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ABSTRACT

We address how to handle big data mining effectively using the intelligent SSD (iSSD). ISSD is a storage
device equipped with computing power inside SSD for reducing the transferring cost and for processing data
nearby SSD where the data is stored. We first introduce the structural characteristics of iSSD for efficient data
processing. Then, we present how to process data mining algorithms by using iSSD. Finally, we discuss how to
improve the performance of data mining algorithms significantly by exploiting heterogeneous computing

environment where host CPUs and GPU coexist for maximizing the performance.
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Fig. 1. Architecture of iSSD
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Fig. 2. Execution steps of data mining algorithms through
iSSD.

www.dbpia.co.kr



LS
s

=1
RN

J gAY

-~

dlele] whe]wd-& $13F iSSD 7|vF #4 A= ukj

-

uleko 2 iSSDellA ISP F 7%l th&h dHlo]E =}
o] 73 A4S 77 depdict iSSDE
3 SSD Ao dolelE AHElshAl =9, (1)
t o)A RE Ho|EE $4~E CPUR A$sh= tial
Ao g =717 vl 2k X Aapake 24s)
2% (2) iSSDolA e AAHEE Es 54~E CPUS
dlole] ] #3815 =A EU 5 9o, (3) ol
7} AR AzellA] wlolelE A2|ghell w o]
AREES 29 5 oA =g

2
dyelE

32 | =H

E Aol = dlole] mleld dare]EEe] o]
off sl EA3kaL ool thgh v]-g-wels Ak
88 ZRaA FAsHA dlelE] wield
=2 Fanle2 27 (1) el 2 ag o]
Eloll AZsh= dlole] A2 v, (2) AZg HlolH
off thgk dlofe] 22| w]gom ¢ 7hsslch 2l
olglgt 7 1A Blg EAE Fd IHPS} w|used]
ISP2] A& 7FsAd, 12]aL ISPellAle] A= H=A4
< & 5 ik o] u, wlolE] wholyd kare]Fel| wigh
dlole] A v]g % dlofe] A2 v]E-S I 92
FHstofof geh o= shute] dloly] wlelyd darz
Zoll 43 Eolet IAeke 2 5] 54l
2t dlofe] A2 2 A ulgol F AolE Hol7]
ot & 12 3| E- ndll lo) A8 V|2
< viehdick
1. g 2ds 93 rls
Table 1. Notation

o

12 1 ofo

Notation Description
N, Number of channels (FMC cores)
way Number of ways in a channel
Size of a single NAND flash
page memory page
M., Size of host memory
M, Size of SSD memory
Mo Size of each FMC memory
‘ Time to read a page from flash
cell=read memory cell
Time to load a page from a flash
Lo — load memory bus after busy phase for a
page read
T Time to read d bytes from SSD
o memory
S Time to write d bytes to SSD
] memory

2) 7 Y4 mzaelelel ols) 44T granules A vl¥Eo]
Qleka bRk

¢ Time to write d bytes to host
host=write | memory through the host interface
A Number of functions in the target
data mining application
p Time for performing function f; in
IHP(f))
the host CPU
p Time for performing function f; in
1SP(f))
the FMC core
N(f,) Size of input data for function f),
MF) Size of memory required for storing
k an immediate result for function f,
. (f,) Time for performing a global merge
merge Mk for function f}, in the SSD core
Size of memory required for
M., ge (f o ) | performing  global memory  for
function [,
R(f.) Size of a local result from the FMC
(f .
core for function f
N Size of total data
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4 } Xt
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SSD w|®e] 7k dlo]e] AP HEe] 85 ¢
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@)
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Table 2. Parameters

Parameter Value(s)
#FMC cores 32-256
#way 8
SSD core rates (MHz) 400
FMC core rates (MHz) 200
iSSD SSD memory Size (MB) 400
FMC memory Size (KB) 8
CELL read time (us) 50
CELL write time (us) 1,200
Page size (B) 8,192
Interface Bandwidth (Gbps) 3
Host Host CPU rates (GHz) 2.5
HOST memory size (GB) 4
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3) http://www.samsung.com/semiconductor/products/flash-storage/
4) https://software.intel.com/en-us/intel-vtune-amplifier-xe/
5) iSSD Gem 5 AlE#lole] Tz vhgo] =il &l
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n& m
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Table 3. PCC between Gem 5 simulator and the cost
model

Algorithms PCC
Apriori 0.9989
k-means 0.9997
PageRank 0.9998
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Fig. 3. Performance of ISP with different numbers of the
FMC cores in iSSD
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Fig. 4. Performance comparison of the ISP with the IHP.
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Table 4. Parameters related to hardware

Parameter Value
# of host CPU cores 4
host CPU rate (GHz) 3
# SSD cores 4
SSD core rate (MHz) 800
# FMC cores 32
FMC core rate (MHz) 400
# of GPU cores 3,000
GPU core rate (MHz) 900
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Table 5. Execution time for each processing environment
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CPU/iSSD | 650.8 (3) 2482.6 (3) 5884.3 (2)
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CPU 1264.71 (5) | 3796.69 (5) | 13612.3 (5)
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