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In this paper, we proposes CTP-SSD, an SSD-based hybrid buffer memory policy for managing large
amounts of information data in cloud-based server systems. The proposed CTP-SSD was designed with
three policy directions: DRAM characteristics, buffer characteristics, and operation patterns for the
characteristics of the hybrid buffer memory and SSD. Based on this design direction, CTP-SSD proposes
five procedures based on page allocation, pattern tracking, victim page selection, and DRAM/NVMs
migration strategies. Through performance evaluation, CTP-SSD reduced the number of write operations on
SSD by 19.23 times, 19.21 times, 19.09 times, and 9.34 times compared to LRU, CLOCK, CLOCK-DNV, and
AC-CLOCK. Through these results, CTP-SSD was experimentally proven to improve SSD performance

compared to other policies.
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[Figure 1] Architecture of SSD
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<Table 1> Characteristics of memories in SSD

Description DRAM NVMs NAND flash
read 50ns 50ns 100us
operation -
write 50ns 350ns 2.4ms
latency
earse - - 3.0ms
density very low low high
duration - 108 103
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Algorithm 1: Clock with Time Pattern in SSD
input: p // page according to a requested operation

op Il read or write operation
d pts || current clock pointer in DRAM
n_pts || current clock pointer in NVMs

1if there is no free space in DRAM then

GetDRAMFreeSpace(d pts, n_pts);

3 | ReclaimDRAMSpace(d pts); I/ page unit

4 end

5 AllcateToDRAM(p);

6 SetWaitState(p);

Algorithm 2: GetDRAMFreeSpace

input: d pts |/ current clock pointer in DRAM
n_pts || current clock pointer in NVMs
output:  None
1 while there is no free space in DRAM do
if NVMs migration condition then
MigrateTONVMs(d_pts, n_pts);
break;
else
ChangePageTypelmDRAM(d_pts);
NextClockPointerlmDRAM(d_prs);
end
end
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<Table 2> Information of DRAM and NVMs

memory unit information

DRAM page type bit(2bit), reference bit(1bit)

dirty bit(1bit), reference bit(1bit)

NVMs page
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Algorithm 3: MigrateTONVMs
input: d pts /I current clock pointer in DRAM
n_pts || current clock pointer in NVMs

output: ANone
1 while there is no free space in NVMs do
if reference bit in n_pts is unset then
EvictAndReclaimNVMsSpace(r_pts); // block unit
break;
else
UnsetReferenceBitAndDirtybit(r_pts);
NextClockPointerlnNVMs(17_pts);

8| end

9 end
10 AllcateTONVMs(d_pts);
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[Figure 3] The flowchart of CTP-SSD
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<Table 3> Types of DRAM page

Type(2bit) Condition Reference bit
Very busy(3) .
e — DRAM maintenance -
Busy(2)
. DRAM maintenance set
Wait(1) . X
NVMs migration candidate unset

Candidate(1) | NVMs migration candidate -
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[Figure 4] The number of write operations in hybrid buffer
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[Figure 5] The number of read operations in hybrid buffer

<Table 4> The state diagram in DRAM page types

# of Wnte Description State diagram
operations
3 .
frequently write Increase
2 operations
1 frequently write Conditional decrease
operations in the past | (reference bit unset)
0 1nfrequent@y write Decrease
operations
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<Table 5> Parameters for the simulator environment

description value

DRAM 6.4MB (20%)

buffer size

NVMs 25.6MB (80%)
SSD capacity 20GB
page size 4KB
pages per block 64

garbage collector trigger 6# of free blocks < 20%
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<Table 6> Characteristics of workloads

ratio of request (%) | avg. request
workload -
read write (KB)
Financiall 23 76 3.28
Financial2 83 17 2.39
UMass | WebSearchl 0 100 1514
WebSearch2 0 100 15.07
WebSearch3 0 100 154
homel 2 9B 6.3
home?2 13 87 1277
FIU mail-02 17 83 398
mail-03 13 87 4153
mail-04 20 80 41.2
hm_0 36 64 7.99
rsrch_0 10 90 8.92
MSRC wdev_0 21 79 9.07
web_0 30 70 14.99
prn_0 1 89 11.09
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