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Performance Isolation of Shared Space for Virtualized SSD based Storage Systems
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Abstract

In this paper, we propose a performance isolation of shared space for virtualized SSD based

storage systems, to solve the weakness in a VSSD framework. The proposed scheme adopts a CFQ

scheduler and a shared space-based FTL for the fairness and the performance isolation for multiple

users on virtualized SSD based storage systems. Using the CFQ scheduler, we ensure SLOs for the

storage systems such as a service time, a allocated space, and a IO latency for users on the

virtualized storage systems. In addition, to improve a throughput and reduce a computational latency

for garbage collection, a shared space-based FTL is adopted to maintain the information of SLOs for

users and it manages shared spaces among the users. In our experiments, the proposal improved the

throughput of garbage collection by 7.11%,

on average, and reduced the computational latency for

garbage collection by 9.63% on average, compared to the previous work.

» Keyword: NAND Flash Memory, Virtualized Storage Systems, Solid State Drive, Garbage Collection,

Performance Isolation, SLOs
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[l. Background and Related Works

1. Background
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Table 1. Characteristics of flash cells

Description SLC MLC TLC
read latency 25us 60us 100us
program latency 200us 800us 2.4ms
erase latency 700us 1.5ms 3.0ms
bit per flash cell 1bit 2bit 3bit
endurance 10° 10* 10°
price per bit high low very low
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Fig. 1. Overall block diagram of Solid State Drives
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V. Performance Evaluation

1. Experimental Setup
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Table 2. Parameters of simulation environment

Parameter Description
Page read latency 60us
Page program latency 800us
Block erase latency 1.5ms
Over—provision blocks 15%
Garbage Collection Trigger 5%
Number of channels 10
Chips per channel 1
Dies per chip 2
Planes per die 2
Blocks per plane variable
Pages per block 128
Page size 4KB
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Table 3. Workload characteristics

Workload Write ratio Avg, request size | workload size
(pages) (GB)
financiall 76 1.44 5
financial2 17 1.09 5
webmail 73 4.35 40
web—-vm 72 4.19 40
webusers 70 3.51 10
online 64 3.80 10
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Table 4. SLOs assigned by virtualized storage system

Workloads Allocated blocks SSD capacity
for users
User 1 User 2 User 1 User 2 (GB)
financiall financial2 256 256 10
webmail web—-vm 2048 2048 80
webusers online 512 512 20

2. Experimental Results

2 =FolA= HE
21 VSSD #1913 713} vlargich A3 g 7tel] digh vl
A= SSDlA 71 B2 OHﬁﬂ =5 zdste 7HA 2

2

I3 4=

AgralE 71HE 7]1E9 OPS LHE A

o P Aele, BF AANE NFoR Wk,
A AR B AP E VSSD Eell91

7|Eog Aatskste] BolFar gtk Aljbehs 7ML V)&

9] VSSD =g

DOvssd BEproposed DOvssd BEproposed

B B

5 £ 108

2 E 2§

= .= = .=

g =i e

<8 £ 310

= O = O

O &b O &b 1

= 8 005 =g

';m = —E" 0.98

£ %0 09 £

2 ) .
Z financial l financial2 total Z webmail

(a)

(b)

web-vm

.S 1.06
1.04
%0 0.96

total

=19} Hlasto] FH o2 7.11%2] 7|4

Dvssd Mproposed

sarbage cn]lcction

0() HI HI HI
’tw

webusers online total

(c)

Normalized throughput of
ot

Fig. 4. The normalized throughput of garbage collection



Performance Isolation of Shared Space for Virtualized SSD based Storage Systems 7

Bvssd Wproposed

Average garbage collection
latency (ms)
=S|

financiall financial2 total webmail

Bvssd Mproposed

Average garbage collection
latency (ms)
[T T
o
Average garbage collection

web-vm total

Dvssd Wproposed

latency (ms)

n

webusers online total

(c)

Fig. 5. Average garbage collection latency
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VI. Conclusions
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