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Abstract Hash tables are extensively used in many computer-related areas because of their efficiency
in query and insertion operations. However, Hash tables have two disadvantages: collisions and
memory inefficiency. To solve these two disadvantages, minimal perfect Hash table uses N locations
to store N incoming elements. However, MPHT doesn’t support incremental updates. Therefore, in
this paper, combining Cuckoo hashing and d-left hashing, we propose a novel Hash table architecture
called DCuckoo, which ensures fast query speed. fast update speed in worst cases, efficient utilization
of memory and dynamic capacity change. In DCuckoo, multiple sub-tables and Cuckoo hashing’s
mechanism of transferring existing elements are used to improve the load factor. Pointers except for
ones in the last sub-table are eliminated for less wasted space. Also, in order to optimize the query
performance, fingerprints and bitmaps are used as a summary in on-chip memory to reduce off-chip
memory accesses. The bucket will be probed only if the corresponding fingerprint is matched in on-
chip memory. We conduct a series of experiments to compare the performance of DCuckoo and other
five Hash table schemas. Results demonstrate that DCuckoo eliminates shortcomings of both Cuckoo

hashing and d-left hashing, hence DCuckoo achieves the four design goals.
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Fig. 2 DCuckoo; structure
& 2 DCuckoo, 53 &

2.4 FRISAE

AR Z2 N F v, 75 2 4d A B Rh iy n R 4R
A ATRE S R AR R B A2 4k, 3K B S5 4 A9 1091 2% AT
RE Wt 2> A5 K altad /. A B 3 — ) A e 155 PR 7
POREEBEANR R Z Y RMHX -k T E
¥4 .4 Cuckoo 31 | FF #i 51 H 51 & 55 . B 1K 544 1Y
by B SR T 7 EH AR R TR RIS WA
25 8] 5 PRI kg R S AR R %) I ) T A X O R
F 40 ik o BH ZE A A Ok AR b, U DLEE A B S8 AT
A2 A BT 1 b 1l 2 T 0 — 57 9 S R B /N (Y 1%
G 3%, LIS TH (4 B9 3¢ kB2 S R A iy B A L X R
SESEEE TG - TR TH R ML 5. A5 28 T 2 s 1 45
14 . 7E DCuckoo Ha] LAAR 25 5 52 90 14 fin =5 25 1 5% —

AN 3l IR D i A K B K R R R e
JCH T R R PERE T B )R, LR 4R AR AN - 5555800
RSO 15— B S R AR B R i R
He— BRI MO — S HS 1 3% IR Z A deJm — 2%
TR PR A 0 R FE AT ORI AR R R
(1) A A AR AR T 2 — BB O 1 ol B s R Y A
T 23 TR B B R P R B — Tk IR I T
LR ICR AT — IRE Bl A #: A A g DCuckoo
] AR 75 fi Hb SRR EUS 3% 110 A R A

3 XBWERELHHN

S5 v R FH B AL A= ol ) BOHE SE  BOHE DG B TE
KR 8B H A 32b #HE (int) . 3 A B 6 5 19
MR 10° AU . A AR £ & Zipl 4016 (FE
AR R S BR B s v IR R K25 G
Zipl 3 At WA Ry 107 ASJTE L Zipl 43 A
(skewness) Ky 0. 99, 5 %4k 22 M 3k p 28 % i FH 10
YCSB A [,

WA 2 % 7 1 DCuckoo SEHLE 8 9 %)
TR G —RFROKE NG EFRKER—2F,
FROCKE N 15 by TRl A B an R & A= vh 5€ . H
VF—RKBITTRMARITFEBERIEOG=0. T H
B 3, AR S 3 AR SE B T HoAth 5 R Bk RS
¥ (open hashing) . 3 #( % #% (double hashing) .
Cuckoo #f 1], d-left # %], FHT, H v XL 51 Al
Cuckoo HUH 53 AMEH] T — A K /N5 ik #d) #& K
/IR [] 0 i OB 6 T i D i 5 5 O DR IE A AP
fE AT 2 BRI e KR BE R 16, Cuckoo HE A1 25
eAE FBR N 500 Y. d-left BEHIdH] 8 % 73, FHT
i 8 A8 pR B 5250 45 A R W] DCuckoo 7 %65k
AR RORSE I T O MR R, Bk
5N pros.

3.1 EHEHE

FE 3K — 5236 o BT A [ 6 R HE S 2R A8 ] AR TR
()B4 B L BT RS 3R R /N 349 Dy i B0 HIE £ FLBE 1Y
1. 05 4%, Bl A9 R A0 & 1. 05X 10° A4l , 4 4
A 10000 AT E J5ic 5 B B S 32 10 e 43, 45 SR
&l 3 fisx. 7] DL 3], DCuckoo ., # 8 %] #: . Cuckoo #E
RE) T AR AR M REHR L 40 95.1706,95. 207,
95. 18 % , B JL-F Fr A5 1 7 38 #F 78 HL 9] 3% v (il 2
AL 100/105295. 24 %) . {H XS 32 Fil Cuckoo
FAERE I TSN i BE SO R T e b gL %
HOREEWE M HAAHFEE MM T AN T LN



W 85 . DCuckoo: JE T 1 N Aif 2 B4 i P RE A1) 3%

2513

JLE » NI TE A A R R0 ST R A5 DL T A 30
(RS 2 AT A5G 20 I 5 /0 19 7 Ak P9 77 25 1) 2 3
FREfAR A LR B AR 3 R

1.0

—@— DCuckoo

- Cuckoo
—@— d-left
—A—FHT
0.6  —#— Open Hashing
—@- Double Hashing

0.8

0.4

Load Factor

0.2

0.0

0 200 400 600 800 1000

107X Number of Inserted Elements

Fig. 3 Load factor with number of insertions
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Fig. 5 Average memory access per insertion
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Table 1 Number of Collision Items After § Blind Kicks
x1 OXEBEMRTEHE

0
Dataset
0 1 2 3 4 5
1 681 60 12 4 0 0
2 661 56 8 2 1 0
3 609 42 8 2 1 0

MR 1 RTLLE B, Y5080 3 KN R idi A ot 5L
HAY1. 05 fisif . 4 E B Z 3t vT DULT-8 ir f 1
JCZ A A B 2 o DT 3 G A 9] B B 2 Y D
I*) 4 K A 1 1B I Y.
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ARSI S 00 32 BRI IR AN [ 43 A7 14 A 1 S5 H
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WA, 24 DCuckoo AN AL VF B By i, T 4fi AT R A A
REH B 45 35 1907 B ) 2 0k BB A BE 28, DR LS 4
A B IGE T A AT RE WA B85 2 . 248 1) B 4R
ANV 5] A3 A i L A A Y BT B8 43 5% A i) 14 BB
A RS SE R 25 R SR 2 fros. Hodh T 4f A (in
order) $8 ¥ 5 1) $ 4 4 00 F 1 B0 EON 1= B IC 4
AW T A (reversed order) 38 32 95 50 A 21 =5 46
A S ELFE A Cout-of-order) R AT 5 45 506 .
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Table 2 The Results with Different Dataset for DCuckoo
%2 DCuckoo 7E K F 4R 68 T I K1 45

Average Memory Access

Dataset Distribution
no blind kick 6 blind kicks
1 Zipf, 0. 99, out-of-order 1.002727 1. 000003
2 Zipf, 0.99, in order 1.000052 1.000003
3 Zipf, 0. 99, reversed order  1.091544 1. 000004
4 Zipf, 0. 50, out-of-order 1.000618 1. 000015
5 Uniform 1. 000693 1.000010

M 2 ATLUE R e if H B A PR RE 32
AU 520 B2 5 10024 Fe ik B 6 U -2 A ify
Vi AF 55 4l AU TE 56 - HLAR A 2 1 BRAE A9 K (24
LYO. Xl T B TEsER EoT R
A 55— 07 T AT R S P A A GE R RBE
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