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A Time-Sensitive and Efficient Hybrid Storage Model Involving SSD and HDD

YANG Pu-Yuan JIN Pei-Quan YUE Li-Hua

(School of Computer Science and Technology » University of Science and Technology of China, Hefei 230027)

Abstract  Solid state driver (SSD) based on flash memory has become a persistent storage device
widely used. But it can not take place the magnetic disks absolutely due to the imbalance 1/0
character and the high price of flash memory. The hybrid storage system consisted of SSD and
HDD is gradually becoming the research issue. For the hybrid storage with SSD and HDD, this
paper proposes a time-sensitive hybrid storage model to efficiently take use of SSD. This model
takes SSD and HDD at the same level of the memory hierarchy. According to the page access
counter and access temperature, the model achieves accurate page classification and placement
which places the hot and read-intensive pages SSD and places the cold or write-intensive pages to
HDD. So the model takes advantage of the asymmetric I/O properties of HDD and SSD to reduce
total 1/0O latency of system. We separately realizes the model on the hybrid storage based on
high-end SSD and middle-end SSD and finish the performance evaluation. The experimental result
shows that our model can achieve more accurate page classification, reduce the migration cost

and get obvious performance improvement with fewer SSD.
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migratePage(Page pg)

1. if pg. placement=SSD then

2. pg. placement<—HDD;

3. Remove pg from SSD index and insert into HDD

index;

4. else if pg. placement= HDD then

5. pg. placement<—SSD;

6. remove pg from HDD index and insert into SSD

index;

7. end if

8. set pg is dirty.
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updateState(Page pg)
1. pg.ti<pg.ts;

pg.t,<current time ;

interval<—pg.t, — pg.t ;

= w Do

//update page access time

if interval<<ssdSize then
pg.hot,<—current time ;
pg.cold,<—current time ;

else if interval > ssdSize then

© o =N o> Ol

pg.hoty<—current time ;
10.  pg.cold,<current time ;
11. end if

12. //update page state;

13. pg.changeFlag <{false
14. if pg.hot, > pg.hot, then
15. if pg.state=cold then
16. pg.state<—warm;

17.  else if pg.state=warm then

18. pg.state<—warm;
19. pg.changeFlag<true;
20. end if

21. else if pg.hot,<pg.hot, then
22. if pg.state=hot then

23. pg.state<—warm;

24.  else if pg.state=warm then
25. pg.state<—cold;

26. pg.changeFlag<true;
27.  end if

28. end if
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bR B R BRIAE R false, UK A B warm 42
cold B(# hot B iIZZEMEE N true, XS HUE
HIESCH /O it B E bR &, 1~ 11 47k 1 0t
T 5 [0 B[R] (4 BB 14~ 28 AT 3R T U EEIRZS i T8
oSBT R L TR IR SRS

BET A PR SR RSB, AR SR T R T iR
BT A 5 6 451 1) (SSD 5% HDD). 33 — 7 3 2 M i i)
FBEVTE T DU Y B8, R — 18 A2 ) A B 1h i
AR
2.3 TUTEZE i 3 0 3R

B TS S BRI 1/ O R o R AL 5L T8 1 35 1]
FREE TR L BUTE A 1/ O 53Kk 23 5% 0 DU 1 R L. 7
W FRAT G A— A DI A AL ] 8 3RO DU
et 7E SSD BY % HDD | A4 46 1] . AR 98 51 1 #9
1/0 Geit i@t 8% B 42 SSD A HDD | 1/0
AR FATT AT AAS 3 U1 o7 5 1) 14 T 55 (DA 17T A
SE L TH Y AE A

FAF SCHRL7, 13T BT 48 1 o 00 T S v U 1] e
HEAE DU 748 1 1/ O AR ke h 3 /Y. SCHRL7 J 42 i



2298 iH+o;

8 AT B A5 B L T DT Y U7 18] G 3 A A T
TUTH A 1/ O A 5 5 1) . (HZ IR Dy 12 Y
AR EL T IO 43 B VORI 1/0 g2t iy, e DL E A
A A R RRRLN . IX R G LA I 1] 6437 R] £
28R 2 I A7 1) 67 3800 224 i A4 DT E LA A R
SR . T 2R RRARON . BTET LA R R U5 ) B AR R Y
1/ O GEHHERF 23 AR R DT fef 32 455 2 5% 24 if 1) 5 1]
7 3 A AN SRR 33 K 2 T A I 114 T E £
R ) & 24 SSD A7 BRI, 23 38 AL SSD £7fiff 25 1] 1)
Rk

P SSD o 65 B A% A SCAR B BE T 37 455 02 Ak
TAHRZ RN SSD 1. It AT 77 B4 1 — A~ HE
F8 BR8] 3 SR Y. L SCRR L7 A A
LD S S N N T B3 TS B8 U S = v
ASCHIA T T /O A TR T7 . X T A s
VU S B B () #0285 [ &S e s A ge it 9F B
— Yy BT R AR XS 1O A B TR H 2 58 7 1)
BAVEA BRI, WEE 3 iR, ssdCost Tl hdd-
Cost 437 78 T 7E SSD Al HDD E iRy 1/0
it

Xf F—> DU B E — 2RV R R A —E
REAAS S Wy Y5 [a). Ry 1A 3 S AR Y 45 R X
RN SCHR L7 A5 Y v iy £ 09 B 3 JF A — 4. STk (7]
PR E— N E.ENITERN 1—0/n.0 £IR
e X 7 d . FRR U Y S B H L SCERLT R
TR D 22 AR AR e 7 O W SRR AR A AR SR X
b A SCHT B AR IR AN — i RS 3 SR
2 A7 BN A DU A AR LA ST — /N kAt
B L3RR B DU Y 2 58 U5 1) #4380 N 3R it
T T A U5 ) B VR B9 1128 B LAAS [m] B¢ 0 T 4 A5 A4S [
AR A A okt Sz e 7 AN T) DT 4% A AR ) 6 28R T
B 3 TR AR SO T3 A B 256 (R R i 5 322 58 5 ]
BAEXE 1/ O AU THE A 52 .

B3 it

trendCalculate(Page pg)

1. flag=<true //the flag of whether trend is reduced;
2. g<1—(pg.lr+pg.lw)/pg. totalaccess;

3. //calculate the I/O cost on SSD and HDD
4. ssdcost<=(pg.lr* q+pg. pr) * ri+

5. (pg.lw =+ gt pg. pw) * wi;

6. hddcost<=(pg.lr+ qtpg. pr) * r+

7. (pg.lw e g+ pg. pw) * wys

8. //calculate the trend and its reduce

9. if pg. state=hot then

10. if pg.changeFlag= true then

E 4 2012 4
11. pg. trend < (ssdcost—hddcost ) +
12. pg. pretrend;
13. pg. pretrend<pg. trend * B
14. pg. changeFlag<false; flag<true;
15.  else
16. pg. trend < (ssdcost—hddcost) +
17. pg. pretrend;
18. flag <false;
19.  endif

20. else if pg. state=warm then

21, pg.trend < (ssdcost—hddcost) +
22. pg. pretrend ;

23.  flag<false;

24. else if pg. state=rcold then

25. if pg.changeFlag=true then

26. pg. trend < (ssdcost—hddcost ) +
27. pg. pretrend;

28. pg. pretrend <pg. trend * B

29. pg. changeFlag<{false; flag<—true;
30. else

31. interval <—pg. cold, — pg. cold, ;

32. if interval/ssdSize<hddSize/ssdSize then
33. pg. trend < (ssdcost—hddcost) +
34. pg. pretrend;

35. flag<false;

36. else

37. pg. pretrend<—pg. trend * 3+

38. (ssdSize/interval) ;
39. pg. trend < (ssdcost—hddcost ) ;
40, flag<true

41. end if

42.  end if

43. end if

44. //reset the counter

45. if flag=true then

46.  pg.lr<=0; pg. lw=<0; pg. pr<=0; pg. pw=<=0;
47. end if

48. if | pg.trend | >w, +w, and pg. trend<<0 then
49,  return SSD-trend ;

0. else if‘ pg. z‘,rend‘ >w,+w, and pg. trend >0
return HDD-trend ;

. else

—

w

LIS ) NG e |
Do

return pg. placement;
54. end if
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accessPage(Page pg)
1. pg.totalaccess—+ —+;
2. il pg is found in buffer then
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Hiks.
1. Page pg;
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12. migratePage(pg) ;
13. end if
14. end if
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17. end if
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Background

In recent years, the technology of flash and SSD has
gotten much attention from academic circles and industrial
community. The technology of flash before was usually based
on the concept “flash replace magnetic disk absolutely”.
However, some recent experimental data and research result
shows that the hybrid of flash and magnetic disk is the future
of the storage system. Current correlative research does not
clear the policy of the hybrid storage based on flash and mag-
netic disk and there is no research work having proposed an
effective approach of data classification, which blocks the
development and application of the flash device.

This paper, aiming at the problem, proposes some view-
point for the hybrid storage taking SSD and HDD at the same
level. This paper mainly investigate the problems such as ap-
proach of data classification, the best hybrid ratio of HDD to
SSD, the performance price ratio of whole storage system
and so on. Finally, this paper proposes a hybrid model to
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resolve these problems above. This paper proposes a time-
sensitive hybrid storage model to efficiently take use of SSD.
This model takes SSD and HDD at the same level of the
memory hierarchy. According to the page access counter and
access temperature, the model achieves accurate page classifi-
cation and placement which places the hot and read-intensive
pages SSD and places the cold or write-intensive pages to
HDD. So the model takes advantage of the asymmetric 1/O
properties of HDD and SSD to reduce total 1/O latency of
system.
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