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(A Hierarchical Binary—search Tree for the High—Capacity and
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Abstract :

For decades, in—memory data structures have been designed for DRAM-based main

memory that provides symmetric read/write performances and has no limited write endurance.

However, such data structures provide sub-optimal performance for NVM as it has different

characteristics to DRAM. With this motivation, we rethink a conventional red-black tree in terms

of its efficacy under NVM settings. The original red-black tree constantly rebalances sub-trees

so as to export fast access time over dataset,

but it inevitably increases the write traffic,

adversely affecting the performance for NVM with a long write latency and limited endurance.

To resolve this problem, we present a variant of the red-black tree called a hierarchical

balanced binary search tree. The proposed structure maintains multiple keys in a single node so

as to amortize the rebalancing cost.

The performance study reveals that the proposed

hierarchical binary search tree effectively reduces the write traffic by effectively reaping the

high capacity of NVM.
Keywords :

. A&

A Aol AzE M WEeE A45He )

% WAe olfe gom AvslvE A4 485

AFel EAH7] ALY QAL vholAEL F

shel e 3D-xpoint 71%E Vo A%

4Ame] J54e ATt gHd Muds B

sglom [1], SKetold2 oA wawa wm
.

oW R

P AN THG vh Gk (2], o] T2 o]
SN NRR DGR T AV ATIAEL F

*Corresponding Author (ejlee@ssu.ac.kr)
Received: Feb. 23, 2019, Revised: Mar. 28, 2019,
Accepted: Apr. 05, 2019.

M. Jeong: LG CNS.

M Leer Chungbuk National Univ.

E. Lee! Soonsil Univ.

¥ B =2 2017dE ARQ@SF)AEeR o
TATAEe]  AYE&  wol  FEHAENo.
2017R1D1A1B03031494).

(© IEMEK J. Embed. Sys. Appl. 2019 Apr. 14(2) 79-86
ISSN : 1975-5066
http://dx.doi.org/10.14372/IEMEK.2019.14.2.79

Non-volatile memory, Data structure, Phase-change memory

BGBEY %S AdalFe= olud A ww
How 3837 Y3t
= ks /\/\E]' [3, 4].

v kg v 2el= DRAM div] ekt s
AYar g, 71E ez v3ey dRes vlelE

w@ole] HZo] 7H5Eal DRAMO F#3le AHeS
AFAEAE A glo] HolHE FAT & Ue
FE4e war y] Wi wRZe ~2E#A
oA BF &gd F Jdus sFeAel A
[5-10]. =3 H3aA MR =2 AY=E &
A ~AYE  (Scaling) A Fusu =
DRAME tjA] & Heste] doly $4 385
9 =2 WRY 27EFE FHAL F Ue AR
Z1diskar ek (3]

Iy ol E WA wrE e FH ol

Holl &= thekst A|lekd w3k Exjstch, WA w3k
g e Ae Hu 27] R Ade] g v}
RBA Azfoltt, EA 3l o|ao g AV|E 3T
Add S Al AZE el doluiA R
A dele g gwhEA ZaRsx 2a Ak



(0]
(@)
=
o
o
_I_I.
0x
or
10
0F0
o
o
o
ne
0x
2
8]
o
i
f0
]
X
Olf
14

TXo 0l& M Eg|

il

oy 542 A FAge] 27 SFE AlE HEezh 27 Aed =gAY FHAEG Fve
5= DRAMT} q]g_zj,o]a}ﬂ & ok &=F HE He g8t FMAEFS Frhsit g e 2] F
g dREE 9719 4§ DRAM#H H|Sshriu Z2 A2 F AES AAHNY 4 msddA
g olule] AeE AFTERA T 2] Axke] AS- “d 7]-8F (Key-value)E FA81d 7|& #H=-
g 10000 h% 271 Bs& AFdrh. DRAM B Egfet gy AFH dE-5dY Efe 4 =
I gHlEE =d 27 A 2 T A =7 g9 Hloly Alg Heols FEE fAT
g vREE A A" =93 o owX UESF &g} oA wr ko] By s o
&2 deAst B FHdFHe s dod 9l ANEE 9E 5 Sl7] wiEel 27 n&s A3
7] wZel Fe] e zTe] Qs T A, AdF o vt mRyedA 2 A
=R old ol MRy V& S UTFAE AT 5 Uk
sto] m&Heor Ugaty] Astel A4 F& A= Atd AFH H=-E Ee CHor 73
Ho A g AMgHE dE=-59 Ef (red-black Hom v faR= snke] deirtelA]
tree)E M3 Hxele] 54E u#ste] fde ﬁ‘”"ﬂ ofal A= FUHEY 27 EfEE A
= A7E FdEY de-59 Ege gaAd AaAZTH B AFTA de-59 Efe ==
& o]zl g4 Eg® dolg el 449 (Insertion), 1H°ﬂ*1~ HelE Fez dHelHE fAste] volH
A (Lookup), 2HAl (Deletion) 44HE O(LogN) & EgolA A nE&s 9024 ¢y 3
Azl AlEgkeh, Amgart bAska va T T AT
ol 7] wiel d=-5Y Ege= wE dHoly A o= AL UE 2o 2%eAe AT
g9 Aol Had dAdA W FgErt A fe-E9 B Fxo s AAE] dyet
A% B9 gEs Ade ZRAAEY s v 3gANAM = skl del =olska 4l M= A
2y 949s #s] A% ARTxE de-5Y 25 2en
EfE AMgsta 9lar CPU =7A1E% S 918 =2
A2s el $EEE go-Sd Eg o 1. AIEY el|l=E-E23 Ez|
ok E=F H WAE delEE Astr] A%
NoSQL Al&Fo Mk HolH | vEtHoly & & 1. 8l=-22 E2| (Red-black Tree)
g37] 913 §x= g=-E EgE AR 8 4 AleHa 9= ge-Za Eg
E-wd B ol 58 F8Ee e AR (Red-black Tree)™ 1972 %9 Rudolf Bayer ©l
Z oy dxge Htslg 9 ANSSE SHoA o8 wetHQr. wraltl Bdl pl o Aw=
&4l 57] el FASES sto] Edd BFYS BASE PO
gy HE-2Y Egs A3 dRE 9 2 E4 AZo YT vt} didle] =43 A
A OEAT AT BA LT ATARL U B o e 54 (owmioms Bl Eel7 98 &
& AT 5 AT delE e 25 s A gg & gus an. oge d=-2d Edd
Ad HE-sH B AEHeR B8 PRI H ge ngge wAge o BT & e 1 A
HHdA (Rebalancing)shs 49 TAS=H O g gig vee W 4Y A 2 FPHE
Z]lo] 7] EdAE FEE] SFA7]7] g ol B4 (Amortization)o|th. ABHo® RE do]g
olgj gk EA¢] DRAMOA = A eHI=m #& ol el = A7 Wel A+l (Insertion), AHAl
A FAAIG 7] LErF =eal vpE ZAI & (Deletion), A4 (Lookup) $14HS 1w A-a-t},
sl B 3EA vrzgdds ey £ B a8 o) A9l dbultl Egle] TRE wdsE)
A AR EAZE 2 4 Ak T ogo-e By £28 2r1A0 2y Egu
ol & =xdAME ASH FE2E T ud S Wwa] WANA 27 ASo] @i nlEE
’d (Rebalancing) 34& Folal 7] TZ A4S B} ZAS = B SEA wRald e Al7Ek b
Al A2 FEHe d=-EY EgE At FHAS 2o 2 gk 12 1S A9l alale] wr
gk Abske ASA lE B Efe HolE AL wo Y- Ego 23 o] w2
(Table) T+Zx¢ Ed #+2E& a&Fo= 1A% ny]| ZE GAS e oAE B nolFEy. 2
Egle & (Rebal ancmg) A s¢E A Ao A= stite] dlolE ololEle] 7] (Key)E 7}
A7 Aol A4 ofelr]ojoltt, o] A2 B I LA



erSHti=3stal=2X M 143 M 2= 201949 43 81

Insert (3) Insert (6) Insert (15) Insert (18)
Insert (34) Insert (4 Insert (5)

a8 171 de-59 By = @A BY w=, I e wE)

Fig. 1 An original red-black tree architecture
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