\)(/ //)(\
75 | 001 T 1001151110010l % IS e L R
Manuel Gorius 25 | 0.1 [ [0, 1,11, 16l | 01112 5o = = .
50 | 0.01 I 10,1, 1, 3] 0.0101 | £ R N WL N L
Goran Petrovi¢ 0 | 0.1 1110, 1, 1,38] 0.1180 | £ o T N S AL |
75 | 0.01 1 |10, 1, 4] 0.0104 | & N N
75 | 0.1 96 | 19, 10, 20] 0.1596 | Soosy .
Thorsten Herfet 100 | 0.01 | 133 | [3, 10] 0.0262 | 3 |
100 | 0.1 | 133 | [20, 27] 0.1676 |
125 | 0.0 | 133 | [3, 10] 0.0262 )
Telecommunications 125 0.1 133 [20, 27] 0.1676 150
Lab 150 [ 001 | 64 | [2,8] 0.0350 |
150 | 0.1 64 | [11, 21] 0.1944 0.02

Packet Erasure Rate P_ 0 o5 RTT [ms]
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Conclusion

p Predictable Reliability UNIVERSITAT
DES
p PRRT Protocol SAARLANDES

Manuel Gorius p Performance Modeling and
Evaluation on large BDP

Goran Petrovic

Future Work

Thorsten Herfet

p Packet Loss Domain Separation

Telecommunications Lab
Lehrstuhl fir Nachrichtentechnik

Tel icati '
I SeommUnIcaions ) Support for Congestion Control
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