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Low Power Mapping Algorithm Considering
Data Transfer Time for CGRA
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ABSTRACT

The demand of high performance processor is soaring due to the extending of mobile and small electronic device market. CGRA(Coarse
Grained Reconfigurable Architecture) is the processor satisfying both of performance and low-power demands and a great alternative of
ASIC that can be reconfigured. This paper presents a novel low-power mapping algorithm that optimizes the number of used computation
resource in the mapping phase by considering data transfer time. Compared with previous mapping algorithm, ours reduce energy
consumption by up to 73%, and 56.4% on average.

Keywords : CGRA, Mapping Algorithm, Low-power

1M B

25Y £vEE 3 4% AA7|7] AR FLHLE ¢
AstaA gerde], A, AY 59 9@ JEANA
o] 87H1 glen, 2 BFE JA WA T A
ojA7AE Bd ZE2AANE A3 o E 82 A
3t gtou 9 ZEAAM9 453 A= d3 HAE o
B3 gFfAs o EY Aol i £7E WA
717F ol YA 3 glck ofe] diF AN WE T2 A

# 2 A7E uSAr|eR/RSeAY $4A7AH S (No.2011
-0000975), 0114 AN (gHe71ay) AU FxAstde 57}
A AT-4A (No.2011-0018600) R 1€ (No. 2011-0012522), 2011 &3
gatm 84 7e 323l 3 DECS AN ol $95]5¢.

t &3 2 M&dEtn AR TN G
A 3 AR dEa AR IS FeAdaF(mA A
tH A 3 fEHdeta A A4
it a3 e dgtta AP Rgey ay
=24 201 59 18Y
+ A 9:13 2011d 99 29
AARGE 12011 99 279

Az Ao AANHUT BE A7 AP Qlrt &
Ak 2FAA7719] A5 duEQ 244 43 @
2 A9 Age] g7 W B APE £EIF}E ==
AME o 7l B $4L ofF g wFY EH4E B
ol Eati glrk. A% A AR HZAE E O wEFA
7171 918t ASICE o] 43 wajo] Be] o] g1 glont
ojFejAolHo] uHE wuir} st=gojE A= dAsoF 3t
t ASIC W4e g¥sta e oZgAHclAd AFdA &
£5 717} ot

olgig 87E TF A7 Y8 AHF Ao AAY
TS FAC TF AFIEA g ofEFeA o)A A}
£ 7 e Z2AAQY AT Z2A A CGRA(Coarse
Grained Reconfigurable Architecture)7} At =<t
CGRA: 94k Z2A A0 Hl#iA HA FujelA BA= &
Aol 28} PE(processing element)E 7}A3 Q&0
B2 79 Aite A £33 5 o AT E71A0]
H-(branch unit)e]y} 749 22 A Z2 A e



18 FEMZIEZ=2% A H19-AR HM1=(2012. 2)

o

R L

CGRA

(2! 1) CGRA Z2M|M 7=

i T datd dagles FEE AA &7 9 3
& A v Z7E ZFowM AHYY FPL HAE
o. ASIC# @ CGRAE 7 PEE°| Z=2ay 71537
o] ojEe Aol g viE o vlr} zt PEES A2& o
ZejA o] el gA AArE AR & 4 9low, o2 s
=g ol & oAl YAl ok st Fug @ F AU
CGRAE REutdd 7]719] AHE-3HA € 25 AEA wig
28 E&Ho2 AME] 3 AYLRE EY T UEE
AAge Ao Fasitt s=do] ez 13 AZEY
o] 02 CGRAE AAstx 843k Wid g o}
A =80 AANHAA Y CGRAY AYLEE Fo]7] A%
ATE BAH LR §o] o]Fo AA gt @A R 7HA
o =#{1l2]Te] AY AEE Fo7] A% 71¥HE AL
At € =8oAE w29 ggEs a8 Qs ARHE
dlole] AF Al x:eidt CGRAY UH-E AHE BA
*I?l” B & Aget CGRAS HHARE Fole ¥4
zilo}virl:r CGRAS 4%& doj=gA ¢+ A ¥
g B483 1o %A CGRAY F4L FA#o=2H
CGRA 249 A5 FANIIEA 8 22E EQ0. 4
23 CGRAE Fdstcd Ze Ake A3d #asA
Ay HAY ARE S6%NE g

ok

2. {34

2.1 CGRA Z24M

(2% 1)2 CGRAY Z2AAM FTZE HoFu it}
CGRAYX PE(processing element) #1 Egl& e 43
A7k A8 77k s e FEE Z PEE FAARY
o8 AZHY Utk Z PE: A&/=gdie #398 #
slen dY PE: S 7|5o2 FAdLdeY vEy

< 58 @ 9k ZF PEES] 3 UE2 v cyclerlt}
v 4 glen, O 98 gL 74 drd ARso
1ol PES +4& vl FA ¥k CGRAE ASICH vizhzh
Az 3t=Slol 75719 9EE sy 2o P HEHE &
oA S}, 3ol B F dojejs DMA HEEHES
%84 CGRA Wil e AY dres Adso] 43
o AMg-gth. AgdEEe o f9 Fe vRR 74
so] glom, 1 ¢t diolHE FA7|E S3A PER Ag
gk HQl vizeete] deolg HEE AsME dE HY
g 71Ye] ALgErt. 8 ¥YPL £33 oy AL
Aol 871 A ALgstE Zldeld dE HHEE ¢
Az ez 2709 H2 FA=EY ded 2 F &
U PE A4del AMEHI, Ye A st busE F3A o
& 79L& A% dolgE E¥ste ¥R €t} PE
HolHE AFsld wHoA dolHE o A& A o
oE oA HQl wEeA HolHE i o HIHYR
A& 1, dolHE v Fuld ¥ o wuist b PE
o] dHe|H & A|FsA

(29 2) Z PEY 72§ BoFd. PEE 74 vz
AlA uf cyclerttt 3o & U && HAgdolr] 33t

(38 2) PEe 7=



%ol Bed dolHt e dXsEAM E1 2
A, AN 799 BE PRI & #9 dx2Ez2Re o
oJEE Wokshy A AT

22 o{Z2|#[o| M ofZ

CGRAE YWtHOo = loopE 7H st dlo] AHE®ch
CGRAYIA & loope 7HsE 3171 Sside A 713
SHZ Joop H#< DFG(data flow graph) HEjZ vlygZFc}
DFGE =9 WAL A g8y H8H, 22 2=
g 942 Yehlle x=9 dolg 4548 Yehle A
2 13 agEolty, I=E DFGE WE & FHele o
DFGE CGRAYA 4349 4 st FH= 2AEd 3=
Aol Wasth CGRAS PE JY¥: PE 474& %dte
rES 287 d44E e dAE 949 Y= 1
4 F 9led o] 2YPEZE CGRA 2 =Zgta o). o] &g
Aol ujPol# DFGY =E=E5& CGRA 1YZ =85
o) vjxgsl= Zeltl. DFGe =7} CGRAS k:Eo uf
Yo B AL 1 Adto] #F PEAAA FRHES T
giths A 9@tk DFGY dA= dolHe 3§52 9
njstez oy & wo]E CGRA T ZolA dlolEl7} &)
ZF Qe 48 AE £ 5 RS, F AXYg dF A
HE nHM =g wjBd. £&24<Q0 oEeAA
f3& faME AdLdE loop W o AZEJC] Flo]
zZgloj S &4 3of @} RERZ 2AZYB]e HF B
o] AlEHE AXEY o] sfo]Zelo]d Woldt. loopd NE
£ -2 I(Initiation Interval) ]2tz Aol A|7kvjc} o)A wt
23 AAAN FIFoN YIS Ao Ao F38
F UAEE 2AF8E ¥tk CGRAYA RER 2AF
Pe A vl AT oln] Bol AFH o UTHAIBI6]

3. MY 21 Has 0fY

31 ololef MaAIZi MY 22

o] Z Aol loope ZE EA meA B 7
5% @ 4 Sith loopel £7]%°] B ASolE AE
3% loopolgta &1 £7]&e] glo] ALE Bol &=
o= A AF loopeleti Foh AAE AF loops A4
A= Atake] wisiA B2 HolEHE ¢lu 2Ae A9
ole] HAZFH loopl2 HEststd AT 4 9o CGRA
v 2% A4 AFH loops 7HEshed Bel AlSET 2
Ad dolH HAZFA loopd A $-ol= CGRAO HelHE A
gt Alzte]l 28 dA dlolH g AlztelM ¥HE &
Aol wrAE|A AAM FIYAte] =R B9t gk A
Z3l: CGRA Z2AMA RSPARIA ©E =g 74D

o o mft |

1) dlojel dEsh A 59& Ao FP5pl| GoM dolg HF AUE F
71 WEe g vugelen gk 2 Ao 2§ 5 B v Yy
3, due] vy} sjolo| g dole & Fagon dojg H4E i F
o & el vHe PEEY Adtel ARESIA sto] diolHE AEEHHA
AE FYstES dd. 7 e Aol FYW M2 A7 vHHA dlo
Bg Fu|@ vz} PEY Al AREST, deoleE o} & vt s
Zold MZE dlolEE TP 2H AL Filo] Fdo] YES Wk

GIOIEE Dedst ME=d 42 CGRA DHE ¢DEIE 19

2 A83le] Compress ol Z 2 #Alo]4 9] loopE F33|E 2
7}, vzele WA st AHEEA CGRAAA Fast=
AZHo|F Tc2 dF3th)E 108t & o, vl v2e
g BHAeZ HolHE A$e AZHOF Td2 A&#
e 260 dE A Y & A% F dlolg JF
A loopd] Z$ole CGRAY A&=rt wadelz o
B Afo] 1 £58 % o 7pr] g A5 A7
o] dlojg] A% £Eo] A= Kotk o AfdE
PEEL F3o] b B¢ § ob& vize dolgst AP
W 742 F&4E AAsn 7| A € §A% PEE
FY& WFa FAH Jotn HHLEI} oy Re
Aol ollth AY 2EE IA A2 UE F A F
A AY 229 A AY 222 Ye F Qded 4 A
gL EWAAHES WA AL T 0, F AL +
P& of ALRE = dYorh. MR FAH HYL F=H o
of ZlEHoz s2HUA ARHE AFPoz 53 AHFs
g2/ offd dx 314 Fugte 229 F dHolg A
loopel A Aldke] o Eula & dlolElE $sA di7
1 e FetE A A7 Yojus Aolt} $g
M3 PEY ASE E94 FAAES Has) dte
AR oy P& At

| 8&loop AE |

QFYAIZES
(Td, minTc #4)

rlr o ofw

Td<minTc

L

g gazs

Mapping result
(3% 3) Mx2 ofy JH2

32 MHY of =

AAY ojge doje FFH loopdd AFE Fohuli,
2799 Td>TcE BE3te FAWAA AH&st= PES A
T& E94, A4 4% #ASHEA PEIAA AERHE F
A A¥8g golt wjg Welth. 43 PEY Mg €Y
A+ AA Aol A 5 A AAY vfPeA = Td
g #4384 Tezt TdE AR E WA A ALgs
© PEE 0222 AA FPA|7te] FojUx] FouME
AY 2RE 29 ¢ A4 (29 3)2 AAY P9 AA

2) AHgl= PEE @ol® CGRAS At w20 WeiAA vg shig twst
4 gl A3 Terh SolvbA |k



20 BEMDIES=2X A HI19-AT 132012, 2)
IS HAFd AdY uge& FYPAL £A dA A
Y o)y dAE FEE
TYAT 4 dA(2Y 394 D)lAME Tde € PE
o AFEEE He Te, & Hd A5olA vdee 71 w
A4 A IHminTe) & ’-‘1?}'3} TdE X loop ZE9] o
ol HZ HEE AT F, AFE dolH U3} A2H
WA S5 E vl AAA FAFY minTee w19 <ig
Fe AHEEA A g 3 & BE ddow A%
o 2o Td7} Terth € Z$ol& dolg 353 loopol=
2 AAY vjg & FYPstn 18A F& FolEs it v
3 dueFE TP

AAY dge A& dAE Max II g AAsts @A
(29 3994 @)olct. e 4A AFT AAY loop?) uHE
g Fdsted dee AlteE, W AZ F5 A4
F8o] Al AFE ZojAn A 7} AA™ el
loopg F3sted B o A7HE AESE oz dg
& PEY 7/Fe EAErh o dAAME TdE A ¥&
HAolA Ad Teghg 7H & e 08 Fdhed, 2 IR
S Max O2t2 g Max [IE A Fole, Al4bE Max

£ WEEEA FolA EE loop ZLET} ufPo] H5E

*%M PEE T3h(2d 394 Q) o #4L H4 PE A
T 295 B w3} A0 o]FoFith oA F
MaxlI£ IE 1As i PES suy & Z395H vgd
22 FE gt Yol A PEY AFE Y
Eei7bdaA vjgo] AFE d7hA o P& Ak} vjyol
4E@cd 1ol PEY A7t Max 0§ T5A2 9
T HAE9 PE /Aseld. AHY viP AFfEE HHY
ujgo] opd -9 HuEFPE W Tcre F748HA HAT 2
T+ TdE YA &= WA F7istnz A3 $PA ¢
dAE ¥zt i £3 AL8sts PEQ 57t S04
HeZ ARFHE ¥4 49 29 F U4

riru ju

4. o

41 A8 Mg

29 WS AFd7] A8 MMI(MultiMedia Integer)
WX vk3.9} SPEC20009] Swim o} &e]Alo] A& A&3gitt.
CGRAE 4x4 CGRAE AH43l91, 7 PEE Ate=gdat
A #4718 7L . olF AWMA 89 PE 47
fEgd J28 + e FAE /A Qg an 7
PEx EF 2709 £4td #dA2HE 7z Ao w29
dolg A% &=, F dojet dgEFe HESE CGRAY
RSPA[2]¢} Zo] 16bit/2cycle® 3t} Z+ PES HEPam
F& RSPAYA A&% A& Algstd 2dd 3 F
T AYFL T4 AYFo 0%Z s 2ddy o,
o] A& ARMOIAM 2EF ¥4 Ay T3 A9 Ao
B EAE F=2 goltH7l. vlaE 98 HA CGRA )
Y dugdEFAdEAet Ag4ARE nedx ¥L) EMS
(Edge-centric Modulo Scheduling)[5]2 A148& o ¥
ARE o] FAHY. 29 AHY oY FuFL
LPS(Low-Power Scheduling) 2.2 ¥ 33}%it}.

(E 1) LPS2} EMSS |12+ AFZ2EH PEQ| 2l

EMS LPS
AHEFP AHg-3
EN% PE7
16 2
16
16
16
16
16
16
16
16

=

Compress
GSR
Laplace
Lowpass
SOR
Wavelet
Swim_calcl
Swim_calc2
Swim_calc3

w|o|o|eo]|oofoo|w|m]|w
BB IBlo|s|ole|ls|lae| =
alolo|e|ss]e|w

OEMS  ®mLPS

100%

90%
80%
70%
60%

50% +
40% -+
30%
20% +
10% |

e:?g?ﬁg"j‘p

PR G-zs?’ &

S

(3% 4) LPSSt EMSS| M3 A2H|W



42 My 42 ol

<E 1D>& 7 oEFYAoAY ujf ZAF}E HoF
EMSS &= Ag4ARE ngsiA] ¥ 3 HA O ¢&
HolFE LPSY I Tds} TeE m#ste] AAHg Max Il
g BoFEL LPSE F3A7HE WA 7]A] godA AA
PE 167} & 4% AEsta, AMSeHA] @ B8e 7 ¥
oA Ay A28 43 &g

(¥ 4% CGRAY PEEIA AERHE A¥E vag
a=ojtt. Z g EMSE ALSR nge AYarngS
12 38 o, 489 AAdHojP & 48 223 2=
of el AHER BE ofEgAlo) oM HY ARF
o] At AYARFL Hd 73%7H] EFU29 (swim
ol ZFe|Alo| A9 calc3 loope] 7-F), BT 564%° HAFS
B Fr},

5d B

$eE o] =RdA dvolg AF £E& ndd, 4%
dgto] dojua] e HU@e] WM PES 2EFE
Zol "1Y WUS AL CGRAAA = AA 5ol
PES] F8Ate] F524 3+% AT, CGRAZ dlo|H
E &71e A AAAZe] F5AY A4E BT od
B PES 475 ALgSigte AA FPA|Zo] FoluA|
geth e oEANAS EAdte deolH A% A
3 FYPA L] #AE EHT F o]y AF Agte] & 7
$, AR FIALE FAANA G E WA AEE)
£ PEY AFE Fole e AL o] AN
AHE8HA] % PEE otdl A¥x £3E 3] did F2
B AgaRe] 94 F U v AYE A2 ¥ 7
At ol2 A& Ao 73%, BTF2E 564%°] AY AR
g 29 7 AU

#2EH#

[1] Y. Kim, J. Lee, A. Shrivastava, J. W. Yoon, and Y. Paek,
“Memory-aware application mapping on coarse-grained
reconfigurable arrays,” in HIPEAC, 2010, pp.171 - 185,

[2] Y. Kim, M. Kiemb, C. Park, J. Jung, and K. Choi, “Resource
sharing and pipelining in coarse-grained reconfigurable
architecture for domainspecific optimization,” in DATE '06.
Washington, DC, USA: IEEE Computer Society, 2005, pp.12 -
17.

[3] B. R. Rau, “Iterative modulo scheduling: an algorithm for
software pipelining loops,” in MICRO 27: Proceedings of the
27th annual international symposium on Microarchitecture.
New York, NY, USA:ACM, 1994, pp.63 - 74.

[4] H. Park, K. Fan, M. Kudlur, and S. Mahlke, “Modulo graph

embedding'mapping  applications onto  coarse-grained

CIOIEHE Defst &2 &2 CGRA OHE 21E2lE 21

reconfigurable architectures,”in CASES '06. New York, NY,
USA: ACM, 2006, pp.136 - 146.

(5] H. Park, K. Fan, S. Mahlke, T. Oh, H. Kim, and H. Kim,
“Edge-centric modulo scheduling for coarse-grained
reconfigurable architectures,” in PACT '08. New York, NY,
USA: ACM, 2008, pp.166 - 176.

[6] B. Mei, S. Vernalde, D. Verkest, H. De Man, and R. Lauwereins
2002, Dresc: a retargetable compiler for coarse-grained
reconfigurable architectures. Field-Programmable Technology,
2002, (FPT). Proceedings. 2002 IEEE International Conference
on, 166 - 173,

[7] L. Schuth and J. Binney, “Managing power in 45nm and 65nm
designs,"Presentation material, ARM and Synopsys. [Online].
Available: http://www.dianzichan.com/anonymous/ic/arm07
conf_mgm_pwr45nm.pdf

48 F
e-mail : yjkim@optimizer.snu.ac.kr
20063 M&didta A7) F (AL
20063~ Al Mgdign A7ARFEgY
uhAL A
T4 Eok: CGRA, MPSoC, gHltl= Al2H,
viza HHs3}

2 53

e-mail : jhyoun@gwnu.ac kr

20039 ZEdista AAA7) 8 (3A

20113 M-gdista A7 HFE I
(5FAD)

0118~8 A ZF4Fdsn HiE
Fos} el Agus

ghalilofeluo) = Aladl, Hude HAHE ATEde] A3}

ab71 14, MPSoC, GPGPU.

N,

e-mail : dscho@sunchon.ac.kr

20019 #@FolFoioigta AxtAle)F ezt
(8HAh)

2003 mAdEa A7 AR s A AL

20099 M&ohsta A7 HFE T

(A
20084 ~2010d (F) Bl=Zoj& o]At
0106 -5 A SAdEtE Axg e 973
altobelurl = Aag AA/HA S, vRe] A HA 3]

Autle], HEREAA Y



2 FEHMZIE=2X A H19-AR M1=(2012. 2)

g E
e-mail : ypaek@snu.ac.kr
1988'd &g PFE F (A
1990d M-gdiga FAFEFHHAD
19973 UTUC AArseH(ukA})
1979 ~1999d NJIT ZiF
1999 ~2003d KAIST AHApA A8
Hasg
20038 ~d A Aedsn AV PRIFHE Bg
BTk YUt = 2ZEG o], Antde, MPSoC, CGRA






