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Abstract Media information processing such as image compression and recognition are demanding increasingly
high computational performance nowadays, while still require to be low power for maintaining mobility and high
reliability, and as well to pro;ride high flexibility for reducing the development and maintainance effort of its ap-
plications. To balance these trading-off items (performance, power, and flexibility), many-core multiprocessor is
becoming one promising processor architecture choice. In this paper, the author briefly described the total design
strategy of IMAPCAR, a highly parallel SIMD processor integrating 128 of 4-Way VLIW cores for image recognition
applications, and as well its technology perspective toward widening its application fields.
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L, FTEIHEFZEORIETL, RICEhSDOEFULE
EORBICH L HREFT LR L. BRICYEERTED—
ROZBHKITITH L 7 LPA ot v YEBRL (9.

L% 2 1T, %9 LPA BUEMH SIMD atygreins
B BN L EE, 3 SITHEREIRNEREAY—5 Y b
& UIBED LPA MiF 5L FREOREAE, 4Td 7oy
FITFEREN FUT 5 BCREFHEFHEON~FI 27
YR — b EERLTHRES 1z LPA B 5 SIMD 7ty
YOOI DNV TINS, BRIC 5 RTHHRORKINERICD
WTBRRDE, 6 RTREEELDD,

2. T—FFI7FvrDBIR

—flc, oty yaMmd 5 R AE < RIEREER L
TR ERICSFTE 3, HEBLHER L B ATRITERE
B NBA 27— RER, FLTTRISLF vy al&
U OBEEERESEEL. —HARMEERELELYR R
F77ANEEETF—HNRR, F—EAEVELRT— 2%+

Y a B LU EOMMMEEES 25T, B, RINEMEEES

Tokyyo (E—%) ERMEECEST 30N L, HEM
HMERE oty YOREEOR LIcHEETELVAS. —F
T 1(a) AR &S0, HERGHEES & SR RO HID
BIDRERE IR b (XY X, EBREH) KN TD, 20
REHETL, aX b EEELE FREOME FL— FA4 7RI
BRET S, B 1(b) &, BOHrORENE SOy RO
7 U SoOHIEREE R L FHEAREEROHE& (COR: Control
versus Operational circuit Ratio) &, EFRlcYEAFIVIC
BI3HA7T0ey Y floXA SR, SHHLTTay bLE
TS5I7TCHb, YZAHFIVOT oy dhETEREED—
BIA A=V L X —HL TS,

1h5bh3dcid, EokSuhrdicmdasra
LyYTHBESE, AR F—EDHWO T CERKMELFEAYE
BB P L—FA 7oMRIE RSB 2B, T3 LR &
F SIMD T v 3 A7V, BEEhEIA D
rheHAEERAETE, HOT S LAk S 5 EE
TROFMDBHAHTREDBIRA L VA S, FIRRICLPA &
WS Y TVBESETERES, TORIR ML ERUE L Ot
BORE (5] MO BRIRTH B, LAL—ATEORMLL
TRETHRMEET (B 1(b). $Hb5 7055 LHRICE
I3 —FHEEORAE, WHEIXRLTENL T AR
EhRELEB,

ZFhlchld e LT IMAP-CE ¥ IMAPCAR OWIRET
. ETERA2—5y M FICHEERY) SAXEERERC
Y, UEBRFOF SV r—YavEZ LPACRyEYTTS
7O FHEAREBESE LU, Ric., ThEOEIUESN
OFIRAEFRIC TSI IV IEETLTT by o AR
L. BRUILARISH> THEENWLT SV r—avD
AR PRATBER L DICT AT LT, 7S LHHEIcBL
THA—VEHEEERE L, LT 3~5 ITRIhEDT
TO—FIEDNTE LD, BHHIE (9] ZBEE N,

Cost (Die size / power consumption)

" Opetation circuilt

Flexibility (Peak) performance

(a) Relationship between performance, cost, and flexibility

Jood Desktop/setver GPU (GPPs)
B . MIMDs (Mut-Cores)
£ 2
30 DSPs
P FR500 /nghly parallel SIMDs
Eg g2ps IMAP-CE
3 CODEC L 5| «— Speclal-purpose LS
s 1
R

T T
. 100
% of Operational Circuitry
(Performance)

(b) The Control versus Operational circuit Ratio (COR)
observation of several representative processor LSI
implementations
1 Relationship between performance, cost, and flexibility, and

the Control versus Operational circuit Ratio (COR)

3. LPA @I XREA

PH T Oy FOC—2 iR, MMICEN2=Y } (PE)
Wi D DMhEX PE MTHEE NS, LL., XhEBEL %
atkhg) 3. TSUr—a yREX WD PE RE®RT
HRE S, PERERIZT 7V 5y —a VAR DOEILEDE PE
DY BV TAE. TRbBENT NIV XLORHFEC
EoTRELEDS, —7A, LPARGEN7 NLTY ZLOHE
FiE (EFUEAR) BThE CREBENTWiEboT,

ERBHMEO T L Y ZLE—HC, EL~LREED |
BLAGVLEES | B LAVEIC T E S, CO5 BNE
REZOOREL VAR LVLEO—HTHY, Th
545 LPA IC K B Eh#{box e s, BicEEEy| T s
ZTAEROCHEFEORLVVLEIEFIE LT, ThoN0, X
D BIMAERSI/ X UHRE L BB E~P LRI L
Tk, ERIONE R 2 7o U in 7 3D XLRE
ENTVB (1] [2] [4) BEEEE > T,

ZFRUICHUELRET, B~ LAV 7 MEO MBI
BEFERETA—7 6|2 (K 2) i3 bha LicxB LT,
RICUFHCARBRIORBLE KL THRD, TF— 2SR
DI—H)F ¢ | BEU TF— 2 EBROIEFHHIOER) O
BOED LT, EBIKEFNSETER 4 MEIOERSIER/ X
DT ) ISy EFBEL I,

(% 1) | HAEER LV TORTREPU S HHMEL L OMWUE, Ty V0 a,
Bh& i LD EORFHHEMNAETTS 48

(i£2) : MAUE=2— S0y b T— 2 ik EORBHRHN HOBIUH S S5
BAPE R+ S LAGOHIRNN. AFLAHE. FUTL— bRy FIVE
(i%3) : PO (Point Operation), LNO (Local Neighborhoad Operation),
GlO (Global Operation), SO (Statistical Operation), GeO (Geomet-
rical Operation), RNO (Recursive Neighborhood Operation), and OO
(Object Operation)
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e LU(Local/Unconstrained) : RETEFSHERSH, FHF
MR LERER, PO & LNO d&% 7TV ICRY 5.

e GU(Global/Unconstrained) : KIRIVEIRSHM. JEFH
i UERER. GIO. SO ZLT GeO Mi&HFITVNICET 5,

¢  LS(Local/Statically-constrained) : GRARLHENERSI.
BRI RRE DERER. RNO BFHFTVICRT 5.

® LD(Local/Dynamically-constrained) : AP SHAVER
2, BNIEFHRNE D BRER. 00 i %A 7 TVIEET 3.

HE s
ux
|EREY

npATIEE

2 Distribution of the seven typical operation groups

LU~LD OEMBEERT 7 A% Vicitd 3 LPA |5
fEAxd, B3 WCRT LPADY—F Y FJEFNVEBELL,
T4abB, PE2HOD—H NV AT Y GIHEOREHELELTOR
_—R% 2 RFCAE VHE (2-D memory plane) LY, FD L
ENII S CB AT R84 PUL(Pixel-Updating-Line: i FE
#) T ORRTEBLT:,

PUL  <2age width PUL moving direction
Local memory for one PE

Column/PE
mapping of an image

Image to be processed
(2-D memory plane)

1 PE

3 The 2D memory plane and PULI

LU &, F—ZERICIT B EFTHRIDFELRNT Lh D,
% PE Bl PE LHNTICEEED SN Z HBEHICLPA L
TUPHLTE S, E5ICBHE PE Y ESOO—ALAE YD
SBRUERZ, 0K KB PE HESEETHAHI N,
AEVUT 7 AREERMETE S, FTHICIX. £ PE DR
DY UFcHBERENENF L TILEND D, ZOBR
& UTKER (row-wise) @ PUL A8 5N 3, HIXIE 2D @i
7 4 V3 EBKER PUL T 2 Xt A€ VEAOHEREE—
fdac eTHERHEE NS (K 3),

(i£4) : LPA OF PE MEHCAET ERMM (=2 RTACVELOT FL
Afu@) 20okifobeTROEND S A

GU IZDW T, KENERESBOYIHEAEN KAV e
B3, VY TRO—TTHES LHFTRG LPA OBE. K
HF—2BBE R F— 2SS A, L—F o=
PE #OBRUEUICHFITHLTLES C bl shan
B, HROTF— 2 BEH 5 F— I AN ERICITR A
BEIICThiE, WBOZANVT v F2RBTES, COBE.
K PEWHERLS YA@EZT7 7 LA LANST—%% PEM
TRIFHT7-HHH L ORI T DB LR TRET 3 >
A bV w 28 (Row-systolic)PUL H@5h 5, —flE LTR4
iZ, SO INV—TICBI BEHRRAC A TS LHTEDO LPA |
GAIHEORFERT, BB, 2 RFTATVEAD Y Mifdic,
& PE AR CEEDTF—2 2T THERML TV 250 LT3,
% PE REARICHRS S Y IBlOF— 2 28RLTR. Ed
5K (HHVEEORM) ~. BLREMRD S IRBER (H50
BEORM) A&, kL L) L—KICBEE PE Mo 8H
F—2EZUWY. ARCAZ0OBRT— % LB PE KT
KOEfEE®B. Thick, 2 KL AEVEANICHET S
T fFEDOHHEMS N HO PEICE D, N X ((T-1) + N+1) BD
PUL #%) (HL T=N=6) T. £ PECINRET N3,

LS OMFULIC Ik, HANCEET 2 EREH O %M
FOL, 2 RTAEVERDF—2F 7 AEBINCITES &
EhH 5, Thiclk. THIEEHKE x AR L y FEICTRED
L. X AEONEFHRZE PE O TBE - kL) TRE
TH, —A Y ARDIEFFFIES PEILKB T 7L AT FLA
HOME 2 A I JORETHRREE S, TOBRE. IBFHK
ORBICE L BN, £ OFETIEIHEME (slant-systolic) D
PUL 855, B 5ic, £ RSt 2 mBRHEFH
HTENERLERBNEFHE L 53 EFFINCORZRT.

0 3%600000@

M: Data dependency distance

Location of pixels thst have
been updated by the time
thie center pinet is

to be updated in Step 5.

Stani-systolic PUL
Location of pixels that can
be updated simultancously

in Step 11 2-D image plane

Prcllelicm. 2y

Y
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3 Example of slant-systolic PUL

Bi%ic LD Ok IE, MEBHHEG I DN THIMNCZELT
ZEREFOIEFHQZEFO L, 2 RTATVERTOT—
A7 7w REEPNATHR S BBIDH B, ThICRT 72ATF
LABHE—$BRTEY I bI T AR I 2 2 RTATEY
ADFIEMKICE PEEETHRL, FPEMNUEZEA S v Y
E#ET N7 7ELA7 RUAGHR (seed) DTy i
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y: Temporal accumulation result for r
r: Type information

BRSTHSRE v
€900

ra 4
1€ 900

1
2
3
4
5

> ]
Type2—¢ D~ <‘>o¢o< L own To neighbaring
00900900 resut x or roxt eration
accumulated g’g"g"g"g’g fo :
CaXaXaxa etz fors j
a) Ohbjcctiv?:'A:cumqlate Tafeghbong
each type of information i —/_H  rnexiteration 43,
and store it sepgmtely on ] Final accumulation result for each type
the corresponding PE b) PE action per step ¢) Sweeping across 2-D memory plan using row-systolic PUL

4 Example of row-systolic PUL

LOMMIE LTk, 12) 7 72 A7 FLADEEY | OBifF%E
B/AZY Y HWABETROET, Thickd, FEOEHR
HHROBIFHFZTOANS PUL 2BHE 5 C LAhEE
%% (Autonomous PUL, BiEGIIE 6 B) .

1) Sood pixel locaticn 2) Propagation

pushing phase g4 phase
P plel
location

' f\ [potater

Resdy pixe] location polnter stacks
O Pixel location polnter
e s o

2 mﬁ‘

2dy plrel
ntlog pelnter
sigck

PR

Exccution cycle ends when oll PE stacks are empty

B 6 Mechanism of autonomous PUL

712 7 DOBEFRWE SN — T LU~LD DERXAEYT 7
B ARF CHET B LPA i3 ERHEA X (4 #Fi0 PUL)
OMEE R, BT T r—aryLAVTI, EFHES
REHME DL, HEETRHENZ LBV TFHEA

({ES) 1 XD 2-1 & 2-2 OB EMME : 2-1 | BRBEAEY & ORITREETE
FERGADOTHURME TNEDR Sy IADT v a, 2-2: BRABREDOH Y
7 L i B OEFEO H

%, BIAE 2D-FFT 1k ¥E PUL(AIBIOD 1D-FFT), ¥ X
MY v 2% PUL(FI & 7R 2 U TREIES 5 —BDKER
PUL(5H4{i10) 1D-FFT) DS THTHL T E 5, LK, FH
Ez ok Sic PUL 128 B L7z #5HEARE (T4 A (line
methods) | ¥FEER, T4 2ARFIMRHCIAG & 15 BEREE
7153 DFELA — L —1f (9] EBHE NIV,

Constrained pixe) updsto

U Siatkaty Dy P
pixe! update Updalefocationls | Updale locaton must be
stalically p ¥
SO, GIO,

*1ceo [eu

ves %mo RNO 5! 00 5

Row-wise PUL  Row-systolic PUL Slant-systolic PUL Autonomous PUL

Kyeao

W =
=—h == «

7 Correspondence between pixel operation groups, memory
access pattern categories, and parallelizing techniques

4. OIS IUJFEORE

SAYARNT BV 7 MUB&UN—FllDSDYH—
ik, AT (LD DB ER) ORRE 21 I 7 THET
% PUL %, MRICIBRTESTOIIIFER FLTY
Bt MR L { RITTES LPA B0ty TORFDPEE
LB, 5 LEROTICREHE N dBC 88 1DC(One
Dimensional C) [9]. ® C SO ERIIREUATIEE LD S,

o EROVKELFABDRA T —EHORAETHY. kD
C ORHRBHBIDAT2ERI —HICRAN R L L HE8E
HETAEBEEF sep
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o sep ZEARZTEL. BREDS o(@mFERTLAEN) &
JE O (P%EETTS) D PEIC PERE ST 55HEMX
mif...melse, mwhile, mfor, mdo

o Esepv Ascp Brco ZENTN sep T\, sep T— BT,
FLTAHST—RETBE, :>Epep &:<Erep TELER PE
E Eiep BROBI. Awep|Brep) CAVTY T AT FLy¥
Y. Euep: [Eoca 1] T Eaep DI Eoca BERROBM. TL
T8k Esep & :|| Esep T Esep DEBRORHEMLNEENTE
NEE TS sep BEF

IR & o THEIRE N 6 RO IR IR (M
8) LA VARDLOERLOMIGIRER 1 IRTH O THS,

inc d,e;
sep char a,b,c,ary(256];

LArithmetic
b= a op &

a@NE -:—-mo-ﬂ
c ﬁ§?m-i

[ X X
b [T R seeseeone W ED €

3} Index addressing
a= arylbl;

2)Loft/right reference
be :»a; (or i<a;)

a INM «i~ JHE

b [ (IS 8 wese C1MER

4)PE grouping
mif(c) b= a;

clo0o 1l 01l 0
— a hed
wnsmnam b [0 W w==== ] [

6)Status-collection
d= :||la; {or :&&a;)

5)Scalar-gsubatitution
a:[e:le &; (or a=d;)

a QS -““—u:fisz a uifsl"_""' L)
< Br/andh ¢

8 Six primitive 1DC syntax forms

# 1 Correspondence between PUL types and the 1DC syntax

PUL type Row- | Row- | Slant- | Auto-
wise | systolic | systolic | nomous

1) Arithmetic X X X X

2) Left/right ref. | X X X X

3) Index addr. - X X - X

4) PE grouping - X X

5) Scalar-subs. - X X

6) Status-collect. | - X

5. LPA &SI SIMD 7Ot v YO

IMAPCAR #v 72 K& < 1) Sl#iA > 2 72— R
(EXTIF), 2) 7R¥5 L+ F—2Fvy ¥ a BELAARITY
2kRE, TLTAAI—UM{ORTELRYTIHET D
+ w4 (CP). LT 3)128 fAdD 4Way VLIW I7 (PE 7 L
A4 EWVI3oDTuwricqitbhs. CPRITy 71,
BA4 OSEERICRITTE. TS BRX1ABATES
fliF, FLTRKA 4P ETE PEMHCRIT - 70— F¥++
AFTE%, & PEE 2KB Du—HJLAE ) (IMEM), 28 @
D 8bit AL VAR GEFESL, Fi VLIW HiTHic kO 2
Oy 7 ERA 4 MGERFLEARETSH S, CP & PE DA
T4 ART—IVRRER 9 IERY,

1 inst. per cycle for CP
II PF | IF_|ID_] cRF | cEX [cWE] weps] CP

- ¥
{ PE Scalardata gy collection!
% Instruction roadcast Scalar data extraction
i broadcast| BC2
i DU
i BC1 7'y
£ u,
{
gntycouped |, v
CP-PE pipalina  #jJ | iRE |ADD]WB |
4insti} ['RF JLog [iwa
per cyclej
max. foril] | iRF_[MUL | iWB
each Pf’ IRF_|LSU | WE -
. lafy PE
! [inbertcon] ws Array
B Y
5008 P0T1S0RE 1SS IR SHLEEAAREIESLAONIEINEINEIINGNIONLOOIIIONY

9 CP and PE array pipeline stages

128 {fid PE & 1 XmiRicEWIcEBRE h, b oG PE
RIREM PE L BRI NIV o SR L3, CP HhODM
70— FEr AP EVBRESERT2DIC, PE7 LA
PES LPEE 8 D PE hS4&B 70y ZicELdbh, g
F—2DTo—FEy X Mk, CPHOSETEH 16 BFET S
PE8 70w 2K LTI, RiIC PE8 N TR PE RT3
LV BEEREEL Ui, B10ICF v T2EDTO v JRL
HAE], R2ICF v TOETERT, £z, IDCTD6H
FOPIBILREYRE L EITTHDEMELIN—F T 7
BLEOBHMEUTIKELDS, TNSOTROTF, 1DC iilic
WY B8 SERT— FERAVZEGLES R 7OV F
<—2»5 IMAPCAR M, P4 OE+57D 1 DEBRTHTED
FUSOMBIEERZFIRTES T LAREThTVS (13] 8.

Host Processor

10 IMAPCAR block diagram/die photo

(1) sep WF— X OWEH (arithmetic) : VLIW FITERIC
&0, yovERX 420 PE M aERIRRITAREL Lz,

(2) PE 5 —ZixiX (left/right reference) : B4# PE O
LY R ZMoOBBR/ &%), PEMORAS—F—28H%E
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# 2 IMAPCAR chip specification [12]

Number of PE 128
Processor clock 100MHz
Peak Performance (8bit operation) 100GOPS

0.13um CMOS
1.2V (Core}, 3.3V(1/0)

Process technology

Power supply

Power dissipation < 2W
Operation temperature -40 to +85 deg. C
Package 500pin, ABGA

YT A YN TEI Uk,

(38) AVFvYR7 FLw > JBHHE (index addressing) :
& PEICHIIL RAM 288, & PEMRLKZ AEY 7
RLANT 2R §5Z LEAREIC LI,

(4) PE 7N—¥ 2 JB{E (PE grouping) : S0 DR
SIREERNZEA S DY ARREMN Y2 PE © RISC frdy
v MBI 3 & & THRMFORILERR L,

(5) RAF—RAHhilH: F— 2 MEPHE (scalar-substition,

status-collection) : CP & PE BB B/ 314 7 I4 8T I

ATy b1 2ERLUE,
6. SHORHRY

IMAP-CE % LT IMAPCAR DOJfE T, BREOTFZEIR
BRARICRET AT LT WETREAEY T 4L ARG
ZHHBER DAL T LHTE, Fhick b M EAREZ8BE
TEh, LrLEBESHE, BRASFEEALTVWES LR
Bal. FTRICRIROPOENRED Y U7 HBEI XS &
FHRENB,

(1) ARMTEEOME | ER7T— XM ROB AR
ESAREHMEVAN, 2 XA EVEANTORENRT— 2 5HH
TH—OBE. KE PE ICHBARIRET 3 THENAE,

(2) HIEEPHENDONR | TR PE 7 L7 24 CP OR
79 B H—DBEI—7 AP fesh, F—RUTMELD S
B THEN R R T TV r— a ACTHET &0,

—7. [3) ® [11]) THEEETATVWA K SIC, SIMD BRERFHR
A EWx PE fHc &% [F—2 OB Dsci, #3ic
FEROMOHREDEMHTETCH S, FIT, F5LET
FO—FIc & VA SIMD T oty 3 OBEHTHERT 7V
r—a BEEIRFTWL ZLHEXSNS,

# 3 PE autonomies
a) EifED A tE PE f§IC & B @y RIT « TRITOMR
b) addressing DB | PE HIc X 38457 FLAAT ¥R
c) WB/BADEEE | PESICXSZREM PE LOTF— 4%
Q) FFOBEEE PE #lc X 3 HRE 5O HOHT

fHL, 5L PE BEMEDEME N — FO R MEEMES 1=
. FFE—FFREXIUEARDSOERORE LOIST VR
B2EBOLTITRS BELSH S, IMAP-CE X IMAPCAR T
&, a)~d) D3 BIR FERDEL ) O TBHEOEMHYE)
b) D 7 KLy v » FOEME) On— FyH— b ERRLE

LT, BHERRZ A X7 THHT 5 PUL ZAEEIC U,
S, ARTEEORBEORRICRIER HEoaiditos
m, FEEAEANOHNEIC B S kOB EN L EA S
hBH, ZORKC, LMICHIER SIMD ok v i hEoBH
e R MERBIARER L AN ZN 5 2SIRL T L HHEE
&%33 (10,

7. ®bYI

OZ MEROTTT 7Y UIBSERY B BB REE L
DD, FOML— R T8 UTRETBRREBT EVDIC
(R L) BRETEZ20ES5%, 5593 A=—a7EI<ILF
oty Flic Y RESMRBERL A2 5, FMTE. £5L
FRECHTIMOERD—FE LT, LPA RIEIER SIMD
7Ot vYTH5 IMAPCAR DFBIEDONT, 7 —FF
7 F i BIR1EH B KO UL AN OBBEEIC DOV T,
ErSHOBHBEE LT, BOAMNTPE BREREALT
WS WS RIRNAEEICER L, $HKE, <5 LithmtE
TORMRHBIERICE o THL T EICHRFL L,

X i3
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