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=EPEMNEZRIEEE (Three-tier Hierarchical Model)
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2.1.2 Oversubscription
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Background: 2.1 Current Data Center Network Topologies

2.1.2 Oversubscription
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Figure 2: Current cost estimate vs. maximum possible number
of hosts for different oversubscription ratios.
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2.1.3 Multi-path Routing
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2.1.3 Multi-path Routing
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2.1

4 Cost
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2.1.4 Cost

EHRERM vs. Fat-Tree ZRI9RTEREXTEL
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2.1.4 Cost

Hierarchical design Fat-tree
Year | 10 GigE | Hosts g?gsg Gigk Hosts g?gsg
2002 28-port | 4,480 | $25.3K | 28-port 5,488 | $4.5K
2004 32-port 7,680 $4.4K | 48-port | 27,648 | $1.6K
2006 64-port | 10,240 $2.1K | 48-port | 27,648 | $1.2K
2008 | 128-port | 20,480 $1.8K | 48-port | 27,648 | $0.3K

Table 1: The maximum possible cluster size with an oversub-

scription ratio of 1:1 for different years.
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Background: 2.2 Clos Networks/Fat-Trees
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Background: 2.2 Clos Networks/Fat-Trees
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Background: 2.2 Clos Networks/Fat-Trees
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>iNME: Sm TR NBARRIERE ((NFEDY kMEE) | JLASKAERAE]
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RAM

ICAM Address | Next hop | Output port
ig;(l}i 00 10.2.0.1 0

L1, . 01 10.2.1.1 1
—— —» Encoder —» 0 Sh >
X.XX3 11 104.1.2 3

> R 2RIt
» TCAM: FERTERIBISRFIfE SN
_|;IJ.| |

> RAM: #TCAMMIILECERZRS|, FiE F—HEIPHBiADE Him S

> SRS ;

> JBELES (AUSR) FBEFHEEER/NITCAMIELEH
> RBaltic (B%) FEFMEEEBRARNTCAMIELIEH

> CAMBUSIEE T RS, FRIRIS SR EE R/ IPLECHBA IV AYSRE .. IXRIEY

RS ILECL e T /a%s

JLECHYIE X




Architecture: 3.4 Two-Level Lookup Implementation

> B3 FEE)

TCAM

10.2.0.X

10.2.1.X

X.XX2

Encoder

X.XX3

> l—: HAY 1P 10.2.0.3

> [ERTPLECHISR 10.2.0.X(Port 0) 70
> IRYE RIS AN, EEERESRERIT, RS M

>H—=: BAYIP 10.3.1.2
> (YPCER SR X X.X.2(Port 2)

> HRSZ M

2R

RAM
Address | Next hop | Output port
00 10.2.0.1 0
01 10.2.1.1 1
10 104.1.1 2
11 104.1.2 3
E5% X.X.X.3

0 3% &
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Fat-tree IZEHE

> 1z Bk SCIIRENST 8

> K FHRR R B
> IRRREM

> THEIR BRI
> SR IEE

= (BUss+REE) T£Pod:

NIl

EHAYIR TR, BRRSGLF

> [RIg— P IIEHIEEE:

> BRI,

tz‘éléj:'ﬁ# y B
UMY (SRR

SERETE

e =Eoy )

BERIM)



Fat-tree IEHABSHES

TS 'ﬁf 59
RERRENS LEEPodA_ERAZHEY]

> Pod a4l (1T
> NERRL:
> R
> podialifi&:

HBEPodNFIEFMNAVZLERISZR, fassPodAEE
ILECENA /ORISR, FRIEAZREET (IRIEERYI

GO, SCIST B

> RZIO3ZHRAL (18)5

A1E51)

> (B F1EM= pod HILLE /168188 (20 10.p0d.0.0/16)

> TNEEEE : 15

-8%&i=F]

Ezin

FifHY B #rPod

3
4
5
6

7 end

1 foreach j in [1, (k/2)] do
2 foreach i in [1, (k/2)] do
foreach destination pod x in [0, (k/2) — 1] do

end

addPrefix(10.k.5.7,10.2.0.0/16, x);
end

Algorithm 2: Generating core switch routing tables.

PFHID=ET

)
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Fat-treefSHIFRAERL - Pod3ZiftN

> 1ZIMESS

> NEPodAIIFTEFMIRINZ LRSS (Ei=iKA)

> AR EPodERERFINI—RENA /0BISR, FREA— N ZREHEE
> TRRKHE

> REERILEC BRYIPRISR(RAZFT5 (EHID)
> 1814 (EAID mod k/2)Fi+EMEIZEIH Dim, BEREBARIETRY. B
FHEREEVIDRYRE R EEHR RN
> RN &= k2D —RBIERH] k/20 — R [E5RERIN
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Architecture: 3.5 Routing Algorithm

Fat-treelRHFRER; - Pod3ZHat

1 foreach pod x in [0,k — 1] do

2 foreach switch z in [(k/2),k — 1] do

3 foreach subnet i in [0, (k/2) — 1] do
4 addPrefix(10.x.z.1, 10.2.2.0/24, 1);
5 end

6 addPrefix(10.z.z.1, 0.0.0.0/0, 0);

7 foreach host ID i in [2, (k/2) + 1] do
8 addSuffix(10.z.z.1, 0.0.0.4/8,

(1 — 2+ z)mod(k/2) + (k/2));

9 end
10 end
11 end

Bk 4 Y aggregation switch By routing table;
X T edge RRZ#RML, zin [0, (k/2)-1], R/FREK line 3-5
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Architecture: 3.5 Routing Algorithm

Core
) ) Aggregation
: ) L Edge

ST

Pod 3

Fat-tree IG5 J&: 10.0.1.2, BAY: 10.2.03
> 1. Rk AHAAL (10.0.1.1)
> [ILEg /0-> B3R,
» A8k XX X3MLEL -> #EaZEmA2 (1 LEIE] 10.0.2.1)
> 2. PodN_EEAH#A], (10.0.2.1)
> [EHHE(E, IRIEEANID 3 A2 unM3 ((FzOaciEtl 10.4.1.1)
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Architecture: 3.5 Routing Algorithm

Core
) ) Aggregation
: ) ) Edge

SEXNER ALY S

TS

Pod 3

Fat-tree IG5 J&: 10.0.1.2, BAY: 10.2.03

> 3. #ZacHad, (10.4.1.1)

> ICEIZRIEFTER 10.2.0.0/16-> A ZFiR[2 (1B1EPod 2),

> 4. BAYPod EERHAM (10.2.2.1)

> PURCEZ RIS 10.2.0.0/24-> ¥ &m0 ((EBRIFMRSHELL 10.2.0.1),
> 5. BRYFMIAHRAL (10.2.0.1): fuEEss#e, XIAEA

56



Architecture: 3.5 Routing Algorithm

10.0.1.
Pod 0

Fat-tree J8HZ5 BE: ZEEHAUIPEZ S 10.2.0.2 I?

> 1. R AHE41(10.0.1.1) L,
»port = (2-2+T) mod 2 +2 = 3

> 2. EMIRAHR1(10.0.3.1) L,
»port = (2-2+3) mod 2 +2 = 3

> 3. F M R=ik L= ILECT

aiE

Core
@& @ a6 addPrefix(10.z.z.T, 0.0.0.0/0, 0):
" |7 foreach host ID i in [2, (k/2) + 1] do
" @ |8 addSuffix(10.z.z.1, 0.0.0.2/8.
(i — 24 z)mod(k/2) + (k/2));
S8
Pod 3

JUFR port 3, —HBk (10.0.3.1).

JUFC port 3, F—Bt (10.4.2.2).

=0

TR IERIS
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Sy Nl
> RITENM: Bk ERINEE
> X B BIFMAR R ERSES
>
> Bir: hEEBENE, BERANCSTREIMIZREIMEFH
> IZIDFFE: BRIASSEIER
> RS RAEPRIYRIIAZS (Soft State)
> ERSER, BEANRHEA AT LATCsEENE R
I
> 7% (Flow) HUREN
> HEHEEELFERFE (BEN: BEIP. BYUIP, Ba9fEmRO) B—NMR
X5

=hit , Z g A s R B A

AiHHY —RESEIRES, RUEMES
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sNSmaRIE . TIRIE (£ pod 3ZHRA|F

> TRBISIRIF

ASCEN)

> HEIHETE—RIEEHRS, F
> BRY:  ERE—RIIIRIH

> SR E S B

PR ELAEEI Y
HINEL.

> [EHRIE B o Bo s D &N ERYRAY A LH

> B &AMEARER

NES, RREERAY)

P N — o1
e Ras=Zg

BESEES

(MZ N RFHEE—im

> IMIME
> SRR ANE R
FEN TR BRER,

\r1

, TN ESEEF]

IAE) .

T, HHRE _Lin

HYRERESRIS

o, NI




O SSSSS—SS’
Outline

. Introduction

Il. Background
llIl. Architecture
3.1 Motivation
3.2 Addressing
3.3 Two-Level Routing Table
3.4 Two-Level Lookup Implementation
3.5 Routing Algorithm
3.6 Flow Classification
3.7 Flow Scheduling
3.8 Fault Tolerance
IV. Implementation and evaluation
V. Review




uwamr
> MEFESIRITE
> MEREEBKES L. PEKRE. KEGRBHIR SR 7 K80,
mAZE/INR S/
AN =% X]thlfﬁ,ﬁ’]ﬂ& RREXREE, BERMMNEA LN o5,
I gIEVES =7 SUSER
> edge AZHaH,
> RN ES: AFTRo B ER ZEE_EIE/JI#JE o
> Al 5 Eik: Ww@llHOREESBEITERE, FHEEBERPREESS
FiRFEREARBYEFIERER.
> KEIRH: SZEIHIRAEA AR, BERINITNBITES I AiRmA
WIS OLEEERAYES.
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mERE
> PRIEE SRV O INEE
>ERENE: (UREEE) BEEREAMR, EEENMAEHREN "8
o] 7EE AR bool A7
> BRERSE: HABEmREVXY (PodERE) ZHEZRATANZOATIYIEER,
SR (BEIEARETE) R
> REEE: KARRE, tmCcEXpEEA "M |, FENIEPodAJHEX
A EEE b(uwﬂ’ﬁﬁjl__llﬁ'ﬁ
> AkEW: BRI REFIRIAS, BrE IR
> TIERERER
> EEFTIRME: WS RIEE LIREAEESF, MESXESERCGE, BE
WEEESENESEIES
> intra-podiiiE: XJPodARXM, TEESRS similarly #2Z Pod _EEAHAAY
ToIPRERIR

LT
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i
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B RZREE S
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J1IL

HEURE: ANitb

MEEMS

FHENZRIRFHER AT A

= BFD&E, 1RGN sE R E B B3 et iifE
=<-> FERHI) =38 RE:
DR EHIERE RN “THK" . ABDECH
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> 2 POd /\J'z'?ltgulbi'

3 L)

= ACHEAL

SR LB #Etrnss, \BAIPodARFIEEMET
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SEHTGARNAIPERERIMEF M., ORISR =G eHEPodry
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atat/lsl

> FITHERREE (LEATHAL <-> 1z OaZHafl) S20mEg
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> SXREREESHINE: FRiE
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[RRISEISIIE

> WA SCHI SRS
> NetFPGAREY: EFHIPVAIRABSEFITCAMIBITSHK

> SR BINAR100/78E, REINHEAATNERIINEIIER, UEBAAEE
AR NI A
» ClickEXHisH=RRE ((HMHER)
» Click@— RV ERH IR ERE 2R, IBIERERA "TtR" HUHSNIEE
HSSCIIEZYINBE  https://github.com/kohler/click
> 1zt —: TwolevelTable
>I0Re: SCI Y RRISHREREE (oKL, FIFRIENHITRIS
a8 ILEL)
> 5ehk: AT EESRClickinEIPIEHBEE PRI ORERITE
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[RBYSCIR S5E4IF
> 1@/&\77;%2: FlowClassifier (15D 35E88)
>Ige:. EFR/ENIPEITRDSE, FIER—RIRNXMNE—imrO & D ERELRFE.
>ﬁﬁ'f'{$§ﬁ? B (WEF)) ESdESE&RZ3INNENREE, Ds/MezEd
lﬁ'ﬁ o I}Ibﬁiﬁq%dﬂ-
>N (FRAMEERT sWHEINERNRNE R, 2—MENSHIMNS et
> e BBEZRW disruptive (RIBEERIREHEF) |, {BEEBEMNEIS
LRI AN
> ZiycEE=": FlowScheduler KREERS)
» FlowReporter (OZ3ZHEM) . R+ LRGP RIEE RS
» FlowScheduler (539&) P MW THEAS (BR/E8) . AEEIR
KB NREHHER—FZITPRAIERER, FRERIER I,
>»BHRE: TEEHRE OkN3), IHEEZHE Ok 2), YT k=48HJEEYE,
B =AY
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rar7ld
SCISSES

> Wi zg3aFh . 4w fat-tree (k=4)
>R L 1668=E. 2083

> EICARE T, TR EE ST
> YR aicE

> BB B3 MEEITTER (SSHL+EL) B

248w T IR LAR MR EER

> R 221

> GERSHEIRG): ISFTA

pdz&mIECPU,

Toabreml /9 96 Mbit/s, FR{RSCIGHRINFET

FH,;, BEXIURER G, FHECSTBEASHR
Z10EYIERSSess £, Bid—

>imEER: FaEHIILL 96 Mbit/s RIEEEREREMEORE.

> EREE EIETR
> WEFSSENBIAOREESRE,
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5
Do

ENASNRS

mERIARMESHEN _— 0™
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SENRERL
> ZIOBRE: FrEBEIRETIYA—XI— (1-to-1) , BIEaEIRN—NIRE
WO E
> TURES -
> BEHl (Random): LIS ENBZHERIEMENAIERE
> iK (Stride(i)): =519 x BIENEZES[A (x + 1) mod 16 NENLAIER

=

i==1
> B (Staggered Prob): FEALA SubnetP BiZRAEFMENAIX,
LA PodP #iZM[[E Pod F#l&1x, LA 1-SubnetP-PodP #iZRR1{E(AIE],
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EENSRERT
> K worst-case 178 :
> PodAi@A (Inter-pod Incoming):

>ins: 2 Pod[a)[E—H¥rPodiYA[E

A
>R SEZ OISR E B RPod AU RS EEELT 5

> ]

~=LeHl: (k-1): 1

> [EIDA&H (Same-ID Outgoing):

> E—FRRBIELFEMES

ARIBRRERE, (BIXEERS

FHREIAYELID

> [ FFRSEHERNEEXERERRE—LiTimE, SRkt OHE

> ]

=tel: (k/2) 1

> E: H=2R FlowClassifier sxBEA&IE M EERR A ERRVAA

GlEEEE]

ElARIERE, BIREREER—Z0L
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HEgEITAER
> ZIDEEIE

> (Gt 2R

— /\
e D

S, ERYUEEEREIVTAE UQ’J75%EI’JIH*E+%’
i #0 PodWiBA 1= MEBEE (R0/5

SHESHERE RIDAHR
72588 (FlowClassifier): &EESHES, EFABEBR FYNTEIRE, &

5 Pod [EB{SRFITRERE,

'IowScheduIer)

{NBEIAZ! ~ 28 %R
> PR B 272 ; Tiﬁ‘éﬁ
%B O%)
s
Z1HE5 MBEERIFLI7 5%
> R A
> ERExMEE: RAESS (
> EEE[/FNR, IR

Emn B P RAYER S

PR

IR TR,

EI

SAMERE, ToiRER LR S | ARz O EHEZE

> (EPENESIREY FSEIL 7 93% RIIEE —oTetn, £ME outperforms FraEA
JAE3
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KEI1TIHIERE . FRRIFERSFHEIRE (BUREEKIR: +w3)
JJIT—"*. i sl N [e] PC (2.33GHz)

> piF 27,6488 EH, (k 48) BYRBIRZE

> AF: BARFEENKNA 5.6 MB

>RE: S EBRENMNRZEISKAINYRTE /N 0.8 EFP

> 2518 Fat-tree 3FMIRIEMERCKREL 7T EEE R, FEPRE
RITER(ERYEIEE FEPRISCIN, BEhEHISEhRa] T4

G
at
i
Rl
2

Test Tree | Two-Level Table | Flow Classification | Flow Scheduling
Random 53.4% 75.0% 76.3% 93.5%
Stride (1) 100.0% 100.0% 100.0% 100.0%
Stride (2) 78.1% 100.0% 100.0% 99.5%
Stride (4) 27.9% 100.0% 100.0% 100.0%
Stride (8) 28.0% 100.0% 100.0% 99.9%
Staggered Prob (1.0, 0.0) | 100.0% 100.0% 100.0% 100.0%
Staggered Prob (0.5, 0.3) 83.6% 82.0% 86.2% 93.4%
Staggered Prob (0.2, 0.3) 64.9% 75.6% 80.2% 88.5%
Worst cases:

Inter-pod Incoming 28.0% 50.6% 75.1% 99.9%
Same-ID Outgoing 27.8% 38.5% 75.4% 87.4%
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