Computer System

Step2. CA0302:High performance media processing and VLIW

http://archlab.naist.jp/Lectures/ARCH/ca0302/ca0302e.pdf

Copyright © 2021 NAIST Y.Nakashima


http://archlab.naist.jp/Lectures/ARCH/ca0302/ca0302e.pdf

Stereo matching

WyNAIST.



Object detection
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Object detection




Object extraction
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Stereo matching requires heavy computation
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How to find similar image

SAD (Sum of Absolute Difference)

» Sliding 21x21 pixel window
* Each pixel has 4bytes (RGBO)

~ L[i-1] © L[i  LiE+1]
L RIGIBIOIR|IGIBIOIR|GIB|0O

- R[-1] R[] = R[i+1]
R RIGIBIOIR|IGIBIOIR|GIB|0

32bit
DIFF; = |L[i]r — R[i]r| + |L[i]la — R[ilc| + |L[i]p — Rli] 5|
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Stereo matching based on edges

Focus on far side Near
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Stereo matching based on edges

Pixel
L Edge

The offset at “two edges and minimum SAD”
represents its depth
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Stereo matching based on edges

»Edge is detected when SAD with opposite pixels
exceeds some threshold.
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Speed up with
multimedia instructions
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Split use of wide registers

32bit adder

16bit adder

16bit adder
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SIMD: Single Instruction and Multiple Data
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SPARC: Visual Instruction Set (VIS)

Memory R

Register 1, [x7

L[] L[i+1] Rli] Rli+1
G|B|0[R|G[B]|0 R|G|B|0[R|G|B|0
Lo | |
x6| X5 [x4]x3[x2]x1[x0 Ri |y7|ve|vs|v4|vs|yz[vi|vo
N /
TEMP [BsijnsfanssaBs{ABsgABsBsifapsd
TEMP SUM(7..0)

S

-
S

f4bit

» PDIST. accumulate SAD to 3'rd operand
— Li (8/84 FO—F)
— Ri (8/\1 bO—F)

LD L[i], L[i+1]
LD R[i], R[i+1]
PDIST Li, Ri, S

— 8 (8734 FSADEHS)
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intel: Streaming SIMD Extensions (SSE2)

Li ¢ Ll+1] | L[+2] : L[i+3] Ri] | R[+1] | R[i+2] | R[i+3]
R|G|B|0|R|G|[B[O|R|G|B[0|R|G[B[0| [R|G|[B|0[R|G|B|0|R|G|B|0|R|G|B]|0
XMML MOVDAQU | XMM2 MOVDQU |
s 4 g g xo | xa [ x7 | x| xs [ xa[xa| xe[xi[xo|  [visvidvisviovilvio vo[vs|v7|ve|vs|va|va|ve[vi]|vo

(TEMP 3o e e s s s s s psefaBse{ABs daBs B AABS s )

XVMM21O(0(0]0|0|10pmEsf0]0O]0[0]0]0 [smr.o
PADDD | 16bit
XMM3lOjOojojojolOol S [O]lO|lO|OlO|O] S

e — —— ——

fidbit tidbit
» PSADBW: add bytewise SAD (with no accumulation)
MOVDQU L[i],L[i+1],L[i+2],L[i4+3] — xmml (1 6B)

MOVDQU R[i],R[i+1],R[i+2],R[i+3] — xmm2 (1 6 B)
PSADBW xmml, xmm2 —  xXmm2
PADDD xmm2, xmm3 — xmm3 (1 6B)
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Intel: Streaming SIMD Extensmns (SSE2)

wdif:

pushl
movl
movl
movl
pxor
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
addl
addl

$ebp
sesp, %ebp
12 (3ebp) , 3ecx
16 (3ebp) , $edx
$xmm3 , $xmm3
0 (%ecx) , $xmml
0 (%3edx) , $xmm2
$xmml , $xmm2
$xXmm2 , $xmm3
16 (%ecx) , $xmml
16 (%edx) , $xmm2
$xmml , $xmm2
xmm2 , $xmm3
32 (%ecx) , $xmml
32 (%edx) , $xmm2
$xmml , $xmm2
$xXmm2 , $xmm3
48 ($ecx) , $xmml
48 (%edx) , $xmm2
$xmml , $xmm2
xmm2 , $xmm3
64 (%ecx) , $xmml
64 ($edx) , $xmm2
$xmml , $xmm2
$xmm2 , $xmm3
£1280, $ecx
$1280, sedx

In case of window: 20x20 pixels

/* *1p */
/* *rp */

/* line#l */

movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movdqu
movdqu
psadbw
paddd
movd
psrldg
movd

addl
leave
ret

0 (%ecx) ,%$xmml /* line#20 */

0 ($edx) , $xmm2
$xmml , $xmm2
$xmm2 , $xmm3

16 (%3ecx) , $xmml
16 (%edx) , $xmm2
$xmml , $xmm2
$xmm2 , $xmm3
32 (%ecx) , $xmml
32 (%edx) , $xmm2
$xmml , $xmm2
Sxmm2 , $xmm3
48 (%ecx) , $xmml
48 (%edx) , $xmm2
$xmml , $xmm2
$xmm2 , $xmm3
64 (%ecx) , $xmml
64 ($edx) , $xmm2
$xmml , $xmm2
$xmm2 , $xmm3

$xmm3, $ecx Get lower 64bits
$8, $xmm3 Shift right by 8B
$xmm3,%eax Get upper 64bits

%ecx, %eax Add
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FR550: 8way Very long instruction word (VLIW)

I06It
Memory L[i|[R[G[B]0] R[i|[R][G][B]0]
LDFIl lLDFI
Register L. [R[G][B]0] R: [R[G][BJ0]

RG] Fa Bl O] G[I[R[]G] G| BT 0]

MOQSUBHUS

| MOSUBHUS

e At J i SRR

‘_______...---""r T -
SUBI puseiGpussrc| SUB2 pussmGlusea]  SUB3 ISIJBm{“ Ffuciar|  SUB4 pussic rlsusic:F:)
| | P * — |
N1 | 1 s ek a— 1 1 ] 1N
H t : ' ¥ H
___________________________________ . ; . e
MOMACHS 1= ; : \_\ . 5 ; MOMACHS
ACCO L+ R | : ' ACCH - R | ;
ACCl | > | : ACCs | G |
ACC2 | B | ST ACC6 | B -
Accs [0 Jue ACCT [0 Je
~ 40bit

Accumulate register
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FR550: 8way Very long instruction word (VLIW)

ADDL ADDR MASUBHUSSHE MQSUBHUSTHE MQOMACHSSH!  MAMACHS T
DAL LDAR MQADDHUSX ~ MOADDHUSZ  MOMACHSSH2  MOMACHSTH2
LDAL# LDF R+ MOADDHUSY — MOADDHUSU — MOMACHSSHS  MOMACHSTH3
LDALK2 LDFIR#2 MOVACHS S MOMACHS Trd
LDALH3 LDFIR##3 MBTOHL MBTOHRI MOMACHSX  MOMACHSZ
LDHA Li+4 LDARi+4 MBTOH L+ MBTOHR#+1 MOVIACHSY  MOMACHSU
LDALHS LDFIR#S MBTOHLH2 MBTOHR#2 MASUBHUSSI  MQSUBHUSTI
LDALHG LDAR6 MBTOHLi+3 MBTOHR#3 MQASUBHUS S MQSUBHUS TH1
LDHLET LDFR7 MBTOHL+4 MBTOHRi+# MASUBHUSSHZ  MQSUBHUS THZ
LDHALH8 LDFRH8 MBTOHLiS MBTOHR#S MQSUBHUSSH3  MQSUBHUSTH3

MBTOHLi+6 MBTOHRi+6 MQSUBHUSSiH4 - MQSUBHUS T4

MBTOHLi+7 MBTOHR#+7 MQSUBHUSSHS  MQSUBHUSTHS

MBTOHLiH8 MBTOHR#+8 MQSLBHUS S+  MQSUBHUS THG

MQSUBHUSSH7 MQSUBHUSTH7 MOMACHSS  MQMACHST

ADDL ADDR MQSUBHUSSHS MQSUBHUSTHE MOMACHSSH  MOMACHS T+
DAL LDAR MQADDHUSX  MQADDHUSZ  MOMACHSSHZ  MOMACHSTHZ
LDFAL# LDAR# MOADDHUSY ~ MOADDHUSU ~ MOMACHSSH3  MQOMACHSTH3
LDALH2 LDFIR#2 MMVACHS S MOMACHS Tr+4
LDALH3 LDFIR#3 "MBTCHL VBIOHR | MOMACHSX  MOMACHSZ
LDF Li+ LDFIRi+4 MBTOHLi+1 MBTOHR#+1 MOMVACHSY  MOMACHSU
LDALHS LDFR#5 MBTOHL+2 MBTOHRF2 ~ MQSUBHUSST  MOSUBHUST
LDHLHG LDFIRi+6 MBTOHLH3 MBTOHRH3 MASUBHUS SH1 - MQSUBHUS TH1
LDALHT LDARKT? MBTOHLi+4 MBTOHRi+4 MQSUBHUSSHZ  MQSUBHUSTH2
LDFILi+8 LDFRi+8 MBTCHLi+S MBTOHRHS MASUBHUSSH3  MQSUBHUSTH3

MQMACHS: quad 16bit-multiply-and-add
Moreover, 8 instructions can be executed simultaneously.
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