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Sorting Cuckoo: Enhancing Lookup Performance of Cuckoo
Hashing Using Insertion Sort

Dae-hong Min®, Rhong-ho Jang’, Dae-hun Nyang™", Kyung-hee Lee
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ABSTRACT

Key-value stores proved its superiority by being applied to various NoSQL databases such as Redis,
Memcached. Lookup performance is important because key-value store applications performs more lookup than
insert operations in most environments. However, in traditional applications, lookup may be slow because hash
tables are constructed out of linked-list. Therefore, cuckoo hashing has been getting attention from the academia
for constant lookup time, and bucketized cuckoo hashing (BCH) has been proposed since it can achieve high
load factor. In this paper, we introduce Sorting Cuckoo which inserts data using insertion sort in BCH structure.

Sorting Cuckoo determines the existence of a key with a relatively small memory access because data are sorted
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in each buckets. In particular, the higher memory load factor, the better lookup performance than BCH’s.

Experimental results show that Sorting Cuckoo has smaller memory access than BCH’s as many as about 19

million (25%) in 10 million negative lookup operations (key is not in the table), about 4 million times (10%) in

10 million positive lookup operations (where it is) with load factor 95%.
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Fig. 1. Insert process of bucketized cuckoo hashing
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Algorithm 1: Insert

Input: key(XK), value( V), hash table(7)
SET(T} K, V)|
Hy—h, (K)
Buckethsert( T, H, K, V)
Hy—h, (K)
Buckethsert( T, H,, K, V)
Kickout(T, H,, K, V)

Buckethsert(T, H, K, V) {
if 7T[H|[last] is empty then
IsertionSort( T, H, K, V)
else if 71H]llast]= K then
TIHi)value = V
else
for i in [0,last—1] do
if T1H|i].key=K
THi]value = V
break
}
Kickout(T, H, K, V) {
while maxloop do
R<rand(0, last)
swap( TIH||R],KV)
if = h,(K)
then H< h,(K)
else H—h,(K)

if 7[H[last] is empty
IsertionSort( T, H, K, V)
break
end while

T(hy, hy)E &3t sl WA AXEH,, Hy)
Z Axkelt}. 1% BucketSearch(T, H, K) &
5 3F3] ¥zl ol A7) SA1sk=A] gl
K7} &A1 1ol 83k 3hs nistslar EAs)
2 owl nulld Wkl H oM vk w2 g
(el nulleld mA2} &£2-5 &alsle] oy B
02 olgslolstx| et} o]5d v} ¢irin
null-& WL 223 V7 nulle] obdw ukshy

>

il B o»

Algorithm 2: Lookup
Input: key(X), hash table(7)
Output: value( V) [ null
GET(K) {

Hy—h, (K)

V<—BucketSearch (H1 ,K)

if V= null

if 71H,)[last] is empty

return 1/

else return 1/

Hy—h,(K)
Ve—BucketSearch (T, H,, K )

return 1/

BucketSearch(T, H, K) {
if T1H[first)key= K
return T[H][first].value
else if 71H|[first] is (empty || > K)

return null

if T1H|last].key= K
return 71H][last].value
else if 7[Hl|[last]< K

return null

for 7 in Lfirst+1,last—2} do
if THi].key= K
return 71H[i].value
else if 7[H|i] is (empty || > K)
return null

if 7[Hllast—1].key= K
return 71H][last —1].value
else

return null

}

& 3k AT o] shawr)

oRs MA(Hy) S SHlalolks Aol )
2 BucketSearch (T, H, K) &% o83l K
o) &l 75 shelqick Aol vk mzle] )
A o m R pullS ¥ wrow F327] negative
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Aol it

BucketSearch (T, H, K) 5= nizle] w9
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W, vt 50 vo] ol el £EE 3
Zafok SRR nulls WA g=th vhA o]
EE tia HaLE Al dar A7F SAskEA

gk gelghe).

1.
Table 1. Experimental environment

description
CPU Intel Core i5-4570 @ 3.2GHz
RAM 16GB
oS Ubuntu 16.04.4 (Linux kernel 4.4)
i:r’irs:;e C (GCC-5.4.0)
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