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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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T testpri - ChessDE

File Edit View Project Compile

Debug Settings Window Help

0B w4 DD]s «[ 5

b il MO

test inits| test.c

e LY
8=

HAYILRE S

3¢ 67
1d 1r,dm(sp-1)
rtd

mvib ro,0
addb =p,

235

mvi rz,
1a ri,dam(ro)

» 240 4001

- 241 5040 addb sp, 4

» 242 4083 1d r3,dm(r2)
243 7ffb =c 1r,dm(sp-1)

- 243 2521 mv T2,T1

- 245 2zee0 0Ofa 0023

Int 2 Lec — 3:
(stx_2_Loc,
Enum Loc = Ident_2:
Bool_Glob Func_z
/= Bool_Glob
_report_bool (Bool_Glab)
while (Int_1_Loc < Int_2_Lac)
<

oc

(str_1_tac,

-t

/% loop body executed once
5 = Int_1_Loc - Int_2_Loc:

(Tnt_1_foc, Tnc_2_Lec, &Inc_3_Loc):
o T o~/

Str_2_Loc):

. Int_3_Lo

VICW - e, S i e

7 .y

—

- 248 40ds 1d 4 cdm(rass) —
- 243 4294 S 74, am (r2+4) “™N[inei52 [Col5s_ - i
< v |
osted /0| Local variables |
Statistics| Registers 1 52 | pipeline B R [ ghektrace: main_main (235)
= - (2385|2386 2387 238 2389 [2330] - lame Type Value
pc = [ 257
= = F Run_Index | imt
=4 = ) F void Prac_s | word
*Str_1 Loc | char [31]
®o B (o [a] Toe 1Toe | ine
=L s EDERER B [— e 0
B2 374 =
= E 2385|2388 | 2367 | 2388 | 989 | 2890 nsole |
R4 - =]
= - Elapsed time = 0.02185985888079071
®e ] d #Cycles/ (Elapsed) = 108545.455133619
[ Fe—— ’ !
«

" motion.prx - ChessDE -

File Edit View Project Compile Debug Settings Window Help
[0 B o[a sk DR oS, %l

Prof

9

b3

EEE e N L
o

profile.t

Instructions.
Instructions repert
Instructions chart.
Functional units reps

Function  Execution tracing

Hazards report
nML coverage repar
Functions
Execution Trace

Total funce dese ti
Number of calls

Min/Avg/Max fur
Min/Avg/Max funs

Storages
Acceses Total function tim
Report
Accens history o M s 7 008 1257

Chart

Function name Total fune % Total fui *

motion_estimation void_.

__sint_vfprintf_|
intf P

Total cycle count
Report cycle count

Total iRSTruction count
Report inscruction eount
Report inatruction coverage
Total size in program memory:

Command used to generate this report:

Function summary:

Cyel % of total Instruction % of total % Coversg
1287 Se.ssa | 1133 PERPTN 100.00
1080 a1i713 1o0s 42,663 100.00

114 1la0n 108 ils7a 100.00
& 2.0% 4z 1788 100.00
a8 1lese a2 2.0t 100.00
29 1.12% 20 0.85% 90.91

4 ol1ss 2 o.0s% 100.00

Function detail:

sad_16x16 _ motion_ sint_sad 16x16__ P_ uc

Low PC 4
Hign BC 18
Size in program memor: 1s
Cycle-count 1080 (41.71%)
Instruction-count 1008 (42.66%)
Inatruction Coverage : 86.67%

PC Instruction Assembly

4 2832 mv £3,r2

5 3309

Line 20

[Coi30 < | m ]

mvip rd,4g

[ASIP Designer K-2015.06-2

[ 1]

Microcode |
- 228 7fa
- 230 2412
- 232 2290
- 231 ez

1r o 235 Zec0
- 238 32000
- 237

241 5040
242 4083
243 7ifb
2521
2ee0

40da
4204

0176
0043

00fa 0023

=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

- while (Int_1_Loc < Int_2_Loc) /= loop body executed once
2| 1
Int_3_Loc — § * Int_1 _Toc — Int_2_Lac:
Vs ERryi
Proc_7 &Int_3 Loc):

[Gneioz [Coisa < [ i ]

(stz_2_toc,
Enum Loc — Tdent 2:
Bool Glob = ! Fumc 2 (Str_1_Loc, Str 2 Loc):

/* Bool_Glob 1=
_report_bool (Bool_Glob) ; E

fosrys:

: 7 (Int_1_Loe, Int_3 Loc,
/% Int_3_Loc 7 xS
Int_1_Loc += 1;
_zepozt_s=z (Int_3_Loc);

/% whnile

/% Int 1 _Loc Int_ 2 Loc
(Arz_1_Gleb, Arr_2_Glob,

3, Inmc 3 L 7 s
Int_1_Loe, Int_3_Lee):

imer

skosinieruplOontalier

B[] Throter

45 0LOCK

5 Defaut

5 Defaut_UT

<5 Defaut_indesed_LT
45 REMAP

S RESET

2 Exterrial Defindions.

Hosted /0] Local variables

B 22 [ gacktrace: main_main (235)
21 Name Type Value  Location
lRun_Index | int 3| Duise - 31 |4
Lso = 211 211 Lvoid Proc S | word 374 | RI 21 A
o o leser_1_Laz | char [31] <array> | DM[SE - 45] | 4
o |7||| tznc_1Tee | imc 5| DM[se - 121 |4
<= - — i — — 1
0 Console
0
o EZlapsed time = 0.004000000188888505
o - #Cycles/(Elapsed) = 463499.97798493237
'3 < ] v
I [ASIP Designer Kk-2015.06 sP1
/ D latiorm/F tmeu imicro dix-tabs xml -0x

= Wew Simusbon Plugine Help

T X =G A

jsewen| M

esign | Library Ecior |

Cocumentstion |

€| pelpCoret_p DM C_| FamsapConed_sachet

wyokaqEVS
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motion_estimation void _motion_estimation__ P

"E motion.prx - ChessDE - —— — . . ‘EL@ L X
File Ed:t View Project Compile Debug Scttmgc “J'indow Help
BUE0Boe o4 DhBs o sEeo ol Belpase ~
Pro ect explorer| MleOCOde E & motlon map | tmotion.n| motion.c i
B0 P ap)
; = f, int sad = 0; 3
AR ‘ vpix chess storage(CMb)* pvc = (vpix chess_storage(CMb)*)curr_hlock;
» 0 241a 0002 mvi sp.2 yp ik pvss = {vpixx)search W|ndow,
i = Ypix% p¥s = pvss;
1128 [Tl [F@  for Cint i =05 i < 18; i++) {
sad_16x16 _ motion__ sint_sad _16x16__ P_ ucha i WRIX YC = XpyCtt,
vpix vs = valign(pvss,*pvs,*(pvs+l));
4 2501 my r0,rl = | pvs += LINE _STEP/16;
5 3904 nvib rd,32 . ypix adiff = vadiff (vs,vc);
6 c055 Id vi,dn(ri+s+) E | sad = vsumi{adiff); o _ s
7 2532 my r3,r r —_— ~
8 cOB1 ld vO,dn(ri+=rd) : return sad; nMLZ3 I‘ %E/]\t&t
9 aaad Id vl,dm(ri++) | 1d v3,cn(r3++ -}
10 3008 mwvib r6,0 J 7 4 . 3 : L
11 Zeel 000Of 0010 doi 16, ] B/% x and y steps define center point and 8 surrounding points =
14 bUbB Id vU dm(rl+ r4) | 1d v3,emirs e
= fdd rB,r5,r6 Ba
- > — S
Pt JS5a—KERR |

'89 ‘8, 'Bs U, 8 };

static int x_steps[9]
8, 0, -8, -8, -8 };

static int y_steps[9]

nn
——
oo
oo

Y synorsys

19 5300 addh sp, 48 : ;
20 3003 mvib r3,0 struct Motion_vector { int %, ¥; };
21 Tec? st r2,dn(sp-20)
29 7eel st ri,dn(sp-18) void motion_estimation(unsigned chark search_window,
73 7ea3 st r3,dm(sp-22) unsizned char chess_storaze(CMb)* curr_block,
24 7ed3 st r3,dn(sp-24) Mot ion_vectors v)
25 7063 st r3,dn{sp-26) { : . . "
98 7edl st r0,dn(sp-28) ompute motion vector using a step based algorithm with steps 8, 4, 2
27 7eh st Ir,dn{sp-30) and 1
28 3305 myib r5,48 . ) .
29 2417 7fff mvi r7,32767 - int sad, min_sad; Y
< m | ) [Line1 [Colo < | | *
Console i
| ~\\ > 2
4 | A Y —
A J‘t’ r? Ak il
g, 33
© 2022 Synopsys, Inc. 10
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File Edit View Project Compile Debug Setting: Window Help
| | | | | = eSSy |
7 L‘Jl, 3L Wl "}i:‘;‘ @ & EI_JC] il | _6 & V # M 'LHJ‘;—E FElRe = Release v ||
Microcode Bx tmotlon_lnn‘.s motion.c vB R
S5 dhhes RS [
e st r2,dm(sp- Geexs
143 2800 nop Y e
150 Beeb Id Ir,dm(sp-18) }
» 151 Zecl rtd
TR —k
e | e cll s #include > —
‘ | \ —
‘ _hosted_clib_io / _hosted_clib_io #include “curr b C / Z:' I‘ i%/l\
‘ v 154 200 Wian Mot ion_vector mv;
» 185 2ol ggg E{nt nain()
~ — —_— nop TO L s  bo maal dim s
"?-t) ,7 7§§7-R iR 0 PRINTF (“Start 1 sstlnat ion.¥n");
—— ;tdrl,dm(rﬂ) ‘ notion_est imation(search_window+LINE_STEP%16+16, curr_hlock, &mv); -
161 2e00 08 ‘_ PRINTF(“Best overall vector $2d,%2d) 407, mv.y, mv.x); 3
vfprintf / __sint_wfprintf__ PFILE_ P_ ccl ™ |, return B: ‘
162 5400 addb sp, 64 =l 3
163 250a my r0,sp X
164 3ccd myib rd,-52 < | |linex  Colo | | »
L » —_—m
- Hosted /O |Local variables| 8
B2 [Start motion estimation. 2l
- =, | |Best sub vector for step 0 : (-8,-8). N
Instruction history: Best sub vector for step 1 : (-4,-4). _‘ N
) ) ) Best sub vector for step 2 @ (-2, 2). : j_)l/
Stz PC Instruction Assembly Best sub vector for step 3 : (0, 0).
IF | === meme s Best overall vector : (-14,-10).
ID 153 5e00 ---- ---- addb sp, -32
El 152 3000 ---- ---- mvib r0,0
$3 151 2ecl ---- --—- rtd o=
S4 150 Beeb ---—- ---- Id Ir,dn(sp-18)
T 4L :
———————— r0,dm(sp- 3
87 178 Zecl ---- ---- rt Console g8x
S8 177 bfeb ---- --—-- Id Ir,dn{sp-2) =
39 161 2600 ==sm ==nn nop | ||| Elapsed time = 0.156 2
$10 160 4201 ---- ---- st r1,dn(r0) = ‘ ﬂCycIes/(Elapsed) = 20064.102564102563 £
ss‘ Ik : L2 - | »
X B |\ )(“J ~/~‘ |.7 ,rs I:rj 34 [retargetable- 13R1.33

Y synorsys

© 2022 Synopsys, Inc.
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Function summary:

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

; Relative cycle use in simulation

1SS command = <PROCDIR>/../iss/tmotion_ca
1SS mode = Cycle accurate

\_snnt sad 18x18 __P uchar P kR R ke
i

Cycle count = 3176
Instruction count = 2943

2]
@
@
o
b

Id vl ,dn(r1++) | add r6, FE,r
£t

E2 2SS IIT LTSS LSS LS

Ly

17 2508

E2 24

1620 51.01% 1548 52.60% 86.6
e swels s sosok [ anse e —ve o
B3 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: sad 1616 motion sint sad 16x16 P u
— — — S —
Low PC 4
Hizh PC : 18
Size in program memory: 15
Cycle-count B 1620 (51.01%)
Instruct ion-count 8 1548 (52.60%)
Instruction Coverage : 86.67%
PC Instruction Assembly Exe-count Cycles Wait states Relative cycle use within func
4 2501 ny r0,rl 36 36 0 #xx
5 3204 myib rd,32 36 36 0 xxx
6 c055 Id vl,dm(ri+s+) 36 36 0 *xx
7 2532 v r3,r2 36 36 0 #xx
8 c0B1 Id v0,dmiri+=r4 36 36 0 *xx
9 aaad Id vl dmiri++) I ld v3,cmir3++) 3R 3R 0 %%
T0 3006 mv1h rs',u 36 36 0 xxx
11 2eel 000f 0010 doi 16,1 36 108 I3 222223
}4 h0b3 Id v0, dm(rl+ r4) | 1d ¥3,cm( 576 576 0 FRRRRRRRRRRRRRROOOOOOOR R K
3
0
0

18 2e00

Low PC

High PC

Size in program mnemory :
Cycle-count

Instruct ion-count
Instruction Coverage

 80.38%

e (
ny rU,rB
nop

Function detail: motion_estimation void_motion_estimation__|
3 19
g 122
104

s 1258 (39.61%)

1133 (38.50%)

*kk

PC = 130

SP = 98

Stack area: DMb[ 2 2049], growing up
Maximum stack pointer value = 46

Instruction history:

Stg pclSD Instruction Assembly

ID 180 5¢00 ---- ---- addb sp, -64
El 179 6d00 ---- ---- Id r0,dn{sp-48)
S3 178 2ec0 ---- ---- rtd

54 177 Bfeb --—- ---- Id Ir,dn{sp-2)
§5 161 2e00 ---- ---- nop

S6 160 4201 ---- ---- st r1,dn(r0)
s§7 159 2ecl ---- ---- rtd

S8 158 3101 --=- === mvib r1,16

S9 157 2e00 -=== ---- nop

S$10 156 2e00 ---- --—-—- nop

S &Y AU Fr—F

LI

T 157| 1 nop

rtd

|
BEE

161 ID

115

(355 e

-
~
~

@]
®)E) (e

=
~

[y
=~
O || o

=
o
o

Program counter

| | )] ) v ) ) s

mvib 11,16

1
st rl,dm(10)
Id Ir,dm(sp-2)

Id r0,dm(sp-48)
addb sp, -64

nMLA/ LW

tmotion (0.266224)
.alu_instr (0.0654762)
.alu_rrr  (0.142857)
+alu_op (](?-14285?)

-add

-addc (D)
-sub  (0)
-subb (D)
-and  (0)
-or (0)

-xor (0)
.compare_rr (0.25)
+c0mpar%_op (0.25)

g6
-zeu (0)
.equal _rr (D)
calu_rr (0}
Jminmax_rrr (0)
.select_rrr (0)

shlft instr (0.333333)
chift rrr (0 22222233

© 2022 Synopsys, Inc. 12
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Profiling information for :tiss generated by Checkers 0-2020.03H7e5ed72dcBH200717 an O
Program being simulated:
D:/ASIP _Demo/tnot ion/designl /mot ion/Release/mot ion Q
Total cyecle count 18025 — |
Report cycle count 78025 @ @ c @ a
Total instruction count B9803 Surr search
Report instruction count H B9803
Report instruction coverage @ 98.00% abs 6
Total size in program memory: 143
Command used to generate this report: ::iss profile save D:/83IP_Demo/tmot ion/designl/motion/instruction_report.txt -type function_details -user_cvcle_count OFf -source
Function summary:
Greles X of total Instruction % of total ¥ Coveraze Function Relative cycle use in simulation
TEIBE  B7.GE% BB388  07.97%  100.00% sad 16x16 _sint sad 16xI6_ P_uchar P uchar DeSI n5 - SI M D —I— 3 z D A\ VL IW
1417 1.82% 1183 1.71% 100.00% mot ion_estimat jon void_motion_estimation__ P_ ucha .
114 0.15% 108 0.15% 100.00% wfprintf _sint_wfprinff__ PFTILE_ P_ cchar__ Pvoi
54 0.07 42 0.08% 100.00% printf _&int_printf _ P_cchar Profiling information for ::iss zenerated by Checkers G-2020.03#7e5ed72dc8H200717 on O
48 0.08% 45 0.07% 100.00% _hosted_clib_fo _hosted_cTib_io Frogram heing simulated:
29 0.04% a0 0.03% 40.81% nain _nain T
4 0.01% 2 0.00% 100.00% tmotion_init tmotion_init D:/A8IP_Demo/tmot ion/designS/mot ion/Relsase/mot 1on
Function detall: sad_TEx16 __sint_sad_16x16__P__uchar__P_ uchar Total cvcle count 3237
Repart cycle count 3237
Low PC : 4 Total instruction count 3011
g:gg Tﬁ progran memm’y ?g Eepor*{ \ns{ruc{\on count : J— 5011
eport instruct ion coverage : 96.
Gycle-count 7B356 (37 .-86%)
[nstruct ion-count 68380 197.97%) Total size In prosran memary: 198
Instruction Coverage : 100.00% Command used to generale this report: Iiiss profile save D:/ASIP Demostmotion/designG/motion/instruction_report.txt -type function_details -user_cycle_count Off -source
PG Instruction Assenbly Exe-count Gyeles Wait states Relative cycle use within function Function summary:
43104 meib rd,16 36 36 ] i i i in si i
£ 3005 wib 532 B B i Cycles % of total [nstruction % of total ¥ Coverage Function Relative cvcle use in simulation
b oo s g\“b‘lfgfﬂ ] = : 1728 53.38% 1656 55.00%  100.00% sad_I6x16 _sint_sad_lBx16__P_uchar__POMb_ucha
§ SEDE o 12 5 EH & 0 1257 36.63% 1133 37.63% 100.00% moton_estimation vaid mot Ton_est inat Ton. P —ucha srersReesRrRconee
10 Bedc 0014 g\tl 4r2|j 578 1152 . 114 3.02% 108 3.59% 100.00% wfprintf _sint_vfprinlf E _cchar__Pvni *
19 QEDE 0 T E 595 0 54 1.67% 42 1.30% 100.00% printf _ sint printf P cchar
& noe 48 1.48% 48 1.53% 100.00% _hosted clib_To _hosted_cTib_ia
13 a8 b riadurie) e e l 29 0.90% 20 0.86%  90.91% main main
al u r7adn(r2++ aln, R
15 0567 sub rBarB.r7 371 321 i 4 0.12% 0.07% 100.00% tmotion_init tmotion_init
1€ Ofba s i o \a2ls , Function delall: sad TBx18 _sint_sad 16x16_ P_uchar_ PCHb_uchar
18 03%e sub r.rd.ré 9574 9574 0 #RRFEFELRLRLRARE Law PC 4
add r0,r0,r iza i .
21 004d add ri,rlr5 578 576 0* Fize In praeran wemary: 2 1798 (53.58%)
22 2ebB rt 58 108 v Instructjon-count 1655 (55.00%)
Instruction Coverage : 100.00%
PG Instruction hesenbly Exe-count Grcles Wait states Relative cycle use within function
4 25Mm my r0,rl bila) 36 0 #¥x
5 3204 myib r4,32 36 36 0 ik
B c03b Id wldn(ri+s) 36 36 0 #xx
5 36 il 0 #%%
9 cial Id vO.dmir]+=rd) 36 36 0 %%
9 azad Id wladmiri++) | Id v3,cm(r3++) | valien vO,r0,v0, 36 3R 0 #t%
10 c083 wsad rh,v0,v3 a6 36 0 #%x
113008 nvib ré,0 36 36 0 xxx
12 cOB1 ld v0, dm(r T+=rd) 36 36 0 %%
13 Zeel 0011 000e doi 14,1 fila} 108 [ #krrsrisre
1B asad Id vl,dm(r1++) Id v3,cn(r3++) | valign w0,r0,v0, 504 an4 0
17 h0d3 ld wO,dmiri+=rd) | add rG,r5,r8 | vsad r5,v0,v3 504 504 1]
18 cigl Id w3 cmird++] 36 36 0 x4z
19 cl04 valign w0, rl,v0,vl 36 il 0 #%%
20 Olae add rB,rd,ré 36 36 0 #%x
21 coes vead rd,vl,v3 36 36 0 x%x
22 Olae add rB,r,rb 36 36 0 x%x
et Tt 36 il 0 xkx
24 2508 my r0,rB 36 36 0 ik
29 Zel0 nop 36 36 0 ik
- Synopesys © 2022 Synopsys, Inc. 13




RTLO—FAEREEBRT /N\VIIRIEDOEE

([ nsaseTsvmR NML(PDG)Eif M SRTLO—RE £ &K
. Verilog/VHDL RTLa—F
JTAG KeylJTAG key2%#7R—h

Design Compiler/ Simplify X 42') '+
70ty (RTL QALY ITATRE

tck

tdi
ASIP 2 LS
tdi
ASIP 3 i

= N XilinxusB2 T
V Digilent JTAG HS2
e
< > 4,
] Q/ Macraigor
S
- Lauterbach

s s - o
HAPS'E?O FPGjA"_k k FTDI USB Hi-Speed to MPSSE cable.
U)—X ~— Segger J-Link Ultra cable. b
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ASIP Designer — HW/SWi# A% &t

— AR SR SRR T
S N—KEDITRR » VIrIITRR > TEEE » TEEE P >-

> BERIT1—F\vD >

ASIPICKAERETHAREFE

D ASIPHHWERR D FEME ) 745/1% >> 1i$%%i{ >- 4 )

AN EA: L BHICEEERZTEIR !
\> - / (/ \5. TERRELEBEZTLRIE
[]

b ‘ >zb%$%74 o >

AVINAT AT JL—T |
Y synorsys




RISC-VZ OtvyHDEIF




ASIP Designer

s 7—XTUF &R S ENMML)IZXY,
— 7 r—avIZBeL=-s$tybERED
ER70tyY/ DSP #E84E T HHRETRIE

action { —
g \
stage El: nML-E
User-Defined vecd =
Architecture vsub (vecr=V[r] ,vecs=V[t]) @vec;
- V[t] = vect = vabs(vecd) @vabs;

y }
Processor Model syntax : "vadiff v"t ",v'r ",v"t;
ML image : t::r;
n

Instructi FMT | ALU | OFD éﬁ
MSUUCHOn - =T Twey | opo
Set

-

ASIPEXETRAZEY—IL
“ASIP Designer”

matyk

22 L—%(SS)

C/C++ 22/ {43 SystemC "—2X
T7t2IS5N)h— System Simulator

FI\yHIFTaIr4L4S

Verilog / VHDL

s ASIC / FPGA
RTL O3—F y

© 2022 Synopsys, Inc. 17



Exampleff A(Z
—UIDEMEFEL
“N—ITGAE RERDA"

C iR A gL Example T Oty i’

74/ aarcka—5

Tnano 16-bit microcontroller, lightweight and configurable ~
Tmicro 16-bit microcontroller, fully featured
Bh ==
DLX (family) Variants of 32-bit microcontroller =/’ &EX amp le
Tmcu 32-bit microcontroller

Trv32 (family)

32-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages

- YA/ 0a>kO—5

Trve4 (family) 64-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages * DSPs
PD_Triop 32-bit microcontroller with 64-bit address spaces e SIMD. VLIW
DSPRUILFIERT OV .
Tdsp 16/32-bit DSP * YILFALYE
Tvec (family) Variants of SIMD processor e X174 (AES. SHA%)
Tvliw (family) Variants of VLIW processor o
|
EEMBIL U « XEYIF, AXI/NRZE
Tsec High throughput SHA/RSA/AES accelerator
Teript High throughput AES accelerator Exam P | eﬁﬁﬁ 0))“) V) k
Z0th . Czn= .
. SE— o EARMITHEREXBRICERETRAFEFE A
Tmotion Accelerator of motion estimation kernel
£ ~ oL
Tcom8 SIMD processor optimized for some communication kernels ° EJ”’FEI HE@WJE%?@E FIE'.
FFTcore Scaliar |mplem§ntat|on of complex F!:T | . :E%IJDOOD*EE%: &kﬂﬁﬂ’\](:%—"fgf
Mxcore Matrix processing ASIP for communication kernels . o
Primecore SIMD implementation of prime-factor algorithm for FFT & DFT * nML‘/_ZZI—I*—C‘:]:zE@Eé*L%)T:&) Ll
Tgauss Vectorization and memory management for image processing H—M E EE l:iﬁ}]l] %EEIJF]‘E
Tvox Accelerator for SLAM (simultaneous localization and mapping)

© 2022 Synopsys, Inc. 18
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Trv(RISC-V ISA)ET /L

SES
« RISC-V ISAIZ& &1t

Pracessor Control Unit

32-bit 64-bit
T—5I\RX T—HINR

SNf=ETIL 3RF—S Trv32p3 Trv64p3
. ISAVEEED RA—TF (Y T34 Trv32p3 Trv64p3
RAVRELTDIEHA 5RF—S Trv32p5 Trv64p5
(ASIPE%ET) AS i 2 O Trv32p5 Trv64p5
#RE (2020.03)
. JGISA: RV64IM, RV32IM * NAURT—FTIFrDRE
_ mH&4 (Integer) — SERRT—U 1TS54 21 IF, ID, EX, ME,
= WB
- RE@T (Multiply) — 3BRT—U14FF4V1 IF, ID, EX
« A7 a iR Trv<smm>p<n> — RESN =/ 1 TS5 1> (Protected
_(4ES3 T A A i pipeline) A Trx<mm>p5 datapath and pipeline
() J:T:fﬁfﬁfn e (CoTpres‘:s,ed :IMC) LSRR
— (ARAL) EAF—/IINYRIL—T — INASRAHVH SEAR L VB [EStall (bubble)
— (BREL) PELAEHED - N—FT7RES
A—k/ AT — 64x64->128->select 64bit,
32x32 = 64 - select 32bit
— BYBRLNEBDRERS

- SY“UPS‘/SG © 2022 Synopsys, Inc. 19



RISC-V nML ETY2 0 I=a7I)L

ASIP Designer

Processor Manual

Trv (RISC-V ISA) Models

S-2021.12

SYNOPSYS

3

Getting Started

Introduction

Y synorsys

The TRV models are a family of A SIP DESIGNER example pr|
Eight models are part of the example cores collection:

31

Steps to Build the Processor Model

The following steps build the processor model and processor-specific software libraries.

You can use the top-level batch project files:

« To build the processor model, processor support libraries, C libraries from the light-weight runtime
stack, the cycle-accurate 1SS with debug options, the Verilog HDL model and the support library for
native compilation. Compile configuration Release for CHESS front-znd.

chessmk model prx -m

To build the processor model, processor support libraries, C and C++ libraries from the light-weight
runtime stack, the cycle-accurate 1S5 with debug options, the Verilog HDL model and the support
library for native compilation. Compile configuration Release_LLVWM for LLVM front-end.

chessmk model llwvm. prx -m

T build the processor model, processor support libraries, C and Cf
runtime stack, the cycle-accurate 1SS with debug options, the Veril
library for native compilation. Compile configuration Release_LLV|

Model ISA Description

TRV32P3 | RV32IM | 3-stage pipeline cheasmk model_1llvm full.prr -m

TRV3ZPS BV 121IM 3-slage pipeline For typical use cases, we recommend to use the CHESS front-end first, L2, i
TRVO4P3 RV 641IM 3-stage pipeline Use the LIVM front-end for applications with a lot of control flow, or if
TRV64PS RV 641M 5-stage pipeline

TRV32P3X | RV32IMC | 3-stage pipeline, hardware loops, post-modify addressing

TRV3IZP5X | RV3ZIMC | 5-stage pipeline, hardware loops, post-modify addressing

TRVE4P3X | RV64IMC | 3-stape pipeline, hardware loops. post-modify addressing

TRVE4PSX | RV64IMC | 5-stape pipeline, hardware loops, post-modify addressing

RV 32 is the 32-bit RISC-V ISA. The TRV32 models have a 32-bit wide data path,
RV 64 is the 64-bit RISC-V ISA. The TRVE4 models have a 64-bit wide data path,
RVXXI is the basic instruction set. M adds multiplication, division and remainder instructions. C is the

I5A extension for compressed instructions.

There are base and extended models. The extended models, ending with X, feature non-standard extensions.
These have hardware support for two nested kevels of zero-overhead loops. Their address generation unit

supports post-modify addressing.

The P3 modals have a 3-stage pipeline. The pipeline stages are fetch (IF), decode (1D}, and execute (EX).
Results are commitizd in the EX stage. Instructions can be stalled in the 1F and the [D stage.

The '3 models have a 5-stace pipeline. The pipeline stages are fetch (IF). decode (1D). execute (EX)

8

Instruction Set

8.1 TrRv32P3 and TRV32P5

The wo models TRV3I2P3 and TRV 32P3 implement the RV 32IM ISA specification [3]. The list below
shows the assembly syntax of all instructions. Some instructions have multiple altemative syntax, which
the RISC-V ISA specification calls pseudoinstructions (for example: beqz X, immisbeq x0, X, imm).

addi X, X, imm jal X, imm rem X, X, X
add X, X, X j imm ret

andi X, X, imm jrx sb X, imm(X)
and X, X, X 1bu X, imm(X) segz X, X
anipc X, imm 1t X, imm(X) sgtz X, X

beq X, X, imm lhu X, imm(X) sh X, imm(X)
begz X, imm 1h X, imm(X) s11i X, X, imm
bgeu X, X, imm 1i X, imm s11 X, X, X
bge X, X, imm Ini X, imm sltin X, X, imm
bgez X, imm 1w X, imm(X) slti X, X, imm
bgtz X, imm mulhsu X, X, X sltu X, X, X

blez X, imm

10

10 Interfaces

The TRV models use three 10 interfaces. Two are attached to the data memory interface. One is attached
to the program memory interface.

10.1 Data Memory Interface

This diagram shows the data memory interface chain:

mulhu X, X, X

slt X, X, X

© 2022 Synopsys, Inc. 20
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ASIP Designer@ &b -

TNV IRIR

TI\wJPC
@ - ot e 1SS
. * Cycle- —
- ,'e‘,SIP Designer Az:/guerate /=t I TFROMYT
, + Instructi PC
Graphical Debugger el
e
rcteilies Jtalk Server
Debug Client SW (APISs)
Graphical Debug Flow No. Jtalk Server
Debugger Cores « 102#B25FEFOCDTA—T
— S i <
ChessDE ISS, OCD (single-core) Single g C;J;*TE;ZII_:_I:{ ——
. a— Nz .
ChessMP ISS, OCD (multi-core) Multi =B 77
Eclipse ISS, OCD Single
Virtualizer Virtual prototyping (SystemC Multi
Verdi RTL execution traces Single -

Y synorsys

ASIP Designer AR 3 % RTL

- ASIPO7

- J0twyYT/A\ysarvka—35
(PDC), JTAG

« APB/\X, Zebu XTOR

AoFvITINVT
(OCD) /\—FHz7

E ASIP E
3 lnelesatny : E . s
Prusss H &= 5

CoreSight

APB

11
JTAG

<
'—
)

ol

= SIP
- =
—
)

A
()

/80
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Verdi HW/SW T /73v7 & ASIP Designer

Graphical Debugger Functionalities

21T I 12

FEIE-ATYTEITEESTEREL

IN—R)T7EaA—¢EFERIC
FHE SN =CY—RELV
7trJ)a—kFEa1—

RTLERE 2—:
R DEIZIZXI8—)L

Y synorsys

Synopsys HW/SW Debug - Eclipse (on krachtcs12)

1,110,000 X[ 1 [ps ¢ | 4 -

B B C/CH+ [ Synopsys HW/SW Debug|

15 Debug R Executables = m| Re Me ®=Var & EX Br Co = B
<40 o> E 3L DDA R E B B %
- Name Type
> % HW SW Debug (8) [Synopsys HW/SW Debugr1 (x)='lJ —ant
~ % cpu0 [Cluster Synopsys HW/SW Debug] ! —ant
< B sort [cores: 0] j| o sint
< 4 Thread #1 1 (cpuo) [core: 0] (Suspend| [ — I =
= sort() at sort.c:27 0x43 |
(] u | ) i (<] m B
% SOIL.C 5% 15 UMICIO_INIL.S % =R -_"- i Hlsassemgy <5> g il [l
4 // Called function: (locate maximum value ii(4] |Enterlocati0n heie B E‘ i
5 #include "stdio.h" 4
6 -
7 const int WORD MAX = Ox7fff; 00000019:  1d rl,dm(sp-3) B
8 - 0000001a: 1d r2,dm(sp-1)
9=int find_min_location(int A[], int start, im 0000001b:  1d re,dm(sp-6) E|
10 { 0000001c: add r4,ro,rl
11 int U = WORD MAX; 0000001d: 1d r3,dm(sp-4)
12 int loc = -1; 0000001e:  1d r4,dm(r4)
»13 for (int i = start; i < len; i++) chess 0000001f:  ge r4,r3
14 if (A[i] < U) { 00000020 JEr-d
15 U = A[i]; 00000021: st r4,dm(sp-4)
16 loc = i; 00000022: st ro,dm(sp-5)
17 } 00000023: nop
1 [alalalalalap i B0 1d r2 dmirfpes)
dares 00000026: nop
| | »00000027: 1d ro,dm(sp-6) I
1led functio (sort a ‘ v 00000028: 1t re.r2 v

Click here to show the XenDesktop toolbar }> test bench test_bench (test bench/test bench.v) - /slowfs/... - 0 x
v

file View Source Trace Simulation Tools Window Help Menu el
MELE O« Bl¢s -8 6-56 B s

Instance _’JE}LJEJ *Srcl:test_bench(/slowfs/d...g/test_bench/test_bench.v) _{:U_'{JFEJ JE‘
Hierarchy - Module

1 i test bench test bench

ﬁ inst_clock gen clock_gen
@ inst_jtag_emulator jtag_emula...
+ @ inst_jtag_tap_co.. jtag tap_co..
+ {7 inst_th_irq_inp  tb_irq_inp
+ ﬁ inst tb mem DM tb_mem DM
+ {7 inst_tb_mem_PM  th_mem_PM
+ @ inst_tmicro trmicro

e pecersin]

11| wire clock:

12| wire reset:

13| wire [15:0] pm_read;

14 wire [15:0] pn_addr:

15| wire [15:0] pn_urite:

16| wire pm_st}

17| wire pm_ld:

18| wire signed [15:0] dm_read;
19| wire [15:0] dn_addr:

20| wire signed [15:0] dn_urites
21 wire dm_st:

22| wire dm_ld;

wire [7:0] irea inp:

] ip] ]

.JwﬂJew

Mo B

- 0,000 I£,000,000 l 1,200, ooo 1,400,004

O ERER S R s I TR e o ET
3 e e T =
ATCEURYSYI RN 001D Y110 S vl 01D S 11t SU 1YV A

H_L 1 1 L] 51

—o 1o o o |”|”>"1”| I N
R P 070 Y S 7 S 070 Y S 7 S 070 Y0 9 S 01

Lp_ﬁ | I [ A | ]

O 45 1) § SO R ———————— |
I\ RN 0 1 0 110

S ¥ 2 ¢ S SR | S R {
22238t atassaaataasatataitataasitataasitasasatsitaisasataisatasaisasa
e EEEEEEr et b b pE bbb b e e b E e bbb
ULAARKALAIL LA A AR AR AL LA UL UL AR Y
ANNANANNANANANAAANANANTANANAANANANANANANANNANANANTANANANTANARRANAN ATy

\II\IIIHI\IIIHIHIHII[IIHIIHIH'HIIHIIHIHII\IIIIIIHII\IIHII IIC]
LU LULLLLIL UL

) FFFL |

-—|

ffec
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Y synorsys

AT LU AL —AANT ALYy EIIORAR—k

File Edit Procject Disgram Check

Export Teools Wiew Simulation Plugins Help

BEELEE L I TR T R Y O T I EEE R

M[[C W perut = [E || » @

§§|Search' I

Definitians | QuickRef |
B SYSTEM_LIBRARY

= CLOCK

2 Default

= Default_indexed_ UT
< Default LT

= REMAF

< RESET

k- External Definiticons

mstyhk
$2aL—4(ISS)

“!' Design

Library Editor | Documentation |
IHARDWARE

. el
AEHET s
aren aTon

S.an
i,
i
:F
Tl
|—"ﬂ

MM|
T

SYNOPSYS

SystemCETIL |

N

1 Des=ign ISubsystems

FHE HARDWARE

-0 ARM

p-{_} ELFramewark

m{ } CLOCK_GENERATOF
FH_§ DISPLAY

m-{  DTCM

w3 ITCH

- RAM

o $RESET_GENERATOR
mH_} ROM

-} stub_ARM_BIGENDOI
-} stub_ARM_INITRAM
- #stub ARM nFIQ

FH fstub ARM nIRC

p{ ) stub ARM_VINITHL |

40% (=11 oosxes [l |

d
= 1|—'-HE#H—| =

Bl Farameters - HARDWARESARM

Congsole I Messages

Marme |Va|ue | IJ
L = Name ARM
£} Extra praperties
all_encaps
image felowfsided2sIs0 1 cowar ...
g image_load_canfiguration
core_configuration
t i_cache_size 4
d_cache_size 4 i

ARATLUSAL—42
“Virtualizer”

Parameter Editar [Memory Map Table I hMemory Maps I Constraint Editor I

© 2022 Synopsys, Inc.
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DRATLLAR) UZal—i3ay & TA\YS
ARC (7RRF) &ASIP(a70)RILFAT TSV IA—LDIZIaL— /3/&7-/\u7“

2 E cons.prx - ChessDE - O x p_DMb
° _
Vlrtuallzer / Platform File Edit View Project Compile Debug Settings Window Help ‘ C3 (:.13_5
s e —_
Architect}RIZIZE+5 BL5/0 0 o[ w0 F14 D0 o[3 w0]s o &[0]@ | ASIP Clk
i b B K O|5= -z i P RS .
= Cl_s
Metaware (ARC)& Microcode B2 cons.c | v B = =
—
*, 09 a4 00 01 ddi r4,rl3,#1 |~ |* while (*turn i= 1); =
ChessDE (ASIP)SWT 7\ R || iy -
-~ — —_— » «/ 34 42 00 00 1b _rz,e(rzl . if (fcounter = 0) { ARC bus
A—RBOREFT/AVTERB  |oomawe panmn b o ) g ritor_sock
S i 80 80 60 00 nop } else { — =
(ODZI\IJjJ ) 0)15“ | 00 00 00 8@ nop o (*counter)--;
| 24 00 80 60 j #96 . printf( o .
i\ 00 00 00 80  nop 1 Ad sys_sleep_r
| | ‘; Line14  [Col17 [« ¥ ’
4 » .
— § Hosted I/O ‘ Locals / backtrace 8&x ARC sys_halt_r
Statistics | Registers | B2 : —
- Consumer: consumed 6 at arrayl[3] |
- ::: ;;d"""a“d = E{le”: “| |consumer: consumed 8 at array[6]
e = len Consumer: consumed 8 at arravi(sl -
— - ..
/: l/ /a /% , )b Core name = [ MetaWare Debugger - ../../software/producer/prod.elf - ARC_DLL (MD - 0 x
Cycle count = 670( File Display Tools Windows Source Help ==_
PR ( BAFH) &Y E— el = R CER E I8
. E = = £ GE [a B \ 4
nn -lj SW TF ﬁ & ,r Restart Run Src Into Src Over Instr Into Instr Over Step Out Animate *

7}[/*EE}; (HW7 #‘*ﬁn-_l‘if: 1 - Local Variables x . S —
‘ipslr/{ﬁﬁ%ﬁéASIP ;?Pr Chgge W:ih " [T] S‘:'z’t 13 nprod = {rand{}) % 10} + 1;[4] TLMZ/\XJ:'\ARC&

Designer C:5L A ey g oo gz || s T 0, ASIPERA TS5k
int nprod = <optimized away= 16 if [*.‘cnun'fer == 50} { 77J-—A
« ARCIEINSIM(BiTHEE) .

register rl4 int 1 = 9 17 printf{"Producer: Arra; |
@ volatile char *array = (0x90000000) "\OO 18 break; '

@ char *counter = (0x90000040) "\004" 19 T else {

NCAM(EHEL S 1 7) L By ® chr v - oconeue) o D e ot -
2al—lavETIVECAE (Cross— o 2 Ve Virtualizer7 /X% #—/\—®0

s ZDMDINARIAEYETILE g”?gel’lng Fom om e * A } hprod--: esRIZHELD . A HRICREIEA
Locals Source pcffp | T *turn = 1: s,_
‘iﬂ”ﬁ &*iSyStem DeS|gn det\)Neen E g} Eﬁﬁ??ﬁg,fé"f rlc::rdnd:é?cnnt availe ~ gé it= i+ if . bhi—d—
Group (SDG) HEE&EAEH ebuggers R _mwcall_mai;(€+_0x';'a. = | ) e—— m——
L \é ﬁ(fié(l \ K ! I Debuaq Console x |6 -red

Command: ‘v" |Stopped

- S‘/n[lPS‘/S“‘ © 2022 Synopsys, Inc. 25
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ASIP Designer —ASIP THAVE AR HIZ

c T IV —a T L7 —F T U F vIZ K HPPAD KiE/E =

e RISC-V ISAR— X MDExample®T )L CEIEIZ;S A 7 JLAVE] HE

cMEIESNTI=T NNV IIREE R T LLANLEEET

- MRDENILZERBTE T HIRATBENDOAA VT4 —RISC-VIOY Y %EF !
— ZHROHSAITEV T ELLLZS0N
— a3k jp-mkg_info@synopsys.com

== UserDefined s2m1.12 )
Q | Algorithm Getting Started

Synopsys
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