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BBeneHue

/"GPP based

General Purpose
FProcessor (GPP)
+ SIMD-style

extensions

- X86-MNX
- PowerPC-AliiVec

General Purpose
FProcessor (GPP)
+ vector-style
extensions

- RSVP

- CSl

- MediaBreeze
\\ - MOM

~N

J

/ Configurable \

base processor

Design-time
reconfigurable
processors

- Xtensa LX

Run-time
reconfigurable
processors

- FPGA augmented
processors

N J
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Fixed-function
Media-processors dedicated
hardware

-VelociTl
- MAP
- TriMedia

[poueccopbl Ang 06paboTku BMAEO N ayamo




L | BBegeHue
=

= TriMedia — 4unnbl 45151 BCTPOEHHbIX CUCTEM
= lpeanbHO noaxoaat ans low-power cnctem
= [MOOK 1 nerko nporpaMmMmmupyem

= PacClUMpeHHbIe BCTPOEHHbIE CPeACTBa

= LLINpOKO ncnonb3yeTca BO BCEM MUpeE
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ApPXUTEKTYPa CUCTEM

: PNX1x00

:

L

= /I3MeHeHne popmaTa Ha neTty

= /ICNoNb30BaHMe BCTPOEHHbIX
BCoMoraTesibHbIX CpeaCTB:
-ckennep \ FRC
=CETb
«BMAEO0 AeKoaepsbl
=HECTAHAAPTHbLIE BbIXOAbI

CS MSU Graphics & Media Lab (Video Group)

SDRAM

MAIN MEMORY

INTERFACE
ra VIDEO IN > —> VIDEO OUT — >
—»> AUDIO IN —» AUDIO OUT 1
TIMERS < — > SPDIF OUT —»>
2 SYNCHRONOUS
<> ['CINTERFACE €> |€» AL INTERFACE [
IMAGE
VLD COPROCESSOR ([« [€®» oR0cESSOR
Y
INSTR PCI/XIO *-"TO PCI/XIO
CACHE Rig BUS
VLIW CPU INTERFACE
DATA
CACHE

INTERNAL BUS (DATA HIGHWAY)

6



ApXUTEKTYpa

_umnos TM
ol |

e

Arbiter

224-bit Instruction Bus

TriMedia CPU Core

32-64KB

VLIW Instruction !
Instruction Cache

27-40 Functional Units

128 16-128KB

32-bit Data Cache
reqisters

1-2 R/W*32-bit Data Bus

CS VIOU UTAaMHTLO GO TvitUTA LLdJ | VIUTU UTUuUJ)




Apxutektypa CPU

Ny

1
ApxutekTtypa VLIW npoueccpa:

= 5 32-6MTHbIX CNOTOB onepaunn
= KaXkgas onepauuns obpallaeTtcs K HeobxoanmbiM en G
= O3 06pallaloTCcs K MaccMBY perncTpos

CS MSU Graphics & Media Lab (Video Group)
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Reg0
Regl
Reg2 — Reg127

Instruction cache
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Apxutektypa CPU
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Apxutektypa CPU

Ny

S
OT BEepCMU K BEPCUN MEHSAIOTCA:

= Habop, KonnyecTBo 1 napameTpbl O3
= HA6Op BCTPOEHHBIX NPENPOLECCOPOB:

= CKennep sO
e g—TJ oYY
. PronATOp

do —
= 10AAEP>XKUBaAEMbIE AEKOAEPDI
= H264 sO — 7
\
« MPEG2, MPEG4 S ¢¢¢¢

= AYAMO KOAEKM do

CS MSU Graphics & Media Lab (Video Group) 10



[lopaep>XnBaemsble
L _onepauuy
=p _

® /IHCTpyKUMA — KOHCTaHTa (He HY>XHO obpallaTbCA B KLL)
m Cyneponepaunu (super_Id32, super_quadumedian, n 1.4.)
m LlenoyncneHHaa apudmeTuka :
® +\- , Normyeckme ornepauunmn, cpaBHeHus, abs, n T.4.
m Pack, merge, un 1.4.
m Cosuru:
m << >> rol,unr.A.

= Cneuundpmyeckme onepauymmn coopku Bektopos ( abcd %
efgh > cdef)

CS MSU Graphics & Media Lab (Video Group) 1



[lopaep>XnBaemsble
L _onepauuy
- _

m DSP ALU:
m Clipping operations
= SIMD onepauun
-Qj%def(gh ate b+:c+gd+h ) =S
= Motion Estimation onepaunu
= DSP MUL.:
m SIMD ymHOXeHua Hag 8- u 16-0uTHLIMKW onepaHgamMmu
= FIR uBctpykialaan 8- n 16-6UTHbIMU AaHHBIMU
mlfir8i , ) =>
CS MSU Graphics & Media Lab (Video Gaqk)e_l_ b*f_|_ C*C] _|_d*h
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Ta 6.” MUd 3dAC p>Ke K ©
| ®3 TM3260
T

- i
Latency /

Functional Unit Quantity Delay Recovery Issue Slots
constant S 1 1 12345
integer ALU 5 1 1 12345
load/store 2 3 1 4 5
DSP ALU 3 2 1 1 '3 5
DSP MUL 2 3 1 2 3
shifter 5 1 1 12 345
branch 3 3 1 2 3 4
int/float mul 2 3 1 2 3
float ALU 2 3 1 1 4
float compare 1 1 1 3
float sqrt/div 1 17 16 2

CS MSU Graphics & Media Lab (Video Group) 13



.

L : Kaw gaHHbIX TM3260
mh

[1o 5 onepaunn perucTp-perucTp

1 7aKT T (T

0 .
I 127" =  ESSSETTITTTTTITITTIITIITIT 1 Pann pernctpos

AO TPEX TAaKTOB —> \ ‘ O6MeH B 06e CTOPOHBI \ ‘

16 K6anT KoL gaHHbIX

[MamaTbo 1 LWWNHOWN

0o 40 TakToB ,[ ] O6meH mexay OCHOBHOW

x MbanTt SDRAM
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L YnpasneHue K3weM
L

= K3l — 0AHa U3 caMbIX Y3KUX U B TO Xe BpeM4
rmbknx Mect npoueccopos TriMedia

= HaunHaga ¢ npoueccopa 3270 K3W ABHO
nporpaMmMupyem

= [1pn HeadpPeKTNBHOM NporpaMMmMpoBaHNN
npoLieccop MoXeT npoctamBaTtb A0 90% BpeMeHu

CS MSU Graphics & Media Lab (Video Group) 15



BCcTpoeHHaa peanusauuns npe-
K3LWMPOBAHUA: He06X0AMMO BEPHO
BbICTaBMTb Hayasno, KOHEeL pernoHa,
TEKYLUWN yKa3aTenb U pa3mep
BbIOOPKM K3LLa

CS MSU Graphics & Media Lab (Video Group)

image height

A

L YnpaBneHve K3LWweM
e 1

MEMORY

1

1

1

I
PFx_START_ADDR H
- - /l./ IMAGE

ADDRESS A
g ADDRESS A+PFx_$TRIDE

- PFx_END_ADDR

—

7 “

image wicdth

PRE-FETCH REGION X:
PFx_START_ADDR
PFx_END_ADDR
PFx_STRIDE
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m Apxutektypa cuctem PNX1x00

m OnTummnsaumna oopadoTku BUOEO
m [lpumep puneTpa

m BbiBOObI
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CTaHaapTHbIE
L  OMTUMU3aLMY
o

L

= PazBopaynBaHune LUUKI0B, ncrnonb3osaHue look-up
tables

= lcnonb3oBaHne BCTpoeHHbIX U SIMD onepaunn
= D(PPeKTUBHbIE BLIOOPKU U3 K3LLA

CS MSU Graphics & Media Lab (Video Group) 18
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[IpyMep onTUMMU3aLnm

L

PasBepTka LMK/IOB MO3BOMSET KOMMUISTOPY aBTOMAaTUUYECKM
pacrnapanniennTb Koa

unsigned char A[18] [16]; for (row = 0; row < 16;: Tow += 1)
unsigned char B[1&] [16]; {
for (cel = 0; ool < 1&; col += 4)

f
1

costd = absiA[row] [ccl+0]
cogtl = absiA[rovw] [col+l]
cost2 = abs(A[row] [col+]
{ cogtd = absiA[rov] [col+3]

for (cel = 0; col « 16: col += 1)
cost += abs(A[row] [col] - Blrow] [col]); cost +

Blrow] [col+0]);
Blrow] [col+l]);
Blrow] [cel+2]);
Blrow] [col+d]);

for (row = 0; row < lb; row += 1}

costl + costl + costl + costi;

CS MSU Graphics & Media Lab (Video Group) 19



GRAPHICS & MEDIA LAB
VIDEO GROUP

L [IpyMep onTUMMU3aLnm
|

o W
Mcrnonb3yeM BCTPOEHHbIE onepauun: umesuu
H 23 15 7 1] BT 23 15 7 ]
rsrcl signed signed signed signed rsrcg|  signed signed signed signed
T
29 0
O (P 0

—= =
L

l

31 [
raest unsigned

CS MSU Graphics & Media Lab (Video Group) 20



[IpyMep onTUMMU3aLnm

GRAPHICS & MEDIA LAB
VIDEO GROUP

;_I

HoBbIM KOA:

unsigned int *IA
unsigned int *IB

(unsigned int *) A;
(unsigned int *) B;

for {row = 0; row < 16; row += 1)

{
int rowoffzet = row * 4;
for (cold = 0; cold < 4; cold += 1)
cost += UMESUU{IA [rowoffset + cold], IB[rowoffset + cold]);
|

CS MSU Graphics & Media Lab (Video Group) 21



[IpyMep onTUMMU3aLnm

GRAPHICS & MEDIA LAB
VIDEO GROUP

_
L-.

Pa3BopymBaeM UMK ganblue:

unsigned int *IA

(unsigned int *)

A;
unsigned int *IB funsigned int *) B;

for {1 =0; 1 < 64; 1 += 8]

{
cogtl = UMEEUU(IA[i+0], IEB[1+0]};
coastl = UMEEUU(IA[i+1], IB[i+1]};
costd = UMEEUUIA[i+2], IB[i+2]};
costd = UMEEUU(IA[i+3], IB[1+2]};
costd = UMEEUU(IA[i+4], IE[i+4]};
coeth = UMEEUUIA[i+5], IB[i+5]};
coste = UMEEUU(IA[i+6], IE[1+5]};
cost? = UMEEUU(IA[i+7], IEB[1+7]};

coet += costl + costl + cost2 +
costld + costd + costt +
costh + costT;

[}

CS MSU Graphics & Media Lab (Video Group) 22



L [IpyMep onTUMMU3aLnm
|
L;

_
NToro onepauuu:

-bblN10:

16*16*(pa3HocTb + abs + cymmupoBaHue) = 768 onepauum
. CTano:

-8*(8 ME onepauuun + 8 cymmmnpoBaHumn) = 128 onepauumm

YuntbiBas pa3BepTKy LMKIOB, AN NOCEAHEN peanm3aunm
OyneTt creHepupoBaH BecbMa 3P@EKTUBHbLIN KOA

CS MSU Graphics & Media Lab (Video Group) 23
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[MpuMep onTMM3aLmnA

R |
o 1
Bo3MOXXHO YTOYHEHUE MNMPHU ﬁ@ O S 4 + Integer pixel position
MOMOLLM NOMYMUKCENbHOM O 40 (O Half pixcl position
NHTEPNOIAUNN, NCMOJ1b3YA C. D,
funshift, mergeodd, bilinear o
_ 6narop,op9| 3TOMY onepauum b= (ﬁl + B + 1 - rounding_control) / 2

c=(A+C+1-rounding control) /2,

BEAYTCA Haj permcrTpamu, 6e3 d=(A+B+C+D+2-rounding_control) / 4

obpalleHns B KoL

CS MSU Graphics & Media Lab (Video Group) 24



L | CopoepxaHue goknaga
_—

-.BBeneHme

m Apxutektypa cuctem PNX1x00
m OnTumMmmnsaumsa obpaboTkm BUOEO
m [Tpumep cpunbTpa

m BbiBOObI
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Bilateral denoising on
L . TM3260

=

PaccMOTpuM LMEPPOBYIO Kamepy 1 nonpobyem
3anporpamMmmmpoBaThb Bilateral denoising Ha
BCTPOEeHHOM ynne TM3260

Auto
focus
Lenses RN || Acc | aoc Demosaicing [—gp{ 'M3%® L o] siorage
system . m Bl KL = = u. processing
" E N EE ‘
5 B B m W
H B E B E Auto Control and
exposure interface

Bayer Bilateral Denoising on TriMedia3270
H.Phelippeau, M.Akil, Universite Paris-Est, Labinfo, Noisy-le-

CS MSU Graphics & Media Lab (Video Group) CGrand Cedex France, 2007



Bilateral denoising on
L, TM3260

bynem paboTtaTtb ¢ banecoBckom
MaTpuLIEN LIBETOB

X — KOOpAuHaTa TeKyulero nukcens
y — KoopanHata obpabaTbiBaeMoro
nukcens
u(X) — COOTBETCTBYIOLLEE 3HAYEHME
nukcens
C(X) — HopManuayLlasd KOHCTaHTa
B — OKHO hunbTpa

h, p — lNayccoBckoe pacrnpenernenme

CSN 27



Bilateral denoising on

I , TM3260

_—

OKHO domnbTpa anga 3eneHoro 7x7, Ans KpacHoro n cuHero - 9x9

a0 0k

ol m | G m Gy | @ & m| &
ol @ | @ | @ or | @ & @ | &

CS MSU Graphics & Media Lab (Video Group)

[ m | &y m Gy | @ @ m | @

&l m | G | @ oy | @ @ m | &
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Mol -
LoD O 0| &0 0@
-l -l-N-
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-l -
[ I = R O e T = ¢ N N ) I I I ) O (= I N 1

B B B E
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[IpaMasa peanusayms

| GRAPHICS & MEDIA LAB
VIDEO GROUP
- . count_width=1
count_heigh=1
while count_width<image_width
while count_heigh<image_heigh
if pixel_color==red
new_pixel value=red bilateral_filtering
else if pixel_color==green
new_pixel=green_ hilateral_filtering
else
new_pixel=blue_ bilateral filtering
end if
end while
end while
. . Floating point operations Absolute Square
Operations Exponentials EP P | q
Multiplications Additions Divisions values roots
location weights 23 75 23 25 0 25
intensity weights 25 25 25 25 25 0
mean and 0 50 24 1 0 0
normalization
total 50 150 74 51 25 25
Tak He nporpammupytoT gaxe Ha PC!
29
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Look-up tables

=

Ncnonbay4
CUMMMETPUYHOCTb
3aBogum Tabnuuy Ha
8*255 float
3Ha4YeHuun
I I
Operations Exponentials Floating point operations Absolute Fetches
Multiplications Additions Divisions values
location weights 0 0 0 0 0 0
intensity weights 0 0 0 0 25 25
mean and o 25 24 1 0 o
normalization
total 0 25 24 1 25 25
tatal-naive version 50 150 74 51 25 25

CS MSU Graphics & Media Lab (Video Group) 30



Loop unrolling

PasBepHeM BHYTPEHHUU UKKIT B 4 pasa
— Takas npocTtasa onepauns Ha VLIW
npoueccopax BbICOKO NOBbILWIAET
9 PEKTNBHOCTb

CS MSU Graphics & Media Lab (Video Group)

for (j=0; j<height-1; j++)

{
Switch(Pixel Line Start):
Case({Red):
for (i=0; i<width-1; i+=4)
{
Img [j*width+i] = Red_pixel();
Img [j*width+i+1] = GreenR_pixel ();
Img [j*width+i+2] = Red_pixel ();
Img [j*width+i+3] = GreenR_pixel ();
}
}
Case(GreenB):
for (i=0; i<width-1; i+=4)

{

Img [j*width+i] = GreenB _pixel ();
Img [j*width+i+1] = Blue_pixel ();
Img [j*width+i+2] = GreenB_pixel ();
Img [j*width+i+3] = Blue_pixel ();

}
JUpdate(Pixel_Line_Start);
}

31



Custom operations

_
L-.

EL 23 15 7 0 H 23 15 7 0
I’"SI'| unsigned | unsigned | unsigned | unsigned | rsr unsigned | unsigned | unsigned unsigned |

| | gl
(\P g 0

0

Tl

0

o =

|| unsigned I || unsigned | | unsigned | || unsigned |

I N

rd-| unsigned | unsigned | unsigned | unsigned |

Four full-precision
S-bit absolutes

CS MSU Graphics & Media Lab (Video Group) 32



-

Custom operations

NAaAiimi =~ (WL W P TN

~0

s~ AArtAas RAamAaA

GRAPHICS & MEDIA LAB
VIDEO GROUP

1tARas m~ AmA ~nAAaAl

CS MSU Graphics & Media Lab (Video Group)

Function latency Latency per 4-pixel computation Total Cycles
Memory data | Classical load operation 5 20 20
load TriMedia super_Id32{) function 5 10 10
Substracti 1
LUT index Classical C functions Lostracton 12
. Absolute value 2
computation
TriMedia dspquadabssub() function 3 3
33




CpaBHeHue

1
- -

GRAPHICS & MEDIA LAB

VIDEO GROUP

[pocTeniwas onTMMmM3aums AaeT NpUpPOCT NoYTH B

100 pa3

Ovecles per Improvement/ Improvement/ Frame/second
Y ixeli I:mive{%] Look up table version (640x480)
’ (%) @350MHz
Maive version 6026.1 0.19
Look up table 445.7 92.6% 2.56
Loop unrolling 219.2 96.36% 50.82% 5.2
Integer 155.5 97.42% 65.12% 7.23
Trimedia custom functions B4.1 98.94% 85.62% 17.78

CS MSU Graphics & Media Lab (Video Group)
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[TpobnemMbl AanbHeNLWEN

, ONTUMU3aLNM
i

= 3arpy3ka noapsa vaywmx 9 6antos TpebyeT aAByx
onepauuu super_ld32. NMonpobyeM ncnonb3oBaTb
OKHO 8x8

«[10N10BNHA 3arpy>X€HHbIX 3HAYEHUN He
MCMNOMNb3YOTCA — U3MEHUM peanu3aunio ans
06paboTKM BCEX LIBETOB 3a pa3

CS MSU Graphics & Media Lab (Video Group) 3



L OnTMM3aunsa 3arpy3ok
‘ i

Bblxoa — cuMTaTb BECb LIEHTpaNbHbIA 6/10K 3@ UTepauuto B okHe 8x8

Rgig2l RgRg22
GBGB11 GBGB12

[0 IS rgrg0 [ o T <0]
CIET oeono [GoliEA] GoliEa]

GBGB11
“— () —|JL

{|% () _|}

CS MSU Graphics & Media Lab (Video Group)
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Pe3ynbTaThl S =

VIDEO GROUP

Improvement/
Cycles per Improvement/ Improvement/ Maive + TM Frame/second
pixel naive(%) Look II.,Ip table custnlam (640x480)
version (%) fonctions @350MHz
version (%)
MNaive version 6026.1 0.19
Look up table 445.7 92.6% 2.58
Loop unrolling 219.2 96.36% 50.82% 5.2
Integer 155.5 97.42% 65.12% 7.33
Trimedia custom functions 54.1 98.94% 85.82% 17.78
New formulation-8x8 windows 32.3 99.46% 92.75% 49.61% 35.27
New formulation-6x6 windows 24.3 99.6% 94.55% 61.93% 46.9

YMeHbLUEHMEe OKHa 4O 6X6 no3BonNuIio aBTopam BblUrpaTb B CKOPOCTH
ewle B 1.3 pasa.

[axke manenine onTMuMn3aumm CUNbHO BIINSAIKOT HA CKOPOCTb PaboThl
anropntma bnarogapsi KOMNUMATOPY

CS MSU Graphics & Media Lab (Video Group) 37



L BbIBOAbI
-

= [1poueccopsbl TriMedia — MoLHOe 1 yaobHoe
CpeAcCTBO NporpaMmMmpoBaHus 0b6paboTkn BUAeO

= [1pn Xopoluem ypoBHe pa3pob0oTKM MOXHO A0OUTbLCS
BbICOKOW NPOM3BOAUTENBHOCTU

= NXP npeanaraet BCTPOEHHbIM NPOrpamMMHbIN NAKET
ME/MC, kogepoB\aekoaepos, GUIbTPOB C KOTOPbIMU
MO>XHO COpEBHOBATbLCS

CS MSU Graphics & Media Lab (Video Group) 38
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GRAPHICS & MEDIA LAB

| Cnucok nuteparypsbl

e W

= "TriMedia CPU Optimization" Torsten Fink, Manoj Koul and Chuck Peplinski,TM
Center of Excellence, August 2006

"TriMedia Optimizations by Hand" Torsten Fink, Manoj Koul and Chuck
Peplinski, TM Center of Excellence, August 2006

= "Bayer Bilateral Denoising on TriMedia3270" H.Phelippeau, M.Akil, Universite
Paris-Est, Labinfo, Noisy-le-Grand Cedex France, 2007

"TM3260 Architecture Databook" Koninklijke Philips Electronics N.V. 2003.
"PNX15xx Series Data Book" Koninklijke Philips Electronics N.V. 2006.

"Motion Estimation Performance of the TM3270 Processor" Jan-Willem van
de Waerdt, Jean-Paul van Itegem, Gerrit A.Slavenburg, Philips Semiconductors,
San Jose, CA, USA, NVIDIA Corporation Santa Clara, CA, USA, 2005
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