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Multi-Core and Multi-Threaded Smartphones

Woonghee Lee’, Hwangnam Kim

(@] ok
=i =

shEslels] WHe R BE 771} Fols Rl et B ojZeiAelde] dele] 5418 Baw s Bt
<= Applicaion Procesor (AP 0.2 qla] ohS g W) 2] ) e sl o] 247}
oleh, mebd B =R dele] £ ZeAlo] Al o] FolAe Aol Thket dlelE E4l %, =
of 4, 2 4% Beal] A Wl hn AY £vE BASsion, A% B3 B84

RSl A S SE DA 4 P WS AT

o°“

Key Words : Data transmission, Smartphone, Multi-core, Multi-thread, Power consumption

ABSTRACT

Due to the advance of hardware, various devices have mobility features, and many applications need the data
transmission. In addition, it is essential for latest smartphones to utilize multi-cores and multi-threads because of
the enhancement of Application Processor. Therefore, this paper analyzes the performance/power consumption
according to transmission rate, the number of cores, and that of threads in the system that is supposed to
conduct data transmission and processing simultaneously. Through the analysis, this paper provides a direction for

the proper number of threads in terms of performance improvement and efficient power consumption.

.M B ] 5E FAT P sle AR Fuler
zemegele] Wb o R snkE EolA AR S Qe

7%e] w e Q8 $2] 910 B AA5e) SlZelA NS U tlekslAla Fehe A
4233t 2 FoiE = glen, el B4 29 A} o]u} localization™” 5 T}kl A{u]2r} ArhEEo|
o= sejeliErs 20134 Selle} Qe 73%7) A 7¥ssisick oleldh ol el i Ee) e
SPREES A4S lelL skl AR e o] $441S AR shul, o] A W] 2o
QA7) 2mtEES AMsta ool shegele] w A peluh. qkegel= 089 A s1EH o2
o swlEES] Al oxle] PCelr] Sk o A =r) opd MEe] 2 ES ol dlofE £

% o] wEL 2013EE ARGIE e Ao FTATALk] AL ko FalT 727418 (No. NRF-2013R1A1A2010388)
¢ First Author : School of Electrical Engineering, Korea University, tgorevenge @korea.ac.kr, SH3]<1
°  Corresponding Author : School of Electrical Engineering, Korea University, hnkim @korea.ac.kr, £413]¢

=l E D KICS2014-05-202, Received May 29, 2014; Revised August 6, 2014; Accepted August 6, 2014

122

www.dbpia.co.kr



i dlelE] Fale] DA

e sheg False] glon, Frbel e

daw & A4 = o 2E=E Folstelof itk
018 ~utEZAME PCe} o] HE|2HE=e] &

2mtEES] 79 PC94—— 2] CPUSt GPU, 12
L g4l A 22 P leEe] shE A 34
© 2 3% Application Process (AP)7} A=H=]o] 9]
on PC2] CPUS} o] AvlEZ A 713 %ﬂ/x]}lql
J3kS- 3} FH2 10K Afolol] ARFEEL] APE A
2 sololx] e o] Yoz Asiglon], g
EANE S EA R F F ES Be) 2d
ol Th kbl bl skek Sl sl 2nke
Fol] TR L vhrie] o ZelAo) o] Hlole] %
FAS o7 SRR folg] 5418 Hdshe 22
=5 ZeAe ddehe 2elege] EEo
?64510101: sk, o] wii-Ee] ofEAlelAde] e
AU A3= S ongke) w3k AlS Fo
el}4] ‘ﬂEl Fo| 2 W gtel] e} He] %'v'ﬂ‘:—% -4
T Z2AE e S olF e Il W
ol = glek sAIRt 2l =g 324 wel AHSshe
Ze 9318 euelER AgY 5 glom, ot B
s 2e] Abgo] F2AAR AT JvlshA] 2
o9 i} wal AvnfEZo] LAlv|r|eks B4
27490 AY AH-e Tela AFEe] FaElo}
ah), welA cler Aol whE AAE 2ds 58
A B3k o] vl %ﬁs}u%m o= Zvhe
E9] Ao AR e33ke nx)A P} 3r]EE
W) 2ol 4SS %'J‘dfﬂ»b AT A 4
elo] PP SpH)ut ~ntEES 283} HeFo
2 e s A oR BA| o, 2t
EZoA ZgE= tii-Ee] ofE=AleldEe] el
B $alS e Jvke Aol whedt HE 2o
o} wE] 2ol A3 A o] ofd, dHleld
TAE 3R BAelA ] A EHelehe el
oS- 2wl S 7kAle

Klo

=

[=

o
rh

II.

=

sloglole] Wl o g we 7)7]150] FskE i &
Al 71%0] W] we} dlolg] $pA1 B o E
glAo)AdellA] D 7]50] =L 9lek w=gk Fef 717]
7} ool mel vlofet AAE2HE PAE=
olE}E= glall dlolele] =79} = TIsHETH R
Z7¥kaL glom, olE AHElshs ZEAANC] 3w
qA] Abs] Stk el oy Z2AAS 5

Al Az alefelis Aulse] A9 WE] 2el=r 2
53] 71%0]w, Anlse] A5 A 5 Sl
W =

AT sdele A 2y adkng T
o KN

A 3 L tE ekl o :[L—JJr 24 o]iw—o]
zA)8kc) A o]z g Ao HlFie AnlEE
o] ohd PColAle] AEAS Salslglon], B QT
7} dlole] 4418 aeigh AnbEES] e Feie}
W]t ek dold, & s vl
T UF 4 A 1T AT U A e
2] B ez Al BAelx] &3 we Aye o
e] sl A 710 o] 2] ehah AR

2.1 teto| &l (Amdahl's law)
%94 ﬂs 7 a@ﬁa Azmle A u 7)ER
GupnkEo] AL dkxlo]| s3]
A s}~ :ﬂ /K]_—Q—E]—r;]. P= ;qx] A 2wl A A5k
o] 7Pedh 2] 18-S 2Julshe, s A|2sEle] p
PR A5 Ffo] Aolk nj gL ojulet u, g
o] WA wjzw A A2Ee] A5t BlE A=
olg]|e] Al (1)3 E3)] 73 4 9lrh = ojw x| ~H)
o] ANFLE ) o1 A|z=gle] prige] F-Rox] s7b
20| AssRto] dolytrthd, AR A A2 v]&
AR A5 0 & ok

A =1/ {(1-P) + P/S} (€]

2 A= ol ASPLE o] S
WS} e el Wel
. sl ol 5 Tl Sl EE
AT 5 §7] e, S= Felt G al)
wew, g Alxgeld s e o] Was) 7}
Fohchd We] 2el=g Eal TS 2 A e

& % olek

2.2 Parallel slowdown

Parallel slowdown-& ¥W& AFE o)A wds}=
Z7MA2 ) AAs sto] HhAlslc)) o] 31 A&
AMRE 238 s Al 2l dARS welc)
Parallel slowdown?] 31> Z2 4] =& 7o
AfiAold eufssoleh maA wme] 47} 2
K A T B AR mEE 7l ARl

123

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-08 Vol.39C No.08

doll ARl shar, oleia erslEs) eAly
=% 371 2 5 Gl gaste) Eshuch A4
w A Azde] e Askelr] Astie a3 1
& ZRAN x5 5o Fle] W A5 L Bl

T B2 %o], Parallel slowdown®] HHJS Hol

- |deal performance improvement
""" Ideal total running time

® Actual performance improvement
® Actual total running time

Number of processing elements

T8 1. skl B A% el mAE
Fig. 1. Diagram of performance improvement from
parallelization

. HE| F0{ I HE| MYy =0y 25t MS 2N
EZolA] 5Es B2 olEgAelde] dlo]
Eﬁ J—% Qo 3], AvEZS] APS] WA O
WY 7l55ee] 7hsslizlel wel, wlole] Fale] 2
ARl 2ol o] Fo] fee} 2= o] Wslel] u}
£ A5 wslks 2ls] 918k S asisivl
oe] $4l 4%E UDP 5Mb/s 10Mbys, 15Mb/s =
o] AlgighoZa dlole] $4l ko] uhE <
S %;}‘bi om, ‘:]'°]r‘ﬂ' 717]301]*1 clefst 7H'1‘—’]

—13 &3 01‘316} fj’-‘ﬂ"é—"] sl vl
‘ﬂ_}ﬂ} stgiom, Ao AR 717]
F 13 ok & pellA BoFEes Al
7 71715 ’\}‘%3]'01 ARE #lefslgl ond, 18] 20]
A9} 7ro] st Access PointE 3 UDP tlo|€]
2 S S EA) ZRANE ST sact
Ao R ov|R] ZRAA | 25 ARgE=
73AA 7Z3} DCT(Discrete Cosign Transform)E-
AL S0, 2 £5 bl Z2Al)
=A3l[c) ZF e oo 22 oAl WA

toe e
2
ofr
S
J_\-\; M

Aol AME 717159 A3ALF
Table 1.The detail specification of devices used in
experimentations
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Qualcomm Qualcomm Samsung
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Cores 1 2 4
Clock 1 1.5 1.4

T TTT T T TS -
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Device for data
transmission
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Fig. 2. Environment of experiments
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Transmission rate
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Table 3. The standard deviation of the time required
depending on the number of threads (Nexus One)
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Table 4. The performance improvement ratio of Galaxy
S II LTE depending on the number of threads (%)
Transmission
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Table 5. The performance improvement ratio of Galaxy S
Il depending on the number of threads (%)

Transmission
rate | SMb/s 10Mb/s 15Mb/s
Thread

2 40.69 44.10 47.77
4 29.36 29.07 25.09
8 10.17 10.68 10.73
10 -6.84 -9.07 -2.38
12 -1.57 -2.39 -3.60
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