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Generate FC
1%t line 2" line

Gen PE List Gen PE List

Check PE Check PE PR
Connect Connect

Gen FC List Gen FC List

a9 6. & 912 ¢33 Z GenerateFCES
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Qa4 E]Fe  GenerateFCEFolA  AHS 71 wol
AE R, oA frame® W pixelE ® #kIvirh
eEHor At EFEY] edge’t oY AEAE
Zolth, 18]1 Fobdl edge x EAAY] €], 914 & HEE
oad], olZS ¥ 7E tdsA HHEAUC L
Eoolu X wisl pixelnprt @ dAbo] QA
oo wo] At} ey dibo] FR Aol b e

ol ol @ob £ DSPeld et Zo] )

LB

o o e rfr o & 2 O P
o S

L
AURB)
ol

ol

D)
s
o}

_—

B > 2L b e o b
ol r\l 2 oN
- = O

i

edge

18 7. Internal design of DSP architecture

3.2.2 SIMD(Single Instruction Multiple Data) instruction

T 531 ¥HEAE o] =FolA AT application £l FF
> 3t vision application ANAE FEOoZE XY F
VEF HE generalstAl RFET o7IAE AdsiAl & Q12
dagFolA AlZbs 7 wWol ARsSkE YRS AvEI FA4% 49
ofGA st=do] HAE A=Al el Ay ol

olul A9l edges ;;‘37] A= Az FH 38 pixelE2] gradient®
Alxbstolop sh=dl o] Fieoles WHAo] ol WHZA R AP
ANt olul A7} 3t pixeld 8bit(1 byte)= E&H3s}7] wtel 32-bit
data path® 7F<3 Sl DSPOA 3t pixel® AARS st A

¥
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b FHgith web = dl JRE] pixelell s FAlel Aol
7Fs 3t Vector-Vector ALU A4S F718Ft. o2t X2 X &
SIMD(Single Instruction Multiple Data) #t1l 3sF+=d GPUS #Z&
WaAe 71719 7@ gEolth o9k B oEZEAE tE
ofEFgAlol e HWo] AREE F o] Y= SIMD WHEAE

2]9] DSPe| F7bst71 =2 skl

o] F# A9 instructions2 TAZQl F2L ol e} #r}l CHET}
Vector Ak A A|ek=]  &AIqE, A3 Aupde]e] Ags whof
I ZAME 4789 pixel HolEE 3Fte]l 32bit width registero] ¥<
T AAY. a1 F, TRAMANE " 83 o] LISAQ to_ubitvec()
ghmofl oa] AdE st=dlole] =R o R 32bite] dHolEE 4719 8bit
Vector HlolEHZ A% st} 47019 Vector-Vector ALU A4 A 3=
T Al LISAS assignO%el 2&] Ad® st=dole =gow
3lte] 32bit width registero]l A&srozA 4712 ALUAAS &9
instruction®.® AT 7 UA = AT

sourcel |

to_ubitvec() ‘ ‘ S hr
it

‘ source?2 ‘

to_ubitvec() | | E bt |
|
vy vy vy vy

an | | | | 8bit |

assign
‘ destination |

a9 8. SIMD ALU 44 +4

T3k Vector-Scalar Compare A4HS 713819, edge detections
wEA FEE 5 JEF st d 9). dugFs AVEE A%
Pixel®] gradient® At = 7 Ays A4 3 vlusky
edgeAE #stth o] =& AFEFOEHN 4 vl AiHS

16 R\—-'g -'~;3- 1:



5FLt9]  instruction Atk 89 custom DSPeli=

A Fo] £ Q2 duEFo] HQR3 Vector-Vector ALU, Vector-

Scalar Compare A F71819 A9k application®] ™2k Vector-

Vector Compare, Vector-Scalar ALU% t}ekst SIMD AAtE 7H3s]

F717F 7beetth. B oldst e sttedle] ZE vyl HDLE

A4 rest ddg b LISAS &8 +d A, & 3 7]
5

s To 185 291 U= o] v 3hdksbar st

o
l
(o,
ox.
ek
B

vvvvvvvvvvvvvvvvvvvvvvvvvv ‘ ‘ ‘ ‘ 8 bit |

assign()

destination

2% 9. SIMD Compare g4F 73

3.2.3 Find bit instruction

$ellA SIMD ALU €14+t SIMD Compare 1AFS 3 3 4] 719
A7t & registerel]l AgE 9lo] ¢EE 1 Fel 9=
oW o= EAAMel| SQl=A dol Wof Frh o] Hteol Ak
FAsHA WEEo] UA ol FEE k=l Slo] 4w A2 ofY
o|Zls aMAstr] Sl F7ke 53 WH o= registero] Eo1UE
wordell il 7k A WAz 12 Algo] H bite] FAAEL Fel=
Zolth(1¥ 10). 3SHARE oA AF3 Vector-Scalar Compare
AR ot sl = kbS] 32bit width registerell 470¢] Boolean value
Hhell =0 AA ol o] 53td WHols FUHY slo] A2 o5

filo
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kR @z okr), dto] w9k SIMD Compare instructions X+
FAsto]l g bit mtoh stue] vla ARE 7HE ¢ A FoE 87
Vector-Scalar Compare d¥%& 3&F}2] 32 bit register® XHT &
QA k¥t 1Ed 9k A& 32709 pixelol] edge’t SHUE
At b, oA LS A Ask=d 22 1719 instruction®oZ A3 &
T Atk o= F3l A detectd edged] 9AE WEA 7 F U
o]zt AALS AR AL DSPoE &3] x| Yx = gHolr},

[ ol o] o[ o[ o[ 0

% 10. find first bit

18 s g kel



Al 3 A Porting LLVM Compiler

Processor Designer< I st LR AANE $3 LLVM
#d e backendE AT F b aRe s AEA <l
ol y X Eo] Ud{ HHELS Processor description
] %—ﬂ‘HOk gk el AdE LLVM ZE=E A7 §leA
sEE 4% Fobsor @,

4oy o
HoHe rlo &

i
41:

st &
3.3.1 LLVM IR to Machine Code Mapping

Compileres H% C/C++/Java & ZZI1dW <oz @ F=
target  architecture®] HHZA <l %‘ﬁ %H(IR:  Intermediate
Representation) 0.2 H}H=  HFE3 RS target architecture
machine code® W& FEo & vy 927t /dstE = DSPe
o= Agd Y E WE7] 9alA= LLVM IRS machine code® B0
T FEs TSt ®@u ol fI8 2¥ 11l YERd wRsp 3o
LLVM IR 2z W#o]lZ= target architecturel Z @3 o]z
mappings 3T Aol stttk LLVM RS WHole ou&
gotstar, LISAZR 7]%& ¥ target architecture® ZF WHol2] <2jm|9}
syntaxE Hlaste] Agst HHolE A8t mappings #FoF st

il

a

[o

LLVM IR set IntRegs:$dst, (shl IntRegs:$ihs, IntRegs:3rhs)

SYNTAX SEMANTICS (BEHAVIOR)

( opoode - " dst"" srel " src2 ~ " mode ~ " sre3 | dst = srcl (op) (src2 (shift) src3)

opcode = | add<slot> || sub<slot> || and<slot> || or<slots || xor<slot> |
made = | Isl<slot= || lsr<slot> || asr<slot> || ns<slot> |

MACHINE vz $dist, Sihs, $ihs Is! $ihs”

¥ 11. LLVM IR to Machine Code Mapping
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3.3.2 Frame Lowering

Zzaseld #4 sEol Yoluw Y Bre =W WSEw
Prol A%E AFSE 5 BA0R A8 Fitel Wme shuac

3, Sl 8ol By g R REekE djo] Frameo©|
oJo} 3t} Av}Ae]+= target architecture?] A3

s
ARGkl ol2fdt dde] AP S T AT & FEol B Fofok

3.3.3 Expand Pseudo Instructions

LLVM IR®l4 Machine code®¢] mapping®] °]Fo] & wf, BEE
HEo]7l AA WHolz AHEHAE FEth olE 59, registere] &
immediate #t= ¥9st= WHolE= LOAD_IMMEDIATE &= fAb
FE(Pseudo code)® o] HYvhrh Hade o] wpAuh @A o A
AA @2 v A @ HEo]e] encoding 2§ S+
immediate®] =A7]& AgEO] Q7] dwiitel ZET & immediates
registeroll &gst7] fsiA = A9l bitel k¢l bitE 7 Wl HA
ddsts Waow dlo] Aok stttk o] ¢ mapping WA OllA
o] Fo]x A ¢k LOAD_IMMEDIATE W#olZ AU wbxut whAof A
2 A3 target architecture®] @ o] 2 nlH 7 H},

3.3.4 Assembly Printer

Processor Designeri= Assembler, Linker, Simulator/Debuggere
A Aoz A +v. LLVM Compilereld+= C FEE  target
architecture®] Assembly code®% H}Fo] FH  Hi=d], LISAZ
71%=%¥  Assembly syntaxel|l A AAs|FoloF skt Assembly
Printeri= LLVM Compiler®] 7Fg vlAg Ao dAE I=E

target architecture® assembly syntaxol]l WA Ze|F= Aot}

o] HES A3 custom DSPQ syntaxel]l YA g o] =

20 SR



XX.c

XX{.cmd

LLVh-ﬂ 00
Compiler
(Linker script)
Simulator /
Debugger X0out Linker (link)

13 12. Processor Designer tool chain

X00Clof

3.3.5 Instruction Scheduler

Lot VLIWE = 30| dependencyE 3}9}élo] pipeline stallS

st=dlol7h g7l wiimel, Audelold WHol= 19 latency
otate] AAlER S Folob @t Processor Designerol A
LLVM backendeli= 713 2AlEH7F £33 5o Q). o] 7]
Qs F8& 72 ol latency BEE FUMel T Zolth
Avdyrt WEgolso]l 24 AAE slotelA FHF=F AA
ajFoF gt

o
o ox N
o rsL' mlm r1r &“

Y oz o

&
AC)
=

3.3.6 Newlib ZE

newlib> YHIt= ZZAMAM ¢ librarys FA E® ] AL
T QEE 3= library©]th. newlib< newlib¥} libgloss® 9]
=l newlib<> stdlib.h, stdio.h &< 3Z%&3sk= libc® math.h 5=
283 = libmO®E o]FolZt). libglossye o] Zg Aol Az m=n)
system call& A ¥3df+= F o]t} newlibs X¥37] §3iA setjimpet
longimpE o718 3ol StA "It libgloss= ol &g Al A=
BES AYst= crt0.S9 write 5 system call& o]&3 &
AEHolE e AAAATFE  rt_support.cE: THIIST 9]
newlib= testdhi= FtolM & o AAls] Adeties ok

N

¢ 2
Mo
flo Jh

N L

=, ,.I:
L



337 53 IY 44 X

DSPellA  F7te 53 9o s AFEsH] faiAe oA elA
HEolE s Folof stk WY F st LLVM IR €S
e C codeollA slid Wwol7F AHg-d whsh sjdlg o} Ago =
Fe A8 = Flolth. 28y RS 53 HEolel miAEH=
= Aol gt} o SRR WS
7191yl ®}FE intrinsic functiong
3tel  C  codeol function WHZ 3id WHE ALESA

'_I_>|: oft
ok

2 52 5 odm fr S
=
[t
N
rlr
)
o
Ay
N
O
'
o
°
o
k)
o

ot rlo

Agdert ol lAste] sl WHoE A3 ?‘:i st}
ZrIdwzE dugFel i 2 g 7] witel 215 ofHelA
intrinsic functiong AHEstH A A et = gt}

Intrinsic ~ functions ojEg Aol 53} HWHHAZR WY

g
AalX= HaAdH ] frontendE FAsSkelor FIFLe 7}t intrinsic
functions <QIA1& & QA sfof vk ¥ o FHudel:=
intrinsic functions golekA] &2 shgeta A4t error7t A 71A
HAct. £33 & AgAde frontend= intrinsic functionS Q14 5H]

£2 intrinsic IR node® W31 backends TS Unl WHol9)

@ol 258 Agehs FHold A AA Foh

Zraere Hdrrt desAw, duds A xR Aee
Hulz Holggl7] AsliAe &a&AQ ol st 219 custom
DSPelA &= SIMD A4t 53} & ojof afdst= intrinsic functions

Agtdele] Frtste], siE s AR SiE WHEo7 A HEE
sFitt. 19 13+ intrinsic function®] ARE of|o|t}. int 2 Al &SI
gy eHlZ= ¥ Zo] intrinsic functionol®, dY e HAY
Hgol A sidehs 53t HHEolE 111E A $EA dv

over38 = int_bcmpgt{cdatad, 30);

over38_1 = int_bcmpgt(cdatad 1, 38);

uint8x4 tmp = int_bsub{cdatad, pdatad);

uint8x4 tmp_1 = int_bsub(cdatad 1, pdatad 1);

is_edge = int_bcmpgt(tmp, EDGEDEP) | int_becmplt(tmp, -EDGEDEP);
1s_edge 1 = int_bcmpgt{tmp_1, EDGEDEP) | int_bcmplt{tmp_1, -EDGEDEP):

19 13. Intrinsic function A& o
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= ox & ¢ 52 o
B oo X Az o

3.3.8 7|Et AHOtYZ %X}

718t Adde] HA o= Start up code HA3: AlA| DSPo)

Ve ZEE ASE ZEYdE 28 ¢ libraryE AF AFEEHA
= g, 1o wel start up code® main TFE I EFd=
o g FHA3E9tE. Pre-RA  scheduling: #Aydez] A =
AH 9w olde] AAEHEe W O FIHGEE iUy
o] ] Zolxt}. Callee saved register?} caller saved register
£ 245 A= d =3tk

s 5 A 2] 8



44 =2 HH3}

AWM= A AHA Ae W HY Ak 7 ggkgo] gl
TALA F9o syt wWEy AlAHlolth B =i Aekst DSPe=
local SRAMS o] Agsith= EA-do] AT, ofZgAlo|]Hd oz

AREEE & Q1Y duEEE
Data memory+ 256KBE 2
AbolZ=7F Y+ At

ol& sZ3st7] 98l Cache®: ©l&& < dou, VLIWS 54 4
cache miss7} Y EE £%2 pipelinee] WHoF ko] penalty 7}
mj-¢- At} Cache misst &2 SA40] 7] wiLel AoLel7t o=
A58t AAlEL WwFs7E we Ao 2 oAl Compute
intensive €1#Fe 54 F syt R Aotk ZRlH, olE
o] 4-3}o] software controlled memory 7|¥HS F7Istth. & <12
adyE]E9 A$ole Image$t Finger Candidates A &ste= &3¢
s AASAT. SkelA AW FRo]  daelFelA  Image
AHE A st7]e] Image= AAE SRAMel A4l E+ diil
A 9loj oA At WAlo® ubE 4= It} Finger Candidates

=% 43 Instruction memory+s 32KB,
Q= St ol dHigE AlAEe] §lo]

u

>

o)

ro

2
= oY Tk QA= AE diHlE] e ike wol @de] EA|wNk
FE A gdd vREee] oHERE AAlE AT whebA
107§7+A1 €] Finger Candidate®t WX gel A @& 3Ei olE
Zstd Hed wrlth 1709 Finger Candidated DRAMoel #7#3}ar
sHes WAoR HEY AHEE A EY 5 AUTh (nstruction
Memory 2} Data memory ZH2} 16KB)

°o]5 93l DMA] SRAM¥} DRAMZF HolH H&S 2Hst7] $st
ldstdrame]& 53 W#E Fr7Fslla, @9 intrinsic  functione
Andele] Frhsiivt. T2 = 2" 149 o] g 91A e
|F intrinsic functione F7Fsl SRAM¥ DRAMZF oy dHS &
T4, 283 1 HolH e Alo]=E DSPe| MY OZA memorys
AEE & F ok FAZA T4 ofdiel 2ok ZEaEw ) A
intrinsic function®] AFJLS F3] 53 WHoz WSStk DSP7}
A Idstdram™ FolE F3AstA =™ WA DSPe Be F4& HFA,

R SRR )
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=3 DMA° wxg =

o
=
£

N

3hupel REQ signals

output pin %
Q 73t DMAY® DSPZYE] SRAM¥ DRAMZF Hlolg A4S 3 :
g8lar 2 dHlolH e Alo]= & HRE ol dlolH AFS AR
A$o] d8¥w & DMAT input pin = 3F}el ACK signalS =3
DSPell dFo] g5HSSe &8 Foh
o] HHH& @%3}4 $2]= Data memory?d Apo]=ZE A2
256KBERE 16KBZ =Y 4 A o}
Image Idstdram
DSP
Generate FC
15t line 2™ |ine
| |Gen PE List| |Gen PE List |
PElist Idstdram
Check PE Check PE vee
Connect Connect
|Gen FC List| ‘Gen Fe List‘
FClist Idstdram
a9 14 W=z AEE 94
1] 9 1]' 5]
I - :
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Al 5 A Test and verification

DSPel Aede HTs fElMe error7b A Qe
ofEgAlolAd, AFAY, st=do] 5= EF HAES|HoF sttt 8=
Processor Designerel|A AlF3l] =% 755 o] 830 oJ8 simulation
d A DSP system®] &4

3.5.1 Sanity test

Processor designerel= AL HAFS 9138 test codes
15 A88 & + e 34 At v 13 155 1 AlY
JEldth, test codeE gec® AFAd] M 7oA SoA
deb, 2" llvm AL E Fapdsto] AE#EolHA =™
Hluste] AadelE AFsk3lh

o
oX,

iih) o
£

e

mo

7}

i

add:::ree. and.c bigstack L

[4 <
LLVM
for vliw
@ <P

server \ simu}éor
N2/

O

19 15. Sanity test

pe

CcC

for x86

3.5.2 Newlib test
Processor Designero| X+ X8 3t newlibo] Az ESo/=A%E

s AL

rf



A58 + AEE newlib test® test codeEx A ¥ttt Newlib
olMt)= A A¥lo|A C standard library©]th. 7 = printf9 S 3¢

debuggings $dlAM+= T3 ou|E Zh=t}h 19 162 printf &7}
oGA AgH=AE vEdAY. printf 57 AyEHE A F
function callo] ©o]Fo] A t}7} HFZHOZ writeolgts S UHE=
Soiztt}. o] 4= system call2A, 0SolAd A|Fshs darolth
DSPelA &= OS7F Zob7be= Zlo] ofH E=, AlEHO|H A o] FiE&
Ads] vhFolof gtk webA  libglossellA  write ¥ E B
o7 el Aol SHA WA Folof gtk writeol A= sb uffergh= Wi
e F7ke] 3ld system callE 3337 $13] RS g8k,
syscall_handlerE % %3t} syscall_handlers trap WH o2 A& o]
A=, AlEEolHAA trap WHS vFAE, I $FE2= AlEEHOHE
controle] W@olztth, Al E#o)E o+ manage_syscalle]gt= <=7}
291, o714 sbuffer? FHE 2ojA syscall_writeE ZTE3C}
syscall_write2 &g 0S9 &< write2 T=38to] HEAOCZ hello=
=g3tA #rh

=

printf(“hello”)

manage_syscall

— viprintf
syscall_write —— :
EE— : Implemented in
W e libgloss
write write

this vliw instr.
transfers control
— to the host

syscall handler

—-—-—._.mé/

\

simulator

a3 16. printf 23 FA

27 7 A—E -_3— Eﬂ <18
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W

353 & QA ong|E 4

ol
ol

At WPolso]l ZEAAML AHAudeodA ARE FHe=AE
gRlgt = fE= AEHoHE Fd 53 WHE ARESE & Q14
darg]Fo] DSP op7 gl Ao Az FZolrb=A] Fls] HIth printfE
&) Finger Candidate’} AWZ AALE=A &l ar, Ak
Finger Candidate’} A &3tA] image 2ol =9 X ﬁcﬂ’é},ir/lr. &=
Q12 AFE H7] 9&lA+= opencv library’F ZQ3%Hd) o] FHES
DSPeA Zotd 4 == A9 shA 1l system call¥ H[SE
WA oz AlEdolEor Zobd ¢ JEF TS

354 RTL A=
Simulator® %3t HA%5o] #4w ¥ Processor Designer?] RTL
A 7eS =3 DSPe] RTLS AASFe] ModelSims %3Fo] LISA

Simulator®} ®L3s F&FS 3= A HSERY. ModelSim¥}
OpenCVZ eﬂ_@é}?ﬂ Y33, DSP w2Zo] v & gl 2nkE
Xl
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A4 AE A3

o] oAM= e & A4 AAHIS] prototypeE AL
Aol AdE BHoFUT AjkE A A®LE 4702 DSPE DMAE &3
EAlstar, w7l DSP Foli= VLIW op7|gld &A1& 7ol Qla 4-
issue 32-bit width o}7|¥1- & vision application®] Computation
intensive taskE°l 53} o] Qlth AbE o7 A S HW
w2387 98] 8l applications AHF ARM Cortex-A9o|4 =%
A A A" A =4 AyE Hlwslth DSP Fo] Ao 4 E5olA
4709 HHES FAY F 7SR E AMIPS/MHzolth F&Fa4es=
FPGA°lA 50MHz= A3 3Tt Gate count= Global Foundry?]
66nm 374 golB# g E AFE3Fe] Synopsys Design Compiler®
#&/dst 43} memoryE AlQlgt FF2 DSP core sty & 72K FE9
gate7} AFEEA T HREYE TS HS DSP core v @ 120K
A% gate’} AFE¥ T} Cycle counti= ARM Z=ZEAMA qto g =3&
o} s Fato] 3w FE whepxich
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AE A8 &4

Prototype & HF= & Q1A A|A®”l FAS 79 172 A}
DMASE B4l & F Al 37l SléEix= DSP9 o &ZeAloldE
T8 HQ7F gtk DSPo| Status registerE F7Fele] AAbo]
vis BAEAT oEY Al Zx ddy =Y
attribute__ ((section(-++))) 7I91=E& oj=H|o]dsle] 159
3l FUth. Y linker script® AR&ste] ol WEE wEZe
A Aol 2.

32

RooX |

Xilinx Zynq7000 ZC706 evaluation board

ARM Cortex-A9 DRAM

—_—

DSsPO DSP1 DsP2 DsP3

DMA

IMEM
DMEM
IMEM
DMEM

IMEM
DMEM
IMEM
DMEM

A 2EY Aes S48 8 1% 183 22 AdSE =
T=otlvh AlAEe] FA BAS ol g} Zr). Host PCellA owA &
Hed ®y duglEs A&e % WA control ZEAMA (ARM) 7}
olulx] & DRAMIA 4709 DSP9 local instruction memory=
ALt E S DMAe| W®-g uddth 7t DSPE % 22 imageel dsl
0%, 90%, 180% 270% Wako=x & Q2 dyg|lss 33ty DSP
Asro] U DSPY output pin % F4Ql done signals 3
DMAZF A4t ¢k 2 &hqlstar, A3t dolB|E DRAMe HARTH ARM
ZEAAE o] A HOlHERYH &4 A s AAEH. A
USBE %3 PC slHo® dFst] & 5 St
30
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HOST PC
‘ USB settings |
!
— Read a BMP frame
l | FPGA Board (ZC706)
‘ Send a fraTe to Board | B ARM Core DDR3
=
F Start the algorithm §h é 1. Read a USB packet I
¥ | e 2. Decode commands DRAM
‘ Retrieve Palm info. | 3. Execute functions Controller
] 1 il
‘ Decode & display info. ‘ System Bus !
[ I _________ T
DSPD - DSP2 DSP3
DMA
E 2 E E Controller @ E @ E
¥ i X 3

a9 18 AE#A

¥ "'-\. T
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A2d 44 43

79 19 999 prototype & Q2] A|AEIS] Ay o|u| A= HI
olal ¥ 1& A¥ A¥YE HoJF Holt DSP Ho] AFS 4
ZolA 4708 wWHEE Al F¥ Ths }HE 4MIPS/MHz®] t}.
ZFubEE FPGACIA 50MHzZ 28-S 3193, Global Foundryd]
65nm 7 #elEyygz Es wE Hlif‘ﬂ o Aot
wgrot, ol= wEe Atol=7b & wf dld path”b critical path7}
Hojx I, W Afe]l=E &9l £ Ade FY s Floth

oftt x>

F8 ATAR & 9 21} H] 31
. 4
1. DSP core A% | MIPS/MHz 4 ) .
instruction/cycle
2. Ak MHz 50
100@
3. Frame rate FPS 9565192
4. Slot Utilization % 35
72K for logic
5. Gate Count K T20K per ek for
core
memory
6. Cvele Count 0.17M @ 50 |Cortex—A9 9.8M
- wyele Lo MHz @ 667 MHz

¥ 1. Experimental results
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23 19. Result of hand recognition

TSt Processor Designerel]l ols] AAE RTLS A& A=
RTLe|t} HY hand optimize ¥I}FS AXW HZHF3 = oAA7}
Folal7] wel RTLE A3} v 54 7t T35 d =4
= Zo|th

Slot utilization<> “3'@3] YW2Hl, 21 °]+ computation intensive
g FERb DSPelM =€ Zlo] ofuE, ARM  ZEAX 2] load
balancing= ¢3 = ARMAA EFeEd FES DSPoA E317]

Folnt. e e if elsewo] Wol VLIW &%+ Wo| €834
Fotglity. @ DSPelA =e&d Aol 7P & &S A=
& 55% ©1739] utilizations H.SITh.

Gate count:= Global Foundry® 65nm 374 golBdgE
AF-4-3Fo] Synopsys Design Compiler® &4 43 memoryE A %] st
BEO VDSP core st @ 72K AE9 gate’} AFE-EHtt. SRAM
memory cell & 1.5 A% gate’} HQstty 7Mgshd WEgE
SERFSE 7% VDSP core sttt & 120K A %=9] gate’} AH&H T

¥ o
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DsP

Generate FC
Initilization 1%t line 2m line
I Gen PE List| |Gen PE List
Generate FC
Check PE Check PE - e
& Connect Connect
Define Palms |Gen FC List| |Gen FO-List|
100 —— —_ ' 1000 - 1000
After After
| N 300
& simp %00 As|
60 - * 600 +—— » 600 ——
etc ete etc
40 Gen FC list 400 “Gen FC list 400 +——SGen FC list
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Abstract

Wenquan Jin
Electrical and Computer Engineering

The Graduate School

Seoul National University

Computer vision applications are migrating to the mobile domain, but
there are some difficulties mainly due to the computationally
expansive nature of vision applications. On the other hand, there are
various kinds of vision applications, which means using fixed
hardware block will meet the performance criteria, but it will be
possible to run only one application. To meet our needs, we can use
another programmable component that is specialized for parallel
processing and has domain specific instructions. In this paper, we
introduce our work on developing a custom DSP for vision system
that includes developing a custom processor with SPD tool, and
porting LLVM compiler. As the target, we ported a hand recognition
application to our system, which we have constructed on Xilinx Zynq
evaluation board. Even though our DSP was run at much lower
frequency, it could run compute intensive part of the application 3
times faster than ARM processor, greatly speeding up the whole

appli—cation.

Keywords : Computer Vision; VLIW Architecture; LLVM Compiler;
Digital Signal Processing; Recognition
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