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Abstract The persistent memory (PM) fascinates many researchers by its high scalability, byte-
addressability and low static energy consumption which can contribute to the fusion of main memory
and secondary memory. However, the interacting granularity between the volatile last level cache
(LLC) and the non-volatile PM is normally 64B which is much larger than 8B, the granularity of the
atomic updating operations provided by the main memory. Once an outage takes place during the
process of transporting data from LLC to PM, data integration on the PM may be destroyed, which
will lead to a breaking down of failure atomicity. Most researches are used to solve this problem by
forcing the data persisted following some order implemented with flush and fence instructions which
are always accompanied with large overhead. This overhead will be amplified especially in index
updating which often leads to some transformation of index structures. In this paper, we focus on
reducing the persisting overhead for ensuring the failure atomicity of updating a PM-based B -Tree.
We propose a one direction shifting (ODS) algorithm based on the real data layout in the tree node as
well as the node utility, the persisting overhead of different updating mode and the relation between
different operations. This algorithm implements the in-place deletion to reduce the deleting overhead
and takes advantage of the pits generated by in-place deletion to further reduce the shifting overhead of
insertion. We redesign the rebalancing process of our persistent B'-Tree according to the ODS
algorithm. Experiments show that our proposed ODS tree can outperform the state-of-the-art PM

trees on single and synthetic workloads.
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Fig. 3 Data changing after inserting 13 in the node
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17 BT ) 0 B W R 7R L 7E UG B s i key H
M) value AR [F ., 7547 B A RO 1] A 5 48 1E. Bl A
AR 1 PR

ik 1. BB s AR ODS _insert (key
value).

@ if fLEAE ¥ then

@  reconstruct_node () ; | * BAINE * |

@ else

@  tail=get_tail (node.bitmap);

[ * ALK e Ji — D ICR L E * [

® for G=tail—1;i=0;:——) do

© if (get_bit (node.bitmap,i)==1)

then

if key>>node.records[i].key then

position=1+1;
[ * B RAH AN E «
break;

end if

else

dig=i; [ * iCREE AL« |

end if

end for

® Q

if position==tail then
if key>node.sibling .records[0].key
[ WA AL B SR A TE Lo T A+

then

®@660 60666

sibling .ODS _insert Ckey svalue) ;

® 6

return;
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) end if
end if
@  for (j=dig—1;j > position—1;j ——) do
@ node.records[ j +1].value =node.
records| j J.value;
@ node.records[ j +1].key =node.
records|j J.key;
@ if flush==true then
) cl flush (&.node.records[j+11);
end if
@  end for
node.records[ position ].value =node.
records| position —1].value;
@  node.records[ position].key =key ;
@  node.records[ position ].value =wvalue ;
@ clflush( &enode.records [position]);
@  setbitmapl(node.bitmap , position);

@ end if
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AR ) value P&y WL o 5 U35 (Y 10D B
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AR5 2R S AN i 0] LI B A B L I B 48 1 58 s
AL EE S 0, RIS s N TCA RO 00 32015 s
ALY R IR Hh T A SCIR B B 0 N R L B
PRI IH AN 25 38 B I 3 1) 2 T) R 9%
2.5 HUEREL4E

PLHRAEAAAE T A FRERAE L)L SAh A 72 th 4 A S
AR R B G AT UL AR A Ok T A R
YR B AH B AL B 5 BN ECF — AN g SR Y value
fE .25 2 4 value fHAHIE , W) Y A3 {57 & 1) key A ITLAL
Bl AR R Ak 2L AT B R A R BT AU B0k
] ok A $2 3.

TE ABANE S E W EIR B S i, H A value
H LA R Z BB A 0] DL key o2 A AH B # 5l o D ot &
A2 R G HR 5E I 7AE B AN — BT AT S AR A I
BAEE value KRB IE.
26 REHREHNRE

AT B ODS 4 A 75 22 % A — By B i
B 5 A A BL A5 AR 3 72 b X AS W] 1T 4 oL 81 3
Ay E AL AL SFRr B 1R R A2, LD B0 32 8« R 50
Bt A s AL T A AN TT G, 25 5 A ] i
AR I I 2 48 A (R4 4 A B AR 19 O A 5 AR 4k
B HEAT RS B SR R S AT R
FH D00 E R 15 55 P A 3 i Bl 0 A U SR AR A
AT key XA value B 5 7f — 4> key f value
{ELAR T S DULASE BRUAR R AV R 0 25 AN TRL U0 SR 1 3t 7 484
TEFAES 1A null B CF9 R P8O 2 0 RO 15 1k
WG A7 PRI 52 58 ok ] B 5 452 TR A 7 58 1. i 3
52 value Z [ 1) key ANTT UL , 38 3 457 [€] #H W A2 R O
FI N E M BR (= IR IR,

3 ETFPMHEGEE BT

AR IR TN R SR E R BT R

H YT (rebalancing) 9 M. 32 2540 45 % $F 1 & 1 4
SRS R Y R RS AR R R R AT
3.0 EEFUHEHEIRE

T FAT BT A 52 b Al B 18 R 1R A
PR R 2 7 2R I B 5 AR G 7 A i S L R
%A ALRES A 7 AT AU H 2 3 T SN
G P B S5 R o 52 R S TR 38 Y s T 4 A
TR I A A P A ) R AR A L o SR A AR AL
T AR S R AR T A R N e FRATT S
A7 1 23 A1 5 PN s )R R 5 O o A, R Y
iy A .

TEASCHY BT 1 BT A 249 467 58 W X2l 4 A 45
Vi 2 o 5 B4 T 125 A A B0 35 s U AR 4
AL PR 8] FH 238 B B0 A1 156 10 38 6 R I 0 i g £
A FHTA SCR IRy 5 2 47 SR A0 45 2r R 5 1
WNHRRE G O TR FATBOE 2 G T E IR
WERESE P, 5 P, Py TR Y i 8 a5
AT Y FTT AN Py O BT Y A E) A R
JH 70 W7 17 3 428 o o g A SR s LA R A T

o 3 K 48 AL B AR AL 18T R B 23 A
FIWT T N S 15 RE % 30 1 B8 S B0 S i 4 A 1 Edle
P ftas (a] A RE A 42 25 1|] . W) Py = true; #7 JC¥E R
ez [ 0] P, ={false.

# Po=true, 46258 WUAH A #RAE A P =false,
HRE AL 3R AT 2 1 P, .45 P (/N T B{E T, 1
RN A B RN T T W BEAT YRS AR,
T SN B BB A P =T W HEAT o R4 52
B T SN A R LB 2026, T =0.7 B, GEfE
TE PR AEPE BE Y[R Bl 20 A% 0.1 06 2 47 1) =5 ) T4 #E.
32 RS

AR SCUCTT 19719 5 20 vk i 3 o PR AR A 35 A
T 68 0 A I AR O o AR B 0 A R
HE B S Y N LIRS R U o B L —
YRS B8 i it A 30 1) % A R A L DA I B 0% 22 i
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B 2. R 2% ODS split (node).

@D shifting _position=get_shifting _data _

num (node.bitmap) ;
[ AR AL ARAT 19 A R AL x [

@ tail =get tail (node.bitmap) ;

@ new _sibling =malloc (sizeo f (node)) ;

@ new_sibling .sibling =node.sibling ;

® new_sibling .bitmap =0;



BB TR AR B 3 B R

379

© for (i =shifting position si<<tail ;i+-+) do

@  if get_bit (node.bitmap ,i)==1 then

new_sibling .ODS _insert (node.records

[i ].key snode.records|i ].value) ;

end if

@ end for

@ node.sibling = sibling ;

@ clflush (&.node.sibling) ;

©® node.records[shifting _position].value =
null;

@ cl flush (&-node .records[ shi fting _position]) ;

©® parent =get _parent (node) ;

parent .ODS _insert (node.records[ shi fting _
position |.key » &sibling)

@ for (j=shifting _position;j <tail ;5 +-+)

do
setbitmap0(node .bitmap ,j ) ;
© end for
T T A T A SRR - D) B T

HEHE (OD).2) 73 B — A 1Y 1 s IF #4790 1R
(@ ~@) .3 HHha J5 4y s AL B B 75 2% 3l i 5k
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i PR A DT A — 2 B OB T R AL BT 2 B
BB (© ~A0) . 4) 18 BB Y 55009 S0 5 48 BT 48 118
SITL AT AL (D @) .5) K J5 T 5N 3 24008 1Y value
WHE N null FFREAAL (@ @) . 6) K87 15 A8 I 21 42
R (O@). DB SR S A E (@ ~O).
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Table 1 Experiment Configuration

1 ZHRHERE

4 B &
Jib #125 Be KA GHz Intel XeonE7-4809 v2 1.9
1.3 Cache/MB 12
F17/GB 16
Linux N # 3.10.0
GCC fA 4.8.5
i 1R LI -03
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H— AR RE SR A R RE. i TRATR N E
52 value {EAE 2 R WU FPE PR B 451, B value K
BE R 8 B, I HE T AR L 7E E K key, value X
s R key WK T 8 B I AR &7 4 e WUR 1
[B] R Ay f A S 36, AT HCH key s value K EEH R &
H 8 B.
4.2 B—HAFHUK

AT/ MWL T ODS, FAST&.FAIR, wB' #f
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Table 2 Flush Number of Insertion and Deletion in

Different Data Structures
2 AEAHEFELEMBNSHERRBIEDN flush IFIEH =
HABETI AW MR EEAES ALY
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flush %t flush ¥ it

ODS 157075 62482
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Table 3 Flush Number of Different Data Structures

Under Different Workloads
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