E R} (5 SR 48 % . 329~ N .
REREE FERY: 201849 48K F3H: 329-348 ¢ CHIERFEY ekt
SCIENTIA SINICA Informationis " SCIENCE CHINA PRESS

.I:Qjc @ SrossMark

SRR R ESAM I ME BB E R

21, AR, I

1. FRINRE RN SRR %R, 751 215006

2. BB E ARG P A R0 R0, B 210093

3. YLHETHHAUE BA B R # SR80 %, 7R 215006
* B E{EH. E-mail: jy_zhou@suda.edu.cn

Wk B 2017-03-28; #52 H#: 2017-10-24; M2% i H 31 2018-02-13

B X H AR RS (S 61502328, 61572337, 61672370) . TLIF44 7= 2B ICA QB BT G ATIETERF 7T (#LHES: BY2014059-02).
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HE ALERWERXRRT TR EL AP mN, BAKUCITEE P &, wf UL -y
R T AEEA P BECARA LRI RSREFAFARFIHE R FNALE A B 2R
AREFMEENL Hash 7EEH P RERIKEECTRNEER S S L, BRTE2SRBEFQ
NEMEAWBERE, TATHRWENYT R A XA MR W&+ H P R LR, B — MR E
X055 LR L BB RE T % P FREEF OWEEI, HA A EEBIES, Tt
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i Hash 77 2070 B TRCR B0 vho0 R EAFE IR ST 4% L, DARR IR R HCHE A7 i 17 . SRR T-1E 2
FEAPIL T =, A A8 T I RS e oA A B i 5 e 4 et P P 22 ) L 0 R R AT S R
TN AR — e PPL, XA AR K BRI A P a3 S . Hash 5 308 W AR R P SR
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SURIEEAN. BLE 2013 4, Facebook Ht ' 17 e H A o0 P HIIE S B D4R B SMEEAE R 1000 £5Y,
B b R T A B B o S v O P DR S B O BRI, AT P B S MR AT R 2 T A

TR AR — IR FERRE T Hash J7 SUBEHLIE I AT ] TAHEAS 2%, e %5 R 1)
WIS FLR AR A AW A8 LR P B TR — kS, U Ayt G K AN e B A, A A2 Ry 1l A2 FH R S
WRIX L FH P IR BOE B TR — RS I REBE. D T B ik 28 R, A W 7 i Hh R 1 43 1R METIS
AL IR ILSE B AR AL AL M 48 B AL S R 7 A 2 AT B, 7 B s P A e — 2. i,
SCHR [5] 38T XS M Facebook SRAEHIEHE L 7 A AL SE I 2% B E R AL RORFAIE, RIVRR - A2 BAT
R AL AT L USRI ARALL . BB BE RO X, ki 2 2 1 B AR AU i el k1) 7 0%, (B
R BA E FE I B, HA SR E R T R,

SCHR [6~8] 4 HE I it ) i e A SR CRAIE U 10 20408 15 05 ) B S B A7 IE — &b, SPAR 16 K
J IR A T BB AE T P ) R 55 A B RV RIS, T Gl R 55 SR iR R AT P AR IR S &, (HA2 Y
JIR 55 35 FUBLAE 500 G, SPAR 2 AR P31 2D 20 MEIIA, BIAR— Sk 4Ed il R K29
MRS EERAEEE R, hurT W, SRl 2 ) T B mA S SR I AN — 58 RE S AR A M S @ AE
BRAL. Tran & 7 £E SRAN ] € BT4R T 52 1 — Pk A UK = 7 7% S-clone, HoAZ 0 AR 24
F P B8 ) BT AR e 22 IR S5 4 b AESRAZ T IR RA X BL B E M S 4, 480 77 T8 A
B BIIIRSS 2% LI, BB R R R S M B iEE R, B BN, Liu 55 B 3R —F g
PR HAE L 75 SD3, RGP & . BT F P B B A, FT DA — e R
E RS R 1 — BUE 485 B Jiao 55 01 K B4R J5CE o B3 i e A1 e R 0 A il A
B, SR T BIA TR E AN O ERIATICE, K B ATBCE, 0 A1 17 R 58 & SRR &
T A5 AL N 2 TR AR

VIR FE 10~13) 42 ok Bk W A= B S R AT . Tran 45 101 [ 258085 B 5 AU,
el TBCE R ALy — > 2 B FR AL A R, 52 ) — A3 T ag A SR R R 23 7 2, JRAERI 7y FE AL AR
HH M SR A 0t — D PR A 1, (L P T 3% SR SR A 52 ) T 8 ) At s 1) AR, AR R R 4t SRR BV
Yu &5 01120 R B R I IR 22 AN F P Z ARS8 AT, 4 i R A D 1 23 T L, 40 L A T 5
W& ADP, £ K 7 B4 BRSO QU RIA. (8 BsRscikeh, S HR AL P EdE Rl o 58
B SEHRAT, AT SRR B R 52 R T B il 7 45 R Tang 45 3] BIF S0 R A S 00k I 55 46 ) e 5
FISZmR, JE4E IR — R B R I E B R E | 5% TOPR, TOPR ilid 52 B i AT Hod %) 73 A1 4
P S — PG R, JRT, XA T BOF AR RN AT, 12 A BN 5 AT, & B ik
gE RS E R, A DR B BARACAL R, BhAb, Jiao 2 14 $2 L —Fh 50O VL cosplay, I ANKTHLAZ
e 3 N EIAANT B R FEREE AT, SR cosplay £FXf 2 B HH O3 8T, HiAb H A% v s B85 o oid (5 &
A 2SS SE , E R o s AT R S R I AT DA R e ) A7 S A 1 1

BT b o), A SCHR S — B SR T R R TBUE 777 (scalable data placement, SDP). SDP [A]
I 2% RS AL AT Jey ER I AL B R B, X T i AOACAL, AR SORE Ie) e Ak Dty B B AL IX R 23 1), 4 IX 5
R 55 d 0 B, BN A BT F P Bl AR T — 6 IRk SS A, EE XA SELS GRS S0EZ A
AR, AT SEIEEE R 7 5 SRR ARG, X T 8 B AL DX R 43 1] 8, 4 SRk AN DA 5 19~19) ¢
ISR TVE. FETARBAL IR AR, SOk [15]) St S X R 5k COPRA, B TR &
ZABREE, FHWE RS R I 24532 HE N, (R AL X R o 65 B2 T AR B E S 4L, NI BUR 2522
S SRS, AT 3 38R 23 45 R RS e P22 ZE TR 79 sk AR, SR [16] € SCERLFE R £Y, JERE
WU BCE = F P AE D9 a6 7715 5, BSRS89 mOT A8 AN W R 4R B B DAY ko X RUASE, A 153

1) https://gigaom.com/2013/06/19/meet-facebooks-new-network-architecture-its-a-fabric/.
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w=20

1 #ZERA

Figure 1 An example of social graph

FE R BUE A WIS BI04, BRI 2% 5 A 4 X7 a5 R 28 R AN P /b I & — AN AR X 7T L3 ol
YK T5 I G 1 AR AR H B XTI S R AR, SR, SRIBEAL T iR A R R R &
SPEE X RIS RAFEE. 9, STER [17) R RTARF0 159 m B3 s BEATL™ A OO 718, 3L
Rk [18] W3 T4 JR {5 B AR O AT SR AW AL DX, SCHR [19] 38t TR R4y ik, SE AR
FE SR FH VA = SORSAS T S35 i [V R B R AT AR IX & O, S se AT AR B4t X R 70, 78 BE kA F
FREAT H A AL XU, BRI A3 2] 7 A, (5B Ak YU T A A AL X R 45 2R, Fse 1k
AR R .

IR SCHR TSR IR R 23 SR T BT X R g, I B RO DR, BRI E X
NFEAWER AN GRS, a6 A AR LR B, SEE MY rOERMGL. XI5 A EH
TASCIWE T, PR A S8 I 8 FE A S 58 SO — M TRV B, AN R8I 24 35 i [ 52 EL G
RILHE A H T A P @A R (B 1 T AR S L)

0 28 38 15 B AN IR T4 I B BT S R 55 45 B H SRR TR S5 A8 AE 26 P (A B, TS B
BN, o3 AR b %, S AE R, A B R AR R A R AR R U I T e AR AR 55 4 B AR I
FESE. H AT AR 3 sk = 2% 18 A - S A2 B AR R 28 30 $h b ) T8O, XA 4507 B R A AN B4 2 Ok
i, ATISZRRHEE R AL, T2, ASOR [REIE — 25 ety DX I AR 55 45 19— % 73 e el A 3 e ot
AT R SR A, SRAF B AU TBCE 5 5, BRI 5 &, PRf ik 55 4 18] G s sy i, oA 2t ag
PRy k.

2 1RAVEZR

AT 56 FHAE RS BIRHE 2R A A2 W 28 330 AT B ASE, [ I ot ek 22 IR 2 i P 6 7 b B o0 IR 28 SR N 45 449
BT, RG4S —H g b 0BG E SEIRE R CR. &5, 4B AR CE W R
AL L.
2.1 TELZATILEIREA

TELEAEAZ MG UL — 822 G = (V, E) kR, i 1 Fow, HhTiS4E v Z2FrE A
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B4, 0% E RS HRANES. % BB A8 38 HAT N HA A RT [F R 5, A SO — %%
A1 ey, € E R w B v FILE, HRTHEUE ryp, R o Vi) o AR - R0
1T R A EARAE, B0 Facebook FI/ w & WIELF A v WITITH, 7y WIZRIREALET AP w 132 v 1)
U ARG AN w FREIR T — UE w,, oIt B S 80E EF s, i P ok A6#
RA, e = A S HAE. SCHR [20] FRYERAE I ASEAE R I 7 (7] 92% M58 HAT & Vi a), BIF=AE
BERAE. N T WA R, ST A 4% R B S B EAS T, 40w VPR o BRRAS, TATEA B3 E X wy,,
B w ) v $AT B2 B RIE. (B2, RS A TR DA RN uw i3t v o 558 B SRS JeERAE, BT LA
AR R AL B X RS L. A B B S B R R EOAAR R, # w AR RSN
N (u).

H T, OSN i R4k L ERIARZ WERIA (single-master-multi-slave) 77 A7 fifi A1 HEFH F
Bl M2 70T, B P A BACE — AR, KRB MNERIA, £33 BA IR S 37N
ZH P w ERS A, 188 ma, TAABMNER AR RS S EEH s, £om. AP RArASE @
H TR TR, Flin, FF u 855 8 e BIH T RSS2 m,, RIEHE, SR o B, % o Hf
—MNEIALEBAE m,, b, WP BRG], 055 ZBAEE o BRI RS & S BUsdE, B m, Us,
H— MRS A EECEGE, AT AR EnE SR S o A SRR, S T 4R A S, e
PN my, B s, PHABIRS SIS RGEE. AR m, A1 s, TR HABIERS S « FRFTE R
RIA S A

b ={ueV]zem,Usy,}, (1)

Ho, f2H P ERIAMEG LR A
My={ueV]iz=m,}. (2)
TEAE B 5 V5 RV REBONAE K BB KNGO, O 1 ARRRY, Bz s 8] 3 5 1) 5 K 2 €
SoEfEE. RIELL BT, MRS « B y BNEEE O,y 700 LIRS B E W (E E A, HrhiEnd
FRIRU o AERGSHIH 3RS y R EEERS0E RS, SEEREFRRU o NERS S
FO PO A IR 4% v EROEEERIA SR E RS, I3

Cmy: Z Z Tuv + Z g(uay)wua (3)

uEMz vVEDy ueEM,

H, g(u,y) T u REAEIALELT R5E y, 7540, W glu,y) 1, FW8 0, B

glug) = O ()
0, u§é¢y.

H S R issas i, H— 2D alG RS 4% = Hirth M@ {5 &
Co= Y, Cuy (5)

yesS\{z}

FESIE WA G AR I8 8 5 Ak 8 R I AS — 5 e 8 S Il 45 = R4k, RO SR &
S A AT R B IS A R RE-S U B AE RGN, PRI, AR SORE AR S JR AR R SO e TS —
RN D B S AE R AR RE, IR IR S 2 M OB E & O, LR, C, VN T2 408 B AR TR
RS EL A (IR E AR, T TR B A AL SR B
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1 Core

2 Aggregation

3 Access

1 Spine

2 Fabric

3 Access

2 FAREER O EIRINEREE
Figure 2 Two types of data center network topologies. (a) Fat-tree (k = 4); (b) Fabric (ks =2, ky =2, ka =4, k=4)

2.2 BIRRIOMEIRINGR

FE G TP BRI I 2%, BT 5 s R DL BRI R JE A O 2 N 48 1 4% BoR i, CANE R T4
FE R FBLE G o0 IR 2% 21 Fat-tree 220 50 B $0 1 HEAT 503, 382 N AS LAY SR AZ H LK1 2 Flit
T pod, FEA pod WFIFAHN LR 24 9 I HEL. Fat-tree W T S H ML 9438 7 F S ML,
2(a) s, B b DN HHLIEN k/2 GIR%#R, 256 k4 pod, T4 pod WHZASZ HMLFII S
THH k)2 A, BNERZHNGE k2 MO HLEE, NI RIERA pod BT LAFIAH k2 /4 A
O BN L. Fat-tree ZRNARSS S8 Bl T IA k3 /4 &, FFIRMEIR S 2% 2 IR TEPH 288 (5, R4
ZRA.

BT KEERF Facebook K FH Clos £544) 1231 # i LA 0o W25 1240 SR JLAE R RUAS 52 R
TEER A Wbl D20, OABRIRIFE N H a3 8K Ik %% T 5K, T &, Facebook Wit T F— %4k +
0L Fabric?), HAn MR UIE 2(b) Fin. 1EAMZ AL R AL, A pod B kp A fabric &8
BN Ky NENSHAL, HAHT#E RADCA SN BT IO, 58 N Em A -0
b, NS4 IE(E, Fabric B E ky ANPRALI spine SZ AL, FAPIIH ks A spine 22 #p/LAN
FTE pod H—A fabric WML FLIEM L. pod FI-F- T HIZH A A i T A HAL B IR 8 4R 41, B 22 AT 2540
pko(k — k) B RSS4E, HA p N pod #H. £ Facebook HIEHEH Lo k, = k = 48, ky = 4, ks < 48,
M4 p =48 I, RSB H AL 10 G, MER L % alik PB 2.

AR SR OB AE B SUNG IR 0 I 4 A5 RS LI B S B 2 . Bk L, S
EHIRINE BB AR, IBE R RN A B YU T I8(E T R A Fs AR, B (ad s

2) https://code.facebook.com/posts/360346274145943 /introducing-data-center-fabric-the-next-generation-facebook-
data-center-network.
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FATUER 22 ) U] F = AR S . BT Fat-tree H) 72 f# A Fabric 7E Facebook HISIINH, A&
SC A B F R P Tl [ 8% H 5 R it o B SO 1) R, LA R T R — R T 3 AR S () B
ORI N TR AR R BN LHIEE R, BT S SO AR A AL E, Rk ST 4 DA%
Kl 2 PR AR S =, IS5 r BARTS 5 185 9 51 2 . FIAR I 9 5 P 45 H IR 55 2 18] A GE 15 R A2,
X B HREBARR, LSO Fad s B syl . g, B 2(a) HRSE o Mo %55
SR 2 A6, HY |2 x 2/4] # |2 x 6/4], WA u Fl v A ENIF—ZZHAL, SUH [4 x 2/42| # |4 x 6/42],
AL w A v ANEF— pod W, # v A1 v [EIEEFELT 1 MEOEZHML. 2 MR EZ LA
2 MENEZ ML, R, il R e

lfabric— 1= {

lfabric—Z =

lfabric-3 =

2z 2y 4z 4y
17 . 7é — | Nz 7é FCRE
lfattree—l = L k . L k _ _k2_ _k2_
0, otherwise;
2z 2y 4z 4y
1 — —= — | ==
’ _k_#_k_/\_kQ_ k2]
ltattree-2 = 2x 2y 4x 4y
2 il 27 i =
’ _k_#_k_/\_kQ_#_kz_’
0, otherwise;
2z 2y
1 — | ==
Lk L k]
lfattrcc—3 = 2z 2y
2 i i
Lk 7 L k]
0, otherwise.
1 A
"Lk — k| 7 Lk—kp | [ko(k—Fky) ] 7 | ko (k—ky) |
0, otherwise;
1 A =
"Lk — k| 7 L k—Fky]  [ka(k—kf)] | ka(k —ky) |
2, A
Lk — Ky | 7 Lk —krl LKa(k—ky) ? L ka(k — k) |
0, otherwise;
L — =L
Lk — k] Lk —ky |
T Yy
2
"Lk —ky | 7 L k—kf]|
0, otherwise.

EIR IR A X AR AN R 2 AT RAR R R AR SSAS « Ay BRI S H
P& Rl AT
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zeS yeSs

Cfabric—i = § E Czylfabric—i~

reS ye

S

(8)



HEB FEREE B A8 E 3

*®1 AXFRAEESHA

Table 1 The variables and meanings used in this paper

Variable Meaning

G=(V,E) Social graph, where V' is the vertex set and E is the edge set
Tuv, Wyv The read rate and write rate from u to v

Wy The write rate of u

N(u) The set of u’s neighbors

ba The set of replicas stored at server x

My, u’s master server

Su The set of u’s slave servers

M, The set of users whose master server is

Czy The traffic from z to y

g(u,y) Whether u’s replica is stored at server y

S The server set

Cy The traffic transmitted from server =

k The number of switch ports

kg, ka, ks The switch numbers on fabric, access and spine levels, respectively
D The number of pods in Fabric

lfattree-i, Lfabric-i The numbers of ith level switches between x and y in both topologies
Ctattree-is Crabric-i The traffic on ith level in both topologies

load The workload of server x

gini Load balancing level

fu u’s activity

AC (v, com) The traffic change after v joins community com

0 System redundancy

n The number of communities returned by Algorithm 2

The average number of neighbors owned by a user

AR EE R A BN (BEMARR) BARS5 s8], W RDR A5 B PR 1 72 IR JR A e, 8 it
TR, AT PR A R (A B R AR

2.3 [OREIEIA

BRI T ST BRI AE B 2 A v R 1 — N BB R R RSS2 A7 i i P B0 AR H AR AR
KEEEE Bk 17 HATI) 5o/, RIHR IR 25 28 430 load, 5 SCONAEM B RIAEL. A7 #0351 FE 5 07
HIRZ P, 4177 %« Gini REEE, ASCH Gini RET & 7 A KCE 10 2 L F:
Y zes ZyES [load,, — load,| (©)

2(8[> 0, cgload,

ZHTLAERE Gini REL, B T HEUEMOL T RGP 48, R A HBUETE R [0, 1), $0E & CHE
B, 0 RARLENTIEN 1 RonmA M. ACh TR %R 1

IRYE LBt ASOR )RR I T gh et g Mgg G LI RIZZ BB {ryw, wa|u,v € V},
A O N (Fat-tree B Fabric) KRS #54E S, i mAESIENE T E {¢.|r € S}, s+

gini =
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CIEAE B, AN ORRR R A . B aUesE SO
3 3
Minimize Z Ofattree—i or Z Ofabric—i7 (10)

i=1 i=1

s.t. (1) |mu| =1,
(ii) My, N sy = 0,
(i) D Jma Usa| < [V]67,
ueV

(iv) gini < gini®,

Z9H (1) PRAEREN39 —ADERIAS Q3R (i) R — G s as EREa R, 20 (i
TRUE R G A LS P BIABE AT (VIer, Hd 0+ Y RGICRERIE, RIS K284
U EFR; 2951 (iv) RSB ASE L 45 % U gini®.

3 HBIEMEEZ

B T, S0 MR 52 R B A R B R B 7 TN T S AR A 5 R B T LA 2
A PR PSR R T, TS . 2 A A SO T, S H e LR L S
VR, W 3 BT, BT IR 1 T RL S I 4 A HOEE G £ I 22 b, T Sk
i, B gini® = 0.1, 3(a) SRIIE Hash HIERIHOSE, i TH06 MAEAIAL, FOB{E Rk 470,
SPAR Fi: A8 BRHEATRI 2, 85 R0 40 P BT 40 (0575 P SR 7 A0 R MR
i, OGBS RN, (RN T S A S 85 B 220, W 3(b) iR, ADP B
P95 kS 4 1T DA S S (A B R, o T SIS (R, Tt 4095, T RGPl 28 4
RIS 3 A4 AP IFIAS 54y, ADP 72140 5550 Ll S kAT, W 3(c) B, Bt
SRS T 200, L3RR BV A0 45 £t 52 PRI 4 Rt 52 i (2 R A7 0, A9 oo O,
HIEET Hash BLEER 5207 DUZE (RIS RIS 6 1O RTHR F B2 I (S &, (5 LR SRR 1045 &7 2t
o585 S, 9 B A I S5 b, T2 AT S, o) DA A S i
B, T2 A 24 2 OIS i, O R AR AR A S R R T SR 5 1 1 5 1 47 0 T L
A SR AL AR, P 3(d) P, 2 MO M AR FE 49 7 A B i, % h g 72
[ 53 13 0, IT B 2 A A A 5

N T SEBUEL AR AL, 45 MR B R 5 AR T A R IR0 25 7 0, 30 090 e T
X, CARBAG AL I 8 03540 A 723000 AR 2 JE SR — 3040 T 5 4 AN X AR R4S 2058 FLA
e MU G R, DA ALV T PR S AN X, FEPERERE X BB %07V A
EEAHK AR T ZAE, BRE 7ERAR IR KA — AR, X T RS
P, SOV A RO e Tk 045 b SR R X B, T VA0 T I U TN 26 X S
TR AT A5 A TR, T A X 1 HH I 45 0 S0 R AT

SA I PR X R0 2 J5 06 7 B DT MR A7 T TR 2658 L, Rt — S 43 A X
45 B H — AR T R, 9 T U R B e, 30 388 5 R B MO X 4 e 5 B 0 O R 45
5 DI BRHCHE 0 9 HSEAS B A4 Fat-tree B Fabric 42 T XEGSHIN0AE 5, $2 1 WS R A2AY
FEAE F TR T B 2552 40 L3 5 R X 57— — i, 5 2 ST [X BB 5 2 A A
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50430 10+20

40+60 |
50+7
- 20430

30+30

=

=
®+
b

@ "?\/\ 1’1\ B\ wso\Q%

PN '/ \\ ‘/ \\
] \
\4/ =60 \ \ RN o \3/\ /
~<_ |~ - ~ w2 N 5oy
w=40 w=40 w=40

77N
© O Master replica ‘\ /\ Slave replica @

3 JLMBURMEREE R
Figure 3 The examples of several data placement algorithms. (a) Hash traffic=470 (read=470, write=0, gini=0.036);
(b) SPAR traffic=200 (read=0, write=220, gini=0); (c) ADP traffic=200 (read=100, write=100, gini=0.028); (d) simulta-
neous optimization traffic=190 (read=40, write=150, gini=0.023)

Community-server group

The server set

assignment
Server
grouping t
Social graph Community partitioning

with overlaps

4 SDP #iTiZ%E
Figure 4 The execution logic of SDP

3.1 SDP EX&it

R 3 i SR A AR, AR SCHE H —FloBn (0 8s 78CE 732 SDP, Hp T84 i 4 B, Dh s 4
FE R, B, BEE O N IRS ARE SRR EEE A, 5 1 BRTEEAR A pod FIMRS 4
N—4H, Fat-tree Fl Fabric 7303 %I55 H k A1 p ANordH (56 147), B B A2 BRI Hh ok o7 [ S 40 s i 4
X (28 3 17), #:XXil5r 5 parOverlapComm SEIR, Holk [BME Atk X AR S AIAL X [EEAE R IEE & . £
A X FNAR 528 73 2H 2 () ST — X — WL, X e iR S 2e A E A 20l 56 1 2 (T2 AZHML, oK A
P, 258 1 R MBS R (Crastree-1, Crabric1) SR AN, SR Hash WS (5 4~7 47). 1E
PP REVE 5, FARURYE b —5er 45 B AT gt — B R o PO, 28 2 58X 1 B — 1o
HEH, BNE— NN IHLIIIRS 25V, Fat-tree 1 Fabric 70t k/2 1 k, 04
(55 10 4T), XFF58 1 2 RI5r RN AE X FRIEAL A 2% 1) E AU B [FRE AT DL R 20 ke /2
ko NTAEX. 235 2 R IIEIE RN 2C attree-1+ Crattree-2 M 2Ctabric-1 +Cabric-2. MEEHIFNL 3 F,
FrUABEERIAT 3 8, a5 —feh, MRS EE N — DML A, R T e s k2
Ak —kp MRS (B 17T AT). W2, PRA AL X - R 25 2R Wi RO Bl 0 8 7 &% (56 18~20 17), &t
% 3 RHNEEE DN 2Chttree1 + 2Chttree-2 + Ctattree-s M 2Ckhbric-1 + 2Ctabric-2 + Ctabric-3-
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B3% 1 SDP

Input: G(V,E), S, gini*;

Output: {#z}, Crattree-i OF Crabric-i;

1: ¥ S Rk or p N, BN sl 5 /) IS R Rl R F S5 R

2: RAEI (6) B (7) T lrastreci OF liabricis i = 1,2,3;

3: (Coml;, Cjj) < parOverlapComm(G, k or p, gini*);

4: MR (8) W Cratbrce-1 oF Crabric-1;

5: for i < 1 to k or p do

6:  ¢1; « hash(Coml;); / /57X 5 IR5S 2% 70— F — B

7: end for

8: for i+ 1 to k or p do

9: 4 scl; 3K k/2 or ke DA, RN sc2;;

10:  (Com2j,Cjm) < parOverlapComm(Coml;, k/2 or kq, gini*);
11: for j < 1 to k/2 or k, do

12: ¢2; < hash(Com2;);

13: end for

14: R4 (8) W Cragtree-2 oF Crabric-2;

15:  for j <+ 1to k/2 or ks do

16: b SC2; I k/2 or k — kg MRS, BN

17: (Comyg, Cqy) + parOverlapComm(Com2;, k/2 or k — ky, gini*);
18: for x <~ 1to k/2 or k — ks do

19: ¢z + hash(Comy);

20: end for

21: R (8) M Crattree-s oF Crabric-3;

22: end for
23: end for
24: return {¢z}: Cfattree»i or Cfabric»i-

3.2 parOverlapComm E Xi%it

N T IEFMRAIEE R H 1, HeARRE A X 5 SO RIS 8K —HT e S, AR

T ok B AR SR AR, 1 e AL AZ B A B AR A7 s, T (4R JE A B

VE R XV R, 2R 5185 DAL X AR R 0t G ik ab X . R Tk i Fh 71 A, 2 U P EREE £,
VBN I 2 b A

fu=D T (11)

FHP w B35 R FE BV ) BT 40 J R AU 2 A0, BB i Ui B w A4S TR BRI K. 4 XK1 23 1)
H bR A2 /R AT B BRI AL X B I8 M5 &, SR v RS ATLUIIAAEX com B, FEELLEL v IO 58
SRR, RYE o 25 SRR A X, 2 ER IR

(1) v MARFBAEMAX. W 5(a) B, BEEA B X H AR T — M ENAEX veom.
X v, AR com T, 54X com HIRHBBEREIRARN 3, ccomnnw) Tou + Tuv), 5 veom
FIB(E RS, 3 o AKX com J&, WIRTEZNZ, MEH AN 3 cvcomnn(w) Fow + Two)- FTEL,
BRI RR N

AC(v,com) = Z (row + Tuw) — Z (Tow + Twe)- (12)

uw€comNN (v) wevcomNN (v)

338



HEB FEREE B A8 E 3

5 AR v MA#EX com EBEENEK

Figure 5 Traffic reduction after user v joins a community com. (a) User v has never been allocated to any community;
(b) user v has been included in multiple communities

(2) v EIBES LK. 41 5(b) FiR, v SR com,, comy Fl com, 3 ML, HI, v BIZE
FEIX. com SILBIAIITRMAZAELR, BIATLS IR 5, ooy oo T 557
5B w0, B, ST RS 2 %

AC(v,com) = Z Tyuy — Wy. (13)
uEcomnN (v)

i & 1A X R4y vk LY 2 parOverlapComm b, 4%, iHE & A B HFra H P FVE R E
e top-n M FHENM TR (3 2, 3 17), Hh n NS, TR RIAL XL DA ST
RPN X EIRIE A (5 5 47), AT EAMEX com;, R H 5 1Z4E X B A2 BRI B JE KSR &
N (comy), R HAF Y KA X HMRLE KO (58 7, 8 4T). U T IRUE SR, FERRICHRUE % 8 A 4 2 1T,
S Wz AL DR ik 3, BRI XA i st e IRAE SR VR SNTE N (58 9, 10 4T), Herb load AT #E
X HE B 08, MBS RGUTRE 0 IFHEIABE AR, WA EN [V]0/n, FoRttXEgH
HHEFEME (58 117). SR TKG, K load {8 (36 16 17). AR, WI4kS:H rid
EEEE TR, 2, WAL (58 11, 12 17). SRl — R RS Mm% e, 5 SO I s <6 & 2
FEIX, TZAE XA RSk (55 15 1T). fa, MRARIor a5 Rt Sk X IRE S &, IR R A X 5k
PERIRIEME (28 19, 20 17).

3.3 EARRISEZXESHT

T 56T parOverlapComm BV A] & % B2, B A2 M G P P8 B0 d, tHE
FrA L PEBREE f, (BB 2 17) SR MITRIEIREA O(@V)), H |V Fx G R P #E, & top-n
M (G 34T) WM EERERN OMn|V]). #XEEH-FSH P BRI REA (V]0/n, Hd 0 ZRITTR
B, BN —AN A PR TR B H IR AC (v, comy) (B 11, 12 4T), WWHEREN O(d), n MEXFT
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Bk 2 parOverlapComm

Input: G(V,E), n, gini*;

Output: {Com;}, {Cj;};

1: load < |V|0/n;

2: MRS (11) THEEAH P PSR fu;
3: MRYE fo EIEH top-n

4: for u € top-n H%F' do

5: u WIHUEAAEIX com,;

6: do

7. R com; MHTEBE N(com;);
8:  for v € N(com;) do

9: if |com;| > load(1 4 gini*) then
10: break;

11: else if AC(v,com;) > 0 then
12: B v IMAAEX comy;

13: end if

14: end for

15:  while com; &5 B0

16:  ARAEIA X RN H 72 load;
17 i i+1; /AEXES AN

18: end for

19: MR (3) ALK AEEE ¢y
20: return {Com;}, {Cj;}.

BRI S 2R BEATIE L O(dO|V ). TH5E n ANE DX PG 2 038 5 R AN 120 B (55 19 47)
AR oM =)y sk 2 JARTIEISE A BEN O(d|V] + n|V| + do|V] + WIE=1) i s my 45
O((d0 +n)|V]). %% d AT 0 WL9HH, WISEE: 2 Frik (f 4 DRl 4 S0 KT 1 52 4% FE Wl AU
HXH 0 S|V ETRR

ot SDP SHRMI A1 8, MRS as 020 (55 1 4T) MIRRIEZREN O(1), W lattree-: OF
ltabric-i» 1 = 1,2,3 (3 2 17) WIRFIAI A 4418 0 o210 5 1 il A 2 (55 3 4T), 413 Fat-tree
H1 Fabric PR FMEE RIS RI R 2 FE 430 O(K|V|) F1 O(p|V]), 26 1 56X BIAEIX B 3R k A p,
WHEE 1 EEERE Crattreen M Crapricn (55 4 1T) HIRFIAIE 25 4 519 O(BELy i o(22-1)) Hash
B (B8 6 17) E2RFE 00N k Al p. 55 2 30058 1 8RB & A0 p LXK, A2 508 k)2
Al ko ALK, ISR E H AR SS 285> 4047 Hash WS, BEES 1 $0 %104 IX (T35 F P 3000y ) N
[Viattree1 | A [Viabric1 |, WIEH 2 FRI4EX (B8 10 4T) MR 514 O(M) A O(pka|Viabric1 ),
Hash WSS (5 12 47) WHRIERE A k2/2 B pk,, tHEE 2 BHER Chatreez M Chibric2
(35 14 4T) BRIV 24 BE 53 O(E2E=2)y i O(Zhalba=)) 38, WIHE—BHES S 3 S RISMHEX
(B8 17 47) IR TR R A3 A O(|S||Viattreoz|) T O(1S||Viabric2|)s T [Viattreez| F1 [Viabrica| 73387
PIA AN T 28 2 Fe Rl AL X BSP I H P 4, Hash B (B8 19 47) BIRS TR A58 |S), 15
55 3 EEE R Crattrees M Crabric-s (3 21 17) HIRHAE 24 B4 O(1B1E=2) Fn 0B li=l)y 744
—R A X A AT LU (V10 B LRI A3 (AL X BOR LR 7R, KT Fat-tree, A S| = k3/4,
W BT AT PAT 25 BRI 8] 52 2% B SR AL 147 J5 AT 45 SDP Sk (R 1A] &2 26 FE S BUN O(|S 2 + k|V]). T
Fabric, #744 p, ko 1 kp SR EEL W SDP SR M A B EACA O(1S)1% + |S||V).
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3.4 XML FETIL

TE SR AL 00 26 B0 T3 B ) R A v, 3R BV S 4 5 PO AL A8 I 0% B P 28 EL A 0 SR A ¢
FEBRICE 7 5. SR AL S I 2 L IE AT PR R R, TR AN B K kb S P, R AR O P B
PO RS . B I — R R, AR SR — P St s BT O, B AT R N Bl
WA ENULTS 3 T TE 23 550 A 8.

(1) FAFIARELE. 24— AF R o FM T — KT, Al s T AU E AR T — &
MR gs 8 L, B w i BH FHAD P SE 0 R, FEARAC B B fb — N IRSL IR R A S8 i i) £ %
J&, B BB A 2 i R R IR S5 A b AESERR AR w VEME R AR T RESLZIEE ST F CRIAEAC
BN (w), AT INGF A B AEAR NS, AT PRI RN B #EAS 2% b BT IXFE L, 554 o B N(u)
WEANEERE v BRI ry, BRINEDR 1, BROATINBORTE B4 35 ZE R O 7 i 8dfs, #5BR It AN P
w AL T IAT N, W vy, $SEERTT R RUE. RS THEH o I 48R BT EE AR 55 45 ) 120
A8, B3, n(uyng, Tuws CEFFIBAE BEKAIIR S ST u, B argmax, Y7, v ()ng, Tuo-

(2) H P a2 AR R AR A, BLR P w F0 o A, B w B o VTSR r,, REEARAK, B0
o 5 A ] AP TRAE R — 2 RS54, WIS R, S0, 1A w FTEIRSS 3% o BATE Ui o ISR
A B N () aues, Thos A SHEKT w,, WIEMRST 4 o EOIE o BIEIAR.

(3) F/ B SRR A A28, 2P w B SEHOE ., KR, BT e v (u)ng, Thu
> wy, MRS 2, % o EAFH u R HAR TRIA, WPR MR, R T2 Y v wne, Thu
<wy WIREH o, # o ERAFH o IRIA, WEIE A

BB BN, kS5 ds _EAef i R Bs ok, 2 1 BT K B — e REEE I, LAY
JIR 55 AR SR TE AR, 5 A INHT B RSS2 Ay TR AF A R 48, BT LA, £ BRI BTk, 2
RV R A KA, I8 75 PR T BT IR S5 A A7 it A 2 15 AN, 502, Wl 2 R R 4. 3 ey AT
LRI SO0y 3 . 35—, SEIAZHALANAR 55 4%, pod PR SS S8 AN, pod K& siin; 56—, SN
JIR 55 &%, THRIA AZ ML, A OBCRI N, AT pod RERARINE LIRSS 4%, pod HE {&
FEANAS; 55 = pod HUEM pod WIS EHEE AN, Fat-tree W EERNIZTT Y&, PO AZHbL 2
FA pod #FAN k. AEWEFIT, — B ARG R, Bl E T ZHEERTE. ARZRET,
XETHS 2 M7, [/ pod WA IEARSS &%, Bk S5 AT LAAFAif R L I A 5% 2 A ik RE 0 O P gl 1K
PRI G 1 X AR M 2% FLE R 70, R E 2 MR [A— pod WERIA 3 A Jaccess JRASHHLIIHEAZ M
2% F P AT Rl 7 A s T R P AT 5K, B IH IR S5 88 0 A AE 2> pod A, 75 0 BEAN R SE I 45 A%
10> /Spine EFFUHEFI AT SDP F%, BH K 5> ARG

3.5 BIEDMASLIR

AR ) SDP Bde —Fh e th U 500, SR BT 7 N2 PR Tis 47 IR &5 ds O lc &, 72
BRI s, #E g U EOK, 752 LL A SN T AT ART5H SDP Bk i) 4 A 20147 5K
IHEAT VL.

SDP 524 2 Rk AT H B3 X R/ AL X - fR g5 (F32H) WS SRS fb i £ s
53 A0 X7 At 75 2l ZREATE . BRER 1 AT — IR E B4 IX R 5378, SDP HikH AR
2 A parOverlapComm X441 X, H[8]—%& Py (93 A AR ES7, #on] R o0 A X5 OFAT A T4E
XXl53. fan, %FT Fat-tree, 25 1 #4418 G X5 k MEX IS kA pod ——XFRE; 25 2 404
Xk MR AT, BRI A k2 DX, HFSENZZEH——X R 5 3 R L
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—RAF B PLHAT 7 KA FRI N k2 MEX, FE5 RS A —— W

parOverlapComm 5% GE 05 K| 73 (14152 0 28 IUAR [F) R 52 FR T & IR 5 28 I BC &, a0, 4 25
AR 2T 5 i, ARFREHE B 500 GB 22 @ AR 55 ds I N A &, BAR SDP HEAE
5 2, 3 AL H AT B I R AN AL AT P 2% () — 00, (HR SR 1 A0 TR EN AN AL ST I 2 3R AT R 43, BRI,
[FIFE T E 18 parOverlapComm BRI 3 A 24T L.

MR T A SRS, 40 Spark, 70 AFAEEE 2 1 4> master ]REGEH m A~ worker JIk
AN R T SRR RS X 48 B AT AR B, A5 EIBENL 73 F D m AN RUEBAE I B E T B, FE
TEMEAE m A worker b BRILDAAN, A T T ES0HE, AN EE T B EE R HA AL R KA A
XTI worker b UARIATE X AFME. BIE D ECHAT, 25 1 R VGRS i S top-n H P, BARB IR
R

(1) BA~ worker THEN S IEE T B BrA L TS EREE, HE4RH top-n F P,

(2) ¥ AT worker $% Hi 1] top-n H PR AHET, 15 H BN 1 top-n 7 LLRABATTATFE ) worker.

5% 2 B worker BIHATEBSHIX K4y, AP IRIT:

(1) AT FrE 1) worker, # worker AT top-n 7, WEEAF HRIAH B RIEH (3), BN (2);
(2) XELE 14N ALLE top-n H P T worker, B> worker $44T parOverlapComm 5755 4~18 17,
Hb (i) A% worker ERIEEAS top-n AP WG — DM HEIX ISR 5, $44T parOverlapComm HiEEE 1 17
RZAIX WA A ER load; (i) AT RNEE 7 4TI, 5 #E X AR S 4 Th G 3850 20 J& AN 8 T-1% worker X M.
AT, BT UL Y BX e AT R R R A CAFAETE 1% worker b SUATY AT HAT IS THT PR T S50 A
Wr; (i) AT RN 12 178, B o IAKEX comy, v 3555 B A AR EATE 1% worker, WK v AT
JEALIX com; VAYH BB K& A & AR E I worker; (iv) AT RIS 16 17K, worker ARHE %4 X
T EF IR, HT RS HAh worker, B worker AR HE W U E FE VR T I S K

(3) 29—~ worker YR ZIR H HAl worker HIVHEIF, MIH BRI v KFTEHIX com;, PA v ]
U5 15 AT parOverlapComm #2255 6~18 17

(4) P worker F A XA R A0S, FonEIX K4y e B worker fRHEN (3) THE I
A IX @A, REFTH worker b HITHE S5 AT H B #4 X e HAH HL (6] 185 &

4 HEII

AT 3 7 0SB B B S A AT IR, B e s B, AR IE N 2 4y
B A RIS HOT AR SCEE SR L RIR A TEREIR L.

4.1 SCIRE

LB HE TR Facebook KAEM HL KR B3 BT, SBEREQET#EE 1 THH,, Wik
B 7 AT EMEAAR LI AN BIEE, & K4E T HFEEE San Francisco, New York Z5#fi[X 461.3 T3
AT 1.02 ACAAAT R R, BT Ed 8 v oR G5 v B P T ) G PR 35 52 AR S, T SRR AE AT
HoA AR ORI B E, AR SCHR [26] 48 R AR O PR R, F P SR E R R A Zipf S AT
(@ =0.72, B =697). AIIFERME gini* = 0.2, RATLREZBRE 0* = 5. 2 4izk SDP HILLE Spark
Fh BSZE, BAEMEEAEE 1 & master I]REEAE, 12 & worker IR #Y, T H RS CPU A Intel(R)
Xeon(R) E5-2620 v2 @ 2.10 GHz x 2, 120 GB HA7.
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Table 2 Topological structure parameter settings

Fat-tree Fabric
k n k ka ky ks n
8 128 8 8 4 2 4 128
x10° "
100 10 100 x10
(a) b)
26.960948 56 578308 (
BFat-tree O Fabric B Fat-tree OFabric 214017 19 5052
10 0 9.6526 ¢ 558
3.625689 3421845
1.6081
9 o 1.4285
= 3
E=I E=I
- -
= 0301752 &=
0.138295
0.1 0.1
0.01 0.01
Core/spine  Aggregation/fabric Access Core/spine  Aggregation/fabric Access

6 FMAIMENTERBESHER
Figure 6 Traffic comparison among different layers under two topologies. (a) Traffic distribution among different layers;
(b) average traffic for each layer

4.2 SRR

ARy 4 A, 730 WEE Thon SR IS5« B O WA RS L G B A T 2 RN 5 0 2% 1
B 4 NTTHEBATSER M, IR O SE S ARSCTR SDP SUABAT LR, SRR TS ML
FITS L )36 435 B R 0 D 5 4 Bl 0 8 AT 7 3R B 2 R K AR 0, AITTSRIE SDP SVA I
.

4.2.1 FEMIRTMNEERIELES

N TEF B, AN Fat-tree F1 Fabric Bt & AH [F1 2 H Bk 55 2% (n = 128), Fat-tree ) B A
HUA Fabric FIFENSZHALIE N 8- H S HAL, HAMSEORE IR 2 Frox, WG S KA
3R (16, 32, 32) A (8, 16, 32), Fat-tree 5 8 4> pod, Fabric 5 4 4> pod. AHEIT/04i X SDP
SFRANACK I HCE, DI RN R T I AT I 8] 53 500 236 F1 248 s, & ZBE R E 6(a) P,
AE R R bR AT, FEENERNE, 44 SRS R 87.6%, 1M 02 (5 &5 & Ll
ANB) 1%, BLIAASCREL SDP Refig SHLAL B 51, 1 4 0 43 1845 BRI 7E SIS 2 58 . Fat-tree 7£% 2
KA S =Y & T Fabric, JTLHAEHZE, Fabric 1H/{5 BV N Fat-tree { 45.8%, X& KA SDP k(L
% 1 5PN Fat-tree %4> 8 AN4EX, 1 Fabric ¥l143 4 MEIX, #EXEED pod %, # X HEk /b 4 X
(A5 BRI, BbAb, EX &t B 2 R AL 385 BT T Sk, AE 6(b) W ., Fabric B&E T
Fat-tree.

—/> pod FTREENHI RS 4K H 2 IR T2 Bl F D E H | Fat-tree Dy 7 S22 @ LIL R R
SN EIAH R RSN, BAZ R 5e 4 =0 B, A 2 52 8pl, Mg gplin B n s
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Table 3 Topological structure parameter settings with different scales

Fat-tree Fabric
k n k ka k¢ ks P n
12 432 12 18 4 4 3 432
20 2000 20 25 4 4 5 2000
8
100 x10° 100 x10
(@) (b)
10 10
2 o
g =
5 s 1
Tg —6&— Hash = —o— Hash
01 —a— ADP 0.1 - —a— ADP
—<—SDP ——SDP
0.01 L L 0.01 |
128 432 2000 128 432 2000
n n

7 TEHERIN THEFE AR

Figure 7 The comparison of algorithms under varied sizes of network topologies. (a) Fat-tree; (b) Fabric

N R S 2 4 11, TR pod W HIARSS#58 H . Fabric 7RI 522 FRI A AS bl B SE
L TCPH 2815, pod WAL /D& fabric AZHNLE v] B KB NS HML, AT 78 T 590 IR 25 25 4L
. [AI, Fabric # Fat-tree HA B LY EHERE.

4.2.2  REHHEF L WEIRA L

A ZH SO LA S B FETE AN UL (n = 128, 432, 2000) M i@ E AR, thabis
FRNGERERZM, MEHINSEELE B 3 4. 1E X H, Ao 5ISEIL T Hash, SPAR 6 i
ADP M) 3 FpEE, BT IX 3 PREEIIARE BHE O N 2R 2, D 1B T LA, B9k o3 45 R 3
RS HIRLES, B 3 FhEEA AR SCETE 1 B i parOverlapComm Bk SRERHEIX 3 P EERR
Hash AN B H35047 70 A NS B, MoK AL SZ 28 Ui /N9 179.1 J5 LA 4.08 T/ R Rk, DIAE
R MRS AR AT DL R, 1B 7 45 il S B LR A IR, B RS54 2 H S, #4256 2 194 X b
I R 5 RS SR ILHAT, kS5 & 1) BB A5 BB AR KIG . 1T Hash ARXTBCEHUE IO, H A4
IS B e, SPAR S AANE [F) — IRk 55 & 1O <8 J& 7 G2 B A B AR IR 55 4 B0l A5 1, (H R A3
HI Bl ) 2 UL TR B K, 5 BRI AR 505 2 SURIHE . ADP R AR 19 31 575 PaToH 271 X #E58
PBIEAT 4L DX 43, PR b DX 0 1) R 55 4o B R o R AS TS D7 28, A UL SDP AE R 34 X 1) [
AR EIA, SIS T LUE R B 77 12 B2 T S 2D A O RO BE A

F L PATIN A 4055 4 BT, Hash SLEHATH AR, K9 3L 32 B0 2 HUAT Hash BREAN 11
WIYHTHE. SPAR BEAERE R IEI TR In . M BR PP =57 s KA € T P Js 20 X K B AK H |, 1%
I FREOFER, HEAT I ALK, ADP SRR — R ER AT B 2 FIA Hash WSS, FEOHSCRIASE0R:
ABLE, PRAT I AIFE T S B, SDP Sy A F P =19 ml e 22 22 T SN AL DO A5 21
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Table 4 The running time of algorithms under varied sizes of network topologies

Hash SPAR ADP SDPp
"™ Fat-tree (s) Fabric (s) Fat-tree (min) Fabric (min) Fat-tree (min) Fabric (min) Fat-tree (s) Fabric (s)
128 23 24 32 47 66 79 207 218
432 21 25 41 58 103 136 253 277
2000 20 23 128 175 297 378 725 776
x10° x10°
30 30
25 @
4
20 ¢
2 2
g T 15 f
E E
£ gwof
5 r 5 b
0 . . . 0 . . .
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
gini* gini*

B 8 FREIAHEHIRTHREEELR

Figure 8 The comparison of algorithms under varied load balancing constraints. (a) Fat-tree; (b) Fabric

SO, EX AR ] LFAT PAT, ST AN SR, BT T SPAR A ADP PIRNRLIL. & 50AAE
Fabric 40 T AT I AN IR B 5 T Fat-tree, 1X5 W48 4 A LA S5 5C. TEAS I oM A 11
BN R B pod BAENRZHN BN T IR, 5% 1 KA Sse B h AT & KR T AR Bk
Hash 4 HoAh 55035 RIPAAT I 18] B 25 K oo W 28RBS A T AR K, PR D 1) i RUASE I 2 486K, it &) A
BRI BEATHE 2%, 1 Hash BAFPATI 0] 5 R S5 a- 0 To K, BB RS540, IFATE 2K
&, AT A BT B

4.2.3 REIGHHIERILLE

TOER| R mr e, B 1 IR RIEE B Ah, B 7 E M & RS 8. ASCH Gini R E
AR KT, B AR B KT e, X B T Y 2 AR A K. A A SR b S R
FEA R B A HN IEE R, HAZ MBS 4.2.2 D TTOREE— B Bl o0 MBI n = 128,
PRI 8 PFrn. HFEIIBTRAE gini™ SEINRT, Bk Hash SEIRAMHARCE S5k H0@ 15 B34 B T B,
K4 Hash SIERENS LB AE AR S5 45 M Al + 0 2450, BAR T BUE, HOAZEm. @E eI A LS
gini® M IN—ELRRGIRAR, TR FEIRIZHALE, K gini™ BOK, X8Rl 70 ML RGN, 2 gini* = 0.5
I, B SESI A2 B A SDP SR A 73 sk 75k Ak X, B vtk IX E &, £
EREE LA BT &AL DR, 2 gini® > 0.2 I, EEEAMISA TFE, #fe H A H S50 i) gini™ (5
BRANBEN 0.2, BERIE S BB K1, XT3RS BRI &
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x107 x107
| @

| ()

Total traffic
Total traffic
=

(7
g

1 35 7 9 11131517192123252729 3133 1 357 9111315171921 232527293133
Time slot Time slot

B o M3z ME ARG KL S R

Figure 9 Incremental adjustment for social network scale growth. (a) Fat-tree; (b) Fabric

4.2.4 HRZMEEETL

FEAZ ) 28 RS AL T AN BT 1Y KOIR S, AR 2H S0 28 S A S I R rh e 0 0 A R e L P AR RS
BN TR L8 G K, ASCR A B EUN BR, WG ARy 179.1 S AT 4.08 T /38K Rk,
S — AR, P K 3%, A2 KRB B, B O MR n = 128, B & RS a7 1
RN 5.5 JTH T BHE. LM 1 BRI B RNEE 33 BB IE, #1482 BB IE K ) 461.3 T35 H
F KR 2.6 5. AR T Hash 5 SDP 535, 55 40FIFh 5% B T 4158 0 28 S 1G K Hd 3ot B Ay Ak
RSy, RAELLEL L gs R 9 Fos, 185 EhE H G g 2ok, /58 17 BRI SDP 89k
TEPFR 3R F 4546 T (38 R 356 Frde i, X2 RN IR P 20k 3 295.8 5, A% I PRl A S Ok
RG2S BAE, MHR BT RS MAEL, Fat-tree H n =128, k=8 ¥ EH| n = 250, k = 10, I Fabric
Hon=128 k=8 ¥ EE n=192, k=10 ¥EEEHFPATEIRLE, Fat-tree Z5H%L Fabric 1A H
Z RS A%, B E R INE £ . Hash FiEH FAGIERIA, Frelskd kKA BAEARNY ER
ARG O, ISR EAE K. YBAEE 27 IR, BE B F UGB Fabric 458 RSS2 5
R, BEY EIRSEIE n = 256, k =12, EHHAT —XKEER R E 4Rk, HOANE 9(b) ATl
FHBE RIS 27 B FRIEIRAE A 1R

5 LERIE

Hgs v O A BT (1185 1R 55 2 ANAZ B LB AT 28 UM 2 FE AR S I 28 37 R (R DR BRE IR 3. ASSCIE &
MR B4 A1 BE X A A DG B P S T8O I T F 7E. A A 52 =y Bk A s 28 s B4k
JTEINT, —J7 T, Rl 78 e AU A gty e 8 A X Rl D, B B ORI, BARGIAR
759%, AR AR R R BANE R # 5 X073 R #EAT, 7600 KA 8 A8 S MBS 87T L%
3T, AR SRR b, 3t D 1 AR A AR X - AR 55 R T i A, KRR A TR E A R
e (A DX BJLSR B BE ST 1 iR 5545 BE T Facebook #UEAE 1Y LE S0 45 RURIE T AL SDP &
IR ALY

SE
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Data placement approach for scalable online social networks
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Abstract Online social networks are attracting more and more users. Faced with hundreds of millions of users,
how to store user data in a scalable manner has become a hot issue of focus for both social service providers and
researchers. Currently, distributed key value store is widely used; it places user data across multiple storage servers
based on a hash approach. However, it results in a huge amount of communication traffic inside a data center, and
is not conducive to the scale of social networks. By considering user interaction characteristics, this paper proposes
a data placement approach that combines both social graph partitioning and data replication. Considering
the network topologies of data centers, we design the data placement for specific topologies. Furthermore, we
discuss the incremental adjustment for social network growth and the distributed implementation of the proposed
algorithms. Finally, experiments on real world traces indicate that the proposed algorithms can effectively reduce

internal communication traffic, thereby enhancing the scalability of online social networks.

Keywords online social networks, data placement, data center networks, social locality, position locality
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