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Algorithm 1 Baseline method: SCAN [11]

Input: G={V,E}, e €R,and p € N
Output: C, H, and O
: Vv € V are labeled as unclassified;

1
2:
3: // Step 1: Core detection based on Definition 2.3
4: for each edge(v,w) € E do

5: compute o(v, w) by Definition 2.2;

6: end for

7

8

9

: // Step 2: Cluster construction based on Definition 2.4
: for each wunclassified node v € V do
10: if Ne(v) 2 p then

11: generate new clusterID, and add v into C(v);
12: all w € N¢(v) into queue Q;

13: while Q £ 0 do

14: u = Q.pop;

15: for each w € D(u) do

16: if w is unclassified or non-member then
17: assign current clusterID to w, and add w into C(v);
18: end if

19: if w is unclassified then

20: insert w into Q;

21: end if

22: end for

23: end while

24: addC(v) into C;

25: else

26: v are labeled as non-member;

27:  end if

28: end for

29:

30: // Step 3: Hubs/outliers detection based on Definition 2.5
31: for each non-member node v do
32: if Ju,w € I'(v) s.t. C(u) + C(w) then

33: label node v as hub, and H = H U {v};
34: else

35: label node v as outlier, and O = O U {v};
36: end if

37: end for
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Algorithm 2 SCAN-XP

Input: G ={V,E}, e € Rand p €N
Output: C, H, and O
: Vv € V are labeled as unclassified;

1

2:

3: // Step 1: Parallel core detection in Section 3.2
4: for each edge (v,w) € E do in parallel

5: run Algorithm 3;
6
7
8
9

: end for

: // Step 2: Parallel cluster construction in Section 3.3
: for each core node v € V do in parallel
10:  for each w € N¢(v) do

11: if find(v) F find(w) then

12: get C(v) U C(w) by using union(v, w) and CAS instruction;
13: node v and node w are labeled as cluster-member;

14: end if

15: end for

16: end for

17:

18: // Step 3: Parallel hubs/outliers detection
19: for each node v that is not included in any clusters of C do in parallel
20: if Ju,w € I'(v) s.t. C(u) + C(w) then

21: label node v as hub, and H = H U {v};
22:  else

23: label node v as outlier, and O = O U {v};
24: end if

25: end for

BB TR 2 2013 a7 2+ M L 2265k &
512 'y @ SIMD R ZIEHTE L2 7L 3Y AL 2 HET 25
DERH B, £1, ABRUTI7RADLAFVIBREVED
Fryviabty FEREOFVT —YHEECHRNE 7Y 7 2y F
WAOHMZEATY) T 7R AIE) LA T v DRz ZE
LC7a s 7 h&2ERT 2808 H 5.

3. REFE SCAN-XP

A CIIIRET¥E SCAN-XP 122 W T3t § %, SCAN-XP
D7 LY X L% Algorithm 2 IZ/RY, H#IIZ SCAN-XP @
HEARMWZ 74 77 % 3.1 8iCiliR%, 20k, FFEOFHMIC
DT 3.2 MDA TR 5.

3.1 BEX7A4FT7

B TR N7Eh, SCAN X/ 7Ic&ENs LTy Y
IR U CHENERE 2R T 20813 H 2. Lo, &
BWALD 7 DITIIEERE & T2 £, bl LTRSS
B EEICH R T 200 B2 EE 5 5. 2 OHEE Fik
%7012, Xeon Phi D&V FIFHEEERE V72 ST 1
SCAN-XP %##%7 %, SCAN-XP & Algorithm 1 TR L 7%
(Step 1) core ML, (Step 2) 7 7 A ¥ BILH, B
(Step 3) N7 - AMUERIBIERD 3 DD AT v T EFn%E
Xeon Phi W CiiFMbE X EEL T 2.

Step 1 D core ML CIE, BENELEER LYy P
NI TH B Z LICEHL, Ty PHMTOAL vy FiFlk
2479, i, HENWELESRON o ) — i
HAABIIKRELRRN VR Yy 7 Ll 578, SIMD #EIZ L %
T2 UWFUIC L D X 54 5 EE(LE/TS. Step2 DV 7 RY
Ml ¢, Union-Find K& CAS (Compare And Swap)
WA EHOEIHLATRER 7L ) R A R2EAT 5, BEFE
SCAN TlZ, core £ %k»>7/ — FoiBRNICT 5 A Y ZREK
T2/ —FE2ROFZ2MEBH o770, ALy FAFHLHIHE
WToHot, 2D Xeon Phi DEYELa 7 ZFEH L, HA

w[0]2/5]7]8

® N

® G‘ »° 11]2/0[2[3T0[171]
©

Adjacent nodes of node 1

from

0/o/1]1]12]2]3]

2: 777 %MWNT 57— 8B DH]

VEREZ T R 2 LA L v & W ) R D 5. AF
BT T % Union-Find K% Wz FEZETEER BV y
7RUEEL, SRNR T 7 AV BRHEERT S, m%IC Step 3
DT - SAUERITLBCIZ, ) — FHfZTo AL vy FAEFHL
%479, Step 3 IZ2\WTlE OpenMP % i\ 7z Biffi 22 W51 T
H 5T OARMETIZFEAMATHIZEET 3,

3.2 core RHODiEFIE

core BEHALBECIZ AT D Ly IS T 2 FEE DU
% OEFKHZ 5O TWw3, ZIT, Xeon Phi ZH\w7z 2
L v Fiigifk & SIMD i % v 72 57— & W65k I & 2 &R
B E O E2 1T

3.2.1 HHEMBELEEIEO 2L v FiiFilk

core MU ALEIC B 1T 2 WEWEBUEDFTREMR 75 7 b &
Iy I L THZLTW3 Z EIcEHL, Xeon Phi DFf
KEOYH a7 ZEHL ALy FUFHLETT . SERED
FEOFTREIFMLL T 543, B/ — FEAITA Ly Pl
bz L7250, 77 7D0REGHOMWD 56 AL vy FEDATRF
ECAR D AL B &) MED D 3.
LRofMEIZ2»T, 7' 7 c— BNl n w3
FT—% LA 77k CRS (Compressed Row Storage) &= [1,17]
ZFWT XD FEICEIT 5. CRS B\ ptr A%l & to ALF
DoRDBT—FVLAT I FTHD, toliLFllE/ — F 0 DRz
J =R 5K, — FOBERE , — PR L TE I nTw
%, ptr iiFE to BAID £ ZITED ) — FOBEE /) — P25
ENTVEDERTRAL ¥ TH%, CRSHERITHEY 2 b
K7 EICHRTEBBIRR X vy & 2RO TR & v ) F]
3B 7%, Xeon Phi ETF 5 7 20 S 254 1B I
A2 ch s, L Luds, CRSIEREZHWTAL v RSk
%9 584, toltF» 563D/ — R 2SI TE WD, ptr
R DBEHEYN, Tabb / — FEATONFLE 1T 3D
Ho., LIAD, 7T 713 MR ELANHE ) KB A%
FoZ eHoNTwBd (18], %/ — FOFOBEE, —
HEADREIIROPEL . MARELT, ALy FlElDF X
7 HMBICAHEIEL, WIHIROETZH L1tk 2,

ZZTARETIE, K2R T X9 IS to BLHIDFE & —Hf—
TG LR A ¥ TH S from B ZFi7IZEAT S, ptr
BiFl B & O to BTN Z T from K%l %2 #> 2 & T, CRSH
ROFOZEMBIRRLF vy > 2L 2R LoD, Ty UK
TOAL y FliFILEIT) S LR E 2 %, FERELTEA
Ly Py ¥ 1 20 ORENEPIEEIEZHY T2 2 Lick
3, WAL, BB L 72T 7 DREOA DM B L THE%
ZF 5 &R MIHEATTRETH 5.



STEP1 STEP2 STEP3
adjacent nodes of node v SIMD register 1 & dos of nod
NENDEEIENEIEN - | - | | . IS
compare (4>3)

SIMD register | SIMD e ist‘erZ ‘Equalst t ” 2 [ 3 H 1 [ 13 [ 43 [ [end [

h adjacent nodes of node w

adjacent nodes of node w adjacMnodev
2 [ (n 5 [® ][] | B Clefwlnlw][m]

SIMD register 3 ) _advance pointer
SIMD register 2 “““ [ 2 [ 3 ” 11 [ 13 H43 [ [end‘

adjacent nodes of node w

B 3: SIMD ifific X 2 H5@ps: ) — FHRR (=8 =2)

Algorithm 3 SIMD-based structural similarity computa-

tion

Input: v,w € V,

Output: o(v, w)
: // Initialization
: if |D(v)] 2 2/T(w)| (or 2|T(v)| £ [F(w)]) then
: a=1,8=16 (or « = 16,8 = 1);

1

2

3

4: else

5: a=p8=4;
6: end if

7: get head pointers vp and wp from I'(v) and I'(w), respectively;

8: get tail pointers v_end and w_end from I'(v) and I'(w), respectively;
9

10: while vp < v_end && wp < w-end do

11: // STEP 1 and STEP 2

12: load a and B nodes into SIMD register reg_v and reg-w from I'(v) and
I'(w), respectively;

13: get the number of common nodes ¢ between reg-v and reg-w by using
SIMD instructions;

14: vw_common+ = c;

15: // STEP 3

16: if vp+a == wp+S then

17: vp+ = a, wp+ = B;

18: else if vp + a > wp 4+ B then
19: wp+ = B;

20: else

21: up+ = a;

22:  end if

23: end while
24: o(v,w) = (vw_common + 2)//|T'(v)||T(w)];
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TH 5. Algorithm 2 D 9fTHD S 16 fTHIZEWT, FAL Y
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Dataset Nodes Edges Data source
com-youtube 1134890 2987624 | SNAP [20]
web-BerkStan 685230 6649470 | SNAP [20]

soc-Pokec 1632803 22301964 | SNAP [20]
com-LiveJournal 3997962 34681189 | SNAP [20]
soc-LiveJournall 4846609 42851237 | SNAP [20]

com-Orkut 3072441 | 117185083 | SNAP [20]

webbase2001 115554441 | 854809761 LAW [21]

F—% kv DN, webbase2001 IZIEHICKRERT—F &y
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& 3: BN

CPU Xeon E5 1620 | Xeon Phi 3120A Xeon Phi 7250
Main memory 16GB 6GB MCDRAM 16GB
DDR4 96GB

Clock rate 3.5 GHz 1.10GHz 1.4GHz

# of Core/# of Thread 4/8 57/228 68/272
OS Cent OS 7 Linux 3.10 Cent OS 7

SIMD AVX2 IMCI AVX-512

106 T T T
SCAN ]

SCAN-XP(KNL,272) =]

=)
0

HJH]

Q’\

S

Execution time (ms)
5 3
%

Q
N

N «® @"}\
©
& &‘5@ & e>°° W & 5
& ° O’Q’G o 6\\'6 - 6‘0‘ +
< <
& @ Y ® EY & ©

B 4: HF— 2T % FATINRT

EZa=1, f=8¢L, KNC KU KNL I3 3 2 E5D
A XDBOD2HERETCHEEE =4, B=4, 215 L
ThortEa=1 =16 LT 2008k L L TRWHTZ
RNTZEDRDP- T 0B, REBHTIZZDHEZHRTT 5.

4.1 ETIHEOLE

CPU L1 ALy FTHESTLAAEEFE SCAN & KNL =
T 272 ALy FTHEIT L7 SCAN-XP D SETHEHE D Mg % ¥
412737, SCAN-XP(KNL, 272) 1&3—# LT SCAN I L T
100 5Bl LD TH 2 2 EWRE N, KR 1B Loz y
2% $FD com-Orkut 12X LT, SCAN-XP (KNL, 272) i3 3.6
WTr o328 v 7 %iTo7%, ZHUd SCAN &L TH 164
R THh 5. FHIC, 845 TH Ty Y %KD, webbase2001
I LC SCAN-XP 3 b ToH 36 HTr 728V v I LT,

4.2 RT—FEUT 1 DL

SCAN-XP D A7 =Y 74 %3i§ % 2oz, CPU,
KNC, KNL ECTA Ly P2 ZM I THEBEET-/. %
DFEREZR 5 1CR”T. K» 5, SCAN-XP (CPU), SCAN-
XP (KNC), SCAN-XP (KNL) i&—#& L T SCAN X b &
THBIEPREINT, F£/, SCAN-XP (KNC) & SCAN-
XP (KNL) i3 A L v FEosghics L CEmdEb m kL,
Iz —HE L T2 N2 N4 50, 100 f5LA L SCAN X h ik &
otz L2 L, com-youtube XU\ web-Berkstan Tl SCAN-
XP(CPU) L HKL T, 2l xcomdflizsnntuiy, 2
U, T 22907757 DKEID/NI V728 Xeon Phi IZ
BHINLBOYM a7 2+ Ic@re s 2 LB TE Do
rhortEZoN%, DRICXD, SCAN-XP I AHEA S
FZ7IERNLTRVWAT =Y T4 2R T 2 EBDLD5,

4.3 BEREFEOWMROKEE

A L 72 X 912, SCAN-XP & core I E 7 5 2 ¥ I
AL IS U CRn bRk 8 L 2z, SR L 7o ml
{EFEDFHII 21T ) 7= 012, FUILO FATIRER 2 JE L 7.

612, 7N TY XLD core BT D EITR 2R T,
X5 & FfkIc SCAN-XP 1% com-youtube, web-Berkstan % il
W I 7R LT, BWAFXr—3EYF 4 ZRLT 03, B
IZ SCAN-XP (KNL) /& 272 AL v FCOERIC 1 fExy Y
#Fi2 com-Orkut IZ R L T 3.4 T core BIHMB 2K 2 3,
ZAURFERTFIE SCAN L D 168 f5EETH 2.



100000 100000 -] 100000 [ SCAN(CPU) [ SCAN-XP(KNCS7) [l SCAN-XPKNL,6S)
£ £ g B SCANXP(CPU,1) [C] SCAN-XP(KNC,2114) [ SCAN-XP(KNL,136)
~ 10000 f-- e ——— R - 10000 == - 10000 f---|
g £ £ [] SCAN-XP(CPU,4) [ SCAN-XP(KNC271) [ SCAN-XP(KNL,204)
b 1000 == = 1000 == = 1000 ==
s § 5 [ SCAN-XP(CPU,8) [ SCAN-XP(KNC,228) M SCAN-XP(KNL,272)|
5 100 [ 3 100 S 100
¢ ] g
w 10 - “‘ 10 W 10

1 = 1 1

(a) com-youtube (b) web-BerkStan (c) soc-Pokec

_ 100000 . 100000 . 100000 ==+ . 100000
E 10000 \El 10000 == \El 10000 == ‘E 10000
Y 2 i 5
£ £ £ £
= 1000 S 1000 [ = 1000 [ 21000
E : : H
-] 2 2 S
3 10 3 100 f- 3 100 - S 100 I
g ¢ ¢ g
“‘ 10 = 10 = 10 |- w 10

1 = 1 == 1 1

(d) com-LiveJournal (e) soc-LiveJournall (f) com-Orkut (g) webbase2001

/= >
5: AR D FATIRH L
100000 SCAN(CPU,1) [0 SCAN-XP(KNC,57) [ SCAN-XP(KNL,68)

__ 100000 100000 - _
E g E 10000 F-- SCAN-XP(CPU,1) [] SCAN-XP(KNC,114) [ SCAN-XP(KNL,136)
= 10000 f--- ~ 10000 [-- —
£ g g 1000 b SCAN-XP(CPU,4) [l SCAN-XP(KNC,171) [ SCAN-XP(KNL,204)
= 1000 = - £
5 5 o g SCAN-XP(CPU,8) [] SCAN-XP(KNC,228) [ SCAN-XP(KNL,272)|
ER) ERRC) ER
g g 8
= 10 w 10 w 10

1= 1 1

(a) com-youtube (b) web-BerkStan

__ 100000 __ 100000 100000 f-- __ 100000
£ g £ E
= 10000 e 10000 == o 10000 == r 10000
£ £ £ £
= 1000 1000 [ 1000 fe- = 1000 [
S s s s
R ERRT) S 0 [ E
g ¢ g g
= 10 W 10 W 10 w 10

1 = 1 == 1 = 1

(d) com-LiveJournal (e) soc-LiveJournall (f) com-Orkut (g) webbase2001

g/ »
6: 2 7 I 0 FE1TIRF I LL
10000 10000 10000 [ SCAN(CPU,1) [0 SCAN-XP(KNC,57) [ SCAN-XP(KNL,68)
z z z Bl SCAN-XP(CPU,1) [ SCAN-XP(KNC,114) [ SCAN-XP(KNL,136)
— 1000
~— 1000 ~— 1000 @
£ g £ [ scAn-xp(cPU,4) [ SCAN-XP(KNC,2171) [  SCAN-XP(KNL,204)
‘é % 100 5 10 [T] SCAN-XP(CPU,8) [T] SCAN-XP(KNC228) HH SCAN-XP(KNL,272)
5 Faster than 1 ms = 5
: g
i {_A_‘ 5 0 - X 10
- 1
(a) com-youtube (b) web-BerkStan (c) soc-Pokec

10000 10000 10000 10000
£ £ 1000 E om0 I - £ 1000
. Fy Y S
g g g g
‘é S 100 5 100 §
| g E 3
g o - g

, L

P -

(d) com-LiveJournal

(e) soc-LiveJournall

(f) com-Orkut

(g) webbase2001

72 7 J A8 B D IFTIRG Lii

RIZK 7127 9 A B FEITHRT %2 R 9. core AL
Bk [k SCAN-XP (KNL) i fthd 7L a3y Z A lcx L TR
WA —ZEY T4 2R, WNIFIZ, SCAN-XP (KNC) &
SCAN-XP (CPU) & b\, Z#ud, Union-Find A% w7z
7 AZETILTY XLDISCAN D7 7 R 5 WAL & ik
LTS 2% vy 2 SRR hPT VI L, FHIC
KNC 2379 b4 74 = —ETIWHHEL TR nid, 29
WOt LA T U DEEZITICLEIDLLREEILND,

5. BEWRR

72 7 5RI NIy 7 ARG LT 2 FHIZIERICH
BAEATH D, BUEICES FTHRA LTI Y XLPREZ
NTET3. min-max cut (25D { Fi% [4,5] > Modularity
IKED S FE [9,10) 1E 77 77 7 A% ) v 7icBIT 2R &R
FThHB. £, WEHEICBWTIE, XHVEEEICSS 7R

WENT T 7 AYMERM A B 2 & DS TIRE A MRS DL 12 3
DK FERELIN, RASHHAINTY S, Kificid, ¥k
WGP I D FIRIC D W TR 3.

REE DL 12 5D < Tk [14,15,22-26] 13777 72> 5\
FETY 7 A8 ZBT 22200 l, N7l vwoi
75 7 LoE R E 2o ) — FRBRIET 2 2 LSRR
FI70FTAY) T FETH S,

Xu 512 & DIREZ NI SCAN [11] 1, b REN LGN
FOEICHE DL 7707928 v IFiETHS. SCAN X
BER—ZAD 7 7 AY Y v 7 FiL L THA% DBSCAN [12]
DT 7F=2ITBIEETH S, Xu 5 iF SCAN i3 Mod-
ularity 12D PR LKL TL D IEMER 7 7 A5 V) v 7k
EPFOoNZIEEZRLTWS. LaL, 2 ficdix7zkIic
SCAN IZHENWELEH RO RENFEK & 20, K S
7K U CRHAR DS & 72 2 82 S 2



SCAN DOFHBEMEEZ A LI 57012, FLicz-> THOH
DFE [13-15) BREIN T 5. Lim 51 k> THREI K
LinkSCAN* 127 7 2% ) v V' OHEEEHD 5 dIc Ty P4

7V v IREEID ANEBIGEURE KD 5 FETH S,
—777C, SCAN++ [14] & pSCAN [15] 1F, KEWLSF 7123
T 2 EE D IR R RSEELE I D 97 7 9 R5 ) v
FTPETH L. ZD2ODTPHRFEMFPUIHEET 277 7 DM
SIS B L, sy R o G50 5 % B3I I % L
B 7 7 A8 ) v JREREZEHEICRD 2 2 LN TE 2.

Zhao 512 & > THREZ 7z PSCAN [26] i MapReduce %
AL 72508 2 € ) BEET SCAN %25 L - FEThH 3.
PSCAN %, ##JIC map, reduce LFLIZ X 1) core ZHH L,
ZLTcore T/ —F%Z /4R LTHERT 5. SR EL
T, PSCAN TN 37 7 A% Y ¥ 7R3 LinkSCAN* &
FIRRDERU#ETH 5. MapReduce DR E, HRIFERE R b
LD R LHAEETI2LEND 57:0, SCANF+F
pPSCAN & h %< OFHEZLEE T 5.

6. ¥ & &

Xeon Phi % i\ CEBUC RSN IS W79 7 7
5 A% v %419 SCAN-XP 2% L 7-. SCAN-XP (34¢
KT TH B SCAN LI L, KNC ET—HE L T 50 5L LE,
KNL | 100 f5M EomE#fb 2 # L7z, Bic KNL T3
T3 N7z SCAN-XP X 85 T Loy Y% ST 57
Blol36WTr I A5V T,

SHOMEE LT, 512 €y + SIMD HHEZiE0T 2 28
&7z Xeon Phi ~DH 7% % i®i# 5>, #HED Xeon Phi & >
7oA ) B oMb R, HIZ X £ Y DR S 1172 Xeon
Phi ECHIZKEE R 75 7 57— % BT 2 5L OME 21T
IFETHD., F$7, SCAN++% pSCAN TREIN TV 3
FHELBIEHER 7 71 —F OELD AdUT D W»THRGETS 5.

AW, JSPS BHiFZ: JP26280037, JP16H07410, FAK 28
IR B FEAR S 70 775 Al & NIRRT ER
R v ¥ —FEILEAH 7Y 2 7 b (COMA) DK%
ZFLDTH B,

X [

[1]  Junya Arai, Hiroaki Shiokawa, Takeshi Yamamuro, Makoto
Onizuka, and Sotetsu Iwamura. Rabbit Order: Just-in-Time
Parallel Reordering for Fast Graph Analysis. In Proceedings
of the IEEE International Parallel and Distributed Processing
Symposium (IPDPS), pages 22-31, 2016.

[2] Yasuhiro Fujiwara, Makoto Nakatsuji, Hiroaki Shiokawa,
Takeshi Mishima, and Makoto Onizuka. Efficient Ad-hoc
Search for Personalized PageRank. In Proceedings of the ACM
SIGMOD International Conference on Management of Data
(SIGMOD), pages 445-456, 2013.

[3] PeiLee, Laks V. S. Lakshmanan, and Evangelos E. Milios. Incre-
mental Cluster Evolution Tracking from Highly Dynamic Net-
work Data. In Proceedings of the 30th IEEE International
Conference on Data Engineering (ICDE), pages 3-14, 2014.

[4] Chris H. Q. Ding, Xiaofeng He, Hongyuan Zha, Ming Gu, and
Horst D. Simon. A Min-max Cut Algorithm for Graph Parti-
tioning and Data Clustering. In Proceedings of the IEEE Inter-
national Conference on Data Mining (ICDM), pages 107-114,
2001.

(5]

(6]

[7]
(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

18]

(19]

[20]

(21]

(22]

(23]

[24]

(28]

26]

Jianbo Shi and Jitendra Malik. Normalized Cuts and Image Seg-
mentation. IEEE Transaction on Pattern Analysis and Ma-
chine Intelligence, 22(8):888-905, August 2000.

M. E. J. Newman and M. Girvan. Finding and Evaluat-
ing Community Structure in Networks. Physical Review E,
69(2):026113, Feb 2004.

M. E. J. Newman. Fast Algorithm for Detecting Community
Structure in Networks. Physical Review, E 69(066133), 2004.
Aaron Clauset, M. E. J. Newman, , and Cristopher Moore. Find-
ing Community Structure in Very Large Networks. Physical
Review, E 70(066111), 2004.

V. D. Blondel, J. L. Guillaume, R. Lambiotte, and E.L.J.S.
Mech. Fast Unfolding of Communities in Large Networks.
Journal of Statistical Mechanics: Theory and Ezperiment,
2008(10):P10008, 2008.

Hiroaki Shiokawa, Yasuhiro Fujiwara, and Makoto Onizuka.
Fast Algorithm for Modularity-based Graph Clustering. In Pro-
ceedings of the 27th AAAI Conference on Artificial Intelli-
gence (AAAI), pages 1170-1176, 2013.

X. Xu, N. Yuruk, Z. Feng, and T. A. J. Schweiger. SCAN: A
Structural Clustering Algorithm for Networks. In Proceedings of
the 13th ACM SIGKDD International Conference on Knowl-
edge Discovery and Data Mining (KDD), pages 824-833, New
York, NY, USA, 2007. ACM.

Martin Ester, Hans-Peter Kriegel, Jorg Sander, and Xiaowei Xu.
A Density-Based Algorithm for Discovering Clusters in Large
Spatial Databases with Noise. In Proceedings of the 2nd Inter-
national Conference on Knowledge Discovery and Data Min-
ing (KDD), pages 226231, 1996.

S. Lim, S. Ryu, S. Kwon, K. Jung, and J. G. Lee. LinkSCAN*:
Overlapping Community Detection Using the Link-space Trans-
formation. In Proceedings of the IEEE 30th International Con-
ference on Data Engineering (ICDE), pages 292-303, March
2014.

Hiroaki Shiokawa, Yasuhiro Fujiwara, and Makoto Onizuka.
SCAN++: Efficient Algorithm for Finding Clusters, Hubs and
Outliers on Large-scale Graphs. Proceedings of the Very Learge
Data Bases (PVLDB), 8(11):1178-1189, August 2015.

L. Chang, W. Li, X. Lin, L. Qin, and W. Zhang. pSCAN:
Fast and Exact Structural Graph Clustering. In Proceedings of
the IEEE 32nd International Conference on Data Engineering
(ICDE), pages 253—-264, May 2016.

James Jeffers and James Reinders. Intel Xeon Phi Coprocessor
High Performance Programming. Morgan Kaufmann Publish-
ers Inc., San Francisco, CA, USA, 1st edition, 2013.

James Demmel, Jack Dongarra, Axel Ruhe, and Henk van der
Vorst. Templates for the Solution of Algebraic Eigenvalue
Problems: A Practical Guide. Society for Industrial and Ap-
plied Mathematics, Philadelphia, PA, USA, 2000.

Michalis Faloutsos, Petors Faloutsos, and Christos Faloutsos.
On Power-Law Relationships of the Internet Topology. In Pro-
ceedings of the ACM SIGCOMM 1999 Conference on Appli-
cations, Technologies, Architectures, and Protocols for Com-
puter Communication (SIGCOMM 1999), pages 251-262, New
York, NY, USA, 1999. ACM.

Hiroshi Inoue, Moriyoshi Ohara, and Kenjiro Taura. Faster
Set Intersection with SIMD instructions by Reducing Branch
Mispredictions. Proceedings of the Very Learge Data Bases
(PVLDB), 8(3):293-304, August 2015.

Jure Leskovec and Andrej Krevl. SNAP Datasets: Stanford
Large Network Dataset Collection. http://snap.stanford.edu/
data, June 2014.

Paolo Boldi and Sebastiano Vigna. The WebGraph framework
I: Compression techniques. In Proc. of the Thirteenth Inter-
national World Wide Web Conference (WWW 2004), pages
595-601, Manhattan, USA, 2004. ACM Press.

T. R. Stovall, S. Kockara, and R. Avci. GPUSCAN: GPU-
Based Parallel Structural Clustering Algorithm for Networks.
IEEE Transactions on Parallel and Distributed Systems,
26(12):3381-3393, Dec 2015.

Dustin Bortner and Jiawei Han. Progressive Clustering of Net-
works Using Structure-Connected Order of Traversal. In Pro-
ceedings of the IEEE 26th International Conference on Data
Engineering (ICDE), pages 653—-656, March 2010.

Heli Sun, Jianbin Huang, Jiawei Han, Hongbo Deng, Peixiang
Zhao, and Boqin Feng. gSkeletonClu: Density-Based Network
Clustering via Structure-Connected Tree Division or Agglomer-
ation. In Proceedings of the 10th IEEE International Confer-
ence on Data Mining (ICDM), pages 481-490, 2010.

Nurcan Yuruk, Mutlu Mete, Xiaowei Xu, and Thomas A. J.
Schweiger. AHSCAN: Agglomerative Hierarchical Structural
Clustering Algorithm for Networks. In Proceedings of the Inter-
national Conference on Advances in Social Network Analysis
and Mining (ASONAM), pages 72-77, 2009.

Weizhong Zhao, Venkata Swamy Martha, and Xiaowei Xu.
PSCAN: A Parallel Structural Clustering Algorithm for Big Net-
works in MapReduce. In Proceedings of the 27th IEEE Interna-
tional Conference on Advanced Information Networking and
Applications (AINA), pages 862-869, 2013.



