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Abstract Cloud data processing plays an essential infrastructure in cloud systems. Without efficient
structures, cloud systems cannot support the necessary high throughput and provide services for
millions of users. However, most existing cloud storage systems generally adopt a distributed Hash
table (DHT) approach to index data, which lacks to support range-query and dynamic real-time
character. It is necessary to generate a scalable, dynamical and multi-query functional index structure
in cloud environment. Based on the summary and analysis of the double-layer index systems for cloud
storage, this paper provides a novel concurrent skiplist based double-layer index (referred as CSD-
index) for cloud data processing. Two-layer architecture, which can breakthrough single machine
memory and hard drive limitation, is used to extend indexing scope. Online migration algorithm of
skiplist’s nodes between local servers is used to make dynamic load-balancing. The details of the
design and the implement of the concurrent skiplist are discussed in this paper. Optimistic concurrency
control (OCC) technique is introduced to enhance the concurrency. Through concurrent skiplist CSD-
index improves the load bearing capacity of the global index and enhances the overall throughput of
the index. Experimental results show the efficiency of the concurrent skiplist based double-layer index

and it has viability as an alternative approach for cloud-suitable data structures.

Key words cloud computing; double-layer index; concurrent skiplist; range query; optimistic concurrency
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Fig. 1 Example of finding 17 in skiplist.
Bl 1 skiplist A48 17 (i 4k 3R & K

2.2 WMERIBEKRY
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SN R L B RBI S TR R TII
P HARLE A T R R 51 b il iR 51 0GR 5

@ =Local Stub Node
O =Local Index Node
A =Global Index Node

% @ Do Global Search
% <

Global Server (Concurrent Skiplist)

Client

@ Redirect to Local Server -

Upper Layer

Lower Layer

‘ ‘ Network ‘ ‘ Local Servers

® Do Local Search, Return Result to Client

Fig. 2 The architecture of concurrent skiplist based doubl

e-layer index.
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Fig. 3 The construction of CSD-index.
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Global Index Server

Before Publishing

After Publishing

1

: 1

Upper Layer

F ¢ Local Index Server
Before Publishing

After Publishing

Lower Layer

Level4 O
Levels @@ \

#/\ = Meta-Index Nodes
“1 O = Local Skiplist Nodes

@ = Published Node (old)

Level2
Levell

@ = Published Node (new)

Local Server Publish its Nodes from Level3 to Level2

Fig. 4 Example of publishing local index to global index.
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2) key(x) FRRPAAEAE S HFINITCER o XN 5.

3) level (2) FRPAFHE S FIICE « XTI AY L
JE AW E . level (YN X IRFT A RELE S H I
JC R W B e e

4) wall(x,DFRRBAFAE S PIICE = il
B 1ADICE v ZICER y R key (2) <key(y)
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Fig. 6 Example of wall(5,3).
Bl 6 —A wall(5,3) 4T

JREB R G R L E BT wall(2, DY
ENKGEN. HEEZ 3IASH. DS, it f54r
S E R R 51 skiplist; S, RIS, SRR
4 e 2F 35 0 B0 0 R 8 & 5 skiplists 3) 1 g YL g 43
E AR 2 G S RPN NN

1) WEEE wall (S, ,i), Hrdr i P\ Level (S)) 15 I8
B g B2 H AR RS 1A E M wall (S, D)
M k.

2) Phwall (S, i)l 5 4TI #5019 skiplist
TR 18] wall (Sy, )W 35 0I5 4k 46 B 8k NULL,
BIRA Sy oh i B J5 2 388 43 09 15 0. A wall (Si.i) 2
RBEEH AN ERES S, B HRAR S, 1
skiplist H1.

Bi% 1. Splic.

HiA

Sy T B R skiplist 1Y Ik 55 4% 5

S, — 42K skiplist 43 2LEB 5319 Ik 55 4% 5

L 5134 24

@D [ * validate whether wall (S,,[) exists, if
not adjust [ %/

@ FOR i:=7 DOWNTO 1 {

® IF wall(S; 1) exists THEN BREAK; }

@D l:=i;

® | % record the links which need to be
updated after splitting * /

© local updateLink[1+++S,. StubLevel];

@ x:=S,.list—>header;
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® FOR i:=S,. StubLevel DOWNTO 1 {
@  WHILE x—> forward[ i |<<wall(x,l) {
x=x—> forward[i];
) updateLink[i = x; }
@ x:i=x—forward[1];
| % record the links * [ }
@ | * migrate nodes and relink two servers * /
@ 1IF x=wall(x,l) THEN {
® FOR i:=[+1 TO S,. StubLevel {
@® x —> forward| i |:== updateLink[ ]
— forward[i];

) updateLink[i|—> forward[i = x; }

® migrate(S,,S,,x); }

SR 1 KRS 2% S, MR skiplist 4324 2 4>
43 SR G 4 5 A RS BNk S5 4% S.. 8L R
P 43 2L X R QSR £ A R R L TE A
PRSI R B2 A S REBERS & S X
Z QAR LB RE Y R0 iR B O I 4B 2 T R
PER R S5 A S.. B 7 &l T — A BT
it BB R level(S)=5,1=4. R 5 %% S, 1 skiplist
T 24 (Leveld M55 1 A9 10 70 248 2 #53. J5
AR B RO B T RS A S

[Level2]

Fig. 7 Algorithm of splitting.
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list, 3 B AF 36l ESCH T lock-free By skiplist, {H
Foigle s 2 X FE AR skiplist 9 g #EAT T 3 2 19 2
ANBEAEHF R A skiplist BS54, SCHk[23 142 —
P43 A 20 skiplist, 38 25— FR 3 (14 58 35 o O B 45 44 11
JE RN IEA8CT B 4 . SCHR[ 24 J3 5o £ 1 — R R
NEF 3 JuéH (atomic triples) A #E & (8 T I & 40 ¥r
HESR. SCHR[25-26 148 7 28 70 55K 3l 19 43 A =X
B skiplist, il 5 A1) HI B 19 55005 fE 08 78 3 A7 2CHLRE
IBE R ARG S5 0 A 4%

AR T Hi N $2 1 1 9T A Bk 2%, AW 58 1Y e A
TR T — BB 8BRS 0 I & 4 i B R ok
Wit kR, ris AR I & #5 il Coptimistic concurrency
control, OCC)J&—Fh I A 42l i 5 2. BRI L H]
JIF B 55 e Ak BN AN 23 A 0 AR B2 ) A g 55
RE A5 7 AN 7 A5 B 19 0 T Ak B4 52 0 1) O 9 4 B
i A BRSSO 2 RS e A R i
55 U O 5 AT A oA = 55 S 0 1 8. G
S = 55 TERT B I . O AR B 3 Y SR g5 S i AT IRl
R EEE ph o B D W IR B b A 2K 555 BN (Y AR
S T 1 IBORCHE I A A 8 AR PR T DL AR AR
Ve HA I e 45 1) 7 12 B v A A

TEZ % 2 LB B 45 M it . OCC i BT
2003 4k 5] A B 3 55 N 17 (software transactional
memory, STM) . JH 3k %3 I K w8 Fi 9 % - 1y

AT, OCC Bl A X I e = U v £ i 48 AF:
HEATHRALS . 22 X S i 5F T AR 3 & FRATT#E JF & Bk
PR OCC AR, 316 F0 52 Bk W 2R WL T & 4
ARAELE S T skiplist B 2549, I H A4 5y 16 ] 3
I .

i — 58 B 1Y I K k2R 1Y 43 B B AR X A
o AEIX BN — S SC R R AT B AR
3.3 FH A& BFE (concurrent skiplist) B 5 E X

ZE#) 1. Node { int key;

int level;

Type data;

Node[ | next;

Lock lock;

bool marked ;

bool linked ;
}

I 2 0 8 e Bk 2 A ) A 9 03, O k3R A Y
TARPILT KR IEAE WM BR. Linked R 5 ALAR I IZ
e T SE A Al A BT AT 2 Y 48 B IR BT 58
Be L R o e IRATT SR AT T A0 BE (Y AL BT DA g — A
W AT AN AEA A Lock. T3 AN R RE LT 2 AR
B head F tail , He key (B3 5K min_int Fl max_int.
3.4 HARBREKEFEE

H T AE O I e ke AT T 1 43 A B 5L X
Bk R R AE by BAR AR AT A B X IE R Bk R
() JUAS F2 24 GE AL A A6 A I RO 43 590 i 47
LR
3.4.1 ENLERAE.

&% 2. Locate.

BN e 1) 1) R 5

i Y

Level —FE{E N £ BT U0 i KJZEL
B R 01 Y I R
HEAE N kBT R
@D Node prev:=head ;

@ level :=—1;

® FOR i:=head. level,,.,—1 TO 0 {

@  cur:=prev—>next[i];

©®  WHILE cur. key! =tail. key &.&.
cur. key>k {

preuvs

succ

@) prev:=cur;
@ cur = pred —>next[i]; }
IF level=—1 & & k=cur. key {
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©) level :=1 ;
@ succ=cur; |}
@  prevsli]=prev; }
@ RETURN < found . prevs.succs).
A TH) A7 AR R 45V AR T 2 o 44 0
T kR — A S NI EE Y AR head B IR )2 T IR
HR AR TR B — 2 &R B & FrE0 & 5 E
WSS R radd A5 0k WORERE] & XF AT LB A
Wi 1 u%@ﬂ*ﬁw NI B =l = N R E S e €2
TE P B0 s Ho A 23 6 I B T35 5 prews[] .
TERR W BEVLYE . )20 prevs[ JE W REA ). 2R
TEHE— 23RN T & XN 5 I ATEA T %2 U
TSR A suce PR AR A R A9 CHP R B &
0D S BT RLTE BB — K. Locate $RAEZR B A AN
B, ERVE R R Il — A 3 Judl. Ron a1 g5 R
Level , 19 FIOLE suce, BTIKHT AL E preds.
3.4.2 HHAEAME
&% 3. Insert.
BN k4 A A
i H < AR 2 TR .
@ highest :=randomLevel () ;
@ WHILE true {
{found, prevs,succy.= locate(k) ;
IF found! =—
RETURN false;
FOR level :=0 TO prevs. level,,{
prevs[ Level ]. lock () ;
IF | (prevs| level]. marked =false
& & succ. next[ level]. marked =
false &.& prevs[ level]. next[ level]

®Oe 066

= succs. next[ level]) {

FOR i:=level TO 0 {
preds[i]. unlock () ;
CONTINUE; } } }

makeNode(node k) ;
FOR level :=0 TO highest {
node. next[ level |:= succs. next] level ];
prevs| Level ]. next[ level J:= node; }
node. linked := true;
FOR level :=highest TO 0 {
prevs| level ). unlock(); }
RETURN true.
TEAR A SR
IDINEI e G =R A (SR CIPAER WAL EE S I S

@666 66

B LR A A VI EE S b BT R E S AT
AR 750 FEAT 4T Ok 4 AR A,

2) XFRTIR AT S B prevs HF ) _E N7 ©
~).

3) B UE R B 1 prevs G 4E 5 5 B4 succ.
next =M™ REAGT@®). RUN prevs Fl succ. next
R TR B2 S BN A R B SRR R AT @
HHENL prevs Fl suce. B prevs F suce FRIEH
KT A AT T @.

4) IR JZE JF b ) b AT 46 O R A ‘/kf:ﬁ
linked Fri&fi N true(F7 @) » KR A T H L £
SHEE R BEHUT A BT @~ @),

3.4.3  MBRERAE

&% 4. Remowe.

BN < B3 1) A5

i < BR R A TR

D okDelete := false;

@ WHILE true {

®  {found, prevs,succy=locate(k);

@  IF okDelete || ( found! =—1 & & succ.
next| found]. linked = true &. & suce.
next| found]. marked ={false) {

IF okDelete {
succ. lock() 5 }
IF succ. marked := true {
succ. unlock () ;
RETURN false; }
okDelete := true;
succ. marked ;= true;
highest :=—1;
FOR level=0 TO found {
IF prevs[ level ]. marked = false
&.&. prevs[ Level ], next][ level |
=succ. next] level ] {
prevs| Level ]. lock () ;
highest :=level ; }
ELSE {
FOR 7:=level—1 TO 0 {
prevs[i]. unlock(); }
CONTINUE; } }
FOR level := found TO 0 {
prevs| Level ]. next[ level ]=

®60 066 0® e o

©O0 6666 6

succ. next[ level |5

®

succ. unlock () ;
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@@  FOR level= found TO 0 {

@ prevs| Level ). unlock(); }

RETURN true. }

@ ELSE

@ RETURN false. }

T I3 488 4 485 6 5 19 39 R B B AR 25 BR A4 A
PV —FF B SN S T Q) ARG HIE 2T A
PRS2 A A L, BNZT s 58 sk HBOA IEAE
T SR a2 T SRS A B I 2 6 i T S R, AR
A T RE 1% 1 A E 28 Bl H At 42 2 I B3 5 ot 1 3 [l
false(F7 @), N, B 5 45 marked F5 & N true
A7 @) . = TR AHEAFRAE—FE, B 1) L Fip SRy
OB IR suce i prevs BPIRE KA E I8 48
I BB, SRS R AT Q) BT E ALY AL B JE s A
1109~ QUHEAT 5 A5 0 W BRI B3 98 J5 Rl o A B 3
[ true.

3.4.4 AEAE

A 1 4R A S A A T R L AR R IR
] A 360 45 2R o DL KA I A R S 4T L X
VAT R A ART (8 BIRIL i 01 [R] 20 AL A0k S A 90 48 4
JETC A . 0 SRV B TS A T RUEAE
PO 3%, =4 i T 58 A LTI 4 A i) 2R T
QSRR BAR R 5 8 IR HLZ T A T TR B B B
58 A HE I8 A0 — R 1 A .

Ei% 5. Query.

BN k2T ()

o L BV XS N7 T Y RS AR A A

@ < found , prevs,succ)=locate(k) ;

@ IF found! =—1 & & succ. linked & &

succs. marked ={false {

® RETURN true. }

@ RETURN false.

3.5 HERBRIEBMESH

IR B S5 1) T A P S A — e s 2 D7 I
M (safety) FITG PE (liveness) . Hodv, % 42 4 VE Y
— AN E VAN T2t A AR B — A IF
K12 i Chistory) #REE M T — AN WU B 28 105 . 3l 3
FHR U8 B O B84t 5 48 110 T e M Al P Jo 19 O 125 it 2
¥ WA B9 AT 2 PE Ak 45 (linearizability point) , %%
J5 48 IR IR LR AL s I K $R A 2 T AT B3 kg AN [
AR SE 454 IS PR R R SR T Sk ]
— A HIRE A AL B B 10 Qi JE AE B EYLYE L TE
Bt TG AR A G AR DR AIE SR AN 23 K Ry AR S5
1117 JC 1 AR HGE IR IR 2 Pk HE S TCAE A3 An 2R AR B ik

] FH d5e 2T B BUAS 3 SR B IR I8 48R ok TR L.
T SRR SRR B vk T Be TE A BR 1 20 TR N 58 B IR
LI TSR T, R A RO B R A
PR 2D R PN 56 1o B 23 AN 7 R TR AR R Y.

BT bR O & B0 S5 R 0 T A PR S AT i K
FRATTXS I e Bk R AT T 22 4 M RIS P 04 1 B M )
Br. e M EE SR W . D IF & Bk b 32 B4R (Al
T IR B TR A B K
2) I R k2 h A T HRAE R JC SRR 00 A I BR AR
JETCHCAY Ll PR K
3.5.1 JRERBERW LMD

h T AT I R B AT 2 AR A b B e TR
i 2 A I B SR 45 48 1 N ZE P it (invariants)
TSP Jo A B A ) S R ST I ELAT T B AR
A RE A K SE vk . I R Bk R B AT 3 FAE
PR

DIV P Y  a

2) B2 AR O T OO A S
HH B R AT ) SR B

3 FEWAEMW A —EADT LR AL

R A 5 4% 5] B AIE B UG I8 0t 2 Ik A
T A A I B A R A L T Bk 3R A A B it S e B
A TR 2 DA 3 A

S1E 1. & —K locate #RAEHAR I LA B PR T

IE . i I8 ] locate #RAE A I A& Bk 3% 06 2
NS BT B locate #RAEAS B R X HARAT: o] g 22
T LA — IR locate AR A2 A AL PE 5T Ik .

51 2. B—IK query #EAEHARIE A SRR

. B query #EAERT, T & Bk K i 2
ANARPERT, 5B 1 A0, B —K locate 45/ & il 2
AARPERT LH 2 query B AE A X I A Bk & AT Ao
AR BT LA 5| BR A . ik .

S| 18 3. K insert FEER I AN AR M R

. B A insert B AEFT, JF A Bk 3R 2
ANARPERT, S8, B 1B 1 AT, locate 45 7E W 2 AN
AP, Z 5 T REAFTELL R 3 RO .

1) #% 3 82 R LR 1] false, fE X FHAE T
SR X I &k 3 A o] Bl A

2) XFHI SR R R I IR A e BT
AR AR5 IR A XTI R Bk AT e kg

3) XFHTT AR SRR B IR A A AR R
ke (R R A A DL I & Bk R AT SR T AR AN AR M T

25 L RTIR 51 B AT ik .
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SIE 4. T—IK delete #AEH A M.

IE . A delete #RAE AT, I & Bk 2R 06 2
ARARVER 1 e, H 51 B 1 0] %, locate 452 7E W 2 AN
V. ZJE T REAEAELLT 4 B L -

DI & S5 | POP IV A N R - DA = o
TE YA A B BR L AR 43R 1] false, 76 13X Rl 650 F . i
SRVEA X I K Bk 2 AT i i 75

2) X G A AR AR R I, B SR R e
ZEMAR IO N B o IR 4 S R Y Y A A Bt i ]
false, V& A X Ik Bk 2R AHUAT: fu i 22

3) XFET ALY B BERAE R IR A e R
AR R 5 IR A XTI K Bk AT e g

4) X ETT ALY BB B S 2 R B A A
ke (R0 R I Rk SR ATY SR 16 2 AN AR P ST

L5 LRk 5 B iE %

|3 5. —H AW linked & A true, H
marked FRr Ay false, 58U W% 97 s — E A AE T
WG A H. 1 — B S0 marked by &AL
Hy true, BEBEWZ T S E 20 AN G WS AR G v N 5

WAL BR S AE AR HAB R AE AN R Linked
PR E K true. HH, BB NS linked b ik
true B, A BRI N Z 10 A0 B — 205 91 & Bk R AR
5 B 2 BR BRAE AR AN BERE marked bR &AL
BN false. 3f H . — HiZ S #n 18 marked R true, Jf
LIAZTT R B S BRI R

25 BT 51 B AT iF %.

FF bR 5 45| B, T AR IR & BRI 3 A
T B R AT T LAk o B

D AR VE T Ak o B

XA ERAE A 3 il g

@ WS AE U A 1 4 1 O B AR e
marked =true, H & A ] 828 I8 2 UEBIZ Y 55 2
A —EAEE A P (51 5) . FF H %A A ) {5 iy H
by A CB1 1~ 5 Fr A #RAE T R AN E D L If 4
TR R BN 21 A UM L8 marked = true, JiT
VIZ B 2 M B

@ GnRIZTT MAHE marked = true, SR J5 A i
PR AR W12 09 P 30 B o b £ R 3 1 n
T A [ S R T S AERRE R IR R BN
RSB o — A TR B A ) A bR A0 T A5 7R 3K AR
B LR AT DA PR 1 BAR Y JE AR E BT AT DL 2
FacHkL22].

@ %W M marked = false, A 24 F & 1% 15 8
linked Frii o7 FIWHE BAETE TIF R BER IR ES

rh DRI — RS Y A T R A AT M e U 4
B A1) 5, I B & Linked = true, H marked =
false (33 5 17 Q). M — Y W 4 2 1) R 4 14 L T
M A R R R B A9 Y A B Y R marked =
true.

2) ff AFRAE AT LA o B

BT A A AR R ] e P R B L 317 @,
MRAEGIHE 5. BT 5 linked FRiEALHA true B,
ABRHFIE T M E AT B MRS . — DRI
A BRAE T b SR 3 17 @, BRI 3 & & 77
TERY T R 82 5 > 1 A A A BRAE R K.

3) M BRERAE AT LM AL o B

— > B I B 45 1 T e b RS 4 AT
Q. BIEFIH 5, — N3 &2 BB WK marked = true
IF A RE % DAt 2 e S 4 G b N IS dn SR A 4R B
TR )7 A5 BOE T R C A A R B L 5
FOUHT AR A RN (B 4 T@), — Ak
DU 4y M) o5 45 4 o 2wl e PR AR Y.

3.5.2 JFRBREIE ST

1) Joae s

T8 A FIN BR 2 VE R 2 B 1] b AT BB ERAE.
) I3 458 A B S 0 2 Y A AR S Y A R,
R AN AR M T 3 AU AR i 2, 1 J2 99 5509 1 i 4k
— BT R S I YR A B — R
T E A AL B ET T AR as s BT AR
al ], X F Va,Cal ],0<key(a;)<<key(a;). XN

T 45 4 55 X i 9 e AT At BT DAL, FRATT AT DA E
A A I 53 B AR OB i L ok Ly (L ey (L))
Zhkey(Ly) =hkey(Ly)). BHLHUR A= (1 254428 « R X
LR T, HAi R By B Lo, 28 ok 7 2R Ut
Livm—1) mod -

AR YT 3 FIGI B 4, 3 A HERAE M BR 45
1’5%%$/}5‘@ﬁﬁJ@TU”‘E’E%J&T’*&@E&"‘“ AR 4l
WA SCR A AN BR LY L i 2x ) A i
,'f—ij:%l’iﬁﬁﬁ%fﬁlﬁiﬂ%)ﬁi-@f’i’Eﬂlwﬁﬂ%ﬁfﬁ*
FE LT R0 KL FT AT 8 0 AN&sm) L, L8E. Frl,
36l AR B 452 1 2 TCFE A Y.

2) LEFRE

AR TCSE R, A B AR % I8 I & skiplist
T BRI BB X IE R skiplist BEAT AR ] ok A2
It BB AT A 113 | 3 e A4 4E BT DA A i 4 —
RETE A FR 25 3R N 52 1.

E LR A R AR D IF kR 2 %
PRAE A A A I BR D B3 vk R W AR 1 AF S
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LAV EOR : 2) 3 KBk h A R AR AR R N L 4
NI R 45 A R TS AL AR 9 AR T M R

4 = 5

ASCERITT 2 AR R R T IRk R N =
B b UL F 5 | A 1 M e

UG 1. =B b B R G 48K A T R A
T [l 2 9 1k R I 3k

AT Peersim™ B AR HEAT T 0] 4 SR 2R 5
UE. P3R4 Bl 55 48 6 9 2 Intel Core i3-350M
2.26 GHz CPU,2GB RAM,320 GB i . #:1E & 4¢
7 CentOS 6.0 (64 b). B[R] R = 3T H &
G5, RUIRSS AR BRI 32 S Y & 256, g — > A
5000 ANBE IR SCAF B BEIRSCAF A9 R/ 32~
64 KB A%, O 7 %t b, [l B 52 B0 T — A4S SCilik[9 ]
A AR 53 A BA-tree 7.

8 5 9 Ry WU A4 J A ik 1 L 55

300
—a— SLC-index
250 F  —#— ScalableBTree
E 200
Q
£
& 150 F
§ F
§ 100 —
50
1 L 1 1 1 L 1 n 1 n 1
0 32 64 96 128 160 192 224 256
Number of Nodes
Fig. 8 Range query.
&8 ik Aif
250 K
—&— Split to New Nodes
200 - —&— Merge Two Nodes
é —¥— Split + Merge
S~
g p
5 150 |
(9]
g
2 100
(]
~ L
50
1 1 1 1 1 1 1
0 32 64 96 128 160 192 224 256

Number of Nodes

Fig. 9 Dynamic adjusting.
B9 3 GIREhAS %

8§ B W JEZ 5| CSD-index fl ScalableBTree

X EE, T DL MY BE A I 55 % 19 34 £, CSD-index
()36 BBl 25 1) 1 fiE 2t ScalableBTree 4R 2. H AR
AR AE T CSD-index (13 Bl J2 % B — 5 WU 776k
1R FB & 51 L #, Ti ScalableBTree w45 s ] & B
BUAE A, 3 {1 75 78 38 47 90 [ & $E B, ScalableBTree
ity 2 IR B 2 B4 IR 55 %

By 25 73 BEFN G 1 5 1% BE Mk R Jm AR IR 55 % b Y
PRI R, DRUE T R T 45 R A R B AL AT
XA Jay R R 51 e 55 4 1 000 T 1 4 24 L5 OF Bk
7 7. W9 s BE A R IR 55 A AN 0 4 K 2]
256, 47 24, G O A B 0 I IA) B — AR R K
JEEN

K8 2. BB IR R M R I R Bk
e .

FATC A Java i 5 LB T I R BER IR H
5 Java. util. concurrent H' ) ConcurrentSkiplist-
Map 7% b J5 75 2& B AT A PR Tock-free Bk
R N T AT XS U B, ek 2 e
(11Intel Xenon X5670 2. 93 GHz 6 #.0» 12 & ##
CPU,24 GB RAM. 22Intel Core i5 460 M 2. 53 GHz
2 %% 4 82 CPU, 8 GB RAMD E i & . &
7 & & Java 2 Platform SE 6. A& iy % T
Herlihy" "' {1 5256 7 vk, B 7 ok 26 3 2 1 22 B
AR B A R e T R A 2 3000 245 4 1) P B A — U U
A SE s B R 4R 64T 1 B T BEVLAG IR A
O 85 B A )45 4 o HG rp B (R Y FRL A0 4R 46 S 200 000,
T IS 4R 1 L ) i s A R R AR Y o 5% R
15 PRI A SCRE X AN [a] B 4 A LU B3R R A 36 1L %R 7
2 A BT S

K10 518 11 M 7E 2 Bl [RAE A & 8 XA
[F) A 0 23 A 1) A vk 320 30 1

25

& ConurrentSkiplistMap
20 O ConurrentSkiplist —

11

1:1:0 1:1:1 1:1:5 1:1:20 1:1:100
Workload (Insert: Delete : Query, Xenon X5670)

(S

10~3x Thoughput / (operation /ms)

(=]

Fig. 10 Thoughput comparing with different workload
(X5670).

B 10 AN gk~ Ak R4 b (X5670)
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@ ConurrentSkiplistMap —
O ConurrentSkiplist

10~®x Thoughput /(operation /ms)
S = DN W s 01 N o ©

ol

1:1:0 1:1:1 1:1:5 1:1:20 1:1:100
Workload (Insert: Delete : Query, Core i5 460M)

Fig. 11 Thoughput comparing with different workload
(i5 460M).
F11 OR[R 47 88N 7 i 2655 b (65 460MD

K 10 s B 52 2 Fp 3045 45 #4978 Xenon X5670
P 1~48 T IR R AT kA, IR ) BEE A
HHRAERY LE R T AT 92 LAY ConcurrentSkiplist
1] LIk 45 b ConcurrentSkiplistMap B 4 ¥ 4 BE. 7F
BAE R 101020, BRA 44 5 900 T B T
FH H ConcurrentSkiplistMap, ConcurrentSkiplist 7
Xenon V-5 FHETFT 620 FEHAE %Ry 1112100,
R o) #4E 5 98% MY 15 ML T, Atk Concurrent-
SkiplistMap, {17 Xenon ¥ & FH#FA T 149 1
PERE. B 11 Fros (9 02 2 A g 45 0 76 355 280 AR
Core i5 460M -5 1~16 LA 15 L T ) e KA nk
FOHE 10 KL EBRAELL Ry 1:1:20 [HHT . 2
FET A% HERE. FERRAE LR 1:1:100 T 00T, #2
FHT 1026 My HERE. 1 AR 10,181 11 3 Fp B 42 1 0 2
FJE N & ConcurrentSkiplist 2% 1] #:/E & wait-free
1) R REAR T R G 4.

B 12~15 53 5l F7m 2 A [ A ) 53 A0 2 ) 44
E L 3R 1 ARk AR AL

Insert: Delete : Query=1:1:20

—=— ConurrentSkiplistMap
| —+— ConurrentSkiplist

10~*x Thoughput /(operation /ms)

1 2 4 8 16 20 40 60
Threads (Xenon X5670)
Fig. 12 Thoughput comparing with different threads
(X5670).
12 KEZHE T F k%5t (X5670)

Insert: Delete : Query=1:1:20

—=— ConurrentSkiplistMap
—— ConurrentSkiplist

10~%x Thoughput / (operation /ms)

S e NN W P
o o v o o W o W™
— T

1 2 4 8 16
Threads (Core i5 460M)
Fig. 13 Thoughput comparing with different threads
(i5 460M).
K13 R [E 2R T ARk 34 1 (65 460MD

Insert: Delete: Query=1:1:100

—=— ConurrentSkiplistMap
—— ConurrentSkiplist

10~%x Thoughput / (operation /ms)
S

1 2 4 8 16 20 40 60
Threads (Xenon X5670)
Fig. 14 Thoughput comparing with different threads
(X5670).
Bl 14 ANFZR T kAt b (X5670)

Insert: Delete : Query=1:1:100

. 16

g

E 14F

=)

S 12}

5

2 10

S

= 8r

=

£ gl

2

2 4f o

[=) —=— ConurrentSkiplistMap

X2t —4— ConurrentSkiplist

(=]

— 0 1 1 1 1 1
1 2 4 8 16

Threads (Core i5 460M)

Fig. 15 Thoughput comparing with different threads
(i5 460M).
F15 RRFEZR T Ak 3 (5 460M)

P12 AR 13 3 5 3 7 TE A A I B3 R A 36 452
PEHEAR Ny 1:1:20 BN OL T o BE A 27 1 250 19 A I
Hom, AFECES T &k Ra i 75K 12 oy,
ConcurrentSkiplist #f X} F ConcurrentSkiplistMap
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HA s iy A 3.

&l 14 FOEE 15 43500 2R 75 FE 4 A LW B 0 A i 45
R E 1:1:100 MG 00T, Bl & 26 A% 09 80 1R
T | I N 1 R = N 4 L e S RS e P/ M 1 SR L
T &REELER LY 90% L |, ConcurrentSkiplist 4H
It ConcurrentSkiplistMap R Z T 5.

s g 2 W B, ConcurrentSkiplist B B /)
AT R BE E AR B BS L 1 BE E AP 4R T, O
H .ConcurrentSkiplist 7F 25 1) #:4F 5 5 LR B}, A
%} ConcurrentSkiplistMap E. 7 & i 11 .

YR b BEE AR G102 R 24 AT A A U
Hash {8 %15 X 1 = 776 & G0 00 A R0b 78, AR S
P T T I R Bk SR 0 = B A B RU)ZE R B A
(CSD-index) il R H] 2 J2 K R G54, 52 50 5 0L
v AEFIRE B R AT Je R e e iR i R 5140
Bl BT A Bl 285 43 24 530K il e Jm 3 IR 55 4 v B A R
5] T, DR IE 2R 5| 45 10 B AR 1Y) 1 2k 34 . AT T2 4
B HA X2 R 51 228, CSD-index 7£ F 2 &R R
ISR I AR BOR P $2 5 42 Ry 51 1 7k 31 e
BAREGI LR, ST EE R R BT I R BER M
AP RUZ 2851 SR R A8 A7 R4 S 455 B Ay 38 A0 [
A AT BRI AT R O R A
AR B R 5]

2 % X #
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