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Performance According to Map Cache Size in lozone-Like

Test Condition : 32GB / address range 1GB / 4K Aligned random read workload 20000 count lozone-Like : lozone2| Random Workload 2} H| X8t
PatternQ| Workload

Hit Rate Hit Rate & RR IOPS IoPS
120.0% 1 - 12,000 )
10860 FTL Information :
100.0% - L 10,000 Map Cache 8KB ~ 512KB
Map Segment Size 2KB

80.0% - 7,547 - 8,000

15 6,548

135
60.00 | 3822 5859 5939 L 6,000 READ(IOPS)

hit rate
40.0% - L 4,000
20.0% - L 2,000
0.0% 0
8K 16K | 32K | 64K | 128K | 256K | 512K

READ(IOPS)| 5822 | 5,859 | 5939 | 6,135 | 6,548 | 7,547 | 10,860
hit rate 1.6% | 3.0% | 58% | 12.5% | 25.1% | 50.1% | 100.0% Map Cache Size : Memory Size for Map




Performance According to Map Segment Size in lozone-Like

Test Condition : 32GB / address range 1GB / 4K Aligned random read workload 20000 count

RR IOPS in Map Cache/Segment Hit Count
IOPS Count
1K m2K m4K = 8K m1K m2K m4K = 8K
12,000 3,000
2,500
10,000 -
2,000
8,000 — 1,500
1,000
4,000 = 0 1
' 8K 16K 32K 64K
m1K 301 583 1,254 2,543
2,000 -
m2K 324 592 1,161 2,489
o m 4K 324 628 1,197 2,375
16K 32K 64K 128K 256K 512K 8K 316 622 1,241 2,392
m1K| 5,904 6,033 6,127 6,317 6,709 7,707 | 10,860 :
FTL Information :
m2K| 5822 5,859 5,939 6,135 6,548 7547 | 10,860
m4K| 5,476 5518 5,599 5774 6,251 7251 | 10,860 Map Cache 8KB ~ 512KB
8K| 4,803 4,935 5,023 5,194 5,601 6,700 | 10,860 Map Segment Size 1KB ~ 8K

Map(Cache) Size
Test Result :

Map Cache : Hit rate2| Z7}0{| = Performance Q| g4t2 0O|0]

Remarks Memory for Map of Map Segment Size : Performance®| X}0|& 20| 2.

Map Segment 1K 2K 4K 8K
Map of Map Size 60960Byte | 30480Byte | 15240Byte 7620Byte

Reason : Hit Rate”} OfL|2} M £ Datal| Size”} Performancedj|
x015




Performance According to Map Cache Size in Real Workload [ Android Workload )

Test Condition : 32GB / address range 1GB( Image Size ) / Android First Boot Workload( Read : 14481 Write : 5199 )

Android Workload : Linux Workload in Android Emulator

Hit Rate & RR IOPS

Hit Rate IOPS .
100.5% - I FTL Information :
8,066
- 8,060
8048 8043 Map Cache 8KB ~ 512KB
100.0% - 0l - 8,040
5015 | o Map Segment Size 2KB
99.5% - - 8,000
7,987
- 7,980
READ(IOPS)
99.0% 1 7950 L 7,960 ™hitrate
- 7,940
98.5% - - 7,920
- 7,900
98.0% 7,880
8K 16K 32K 64K 128K 256K 512K
READ(IOPS)| 7,950 7,987 8,015 8,037 8,048 8,048 8,066
hit rate 98.7% | 99.1% | 99.4% | 99.7% | 99.8% | 99.8% | 100.0%

Map Cache Size : Memory Size for Map




Performance According to Map Segment Size in Real Workload ( Android Workload )

RR IOPS in Map Cache/Segment

m1K m2K m4K

IOPS
10,000
8,000 -
6,000 -
4,000 -
2,000 H~
0 s
16K 32K 64K 128K 256K 512K
E1K| 7,951 7,983 8,006 8,029 8,035 8,036 8,066
m2K| 7,950 7,987 8,015 8,037 8,048 8,048 8,066
m4K| 7,889 7,967 8,010 8,036 8,054 8,055 8,066
8K| 7,778 7,895 7,991 8,032 8,055 8,057 8,066

Map(Cache) Size

Hit Count
Count m1K m2K m4K 8K
24,500
24,300 |
24,100 - -
23,900 - -
23,700 -
16K 32K 64K

m1K| 24220 24,316 24,384 24,455

m2K| 24,238 24,343 24,421 24,482

maK| 24124 24,318 24,425 24,488

8k| 23,980 24,222 24,413 24,494

FTL Information :
Map Cache 8KB ~ 512KB
Map Segment Size 1KB ~ 8K

Test Result :

Effect of Segment Size & Map Cache Size is small

Reason : Workload Locality is too high.
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Analysis Workload ( lozone-Like )

Address Access 23

Count
140

® 4K Random Workload ( Static Size )
® Address Range® 2 80 ~ 120 7j9|

25t Workload Count

120

100 +——+—F+—1"——

B0 o o

B0 oo

A === m e

D0 oo

0

0000102
0000861
0000¢6T
0000981
000008T
0000v.LT
000089T
0000¢9T
00009ST
00000ST
0000vVT
00008ET
0000CET
00009¢T
00000cT
0000¥TT
000080T
000020T
000096
000006
100[0]0) 25
000082
0000c.
000099
000009
0000¥S
00008Y
0000cY
00009€
00000€
0000¥¢
00008T
0000¢T
00009

0

Start Address Sequential Frequency [16M Range base]

Count
200
180
160
140
120

® Workload?Q| Start Address9|

deviationo| &

100

80
60
40

20

0

I

O A M OMNOODAMUOLNODAMOWULNOODAMWOUNOOAMWONODAM
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Start Address deviation [16M Range unit]
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Analysis Workload [ Android First Boot )

- —
Count Address Access &3 _
= Count Start Address Sequential Frequency
2000 16000
14000
1500
12000
1000 +——— — 10000
i READ 8000 —
5 ds B B B | | B 8 B B B BN B B N 000 | |
WRITE 0000 WRITE
o L1888 ..0 BRI RRNNNN BENE =~ 4000
cE8888888888883838888388888838 2000
lsRsRsRsRsRsRsRsRsRsRsRsRsResResResReResReReResResReReRsRoRs] .IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.‘
[eNeolololoNolololololololNololololololoNololololoNoNeNe] o4+ T
NTORSNIEILISRITIILRBO/RIELSES S = u
B e e e I | : -44 -32 -27 -22 -20 -16 -14 -12 -10 -8 -5 -3 -1 1 3 5 8 10 12 14 16 18 20 22 28 30 32 45 59g
Address ‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'
. Address Range deviation [16M Range unit
Read/Write 9 [ 9 1

Locality is very high

Size'q Frequency

Count
4500
Count Start Address Sequential Frequenc
4000 Sector » g quency
3500 Count
300
3000 — 2
2500 +—— 8 290
2000 ——— =16 =0
5 mREAD
1500 +— 24 WRITE
1000 +—— =32 10
500 +— =0
0 : .: 0 +—r——T—Tr——1= '..'.I.I.'.'.'..'...'.I.I.I...I.'.' IIIIIII '.'.'.I IIIIIIIIIIIIIIIIII

-44 -32 -27 -22 -20 -16 -14 -12 -10 -8 5 -3 -1 2 4 6 9 11 13 15 17 19 21 27 29 31 43 48

Address Range deviation [16M Range unit]

Various Workload Size Start Address sequence is very high

READ WRITE

¥
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& . Map Cache/Segment Size®#2}0fl I}= RR Performance %}

Iozone-Like
Test Condition : 32GB / address range 1GB / 4K Aligned random read workload 20000 count . . .
Map Segment Size & 1} Map Cache Size & 1}

8K map Segment

Cache Size 8K 16K 32K 64K 128K 256K 512K
READ(IOPS, 4,893 4,935 5,023 5,194 5,601 6,700 10,860
hit rate 1.6% 31% 6.2% 12.0% 24.2% 49.9% 100.0%
SKLHH| M s 100.0% 100.9% 102.7% 106.2% 1145%  1369%  221.9%
H22| H& 1.6% 3.1% 6.3% 12.5% 25.0% 50.0% 100.0%
8K map Size
Segment Size 1K 2K 4K 8K
READ(IOPS) 5,994 5,822 5476 4,893
hit count 301 324 324 316

SKCjH| S  1225% 119.0% 1119%  100.0%

Real Workload( Android Workload
Test Condition : 32GB / Android 4.0.3 booting workload(android emulator)

Partition(system : 256MB, data : 704MB, cache : 64MB) Total : 1GB ® =2 locality 3! Address @&/ 0
Cache / Map Segment2 1}7} 8i2.

2 oIt Map

8K map Segment

Cache Size 8K 16K 32K 64K 128K 256K 512K
READ(IOP" 7,778 7,895 7,991 8,032 8,055 8,057 8,066
hit rat 2 97.6% 98.6% 99.4% 997%  999%  999%  100.0%
8KIHH| M5  1000%  101.5%  1027%  1033%  1036%  1036%  1037%
W22 t'g 1.6% 3.1% 6.3% 125%  250%  500%  100.0%
RESULT
8K map Size 3 q 9
® Android Workload will move to Iozone-Like.
Seg Size 1K 2K K 8K But don’'t become Like Iozone-Like.
READ(IOPS) 7951 7950 7,889 7,778
hit count 24220 24238 24124 23,980 ® Use small map segment size for more

o . . . . efficiency in several environment
8KCHH| M&  1022%  102.2%  1014%  100.0%




