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A Study on the Implementation of Low-Power Cache Flushing
Instructions for Persistent Memory
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ABSTRACT

Persistent memory technology has been recognized as a next-generation memory solution because of its stability
over traditional volatile memory. The primary advantage of persistent memory is its non-volatile nature, allowing
data retention even when the power is off. Additionally, persistent memory offers faster read speeds compared to
traditional HDDs and SSDs. However, ensuring data consistency through cache flushing commands is increasingly
important so that performance and power consumption issue would be challenges. This paper proposes a new cache
structure to mitigate the drawbacks of cache flushing by considering the number of flushes per cache line. On top of
that, a counter and decision bit to track and manage these actions are added. As a result, this architecture decreases

approximately 56% of the additional memory access.
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* Initialization:
intA=1;
intB=2;

1: void adder() {
A=A+2;
B=B+2;

: void detector() {
if B>5:

printf(“%d %d”, A, B);
)
: void adder_with_flush() {

A=A+2;
CFLUSH();
B=B+2;

DR TN R
——

wn
[~~

Fig. 1. Target Program.
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Fig. 2. Cache request and response.

= ek wEbA, 2t 3o JIA = addad S AT
o, W= A9 BA|9] oEAdo] Holx] fong, s
HRto] sl A7E Qickal sk, Sof Ui Fhel A
gl w3l ZA7F = 49 AR Ak Ak

AR HALHE ve| o] e, TR 3 F4F
of @77t WAyst HAIS] AR A71A] St dH
2 w27t A 4 ke Aolth 7]E9] SRAMO)
1 DRAMS] 749, SF=fo] LR FAIZE WS of
o dojel7t adER R, vy JHRE AFEAE e
ok SRAIRL BAIAEE Hjwme) o) e, Ho] AR A
H7h ol S 3ol o7 F WS s Agh
of AR o2 Aol W= Batyh Al e
A S ook

Fig 32 0|5 UEHH oflA]o]ct. Fig. 3@Xb)ey= Fig 29+ &
dst e s AR Fig 3dE W AgLE HAlsH
7] Aol o7t WA AElE AR Aolth ¥ B
wol 602 Ao, W A2 308 fA|H
of ), detector =5 0] 10] S=3pA| =W 334 62 &
HaHA| =, ZRI1Eu o] ool A BlojutA] Hrt.

ol RAIE Wsty] flshA BEF o} A7 HEA
AAAOF k= 739, oY Atele]l H(Fence) Ei= 7HA]

BhER|E| 2 E o] 7| 453k] ) A3 AR, 2024

>
i3]
)
> o> 2

o
jin)

o
o
_?L
Ry

¥
e
>
%0
i)
2|
@
b
&

oo 4%,
sh9] el AR 27 whitel, S5k A o] Al
A A7 AZE RS W A 2710 ojg 1 A
opo] F7h4 0.2 WA

Telm, olefat BASS HALHE suelod o
ofshel e Uiebdch W3y WmelS Agsta 2
7) Algk 8 247) ¥ o] 7)) SRAMe]L} DRAM
kAR, AN ZeAe oleld BAE o ofah]
ATk of7]ol AR ulFuy Hele] 49, 7] 34 A)
She glomE XY SHE 2 5 Ui ofA7} ek
webAl, wjASEE Hmelo] A el
ot og Ame PHolZ FaA B
4 aafet

o] oAl o2 JlA 71Ee) AN FHE
ste] WALRIE mee] B4 wad 4 9l
HBE AYSHES o1, ol T
27\ A



= = o]= = = -
HALHE el g 9% A Al e Pl FAol et A+ 55
Variable | Data Variable | Data Variable | Data Variable | Data
A | X A X A | 153 | X
B X B | X B | 254 B | X
|@® [ ®
Variable Data Variable | Data
A 1 A X
B 2 E | X
(a) (b)
 Corel >  Core2 D Corel > Core2 >
Variable | Data Variable | Data Variable | Data Variable | Data
A 3 A 3 A X A | 3 l—

B | 4

B |

B ]

4->6

(

Fig. 3. Cache request and response during a crush.
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Fig. 4. Implementation of Cache Flushing Instruction. DT means a Dirty bit and FF means a Force Flushing.
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Table 1. Processor configurations

Core Type x86, out-of-order, 2GHz
I-Cache / .
D-Cache 64KB, 8-way, 64B, private, 2 cycles
L2 Cache 512KB, 8-way, 64B, private, 10 cycles
L3 Cache
Config. 4MB, 16-way, shared, 40 cycles
DRAM 16GB DDR4 2400MT/S

Table 2. Data Access Intensity

High Data ctree, rbtree, hashmap_tx, skiplist,
Access Intensity btree
Low Data Access queue, tpcc_nvm, arr_swap,
Intensity tpcc_nvm
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