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Figure 1: Processor Performance vs. Time

Source: Xilinx Whitepaper 505 — Versal ACAP
(reference to J. Hennessy, D. Patterson, Computer Architecture: A Quantitative Approach (6th Edition, 2019)
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action { =
stage El: nML-E

User-Defined Veii (= - e
Architecture vs vecr=V[r] ,vecs=V[t])Qvec; . _
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; }
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235 2eco

> 240
+ 241 5040
v 242 4083
243 7ffb
- 243 2521
- 245 2e=0 00fa 0023
+ 248 40as
+ 249 4294
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T testpri - ChessDE

File Edit View Project Compile

Debug Settings Window Help

P OETEE

[ 1]

0B w4 DD]s «[ 5

test_inits] test.c |

Microcode |

Hle o w|oesw.r 0 K|
8=

3¢ 67
1d 1r,dm(sp-1)
rtd

mvib 0,0
addb =p, -76

mvi £2,0
1d ri,dm(xo)
addb =p, &
1d r3,dm(r2)
st 1r,dm(sp-1)
mv z2,x1

doi 35,250

4 ra dm(r3as
T4, dm(r2++)

- Int 2 Loc = 3:
- strepy (Str_2_Lsc,
- Enum_Loc = Tdent_2:

" Soo1 G1on

/= Boo1_cion -/
- | _report_bool (Bool Glob): E
- while (Int_1_Loe < Int_2_Lee) /* locp body executed once

<

- Proc_7 (Iat_1_Loc, Int_2 Loc, &Int_3_Loc):
o T *f

/% Int_3

Func_2 (Ser_1_Lac, Str_2_Loc);

5 = Int_1_Loc - Int_2_Loc;

3, Int 3 Loc == 7 +/
. Int_1_Lec, Inc_3_Loe):

=]

<[

osted /O] Local variables |

Statistics| Registers 1 2 | Pipeline B 2 | gacktrace: main _main (235)

= = [2385) (2386 (2287 [2388] [2389] [23%0] - lame Type Value
BC = 5T
=) = [E Run_Index | inc
Y 0 ; vo1d Proc s | word

Y E ) eyl DO

xo B [ | braw 3 tee | iae
R1 3 e E— m
= ] o e e o e
o E 2385) (2a8s |28 [2zsn| 290 ] 2290) [domeoe |
Ra = =i —
3 B Ul ['[[e2arsea came = 0.02199953982075071
Ra s

#Cycles/ (Elapsed) = 108545.455133613
[

" motion.prx - ChessDE

TR

& el |

File Edit View Project Compile

Debug  Settings Window Help

R ERET T

|[=gmimaawy

Profiling

EEXCEEE
B 52 [profiete |

Instructions.
Instructions report
Instructions chart
Functional units reps
Primitive operations
Instruction classes re
Hazards report
nML coverage repor

Functions
Execution Trace
Back trace

Total fune+ dese ti
Number of calls
Min/ Avg/Max Funi
Min Ave/Ma fun:

Storages

Accesses

Report
Access history

Chart

Function  Execution tracing

== Total function time

0 251 503 754 1006 1257
Count

Function name Total fune % Total
motion_estimation void_. 1257
sad_16x16 _motion__sint.. 1080
wiprintf _sint_fprintf_| 114

rintf _si rind cc. 54

I fun
48.
a1
4.
24

Total cycle count
Report cycle count

Tetal inscruetien ceunt
Report instruction count
REpOIT 1NaTruction Cover:
Toral size

Command used to generate thi

Funetion summary:

in program memory:

Cycles % of total Instruction ¥ Of total % Cov

age : 85.71%

= report: ::iss pE

1287 as.ssy | 1133 47,583 100.00
1080 a1l718 1008 42661 100.00
114 ala0s 108 als7e 100.00
54 2l00% 22 1784 100.00
48 1.85% 48 2.03% 100.00
29 1l12a 20 oless 2081
4 0.15% 2 0.08% 100.00
Function detaili sad 16x16 _ mation__ sint_sad_16x16 B ua
Low BC 4
High PC 18
size in program memar 15
Cycle-count 1080 (41.71%)
Instruction—count 1008 (42.€€6%)
Instruction Cover i 86.67%
BC Inscruccion  Assembly

4 2532
5 3304

[Coi30 < | m ]

Line 20

mv £3,r2
mvip rd, 48
v

s ||MIP Designer K-2015.06-2

. 229 7fa1
- 230 2412 0176
- 232 290 0043
- 233 ero

IFo.| 235 2eco
. 238 3000
. 237

241 5040
242 4083
243 7ifb

- 223 2521

- 245 2ee0 00fa 0023

40da

=c rl,dm(sp-3)
mvi r2,374

jc 67

1a 1r,am(sp-1)
zcd

mvib ¥0,0
addb_sp, -76

mvi 2,0
1d r1,dm(z0)
addb =p, 4

1d r3,dm(r2)
st 1r,dm(sp-1)

z2,r1

doi 35,250

1d r4,dm(z3++)
=T r4,dm(r2++)

test_init.s| test.c [string.c

Int_2_Loc = 3;
- strepy (Stz_2_Toe,
- Enum Loc — Tdent 2:
- Bool Glob = ! Fumc 2 (Str_1_Loc, Str 2 Loc):
/* Bool_Glob 1=
- | _report_bool (Bool_Glob) : E
- wnile (Int_1 Loc < Int_2_Loc) /* loop body exscuted once
=] <

- Int 3 Loc = 5 * Int_1 Lec - Inc_2 Loc:

4% Int_3_ 7
- Broe_7 (Int_1_Loc, Int_2_Loc, &Int_3_Loe):

/% Int_3_Toc == 7 =/
- Int_1_Loc += 1;

- | _zepozt_s= (Int_2_Loc);
/* while

/* Int_1_Loc Int_2_Loc 3, Int_3_L 7 %/
- Proc_8 (Arr_1_Glob, Arr_2_Glob, Int_1_Loe, Int_3_Loe):

[Gneioz [Coisa < [ i ]

Hosted /0] Local variables

er
VeckoslnieruplOontalier

B 22 [ gacktrace: main_main (235)
21 Name Type Value  Location
lRun_Index | int 3| Duise - 31 |4
Lso = 211 Lvoid Proc S | word 374 | RI 21 A
o leser_1_Laz | char [31] <array> | DM[SE - 45] | 4
=] tmme_1Tee | imc s | Durse - 12) &
<= - — i — — 1
0 Console
0
o EZlapsed time = 0.004000000188888505
o - #Cycles/(Elapsed) = 463499.97798493237
] v <[ I+

Vew Smuston Plgins bel

L ACH ¢/ [bBSOA (@ B0 W ] M

tme tmicro. dix-tabs xmil

sign | Library Eotor | Documentstion |

€| pelpCoret_p DM C_| FamsapConed_sachet

wryoraqES
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"E motion.prx - ChessDE - — — . " [EL@ L = ,r
File Edit View Project Compile Debug Settings Window Help
i L_]‘;é ODES &L E\_Hﬁ “3 A ‘ = (e (& @‘ % @ ‘@- ¥ o « Release v
| Project explorer| M'C’°‘°de E & |mot|on map|tmot|on n\ motion.c \ vER
. . \‘, int sad = 0; 7
eticn it vpix chess storage(CMb)* pvc = (vpix chess_storage(CMb)*)curr_block;
, 0 241a 0002 mvi sp,? vPixk pvss = {vpixx)search wnndow,
i |3 ypixk pys = pvss;
e el (Tl [F2  for (int i = 05 i < 18; i++) {
sad_16x16 _ motion__ sint_sad_16x16__ P_ ucha " YRIX YC = XpYCtt,
vpix vs = valign(pvss,*pvs,x(pvs+l));
[ 4 2501 my r0,rl = pvs += LINE _STEP/16;
B 5 3204 nvib rd,32 vpix adiff = vadiff(vs,vc);
- g gggg Id Vé Ldn(ri++) sad #= vsumi{adiff); S —_ g
[ my r f —
. 8 ol o i) return sad; NML3 I‘%El]\tit
9 aaad ld vl dniri++) | Id v3,cn(r3++ -1
10 3006 my ik rG,EI ; o7 y . , : o
» 11 2eel 000Ff D010 doi 16,15 B/% x and vy steps define center point and 8 surrounding points E
14 bUb3 Id vU dm(r1+ r4 | Id v3,em(rs =
s dd rB,r5,r6 B
> — =
F '|Z/7 7:| I‘ﬁE/I\ Ly/ 4
7 ' ti : 7 ' i P static int x_steps[9] = {0, 8, 8,0, -8, -8, -8, 0, 8 };
sotlon estiugtlontvold ackicn estination | static int y_steps[9] = {0, 0, 8,8, & 0, -8, -8, -8 };

19 5300 addh sp, 48 : :

20 3003 mvib r3,0 struct Motion_vector { int x, y; };

21 Tec? st r2,dm(sp-20)

29 Teel st ri,dn(sp-18) void motion_estimation(unsigned charx search_window,

93 7eal st r3,dn(sp-22) unsigned char chess stnrage(OMb)* curr_block,

24 7e83 st r3,dm(sp-24) Motion_vectorx v)

75 7e63 st r3,dn{sp-26) { . , : : gl

26 Tedl st r0,dm(sp-28) ompute motion vector using a step based algorithm with steps 8, 4, 2

27 7e2b st Ir,dn(sp-30) and |

28 3309 myib r9,48 . )

29 2417 7fff mvi r?7,32767 - int sad, min_sad; Y
< m | ) |Line1 [Colo < | | »
Console | i x4
Ayt “‘ry,(/pry )

el 33
- SYNoPSys ©2022 Synopsys, Inc. 8
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File Edit View Project Compile Debug Settings Window Help

"B — VIO ITTIAVAH

B0 ROe a4 DR)s o|Q % %O O%P 8 HO|E=EEEY Release
Microcode [ tmotion_init.s| motion.c vB&
i 5es St 2t o (sp-2) [ vz 1
e st r2,dmisp- I R 4
149 2e00 nop Seis L
- 150 Beeh Id Ir,dn(sp-18) }
» 151 Zecl rtd
E1 -7152° 3000 mvib r0,0
}ID - 153 5e00 addb sp, -32 H#include 1o o \ RY —
‘ _hosted_clib_io / _hosted_clib_io HiE 1 Bl 10e C /_Z: - I‘ i%/]\
‘ s }22 geﬁg o Mot ion_vector mv;
> e nop ; ;
. . _ e |{nt nain()
nop “Start motion estimation.¥n”);
7-t) ,7 7§m oR oo PRINTF(7Start ot lon gstliiat igh.¥n™);
R ;tdrl dn(r0) ‘ motion_est imation(search_window+LINE_STEP%16+16, curr_hlock, &mv); .
161 2e00 nop \_ PRINTF(“Best overall wvector %¥2d.%2d) . ¥n", mv.y, mv.x); -
vferintf / _sint_vfprintf_ PFILE_ P_ccl ™ Fot A ‘"
162 5400 addb sp, 64 =l .
163 250a my r0,sp X
| 164 3ccd mvib rd,-52 < | |ltiner  |Colo < | | »
< | ] 3 [eora pareroreme |
Hosted 10 |Localvarables| =
Statistics |Registers B 2 [start motion estimation. 2|
I —— =~ fges% suE vec%or ;or s%ep ID : E—i,—gg. <
Instruction history: Best sub vector for step 1 : (-4,-4). - LN
) Best sub vector for step 2 : (-2, 2). 7_9:/ J_)l/
Stz PC Instruction Assembly Best sub vector for step 3 : (0, 0).
IF | === —mm ———- Best overall vector : (-14,-10).
ID 153 5e00 ---- ---- addb sp, -32
El 152 3000 ===~ =---- mvib r0,0 =
S$3 151 2ecl ---- ---- rtd =
S4 150 Beeb ---- ---- Id Ir,dn(sp-18)
8 (79 400 - - 140 an (on-48) = .
-------- r0,dn(sp- =
§7 178 Zec) ---- --—- rt Console g
S8 177 6feh ==== —-——= Id Ir,dn{sp-2) — - ——
sS9 161 2e00 —--—- ---- nop | Elapsed time = 0.156 A
| 810 160 4901 —--- --— st ri,dn(r0) =5 ‘ #iCycles/(Elapsed) = 20064.102564102563 =l
w - =
v ! |

Lo XA AT R

Ayt—UDAFRD

34 |retargetable-13R1.33

© 2022 Synopsys, Inc.
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Function summary:

Cycles ¥ of total Instruction ¥ of total ¥ Coverag/
8

/

Relative cycle use in sinulation

\sint_sad_18x18 P uchar P*xx*xxxxxxxx*xx*xnnxxn
= i :

ISS command =

<PROCDIR>/../iss/tmot ion_ca

1620 51.01% 1548 52.60% 86.6
'?E? 32:?|§ ]133 32:5?§ 33:?4 ntf__ PFILE__ | P __cchar, onn *x
63 1.98% 49 1.66% 77.78 P__cchar
56 1.76% 56 1.90% 100.00% ed _clib_io
38 1.20% 27 0.92% 70.97
7 0.22% 4 0.14% 75.00
Function detail: 5%2 16316 _motion _sint sad 16x16__P _u
Low PC 4
High PC : 18
Size in program memory: 15
Cycle-count B 1620 (51.01%)
Instruct ion-count g 1548 (52.60%)
Instruction Coverage : 86.67%
PC Instruction Assemb |y Exe-count Cycles Wait states Relative cycle use within func
4 2501 my rO,rl 36 36 0 ®x%x
5 3204 nvib rd,32 36 36 0 %¥x
B c055 Id wl,dm{ri++) 36 36 0 *xx
7 2532 v r3,r2 36 36 0 #xx
8 c0B1 Id v0,dm{ri+= r4) 36 36 0 *xx
9 gﬁﬁa Id ylodmiri++) | 1d v3.cm(r3++) 36 3R 0tk
10 [4 myib rB,U 36 36 0 #xx
11 2eel 000f 0010 doi 16,1 36 108 IR T22222223
14 b0b3 Id w0, dm(rl+ rd) | 1d v3.cmir 576 576 0 $RpfR Rk Rk R k]
15 aacd Id vl ydm{ri++) | add rB,r5,r 578 576 0
0 ag 0 ey
17 2506
18 2600 ek

Function detail:

Low PC
High PC

motion_estim

Size in program memory :
Cycle-count 8
Instruct ion-count 2
Instruction Coverage : 9

1133 (38.50%)
0.38%

mv rU rb
nop
ation void_motion_estimation__|
19
122
104
1258 (39.61%)

fheY

A9V Fr—Ft

INTSAVE1—

ISS mode Cycle accurate
Cycle count = 3176
Instruction count = 2943

PC = 130

SP =

98
Stack area: DMb[ 2 %7

20487, growﬁing up

Maximum stack pointer value =

Instruction history:

Stg PclSD Instruction
ID 180 5¢00 ---- ----
El 179 6d00 ---- ----
83 178 2ecld ---- ----
S4 177 Bfeb ---- ---—-
85 161 2e00 ---- ----
S6 160 420) ---= ==-=
87 159 2eclh ---- ----
58 158 3101 ---- ----
89 157 2e00 ---- ----
S10 156 2e00 ---- ----

Assembly

addb sp, -64
Ifdrl] ,dm(sp-48)

r
Id Ir,dn(sp-2)
nop

st r1,dn{r0)
rtd

mvib ri1,16

YL

157

==
3| &8

A v “ A,

o |l
328

~

1
180

Program counter

13

s o e s ]
o (a]

Iiiinop

mvib 11,16

td

st rl,dm(10)

IIIIInop

Id Ir,dm(sp-2)
(oa] (e

Id 10,dm(sp-48)
addb sp, -64

o (@]
@]
(@)
o (@)

) ) s

NMLA/ LS

tmotion (0.266224)
.alu_instr  (0.0654762)
.alu_rrr  (0.142857)
+a|u_gp (;?.142857)

-xor

.COmpare_rr

+compare_op
(1)

)
(0.25)

(0.25)

-ltu (0

-le (0)

-leu (0}

-zt (0)

-ztu (0}

-ge (1)

-geu
.equal _rr  (0)
.alu_rr (0)
.minmax_rrr (0)
.select_rrr (0)

shlft instr (0.333333)
iFt rrr {0 239393)

© 2022 'Synopsys, nc.
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FREEBT N\VTIRIEDEE

/7)»9‘-A3|P7‘-‘/<‘y7’7ﬁfﬁlﬁ8\ * NML(PDG)aE#h MHRTLO—RZ & L

Verilog/VHDL RTLa—F

JTAG Key/lJTAG key2%HHR—k

Design Compiler/ SimplifyFX42') Tk
47ty Y (RTL) QALY UTATE

Xilinx USB2 ]

VA k o4

f Digilent JTAG HS2 ERAYZ

. &o e e

Macraigor
= Lauterbach
s Y = Q
HAPS'§O FPGjA"—I_‘ > FTDI USB Hi-Speed to MPSSE cable.
V)—X = Segger J-Link Ultra cable. -

© 2022 Synopsys, Inc. 11
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é
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Left Camera Right Camera
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Performance-size tradeoff

)
2 900 05-16x16-AM4-ext (v1.2
S
> e trv32p5-16x16-AM-ext (v1.1
Y 800 o
i
< 700 3.4x
P | 600 °
(D)
9/ 500 2.5x 5
S 400 65—
;: ¢ trv32p5-16x16-ext

300 93y

200 / trv32p5-scalar-ext

trv32p5
o0 .
o
0
0 1\ 100 10000 1000000
; Gceycle for 30fps@UHD
Y synorsys Real-time@1GHz © 2022 Synopsys, Inc. 20




RELE (5L HRAN IR

Right

scanline
« DAVRIEIER—THRIZ
ZTOTCRIARSHE. ZD
DAV DEERA A= D
)IF7LURD4 DDA
LERT S

o IYFUT RN ZFEMELE (SSD: Sum of Squared Difference)

Matching cost
. AKA A—2, >30fps, T AvHH A X=16x16, kL > =100pix, RGB ’V\\ =TS E—
->8M*30*16*16*100*3 ~ 20 TMAC/s ]

- 20K mults/cycle @1GHz
« T—XTOFVEREL: ERAGS, RLANILVISE, RS54 —230, 9ILFAT, AEI? > THAORAR—RDIER
« 7= avikilit: BRIA, 7ILTdVXL? > 7—XT0Fv/7T)r—avDiniAzE
« RENIMWGTILTV X L

= i [V

— SF W il Ll
d‘. -

Y synorsys © 2022 Synopsys, Inc. 21



trv32p5xIZH 1T 5=

INILFE R

BT I)LFa7 A 5{E TEH16600007 N HE!

ﬁ SYNOPSY

©

%306,
%13,
xa,
*9,
26,
%26,
%13,
x12,
%26,
%12,
x12,
12,
%12,
x12,
*9,
x8,
¥9,
%12,
%13,
*9,
x8,
x13,
%15,
x12,
x14,
9,
%14,
*3,
x12,
¥9,
%13,
xa,
*9,
*8,
%13,
*30,
x8,
*29,
w26,
xa,

wHE

*8

128

128

128

6B

x1%, 56
B{x5)
¥26

]

i)

x19, 6
6B(x2)
¥25

*4, x12
®x12, 1
¥3, x13
1

®*13

¥9
B{x12)
B{x8)
B{x13)
*29
-1({x15!)
B{x15)
®11

9

x11

]
2(x15)
#*11

x14, x14
x13

30

®x12, x12
x93, xO
x13

*4

1

*30

TR TN

. 44
45
. 46
47
. 48
. 49
50
51
52
. 53
54

for (int i=é+half_bluck_size: i=left-=h-half_block size; i++)

i

for (int j=@+half block size; j<left-mw-half block size; j++)

1

if (j+disparity min-half block size=0 || j+disparity max+half block size=COL -1) {

for (int range=disparity min; range<=disparity max; range++)

1
550 = 8;

for (L r = -half_block size + i; 1 r == half_block size + i; 1 r++)

{

for (Lc=

1

rec

if ((r c
pix[8]
pix[1]
pix[2]

1

else {
pix[8]
pix[1]
pix[2]

1

-half_block size + j; 1 c == half_block size + j; 1 c++)

r;
L c + range;

nnn A

@) | {rc={CoL -1))) {
128;
128;
128;

right-=data[r_r*COL*CH+std: :min{std
right-=data[r r*COL*CH+std: :min(std
right-=data[r_r*COL*CH+std: :min{std

simaxi(@, r_c), COL-1)*CH];
cimax(@, r o), COL-1)*CH+1]:
cimaxi@, r c). COL-1)*CH+2];

550 += sguare(left-=data[l r*COL*CH+L c*CH] - pdix[@])
+ square(left-=data[l_r*COL*CH+1 c*CH+1] - pix[1])
+ square(left-=data[l r*COL*CH+L c*CH+2] - pix[2]):

}

if (550 = 550 value[i*COL+j] - THRESHOLD)

i

disp[i*C0L+j] = range;
550 value[i*COL+j] = 55D;

}
}
}

Al T

« 166 Tcyc/s
* @1GHz - 166 Kcores

- EHREH

© 2022 Synopsys, Inc. 22



A=+

13EDFHR1E, KAELTIERNEFR

Ift:| ¢ acc
9N diff-sar>
b
( L)
rht:| r
91 (diff-sar>
b acc

» SIMD3: RGB pixel in w32
- diff-sqr-acc (ERA®E)
« 2 cycle innerloopA AT EE:
Zloop + aggressive software pipelining

¢

ILP: Load || compute
- 6.4 Titer/s - 12.8 Tcyc/s
@1GHz = 12.8 Kcores

« (KALLTIERER
Y synorsys

22946
= 22948
v 22052
» 22956
= 22060
* 22062
» 22966
= 22970
+ 22974
= 22976

22978
= 22980

22584
» 22986

22988

22996
= 22992
£ 22994
» 22998
= 23002

23086
+ 23008

= TTATA

» 10608
= 10612
+ 10616
» 10624
= 16632
» 10636
» 10640
= 10644
» 10652
= 10660
» 10668
» 10672
= 18676
» 10630
= 10234
* TRRAR

c.swsp  x11, 52(x2) « O
1i ®26, -50 | o7
do ®*36, 38 og
my ®x13, x1@ o9
c.li ®2%9, B - 100
do ¥27, 24 181
my ®x12, x11 102
my *3, =13 183
C.lw ¥9, Bixl2) 184
c.lw x14, Bi{x8) 185
c.add x12, x5 186
55d *30, %, x14 ——_|

c.add x8, x5

c.add x29, x30 189
c.add x13, x17 118
c.add  x11, x17 i il
c.lwsp x308, BEi(x2) «112
bge *®2%, =28, 12 113
Sw ¥26, B(x19) «114
my ¥28, x29 115
c.add x18, x5 116
c.addi x26, 1 117
- Tuern w11 [ =S R ] T
do xlﬁ 76

mv x22, x12

my ¥24, x19 | mv  x23,
my ¥26, x24 | mv  x25,
Lw x27, 3({x251)

Lw x28| 3(x26!')

Lw 273 (25!

ssd *20) w27, x28 | Tw x28,
add ¥22N\x22, x29 | w  x27,
ssd  x29, xl?,w@xlﬂ,
add 22, w22, ¥29

550 x29, x27,

add *23, x16, x23

add 24, xlb, x24

add 22, x22, x29

hine AP, w1, 12

_1lﬂl_____________j_EEE_fi
108

®17
¥23

3(x26!)
3(x251)
3(x26!)

S ERGBARIZISAE— 3y

for {int range=disparity min; range==disparity max: range++)

55D = 8;

for {(Lr = -half_block size + i; 1 r == half_block size + i; 1 r++]

for (L c = -half_block size + j; 1 c == half_block size + j; 1 c-
i

rr=1r;

rc=10c+ range;

ssdiff{unsigned*)&left->data[l_r*COL¥CH+L_c*CH], *{unsigne

}

if (55D = S50 walue[i*COL+j] - THRESHOLD)
disp[i*COL+j] = range;
550 value[i*C0L+j] = 55D;

1

- OG for (int range=disparity min;
97 {
98
e

=160
161
=162 for (Lc=
163 i
164 -
185 rc
166
=167
168 I
169
118 1

range==disparity ma
550 = &;

for (L r = -half_block size + i; 1 r == half bl
-half block size + j: 1 c == half_

Lr:
L c + range;

550 #= ssd(*{unsigned*)&left-=data[l_r*COL*

© 2Uzz Synopsys, Inc. 23



SRIEHNIIZAE—3Y
16fE B, LM LEE R

SIMD3x16 - 24x16=384bh vectors
L=~ 52— diff-sqr-acc b

g

« 2 cycle innerloopA AT &E
— Zloop + software piplining rht: r
— ILP: Load || compute d
. 1645 3E; 400 Giter/s > 800 Gceyc/s b

@1GHz - 800 cores
&KAELTIERZER w52 @ nop

| 1w %27, B{xT) LLi FFASLE _'||: EMenTaTL1ol ) ) .
14960 addi x29, x5, 8 | nop 128 pix T chess storage(VM)* p lpixel = &lpixels[{i-half block s
D - ; 129 pix T chess storage(VM)* p rpixel = &rpixels[{i-half block :
° k »w 2 14968 addi ¥38, x25, @ | nop
RDATITNE" 14976 addi  x28, x16, @ | nop 10 ot e = 2
14984 do x23, 32 | nop z Nt row 1nc = 2
- I B - 14992 W vl, x14(x38! 132
)(:E JT?tZ}jJi‘“:O)T_&)O) 15668 EEE : 1: :@' ig,::ég.]'] =133 for (L r = -half block size + i; 1 r = half block size + i;
~ ~0 ] ]
BRI RADIEM 15008 nop | v vB, x9(x291) = t _ _ o o
15816 55 w2d+=vB, vl | v wl, x14{x38!) i;é 'f |: r' B EI-‘--”- Ill*h Ilf bll k =" multip ‘IJSIZE] { Lor Lent
DA 15824 addi xB, =B, B no = or (int s = 5 < a ock_size; s+=
- //7 )I/-U-’fg}l/o) 16)(16 SSDI,~§ AN 15e32 bge x28, %27, 24 I nc:-E =137 55D = pix ssdac{55D,*{vpix t chess storage{VM)*){p_ Lpixe
(231::—'—‘ ,”:) 15840 nop | sw %26, B(xB) L8 }
ERP S 15648 addi %27, x28, 8 | nop iiE o ixeletOL row 1 oL exotron |
—_ 15056 addi 26, x26, 1 | nop S p_Llplxel+= Mol 1NC; p_rplxel+= EXPTrow_1nc;
— T—HAZBAATELERAT)DEM 150 addi  x25, x25, 1 | nop 141
15872 2 nop | sw %27, 4(x71) ﬂg }
15086 2 ddi 24, x24, 1 -
- 5'Way VLIW R =11 n -a..-l.-l-.:!- fl: fl: 1 ! TfE 144

- S‘/n[lPS‘/S”" © 2022 Synopsys, Inc. 24



T —F T IFViIRZE DI

Performance-size tradeoff

)
2 900 05-16x16-AM4-ext (v1.2
S
> e trv32p5-16x16-AM-ext (v1.1
Y 800 o
i
< 700 3.4x
P | 600 °
(D)
9/ 500 2.5x 5
S 400 65—
;: ¢ trv32p5-16x16-ext

300 93y

200 / trv32p5-scalar-ext

trv32p5
o0 .
o
0
0 1\ 100 10000 1000000
; Gceycle for 30fps@UHD
Y synorsys Real-time@1GHz © 2022 Synopsys, Inc. 27
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ASIP Designer —ASIP THAUER5IC

s T IV r—2avITHE L7 —X T O F vIZ & HPPAD KRG HE

* RISC-V ISAR—ZX D Example®T L CENEIZF A4 7 JLHN AT HE

« HILL ExampleE®T L THATmatchRATL ATy Fo 5 TOotwy Y a0

- MR DOEFNEEER T HILBRAEN DALY T4 —ERISC-VIAEYHZERF !
— CHEKDHHHIF TV TELKIZSLD
— a3k 5E: jp-mkg_info@synopsys.com Performance-size tradeoff

m
% 900 trv32p5-16x16-AM4-ext (v1.2
— 2 300 trv32p5-16x16-AM-ext (v1.1
s ¢ Partial results (v1.0 RVV-alike solution with
3 700 3.6x custom vector instructions,
© ° 512b data path + 1 load/store unit
= | 600 Fundamental performance limit,
8 500 2.5x with optimal (dynamic) scheduling
E 400 G‘SX.\
b ° trv32p5-16x16-ext
300 - [ trv32p5-simd16-ext |
200 / trv32p5-scalar-ext
[ trv32p5 |
100 /
¢ e a ./
0 A\
0 1\\ 100 10000 1000000
Real-time@1GHz

- S‘/ﬂ[lPS\/S © 2022 Synopsys, Inc. 29
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