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® |Independent protocol validation

® Determine performance of CP<->RP
probing protocols



¢

® Simulated Protocols

® Simulation Environment and Parameters

® Simulation Results
® Summary and Observations

® Conclusion



% Simulated Protocols

¢ ECM

e As specified in au-bergamasco-ecm-v0.1.pdf
@ E2CM

e As specified in au-sim-IBM-ZRL-E2CM-proposal-r1.09b.ppt
¢ QOCN

@ 2-point architecture
® FECN

e As per March 2007 document, using probes (non-tagging)
@ FECN-B

¢ Modifications as proposed in Geneva (BCN-00, fast start)
® QCN-P

@ QOCN 2-point architecture with added probes from RP to CP
® E2CM-P

¢ Similar to ECM/E2CM, with probes from RP to CP replacing tags/path

probing

¢ E2CM-PR, QCN-PR

® %ilgnilar to E2CM-P/QCN-P, with added data rate guidance from CP to
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2 Send H 2. CP check if rate increase

desired
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1. Probe arrives at source , Switch 3
2. Target data rate computed >E-:-— :E-:é !
3. Rate control applied using same ' . i
rate limiter dst
® Probes sent for rate limited flows in regular intervals
® Probe destination address is most recent CP requesting a
rate decrease
® Only rate limited flows are probed
® Probes sent as high priority frames
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Probe arrives at CP

Insert Qoff, Qdelta, and
proposed data rate

Return probe to source only if
rate increase desired

Switch 3

1. Probe arrives at source
2. Target data rate computed
3. Rate control applied using same
rate limiter
® Probes sent for rate limited flows in regular intervals
s
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dst

Probe destination address is most recent CP requesting a rate decrease
Only rate limited frames are probed

Probes sent as high priority frames

ECM packets and Brobe responses include suggested and maximum data

rate in addition to Qoff, Qdelta

Reaction Point takes suggested and maximum data rate into account when

adjusting its transmit rate



¢

Protocols
requiring
end-to-end
support

\ Tagging Non-Tagging

N

c
T2
s S QCN-3 FECN  E2CM
6 =
WL o

=2

4

c
T o
= O E2CM-P
C = ’
£5 oo E2CM-PR,
= QCN-P,
o3 QCN-PR




¢

® While | have tried to implement all protocols as
specified, there is no guarantee that | got
everything right

® Simulations results reflect my implementation, not
necessarily the intend of the protocol authors

® My sincere apologies if | got something wrong ...
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® OMNET++

® INET framework

¢ Added support for different CM protocols
® Some 6,500 LOC total
® Three weeks development time including simulation runs

& Switch between protocols by changing configuration
parameters
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@ Two simulation runs per protocol, with different
algorithm parameters

® Presenting only first set of results
@ 100 slides is bad enough ...
& Second set of results typically does not change the trend

@ Results for second set of tests are typically better for most
of the protocols

@ Test topologies

¢ Baseline test as proposed in
au-sim-bergamasco-baseline-sim-scenario-092806v06.pdf

¢ Tests 1-3, 5-8 as proposed in
au-sim-wadekar-reqd-extended-sim-list-020807.pdf

® No time to implement framework changes required to run
test 4

¢ Multi-hop test with several (7, 12) congestion points



% Simulation Parameters

® System parameters
@ Switch latency (processing time) = 1us
Link latency = 500ns
Switch frame capacity = 200 packets (300 kB)
Packet length = 1500 bytes

No PAUSE generated by switch
® Did not have time to implement necessary framework changes

¢ ¢ ¢ ¢

@ Using PAUSE to create output generated hotspots



Simulation Parameters

ECM Run 1

Qeq =375

Qsc = 1600

Qmc = 2400
Qsat disabled

Gi = 0.53333

Gd = 0.00026667
Ru = 1000000
Rd = 1000000
Td = 1ms

Rmin = 1000000
W =20
samplinginterval = 150000

ECM Run 2

Qeq =375

Qsc = 1600
Qmc = 2400
Qsat disabled

Gi = 0.53333
Gd = 0.00026667
Ru = 1000000
Rd = 1000000
Td =1ms

Rmin = 1000000
W =2.0

samplinglnterval = 75000
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Simulation Parameters

E2CM, E2CM-P, E2CM-PR Run 1
Qeq = 375
Qsc = 1600
Qmc = 2400
Qsat disabled
Gi = 0.53333
Gd = 0.00026667
Ru = 1000000
Rd = 1000000
Td=1ms
Rmin = 1000000
W=20
flowQeq = 15000
rateTimer = 1ms [PR]
switchRateWeight = 0.02 [PR]
samplinginterval = 150000
probelnterval = 100000 [P, PR]

E2CM, E2CM-P, E2CM-PR Run 2

Qeq = 375

Qsc = 1600

Qmc = 2400

Qsat disabled

Gi = 0.53333

Gd = 0.00026667

Ru = 1000000

Rd = 1000000

Td=1ms

Rmin = 1000000

W=20

flowQeq = 15000

rateTimer = 1ms [PR]
switchRateWeight = 0.02 [PR]
samplinginterval = 75000
probelnterval = 50000 [P, PR]



% Simulation Parameters

FECN, FECN-B
NO = 10
A=1A1
B =1.002
C=0.1
Alpha = 0.5
minRate = 10000000
Qeq = 192000 (bits)
Qsc = 960000 (bits)
T=1ms




% Simulation Parameters

QCN Run 1
extraFastRecovery = true

QCN Run 2

extraFastRecovery = true
fastRecoveryThreshold = 5 fastRecoveryThreshold = 5
hyperactivelncrease = true
driftFactor = 1.0005

Gd = 0.0078125 (1/128)

hyperactivelncrease = true
driftFactor = 1.0005
Gd =0.0078125 (1/128)

timerPeriod = 200uS
minRate = 10000000
minDecFactor = 0.5
EfrMax = 1000000

A = 12000000

Qeq = 24000

W=2.0
baseProbability = 1%
toThreshold = 150000

timerPeriod = 200uS
minRate = 10000000
minDecFactor = 0.5
EfrMax = 1000000

A = 12000000

Qeq = 24000

W=2.0
baseProbability = 2%
toThreshold = 75000



Simulation Parameters

QCN-P, QCN-PR Run 1

extraFastRecovery = true
fastRecoveryThreshold = 5
hyperactivelncrease = true

Gd = 0.0078125 (1/128)
timerPeriod = 200uS

minRate = 10000000
minDecFactor = 0.5

EfrMax = 1000000

A = 12000000

Qeq = 24000

W=20

selfIncrease = 1000000 [P]
selflncreaseFactor = 0.1% [PR]
rateT = 1ms [PR]
switchRateWeight = 0.002 [PR]
baseProbability = 1%
toThreshold = 100000

QCN-P, QCN-PR Run 2

extraFastRecovery = true
fastRecoveryThreshold = 5
hyperactivelncrease = true

Gd = 0.0078125 (1/128)
timerPeriod = 200uS

minRate = 10000000
minDecFactor = 0.5

EfrMax = 1000000

A = 12000000

Qeq = 24000

W=20

selfIncrease = 1000000 [P]
selflncreaseFactor = 0.1% [PR]
rateT = 1ms [PR]
switchRateWeight = 0.002 [PR]
baseProbability = 2%
toThreshold = 50000
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Node 2 /
nidl \I ;‘9 Service Rate = 10%

Core . Node 1
Switch

Node N

® All nodes (10): Uniform distribution, load: 8.5 Gb/s

® Node 1 (hotspot) service rate: 1Gb/s
¢ Node1 limits service rates by sending PAUSE frames to switch

® One congestion point
@ Duration: 80mS from ti=10ms to 90 ms
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® Nodes 1-6: 25% (2.5 Gbps), Nodes 7-10: 40% (4 Gbps)
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Node 1 |\ 20%

Service rate = 20% ] Node 7

20% Node 8

Nodez .

Node 3

20%

Node 4

20% | Node 9
7 =
Node 5 rf
' Node 10
< e

® Four culprit flows of 1Gb/s each from nodes 1,4,8,9 to node 7 (hotspot)
® Three victim flows of 7 Gb/s each: node 2t0 9, 5t0 3, and 10 to 6

® Node 7 service rate: 20%

® Five congestion points; all switches and all flows are affected

& Fair allocation provides 0.5 Gb/s to all culprits and 7 Gb/s to all victims
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Node 1 | 100% _~—[swjtch 1
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Node 2 | 100% ~—— 5| Switchr 1
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7

Node 4 108 Qt—> Switch 3
<

& Point-to-point from node 1..4 to node 5
& Load: 100%
® Node 1 and 2 On/Off Sources (Ton=Toff=20ms)

Node 3 ,h-&wm’z‘
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RX / Service rate = 5% Node 7

| U7 |

Edge
Switch

Edge
Switch 3

.4
O
o
®
0o

v RX / Service rate =,5%
W < N oo

Switch
Edge * Edge

Switch Switch 4

B0, Node 10

& All: Uniform distribution traffic (background traffic)
® Nodes 1-6: 25% (2.5 Gbps), Nodes 7-10: 40% (4 Gbps)

® Two Hotspots: Node 7 & 9 service rate = 5% (Rx only)
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Node 1

\,-

Node 2 l QC’”‘%

f-
Node 3 ’
Node 5

Two switches, all links 10 Gbps, no background traffic
Four flows of 9 Gbps each from nodes 1,4,5,7 to node 8
One flow of 9 Gbps each from node 2 to node 4

Two congestion points
@ Port from switch 1 to switch 2
@  Port from switch 2 to node 8

¢  Fair allocation should provide 2.5 Gbps for all flows to node 8 and 7.5 Gbps for flow to node 4

= Switeh\]
Node 4 m/
—

Node 8

-
-~

¢ © o

(]
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- E2CM gjlen 7 in cmbdultistage switch R eth[3] queue (e2em-p.test? ved) - E2CM glen 7 in cmMultistage. switchR.eth[3] queue (e2cm-pr test? vec)
200 — 200 o
100 | 100 o
0 H i | “ i

02 04 0E og 0z 04 0g 0s
300 - - QTN GLan 7 i eriMuitistags 3UTtchL sth] el (gen-p testT ves) 300 — =l OCN glen 7 in cmMultistage switch L eth[4] queus {gen-pr test7? vec)
- QCNglen 7 in cmMultistage. switch R eth[3].gueue (gen-p.test? vec) =@ QCN glen 7 in cmMultistage. switchR.eth[3].queve (gen-pr test? vec)
200 200 -
100 - 100 -
0 o

0.2 04 0.6 08 02 04 0.6 05
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FECN-B

30— - FECH gjLen 7 in crmmultistage switchL eth[4] queus (fech-b test? vec)
- FECH gjlen 7 in crmMultistage switchR.eth[3].queue {fecn-b.test? vec)

200 —

100
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ECM

10000000000 —

5000000000 —

=il ECH Throughiput in crMultistage switchL eth[4] queue (ecm.test? vec)
=@~ ECM Througtiput in e Multistage. switch Aeth [3].cqueue {ecm.test? vec)

o1 0105 on 0s 012

-l FECN Throughput in crihultistage. switchL eth[4] queue (Tecn test7 vec)

- FECN Throughput in crhultistage. switch Feth[3] queue (fecn test? vec)
10000000000 —
5000000000 —
04

I T u T u T u 1
o1 0105 on 0ns o012

E2CM

10000000000 —

5000000000 —f

=l E2CM Throughput in cmMultistage switchL eth[4] queve {e2cm test? vec)
- E2CM Throughput in cmMultistage switchR.eth[3] quede (82cm test? vec)

T
0105

T
.l a1s 012

o1
-l QCN Throughput in cmbultiztage switchl eth[4].qusus {oon test? vec)
- QCN Throughput in cmultiztage switchB.eth[3] quee (gon test? vec)
10000000000 —
5000000000 —
04 J
I T u T u T u 1
o1 0105 on 0ns o012
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E2CM-P

10000000000 —

5000000000 —

4l E2C M Throughput in cmibultistage. switchL eth4)] guede (e2cm-p test? vec)
- E2C M Throughput in cmbultistage. switchf eth[3] guede (e2em-p test? vec)

T
0105

T
.t 0115 012

01

=l GCN Throughput in cmMuttistage. switchL eth[d] queue (gen-p test? vec)

=@~ GCN Throughput in cmMultistage. switchF.eth[3].cueue (gen-p test? vech
10000000000 —
5000000000 —

0 J
[ T T T T T T 1
0 0105 ot 0115 012

E2CM-PR

10000000000 —

5000000000 —f

- E2CM Throughputiin cmMultistage switchL eth[4] queve (e2em-pr test? vec)
- E2CM Throughputiin cmMultistage. switchR.eth]3] quede (e2cm-pr test? vec)

T
.l a1s 012

o1
- QTN Throughput in cmbultiztage switchL eth[4].queus gen-pr test? vec)
10000000000 — i i ! Bt moneprtatRaresy]
5000000000 —f
04 J
I T u T u T u
o1 0105 on 0ns o012
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FECN-B

10000000000 —| - gy

5000000000 —

- FECH Throughput in cmultistage switchL eth[4].queue (fecn-b test? vec)
=4 FECN Throughput in crmMultistage switchR.eth[3].queue {fecn-b.test? vec)
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ECM E2CM

10000000000 — B ECM Throughpit in eriMUltistag biostL[I] et (scnn test? veiy UL = -l E2CM Thesughput in cmbultistags hostl [D]quete (s2cm test7 vec)

= ECM Throughput in cmbdultistage hostL[1].queue {ecm.test? wec) == E2CH Theoughput in crMultistage hostL[1 Jiqueus (e2cm test? vec)

- ECM Throughput in-embdultistage host RiD).oqueve (eem.test? vee) - E2CM Theoughput in embdultistage hostR[D].queue (e2cm. test? vec)

ECM Throughput in criultistage hostR[1].oqueue (ecm.test? vec) E2CM Throughput in crbdultistage hostR[1liqueue (e2cm test? vec)

6000000000 —| test? vec) A000000000 — e2em fest? vec)
6000000000 — 6000000000 —
4000000000 — 4000000000 —
2000000000 — 2000000000 —
o 0

[ u T T u T u T 1 [ T u T u T T u 1

0 02 04 0B 08 1 a 02 04 0g o0s 1

1NBONADAND — =l FECH Throughput in cmibultistage hiostL[0] uece (fech test? vee) 10000000000 — Il QN Thiroughilt A critditistage hostL[0].Glsus (Hon est7 vee)

=4~ FECH Throughput in crmultistage hostL[1).queue (fech test? vec) - QCH Throughput in crabdultistage hostL[1].queue (ogeon test? vec)

- FECH Thraughput in-emMultistage hostRi0].queue {feen tesi?vec) - 4 I test7 e

FECH Throughput in cmbdultistae hostR[1] queue (fecn test? vec) GCH Throughput i embdultistage hostR[1 ] queve (gdn test? vecy

A000000000 — =¥ FECH Throughput in cmiultistane hostR[2].queue (fecn fest? vec) s000000000 — =¥ QCH Throughput in crMultistage hostR[2) queue (gan test? vec)

Ve VRV VALY ¥ Ui
5000000000 —| £000000000
4000000000 — 4000000000 —
g A

2000000000 —| 2000000000 —
o~ 04
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E2CM-P E2CM-PR

10000000000 —

il E2CM THrGgkgEut i cimnutistags hostL 0] Gusie (826 18517 wee ) 10000000000 — il E2CM Thraughput in crMultistage st L D] gueue (e2cm-pr iest? wec)

- E2C M Throughiput in cmibultistage hostL[1].queue (e2om-p.test? vec)h =~ E2CM Throughput in cribultistage hostL[1].gueue (e2cm-pr.test? wech

— E2Ct Throughput in-ombdultistage hostR0].queus (e2em-ptest? vec) - E2CM Throughput in critdultistage.host R0].queue {e2em-pr.test? vec)

E2C M Throughput in o Multistage hostR[1].queue (e2em-p test? vec) E2CM Throughput in cmitdultistage hostR{1 ].queue {e2em-pr test? vec)

5000000000 — =¥~ E2CM Thraughput in crmMultistage hostR[2].gueue (e2em-p.test? vec) a000000000 - =¥~ E2CM Throughput in cmitultistage. host R[2].queus (e2em-pr test? vec)
G000000000 — 6000000000 —
4000000000 — 4000000000 —
2000000000 — 2000000000 —
0 ol

| u T T u T u T 1 [ u T T u T u T 1
0 02 04 0B 08 1 [t} 02 04 0B 08 1

U E) = - ICH THFBUGHRUL T ¢rARIUIEstaige st ID] el (eerp 168t vee) 10000000000 — - QT THrougheUT A Mt s HiostLIT] aes (Hen-gr Test Vo)

- QCH Thraughput in cmbdultiztage host L[] .gueus (gen-ptest? vec) - QCHK Throughput in crbdultistage hostL[1 .ogueue (gen-pr test? vec)

- QE M- Thraughput-in cmiultiztage host R0} gueue (gen-p.test? vech - QN Throughput in crultistage hostR D] dueue (oen-prdest? vec)

GICH Throughput in embdultistage bhost ee b test? vecy GCH Thraughput in embdultistags hastR[1 ] dueve (gen-pr test? vecy

2000000000 — GCH Thr midultistage hostR[2] gueue (gen o test? vecy s000000000 — =¥ OCH Throughput in crMultistage hostR[2] gueve (en-pr test? vec)
5000000000 —| 5000000000 —|
4000000000 — 4000000000 —

’ | > T, ol
R L SO D T et

2000000000 —| 2000000000 -
o 04
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FECN-B

10000000000 — -l FECN THrougkipit i ¢himitistags RostL [0].queus (fech-b tast7 veey

- FECN Throughput in crbultistage hostL{1].queue ¢fech-b test? wecd

< FECN Thraughput in-crbdultistage hostRD].gueus {fecn-b.test? vec)

FECHN Thraughput in chMultistage hostR[1] gueue {fecn-b test? vec)

&000000000 - =¥~ FECN Throughput in eitdultistagé hostR[2] queve (fech-h test? vee)

LA i L | Py yreey

BO00000000 —
4000000000 —
2000000000 —
o




Node 7

Node 8

-~
-

&  Two switches, all links 10 Gbps, no background traffic
&  Two flows of 9 Gbps each from nodes 1 and 4 to node 8
@  Three flows of 9 Gbps each from node 2 to node 4,310 5, and 6 to 7

&  Two congestion points
@ Port from switch 1 to switch 2
@  Port from switch 2 to node 8

e  Fair allocation should provide 2.5 Gbps for all flows to switch 2 and 7.5 Gbps for flow from node 4 to node 8



¢

ECM E2CM

300 — - ECM glen 7 ih craMultistage switchL eth[4] gueus (ecm Test vec) 300 =l E2CM glen 7 in crbultistage switch L eth [4].queds (e2cm test vec)

=@~ ECM glen 7 in crnMultistage switchR.eth[3].queus {ecm testBovec) =@~ E2CM glen 7 in cmbdultistage. switch R eth[3].queus {e2om testd vec)
200 - 200 -
100 - 100 -
o i

T T u T T T u T T T l
0z 04 0g 0s 0.2 04 0E 0g

300 — - FECN GLer 7 T crinitistage suitchl ethl4] ieoe (fecn testa vec) 00 -l GCN glen 7in cMultistage switchL eth[4] cueus (e tests vec

@~ FECH gLen 7 in emMultistage switch R eth[3] queue (feen festavec) ~@- QCN glen 7 in cbultistage.switchR.eth (3] queve ren.testd vec)
200 - 200 —
100 - 100 -
g

o2 04 06 08 0z 04 06 08
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E2CM-P E2CM-PR

300 — - E2CM Ler 7 T criikutistage switchL stk] gueles (a2em- p tests vee) 300 — - E2CH GLan 7 in chkfintistags switeh L eth 4] qusus Te2em pr tastg veey

- E2CM glen 7 in cmbultistage switchf eth[3] quede (e2em-p testd vec) - E2Ch glen 7 in cmbdultistage switch R ath[3].qusue (e2om-pr tests ves)
200 200
100 - 100 -
o 04

T T u T T T u T T u T T
0z 04 0g og 0.2 04 0E og

300 4 I GCN GLen 7 in criMultistage switchL sth[8] quele (qen-p testa vec) 00— -l QTN GLer 7 i B MUl tage sUAtCHL sth AT gliste (eeri-pr testa ves)

- DTN glen 7 in crhultistage switch R eth[3].queue {gen-p testivec) —- QCN glen 7 in cmbultistage switchA.eth[3] queue (gon-pr testdvec)
200 | 200 -
100 o 100 —
o 0=




¢

FECN-B

300 - FECH gL 7 i erbAutistane suitchl sth[d] queis (fech b tests veey
- FECH gLen 7 in emMultistage switchR.eth[3].queue (fecn-b tests vec)

200 —
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ECM

10000000000 —

5000000000 —

=il ECM Throughiput in crMultistage switchL eth[4] queue (ecm.testd vec)
=@~ ECM Throughiput in e Multistage. switch Aeth [3].cueue {ecm.testd vec)

FECN

10000000000 —

5000000000 —

-l FECN Throughput in crihultistage. switchL eth[4] queue (Tecn testd vec)
- FECHN Throughput in crhultistage. switch Feth[3] queue (fecn tests vec)

T
a1 0105

T
.t 0115 012

E2CM

10000000000 —

5000000000 —

Il E2CM Throughput in crabultistage switchL eth[4].gueue (e2cm tests wec)
= E2CM Throughput in crbdultistage switch R.eth[3].queue {s2cm.testd vec)

0.1 0.105 0.1 0118 oz
=l GCN Throughput in emMultistage switchL eth[4] quee {gen tests vec)
=@ QCN Throughput in cmMultistage switchR.eth[3].queue (gen testdvec)

10000000000 —
5000000000 —
0 J
[ T T T T T T T 1
0 0105 ot 0115 012
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E2CM-P

10000000000 —

5000000000 —

=l E2CM Throughput in craMultistage switchL eth[4].queue (e2cm-p.testd vec)
= E2CM Throughput in craMultistage switchR eth[3].queus {e2¢m-p.testd vec)

o1 0105 on 0s 012
- GCN Throughput in cmbultistage switchL eth[4] queue (gen-p testd vec)
- GCN Throughput in cmhultistage switchFeth[3] queue (gon-p testSvec)
10000000000 —
5000000000 —
04 J
I T u T u T u 1
o1 0105 on 0ns o012

E2CM-PR

10000000000 —

5000000000 —

- E2C M Throughputin cmbultistage. switchL ethf4] queue (e2em-pr testd vec)
- E2CM Throughputin cmbultistage. switchF.eth]3] guede (e2cm-pr testd vec)

o1
- QTN Throughput in cmbultiztage switchL sth[4].queus gen-pr tests vec)
10000000000 — & — 3 itehFetihfib e
5000000000 —f
04 J
I T u T u T u 1
o1 0105 on 0ns o012
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FECN-B

10000000000 —

5000000000 —

- FECM Throughput in cmMultistage switchL eth[4].queus (fecn-b testd vec)
=4 FECN Throughput in crmMultistage switchR.eth[3].queue {fecn-b.testd vec)




¢

ECM

10000000000

8000000000

6000000000

4000000000

2000000000

FECN

10000000000

8000000000

6000000000

4000000000

2000000000

Sl ECM Throughiput in critiltistage hostL 0] gueus (ectn testa vec)
=~ ECM Throughput in crabultistage hostL[1].queue fecm testd.vec)
EC M Throughput in cmbultistage.hostL[2).queue (ecm.testd.vec)
ECM Throughput in cmbultistage hostL{3].cueue (ecm testd.vec)
= EC M Throughput in g Multistage hostR0].queue (ecm testd vec)

02 0.4 06 k] 1

il FECH Throughpot in crimaltistage hostL[0] quene (fech testB vec)
=4~ FECH Throughput in crmultistage hostL[1).queue (fech testB.vec)
FECH Throughput in-cmbdultistage hostl[2]).queue (fech testd.vec)
FECH Throughput in crMultistage hostL[3).queue {fech testS.vec)
= FECHM Throughput in cmMultistage hostR[0] queue (fecn testS.vec)

e

E2CM

10000000000 —
8000000000 —
E000000000 —

4000000000

2000000000 —

- E2CN THESGERREOT iR ertditistags hostL0]Gusne (e2em tests vae)
- E2CM Throughput in crbultistage hostL[1 loueus (e2em tests vec)
E2Ch Theoughput in embdultistage hostL{2 ouewe (e2em testd vec)

1

tL [Ffouene (FRcmn testd vec)

tests vec)

QCN

10000000000 —
£000000000 —
BO000000O0

4000000000

2000000000 —

0.2 0.4 06 [uk:]

- QTN Thrcughiput i criburtistags RostL 0] dues {Hon 1t vee )
- QTN Throughput it cmbultistage host L[ ].gueus (gon.testd vec)

QEN Throughput i crhiultis B
robghipul ultistage host L [3].queue (g
=¥~ LN Throughput b o Muttistage host R [].gueue (g

friestdvec)
tests vee)
h.testd vec)

0.z 04 0.6 0.3
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E2CM-P E2CM-PR

10000000000 —
E2CM Thi hiput Multist: hastl 2erm-p testd

- S Thmughput nem Mu"!s‘age hDStL[IWJ] aeue (ezcm P testﬂ vee 10000000000 — Il E2CM Throughiput in crhultistage fiostL 0] queue (e2cm-pr tests vec)

- - Thmughput nem Mu“!siage.hos“-[ Jtgeue (ezcm-p.testﬂ.vec) =@ E2CM Throughput in craMultistage hostL[1].queue (e2cm-pr testd vec)

b A e Py Py - E2C M- Throughput.in-cmibultistage. hostL [2].queue {e2em-pr.testd vec)

E2CM Throughput in cmtultistage hostL[3].oueue (e2em-p.testd wec) )

R — —_— e - - P E2CM Throughput in creMultistage hiostL[3].gueue (e2cm-pr.testd wec)

6000000000 — S resanput ullstane hostRll.ousye (s2emep festBvee) =%~ E2CM Throughput in cmultistage bost R [0].queue (e2cm-pr testd vec)
6000000000 —
6000000000 — 000000000 —
“000000000 4000000000 —|
2000000000 — 2000000000 —
o o

[ u T T u T u T 1 T T T : T T T T T

0 02 04 0B 08 1

0 0.2 04 0 0.3 1

10000000000 — Il QCH TRFGugHRUT i embiItEtage RostL[0] guels (Gen-j testa vac) 10000000000 — - QTN Throughigut i crikurtistage RostL 0] disus (Gen-pr tests veey

- QCH Thraughput in cmbdultiztage host L[] gueus (gen-p testd vec) - QCN Throughput in cmbultistage hostL[1 ].gueus (gen-pr.testd vec)

B CH-Thrgughput-in emMultistage hostl [2].aqueus (gen-ptestd.vec) - QEN Throughput in-crhultistage hostL[2].queue (gen-priestdvec)

uele (gen-p tests vec) GCN Throughpot in e Multistage host L[S gueue (qen-pr tests vec)

£000000000 | == LCH Thraughput in embdultistace hostRI0] gueue (geno tests vec) &000000000 - M, Multistagg hogt R G tests vec)
E000000000 — BO00000000 —
4000000000 — 4000000000 —
2000000000 — 2000000000 —
o- o-




¢

FECN-B

10000000000 — - FEC N Thiaighipit it erimultistase host L [0] quele (fecn-b testa vas)
- FECH Throughput in emMultistage hostL[1] queue (fecn-b tests vec)
- FECM Throughput it e Multistage hostL[2] dueue (fecn-btestS.vec)
FECM Thraughput it cmMultistage hostL[3] gueue (fecn-b test8 vec)
£000000000 | =¥—FECM Thraughput it emMultistage hastR[0] queue (fecn-b tests vec)
Y Ve v fremerve
000000000
4000000000
2000000000 —
0




i=1..N-2

- |
;\ 7 A <{ ; Node
= \ j <3 Node

Node 2 »‘——'
< //
o ’\
Node 3 Q I Node
< \ (N-1)*3+1
Node ~
i*3+1 .l:]gf; Node
(N-1)*3+2

N=7 switches; 3 hosts per switch

Node <i> sends to node <i+3>; Node <i+1> sends to node (N-1)*3+1; node <i+2> sends to node <i+4>
100% load from all nodes

Node (N-1)*3+1 receives traffic from <N> sources

¢ ¢© ¢ o o

N hotspots
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ECM E2CM

kDS - ECM GLen 7 it emiCorigestion Chain switeHETT ] sthT].olisug tecr testaivesy 150 - E2CM gLen 7 in emCargesionChain switchE[ ] sth[1] qusis {s2cm testd vee)
100 | 100 -
S0 S0 —
o i
T T T T T T T T T T T T T
02 04 06 08 02 0.4 06 0.3
180 - FECH gLen 7 i efiCatigeation Chair switchE[1] #th[1 ] gusie {Tech teste veid) 1509 -l OCN glen 7in cmCongestionChain switchE[1 ] eth[1] queue (hen testd vec)
100 - 100 -
50 | 50 -
0 0
T u T T T T T u T u T u T
02 04 0E og 0.2 04 0e o0&
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E2CM-P E2CM-PR

150 o Il E2CM gLen 7 i e Congastion CHain sWiteHE [ etk 1] qlsde (a2er-ptesty veey 180 — - E2CM gLer 7 il e Corigestion Chair switchE[T] 8t (1] queus (s2em-pr test vee)

100 — 100 o

S0 — =0 -

0= 0

‘ ' i ' ! ' J ' T T T T T T T

B2 2 s 2 0.2 0.4 08 03

150 4 Il O GLeR 7 iR criCarigestion CHali sWiteh E 1] athil T gusis Ghon-p testa ved) 150 Il OCN glen 7 in émCongestionChain switchE[T ] eth[1 | .queus (gen-pr testd vec)
100 | 100 |
50 50
0 0

0.2 0.4 06 0.3 0.2 04 06 0.3
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FECN-B

150 il FECN qLer 7 in e CongestionChain suitchE[T) eth[1] guels (fech-b testavecy

100 o

50—

02 04 0.6 05
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ECM E2CM

-l ECM Throughput in emCongestion Chain.switchE[1 |.eth[1] queue {ech test3.vec) - E2CH Throughput in emCaongestionChain.switchE[1 ] eth[1 Loueue (e2cm testd vee)
10000000000 — 10000000000 —
T T T
5000000000 — 5000000000 —
T o

FECN QCN

 son0n0amD =il FECH Throughput in crnCongestionChain switch E[1] eth[1].queue {fech testd vec) I LCN Throughput in cmCongestion Chain switeh E[1] eth[1 ] queus (gen testd vec)

5000000000 — 5000000000 —
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E2CM-P E2CM-PR

-l E2CM Throughput in o CofgestionChiain switchE[1 ].eth[1].queue (s2cm-p festd vec) =l E2CH Throughput in cm Congestion Chain switchE[1] eth[1] queue (s2cm-pr testd vec)
10000000000 — 10000000000 —

TIWI| ‘ ’]I"

5000000000 — 5000000000 —

QCN-P QCN-PR

- QCN Throughput in cmCongestion Chain switchE[1 1eth[1] queue (gen-p testd vec)

GCN Throughput in em Congestion Chain switch E[1].eth[1] queuve {gen-pr testd vec
10000000000 —| = ahp B! [1]eth1] cueue (cen-pi )

10000000000 —

5000000000 — 5000000000 —
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FECN-B

=il FECN Throughput in cmCangestionChain switchE[1] eth[1].quene (fecn-b testd vec)
10000000000 —

5000000000 —




7

ECM

6000000000

4000000000 —

2000000000 —

B000000000

4000000000

2000000000

- ECM Throughput in cmCongestionChain host[1].queus (e testd vec)
=~ ECM Throughput in crmCongestionChain.host [4].queus {ecrm festd.vec)
ECM Throughput in cmCongestionChain.host [7].queue {ecm test3.vec)
ECM Throughput in cmCongestionChain.host[10].queue (ecrm.testd vec)
=¥ ECM Throughput in cmCongestionChain.host[1 3].queue (ecm.testd vec)
ECM Throughput in crCongestionChain.host[16].queue (sern.testd vec)
- ECM Throughput in emiCongestion Chain host [ 8].queue (ecr.testd vec)

04 06 05

-l FECN Throughput in emiCongestionChain host[1 ] queus (fech. testd vec)
- FECN Throughput in ecmiCongestion Chain host[4].queus (Tech. testd vec)
FECN Throughput in cmiCongestionChain host [F].queue {fech.testd vec)
FECN Throughput in cmCaongestionChait host[10] queue (fech testvec)
=¥~ FECN Throughput in emCongestionChait host[13] queoe (fech testd vec)
FECN Throughput in cmCaongestionChain host([16] queue (fecn testdvec)
=il FECN Throughput in cmCangestionChain.host[18].quede {fech testvec)

04 0.6 0.8

E2CM

B000000000 —

4000000000 —

2000000000 —

- E2CH Throughiput in emCongestionChain host[1].gueue (e2em.tests vee)

- E2C M Throughiput in cmCongestionChain host [4].gueue (e2em. tests vee)
E2C M Throughput in cr CongestionChain host [F].gueue (e2em.testd vec)
E2CM Thraughput in cm CofgestionChain host[1 0] gueoe (g2cin testd vec)

=¥~ E2CM Thraughput in cmCohgestionChain host[1 3] gqueue (g2ch testd vec)

0.2 04 0.6 0.8

6000000000 —

4000000000 —

2000000000 —

- QCH Thraughput in emCongestion Chairhost[1 ] .queus (gen testd vec)

host[4].0 . testd.vec)

gestion Chaih.host[F]ogueue {oer testd.vec)
QLM Thraughput in emCongestion Chain host[10]. queue (gdn testd vec)
=¥ LCH Throughput in emCongestion Chain host[13] guene (gdn testd vec)
QLM Thraughput in cmCongestion Chain host[16]. queus (gdn testd vec)
- ACH Throughput in emCongestion Chain.host[18].queue {oggn.testd vec)
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E2CM-P

6000000000 —

4000000000 —

2000000000
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N=10 switches; 3 hosts per switch

Node <i> sends to node <i+3>; Node <i+1> sends to node (N-1)*3+1; node <i+2> sends to node <i+4>
100% load from all nodes

Node (N-1)*3+1 receives traffic from <N> sources
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Summary

ECM
@ Good performance over wide range of conditions
@ Visible throughput impact due to tagging
@ Some oscillation with complex topologies
@ Marginal fairness

E2CM
@ Good fairness; favors short-distance flows over long distance flows
@ Seems to have problems with output generated hotspots

FECN
¢ Excellent fairness
@ Slow reaction to changed conditions
@ Problems with output generated hotspots and with complex topologies
@ Oscillation with multiple hotspots

QCN
@ Fast reaction to load increases
@ Slow reaction to load decreases
¢ Marginal fairness



% Summary - continued

® E2CM-P
@ Pretty much equivalent to ECM
¢ E2CM-PR
@ Very good fairness
@ Qscillation in complex topologies w/ multiple hotspots
® QCN-P
@ Qverall best performance
¢ Marginal fairness
® QCN-PR
@ Good fairness
@ Starts oscillating in topology with 12 hotspots



¢

® QCN style ECM packet generation (flexible
probability) improves reaction time

@ Might be worthwhile testing it with ECM/E2CM

¢ Fairness
@ Linear self-increase improves fairness
over multiplicative self-increase
rate += selflncrease;

% Even better is proportional self-increase towards
maximum rate provided by congested switch

rate += (switchMaxRate — rate) * selfincreaseFactor;

¢ Rate guidance from switch improves fairness
® May cause oscillations



¢

® Avoid negative feedback to probes sent to CP

@ Causes oscillations

® Oscillations observed with pretty much all protocols

¢ Especially in topologies with multiple hotspots



¢

® Test ECM, E2CM etc with flexible ECM rate (QCN
style)

& Verify if FECN and E2CM problems with output
generated hotspots are caused by the simulation or
a real problem

® Verify if observed oscillations are caused by the
simulation or a real problem



¢

® Feedback through Endpoint is not a requirement

¢ RP & CP protocol exchange is sufficient

® Tagging is not mandatory for any protocol

¢ Can use probes from RP to CP instead

& RP & CP feedback highly recommended for
positive feedback

® Rate guidance feedback helps to achieve fairness



¢

® Use BCN message format for negative feedback

® Use Probes between RP and CP for positive
feedback

® Consider adding Bandwidth guideline parameter to
information sent from CP to RP

® Also consider including Min/Max rates to allow for
more flexible feedback

¢ Example: Max rate = CP link speed



