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Abstract The emerging non-volatile memory (NVM) provides a lot of advantages, including byte-
addressability, durability, large capacity and low energy consumption. However, it is difficult to
perform concurrent programming on NVM, because users have to ensure not only the crash
consistency but also the correctness of concurrency. In order to reduce the development difficulty,
persistent transactional memory has been proposed, but most of the existing persistent transactional
memory has poor scalability. Through testing, we find that the limiting factors of scalability are
global logical clock and redundant NVM write operation. In order to eliminate the impact of these two
factors on scalability: A thread logical clock method is proposed, which eliminates the problem of
global logical clock centralization by allowing each thread to have an independent clock; a dual version
method of cache line awareness is proposed, which maintains two versions of the data, and updates
the two versions cyclically to ensure the crash consistency of the data, thereby eliminating redundant
NVM write operations. And based on these two methods, a scalable durable transactional memory
(SDTM) is implemented and fully tested. The results show that under YCSB workload, compared
with DudeTM and PMDK, its performance is up to 2.8 times and 29 times higher, respectively.

Key words durable transactional memory (DTM); concurrent control; non-volatile memory (NVM);

data consistency; properties of atomicity, consistency, isolation, and durability (ACID properties)
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Table 1 Optimizations of Durable Transactional Memory
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Fig. 4 The latency of NVM and DRAM under

random write
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Fig. 5 The composition of timestamp under thread
logical clock
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Fig. 6 An example under data-driven method
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SRR B R b B i 5 1 7 B Ty
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JEBEHE AR T2 55 B PERE Y X 2 R R A0 RO SR i
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ol S BT AT AL 23 4 2 1k 22 A B U5 1) — 3l K]
I ShASYT REER h I Bh 1Y 07 vk SR A RN B E—E
FEIZ bt fe 7 K8 & Bk, A AT CPU KLY
PAT LA SR CPU 22 4+
34 ZRBREZENMHIH

SRR EET R C++ kM, o H
PR T RS M APL B get _time scmp _time s
new_time AT HE FEA AR 3 A sEEU LB AES
273 2L pR R S Z T 3 HL 5 R 1 AR R 55 A A A
TXZ A EE R 5 I 2 Fros AE TX 4514

P R A R R B AN 1k — A 3 TR T T A kA
it B A R A L T B ) /N By SRR I e KRR R 4K
AN B AR G read _set il wrtie _set iE 5%
Bl 5 ok BB L read _ser AXANAT S ECHRE (0 sk
write _set [a] B} 30 P47 & B8 U5 9 1E.

Table 2 Data Members of Transaction Structure

K2 EEEMEHNEIERERR

uint32_t tid £ ID 5
uint64_t te LR A 5 A 32 e b
uint64_t[ ] ses JITAT 222 14 L 1y i 4
set read _set 10 T2 45 B A9 B e
set write_set 05 45 18 B 4 B

BRI A — A TX 4509 74 5241, 7 26
2 WA B I 75 B0 32 S 0 AT W 6 Ak e
e ID 4 B A% AR A — A == IN I 2 1D, X 1id
e FEATHIAGAL IR JE KB ses TP RYIT R 2R W)
WAL R 0.8 TREME & TX S5 A RS 6], KR B2 ses
T s G B R A 55 R — B B S5 A 1A T
HETIEET. T BN E S read _set Fl write set 1§
0 At 4 B dhe AL 53 A e 2 5.
RARZ I P Oy P S A T B AP, X s
APT IE 24 Jry 32 48 B B0 A B, DL 38 1] 7 X 4%
ey b AT B e AR T AT DLSE AN T T R AR
T I 0 B S B 5 vk R T aX L APT P
AN DR AR A 413X 3 S APT S B, A 1
B
Bk 1. B A DD,
D Function get time (tx)
@  tx.ses[tid ]=tx.tc;
@ Function cmp time (tx)
@ if ts.te<<tx.scs[ts.tid ] then
return true;
else
tr.seslts.tid |=ts.tc;
if tx.read _set J&=—FHY then
return true;
end if
return false;
end if
@ Function new _time (tx)
@ tx.tc=tx.tc+1;
®  return(tx.tid<<(64—n)) |tx.1c.

® 6 6 0mm06e e
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Fig. 7 Data layout of cache line conscious dual versions
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Table 3 The Main Members of PtmObjectWrapper
&£ 3 PtmObjectWrapper EERETER R

B3] I ik
OpenWithRead BB
N REL
OpenWithWrite 18 BB R
uint8_t lock | new lock Flnew 5 1B
Vo BRI T A PR
T
1! 52 MRA
150 VO X7 B i i) 78
uint64_t
ts1 V1 X L A A i) 8
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H Pl i OpenWithRead 1 OpenWithWrite
e X Bl HEAT R AT E S AT 2 A R A
S B, INBEE 2 FiR.

Bk 2. AT NI BUSUA.

D Function OpenWithRead (tx)

@  saved _new=new;

@  saved ts=saved new==0%s0:ts1;

@ i lock #saved new & &. time cmp iz,

saved ts) then
® ret = saved _new = =07V 0.CopyToDram
O:V1.CopyToDram O ;

if new ==saved new & &. lock=*

©

saved new &.&. (saved new ==
0?ts0:ts1) = =saved ts then
return ret ;
end if
end if
if tx is not READ _ONLY then
sdtm_abort (1) | * B L FFEI * /
saved new = saved new==0%91:0;

saved ts =saved new==0%7ts0:ts51;

SNENSESESNONSNS)

if lock #saved new &.& time_cmp Gtz
saved _ts) then

5)

ret = saved _new = =07V 0.CopyTo-
Dram () :V1.CopyToDram () ;

if lock #saved new &.&. (saved new
==0%s50:ts1) = =saved _ts then

®

return ret;
end if

end if

end if
Function OpenWithWrite (tx)

saved new =new ;
saved ts=saved new==0%7ts0:ts51;
if CAS (lock ,0,saved _new==0%2:1)

&.&. time_cmp (¢tx ssaved _ts) then

SECNSESESEENSNS)

@ ret =saved _new ==07V0.CopyToDram
O :V1.CopyToDram O

V) if new==saved new &2&. (saved new
==0%7t50:ts1) = =saved ts then

@ return ret;

end if

@  end if

Q0 sdtm _abort (tx). | * F 5L IFLIFHRK « /
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AR AR o 25 BT A8 RUAS AN 6 2 2% 1 I 1 22 iU TH Y
TRATY SR AN Wl A2 L 25 2 1k 5 H L 7R SR Open-
WithRead ™. L4 #5 D1 3] DRAM Jg . i 2%
B 1A e R AT A A B 2 PR © O By
71N 3K SR R R TR $5 DLECHE 04 2ok B b BE T RE O 2 Bk
HAbF 55 & . M OpenWithRead AR B J&, Open-
WithWrite 5 ZARBUB X BT T CAS 454k 4
s 4. o5 20 B Y 2 TE AR IS lock MY H
I IZ A8 1) B TH B RAS 5 33X o PR g A9 22 A A7 TR 1Y
XURAS (%) BE BT 32 8 350 TH A WA 2 B 8 o A 3R
A R 2 I L (] 80K A 2 5 9 CopyToDram
KK BT B R AS 5 D1 8] DRAM o, DLJS 78 % H 55
rhOE TR 19 U7 )R B E [ #) DRAM .
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Fig. 8 The architecture of SDTM
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SDTM £, 1 £ 8 % 4 I b R0 22 4747 SR 1Y
MURA T 3 A - T 4 A APL: sdom _
start ssdtm _commit s sdtm _read s sdtm _write , il &
w3 s AP sdtm _start FHIG—AF 55 H A
sditm _commit K HEACH 5 5 BT B T7E R AL
sdtm_commit W, R W FH S A FER, X F
R g5 i T 8CA JEAT AL 48 2, B0k [n] B AT,
sdtm _abort TIEZ I EIRZFE S, BB write_ser
FR B I Bk e 3 2 55 T I i b )7 R AT K P AR
BH AT R AL

% 3. SDTM 513k,

D Function sdtm _start (tx)

@  get time(tx);
@  clear read set; | * {525 read _set * |
@  clear write_set; | * W55 write_set * |
® Function sdtm _commit (tx)
©®  if tx is not READ _ONLY then
@ if tx.read _set is not valid then
sdtm _abort ()
©) end if
) ct=new_time(tx);
@ for each item in tx.write_set do
@ item.copy WriteToNvm (item.
wrapperAddr,ct);
® end for
© release all lock in tx.write_set;
® endif
@® Function sdtm _read (tx ywrap perAddr)
@ ree=NULL;
® if (ret =tx.write_set.Find
(wrapperAddr)) || (ret =tx.read _
set Find (wrapperAddr)) then
return ret ;
end if
@  ret=wrapperAddr—>0OpenWithRead () ;
@  tx.read _set.Insert (wrapperAddr ,ret);
@ return ret ;
@ Function sdtm _write (tx swrapperAddr)
@ ree=NULL;
@ il (ret =tz .write_set Find (wrapperAddr))
then
return ret ;
end if

ret =wrap perAddr—=>0penWithWrite () ;

®©0 68

tx.write_set . Insert (wrap perAddr sret) ;

@ return ret ;
@2 Function sdtm _abort (tx)
[+ P ASA] B4R «

@ B tx.write _set FTHEA BYHA

&  BkFE ) sdim _start.

sdtm _read JHIE L BUBUHE , 76 & OF #7 [9) B4
Bl B AL write _set Fl read _set WP 215 1FAE
ZRAE I 8 DL SR A A, R WIAE Z 8 U5 0] % 8
i . HAE DRAM WA AE — S48 DL, XA i) DL 2 0R
132 $5 D14 b bk, 5k S D7 ) AR Y NVMLIX L, 55
oA 1Y 2 write _set , 3 & N A1 RAEX A5 55 i
BB AE I8 A 848 WO i s (o BRIV R 5 i AR
W) —ETE write_set T ANRTE DRAM A 1%
Kot , W3 3 pR B OpenWithRead 76 DRAM H Az
We—A4 01, I 48 A B read _set W, 3R 5 1R Bl % 8
DUAY Bk, sdem _write F1 sdtm _read FHRL, H &
sdtm_write fVAXAE write_set & 48 &6 A 1Z 5 s
A5 D1, IF HLA RS2 PR AL OpenWithWrite.

6 LWEER

6.1 XRHREERE

AR ST AR 0 3R S A L SR NV 7 35 455
THEAT Y SE R T A U IC S AR 4 Fos Hodr,
M5 447 2 4 NUMA 45 i BT R 36 4%
IFFN T AR JER & T 192 GB ) DRAM Al
1.5 TB i Optane DCPMM. Optane DCPMM 1t
3 FP AL B AL X : Memory Mode, App Direct Mode,
Mixed Mode. {1 - Memory Mode A5 3E 4 A,
X B ) 5& App Direct Mode Bt & , I i
PMDK X He 2 [8] 1 43 B 5 (0] S0k 47 48 3. A SO fife
T TINYSTM™ e ity i ixCHE 28, 454 3 19 38 17
IFTE A 10 s, I IE LB AT 5 AR 5 BOF 49 E. 78 1t
& B, libe [ HF N AE 20 BiL #% ptmalloct™ 3 J@ 4
B R T TH R N AF 43 TC i X D0 3K 4 52 o L A S
THEZLR T BA T EERR jemalloc™ .

Table 4 The Configuration of Server
Fx4 BREFBEERFS

i {4 #I 5
CPU Intel® Xeon® Gold 6240 CPU@2.60 GHz
N 192 GB,24 MB LLC

NVM Intel Optane DC Persistent Memory Module(DCPMM)
BIER G
R i

Ubuntu 16.04 (kernel version 4.15.0)

libvmem, jemalloc
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Fig. 9 The throughput and abort rate of Hash table
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Fig. 10 The throughput and abort rate of binary search tree
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