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RISC-V IP Market Will Continue Accelerating

$1,400 $2,500

$1,200
. A $2,000
=]
% $1,000 — : : - /
] We are projecting a flip from License — driven to » ®
% $800 Royalty — driven revenues around 2027, sooner if penetration 7 $1,500 %
3 into the Data Center and Computer market intensifies o
e 7 z
. 3600 $1,000 &
2 2
& $400
a $500
- _ﬁ/r.(

$0 $0
2021 2022 2023 2024+ 2025* 2026* 2027* 2028* 2029* 2030* 2031*

‘ [ JTotal RISC-V CPU IP Royalties @ Total RISC-V CPU IP Licensing ITotal RISC-V CPU IP Maintenance

-—Total Revenues ‘

Forecast*

RISC-V IP Market Leaders (alphabetical order)
* Andes — Worldwide market share leader based on current estimates

* Codasip
+  DIY (home-grown RISC-V)
«  MIPS

* Nuclei Systems — China Market Share Leader based on current estimates

* SiFive

Source: The SHD Group, June 2025

Newer entrants into RISC-V IP (alphabetical order)

Akeana

Condor Computing
Synopsys
Tenstorrent
Ventana

rhEX Market Share Leader

[ S group J
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SRS RISC-VAMESE | PRE R E NocLer

BRI 3R~ ik THLESE"mE
N &5 U &35! NX 2551 UX &5 NS &5 NA 51 NI £& 51
32{152 4 325 H+MMU 6412t G4{iIZRH+MMU BEeUHR, £MET 15026262ThEER S AT BHE, BaBR

MCU, AloT, &% Linux, ih&it+e 776E, AR/VR Linux, S4EP L, FLE SIM+E, MEER%ESE SEBRTF EEITE, MmLE

e

NA1000 NI1000

1000 &%

UX1000
Qut-of-Order (SMP)
3/4/6-Wide Decode
900 &%
9-5tage Pipeline
Dual-lssue

600 A%

G-Stage Pipeline
Single-lssue

300 &%l

3-5Stage Pipeline
Single/Dual-lssue

200 &5

2-Stage Pipeline
Single-lssue

100 &%

2-Stage Pipeline
Single-lssue

UX900
(SMP)

UX600
(SMP)
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> RISC-VHIESER:
® FHtnERRANRITERSESEN
> WS EIT BRI OER:
® TEEEIRBLUATE, BHEE. (BIERNEIIERAINIFE
> SBEuHkhk:
® SIMD i BiFHEATEE: RISC-V “P” Extension {3%F 0.5.4 draft k7N
o THtSHmFESB[MUAR: FEFaNEH intrinsic, FFAER
o TEEFRMBERES: LM ARENICorefly B REIFEERIREF
o MikgEfFRE: ST ERNHENE A EERESEBARIBRIERSRAIKE?

> SZPkESERISC-VEARM, x86, HEDSPAMESEZH, EEIMENSEHAEFEEREESHEIRE!
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NUCLEI

> i858 (Voice) 4 HEAYEE: ADPCM, AMR-NB, AMR-WB, EVS, Opus
> B30 (Audio) #PEERYEE: LC3plus, MP3, SBC, Opus

ADPCM Adaptive Differential Pulse-Code Modulation. IMA-ADPCM codec
AMR-NB Adaptive Multi-Rate Narrowband Codec
AMR-WB Adaptive Multi-Rate Wideband. Encoder & Decoder
EVS Enhanced Voice Services Codec
LC3plus Low Complexity Communication Codec
MP3 Helix MP3 Decoder
SBC Sub-Band Codec
SpeexDSP Noise Reduction, Acoustic Echo Cancellation, Automatic Gain Control ...
Opus Opus Interactive Audio Codec

> ERERINEEmRINIMERZEER, SEIMERR i
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> WA R R E R T A RRVL IR ZE LR ?
> EFREEEBEHEIRESF/ (ITU-T, ITU Telecommunication Standardization Sector) I Efr /L

® G.723.1 Dual rate speech coder for multimedia communications transmitting at 5.3 and 6.3 kbit/s

® G.Imp723.1 Implementors' Guide for G.723.1
® G.729 Coding of speech at 8 kbit/s using conjugate-structure algebraic-code-excited linear prediction (CS-ACELP)

> RIS PR — LRI B R REIRE L ERG SIRESRY, BRETZ R —RE

4 SHTRRI S N\
basic_op.h
Xtensa
=) [ [ [
&



https://www.itu.int/rec/T-REC-G/en

gy . IR I
P j:r- IE;EQE;Q ::I-IU(;LEI

> BEIESTIRSTLRISSARETHRIEE, BEES

> feERRISCINATLAREX (inline) , H—2HEEEIERRFHE

KHM16 rt,ra,rb [ Q15 Signed Saturating Multiply rt.Hx] =( ch\;z-g): =51((rg-:[\>;]6$4 rfzglbg; >> 15)

Shift Left Logical with Q31 Saturation or if (rb[5:0] < 0) rt = RUND(ra s>> -rb[5:0]);

[1]
KSLRAW.urt, ra, rb Rounding Shift Right Arithmetic if (rb[5:0] > 0) rt = SAT.Q31(ra << rb[5:0]);

2 L_var_out;
if (var2 > 31)

static_vo Wordlé mult (W L_var_out = B;

it;

Bif defined( -::5.1.,1P;Il:f:-F;:'T_:':-E;.F'_!-j:.ff‘ 3
Helse ) KSLRAW.U

' 32 L_product; #else

L_product ( 32) 1 #(W ) 2 ;E'ﬁ'g;ﬁ L_var_out = L_shr (L_varl, w¢

if (var2 > 8)

#if defined(SUPPORT_DSP_STD)

_produ ) exffffoeeel;
saturate (L_product);

L_var_out++;

n (var_out) H

n (L_var_out);

[1] riscv/riscv-p-spec: RISC-V Packed SIMD Extension: httos://github.com/riscv/riscv-osoec


https://github.com/riscv/riscv-p-spec

PHEMRREEL

> £ basic_op.h BILILRIEEARBIAREE K, =&
> FJF Nuclei Studio $#2tAY Profiling THEEH 7o
> Profiling via Gprof: FEM4ERREE, ERIGHAITE

> Profiling via Nuclei Model: #2BU4&EH), B{ER{@ElREE

]\&_/

SITEAIR = EHEEL

= NMSIS
& SoC
v ploflllng

| gmon,
h gmon “C \Users\hgfang\demo_workspz|

g profil.4

n profil.|

|5 profilg

gcov_gpi

gcov_gp

gCov_ g P oy oo ore oo o T T TN

& gcov_gprof_demo.nuproject

> gmon.out
aplarar e procd e

Binary File

11

e
§ 1
I i

e I I T

:::::

......

......

v = nuclei_sd & Gmon File Viewer: binary file...

Workspace...

o

Please enter here the binary file which produced the profile data.

File System...

Cancel

Performance Profiling via Gprof

splaier B

1

1 L

Performance Profiling via Nuclei Model
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FIREEAYSIMDEZIR (1) NocLe
> FIRERESESMEZPIEEENR, By 2BAESx(n]  xFFatthtiAR

X[n]

FIREh[n]BOEIEER

N—-1
ylnl = > hlk] - x[n - K
k=0

> EREWEER /I int16 285

YO\ «—]

4BHIHEFFTT

!

h
] [ SES AL )

> FIRITEAIU AT yi2] f\
o HEHFRITTAIEIERA LW I8 SEERNIE AN R

e FIFE SMALDA FIRHHERRS int16 BURRUREM, 1EFHHTE |

® FERIITE 4 1~ WHER, HiEER
o HIIAERISTRISHER A PKTB16 HHEMNEUE, % 7 IEITFihE

y[8] <

I
[n] yi1] \i i -
I




FIREEEAYSIMDEI (1) NocLel

> FIRIERSEEHEETFIFEERL, Bty 2EMAESx(n]
MR [nZEIESIR: N-1

yln] = Z h[k] - x[n — k]
k=0

FIR Q15 Block80 Taps64
> Taps = 64, Block Size = 80, {£1HE4(=!

35000 31236 4.50

40000 28506 4.04  4.00

3.50

Architecture fniEEE 25000 3.00
©20000 2.50 3
rv32imac 31236 1.00 Q i
315000 2008

1.50

rv32imacb 28506 1.10 10000 MO

5000 . 0.50

rv32imacbp 7741 4.04 0 0.00

rv32imac  rv32imacb rv32imacbp
N cycle

architecture — E b —
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FIRERAISIMDEEIR (2)
> RS ERE—
Packed SIMD # B = SMALDA [RIBYITE 2 X int16 2T 2N

Nuclei N3 DSP # ' DSMALDA [EIF1+&E 4 X int16 #3EFRZE N
Zilsd¥ & LD/SD FRV32X FFE#64bitITF

8Bt R 7T

|

X[n]

hin]

> R B E. zilsd¥ EF1 Nuclei N3 DSP ¥ B{{tFIR
® %A DSMALDA FERTiHE 4 37 int16_t ZUREAISREN
® FERfItHE 4 4" SR, 2HEER
® FIA zilsd { BHUERA LD 18<1EENEM R
o EipIENIFFIANE, FIFE PACK IgS IS FeehrISURE

oGRS 2
NUCLEI

x[n]

y[0]

yi1] <]

yi2] «—]

yi3] «—




FIREEEAYSIMDEI (2) NocLel

> FJF B . zilsd¥ FEF0 Nuclei N3 DSP # E{L{LFIR hniEEE

® 7l DSMALDA REIRTITE 4 3T int16_t HHEAIZRZNN rv32imac 31236 1.00

o EaIENIFFiBIE, FIFA PACK I8SBEiSZashIEdR _ _
rv32imacb_xxldspn3x_zilsd 6492 4.81
> Taps = 64, Block Size = 80, {£1%4.8(=!

FIR Q15 Block80 Taps64

35000 31236 6.00
30000 28506 404 4.51 251 5.00
25000 ' 4.00 33
220000 P
=15000 3.00 4
@) [
10000 7741 6830 6492 2.00 R
5000 1.00
P o : .
g Y 7 7 mm Cycle
& © & & — ML
< itecture o o = —
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FIRIZRRIRVVIfLAL NUCLE

> RISC-V Vector ¥ BRI LASCIN EE KHMEAIS IMDEHEF T

accumulator accumulator

N-1
y[n] — Z h[k] 'X[TL . k] vectorreg EF —> MAERFRMITE —> vectorreg ﬁ$
> LARSIEIRFFIXIn Yo/, FIREISMAGEMY [ — —
|0 -:“I -2|-3 . 0| : [;! -1 -? -3 i -8-
1]0]-1]-2 B ENE 110 |-1(-2 A
. X . T X !
xn] |-3]-2|-1|0|1]|2](3 0-1({-2]|-3 0 0 2 1 0]-1 ‘2 2 1 C':- -1 -rq-
110112 1 1 3l2(1]o0 13 3l2[1]o0 '3
hin] (O[1]2]3 X = : ]
21110 -1 2 2 | ‘vt ) )
yin] |10 1 2 3 3121110 3 3 V vsmul. vx p accumulator *_«‘ vsmul.vx * accumulator
vectorreg = X reg —» Vvectorreg vectorreg X reg —» vectorreg
scalar scalar
. SEIEIE 0 o[-1]2[3]: [o
> Vectorf] fE>2#5F vwmacc 1T E3REN T IEIE IR EE! TSl
: — X : 4
> REFFRTHEUE=RNZEL, FIH 2 2 e I
vslide {ESBRE R
k."\:fsmul.vx F'J accumulator k,-'«.ﬂ's'mul.vx .l-:"‘ accumulator
vectorreg = X reg | —» vectorreg vectorreg X reg —» vectorreg
scalar scalar




FIRGEREIRV VL efpilips

> RV BILFIRIHE, 7EVLEN=128F0VLEN=256£4 RVVILRREOFIRTEE
FE T BRI LAINE 9 #0 2345 LALE! 300000 30.00
> Block Size = 512, #IEAQ15/&= 250000 2346 2332 2313 2+01 2330 [23.29 2500
Scalar Vlen128 Vlen256 vien128 | vlen256
200000 20.00
3 =l
21147 2134 9.91 23.16 'S 150000 1500’{“:&
(&) BN
9.91 955 934 9.20
37448 3922 1606 9.55 23.32 100000 = 10.00
70228 7519 3036 9.34 23.13 50000 I 5.00
139855 14671 5825 9.53 24.01 0 I‘— I'— u- Nl I' I' 0.00
8 16 32 64 96 128
Taps
201298 21839 8641 9.22 23.30 . o128 s vlon256

—vlen128 ——vlen256
266816 29007 11457 9.20 23.29 AL ANE L
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EBIARRIFFTiHE

> FFTEMRMEEVSEIRFES, DERCEMEATEERE. FFTREAAEEBEXILR.

== RN
TJ—* NUCLEI

> SEFFTAILIB12REHFFTIHE, TEx[n]AHSEMHERIRX(r]
X[r] = F[r] + wyG[r] , HFG[r], Fr]38lEx[n] IS {BEEFFIRIEEMZREGR

> FFTROZZRATLUAFIEZMRITTRIIRE, RFEIINTR A SR LR E R,

=
[

N—-1
iDFT(X[r]) = ) X[rlwyk" = Z X[riwk? = DFT(X[r])
0 k=0

k_
1]

> EHFFTRYEZIEMEREEIARIMM RS EARSREIFFTRIRE



EAFRVVILCAIFFTSCI 22 NocLel

> Pease FFT "2—fh FFSCIIPUEREREMTHe (FFT) BIEIAZSH, B M. C. Pease £ 1968 FigiH.
® EAHITAIE: BEEHIELUN2HEEKEHITSIMDITE (NEFFTH =D
o HMtRE: IiFEMmA, L2 bitreversal #f5, EEEREER S0 oo

x[0] .'. aXxm] X[0] o
e

j

X

8=DIF FFTit&EE 8sPease FFTitEHE
[1] An Adaptation of the Fast Fourier Transform for Parallel Processing | Journal of the ACM: https://dl.acm.org/doi/abs/10.1145/321450.321457



https://dl.acm.org/doi/abs/10.1145/321450.321457

EAFRVVILLHIFFTSEMS 2= NocLel

> VLEN128/256[ 7t FRIBARVVLLFFTAINMERRSER

.

> Gt CFFTIEZEIEZERCyclesl RVVAE AL G BIFF T AE
600000 16.00
Scalar | Vien128 | Vien256 | vien128 | vien256 1397 4560
Length (cycle) | (cycle) | (cycle) | inmiEr: | hosEE: 00000 : 14.00

400000
n 2006 436 444 4.60 4.52 . 1000
Q [y
s 1K
“ 4279 876 488  4.88 877 50000 -
4.6 521 512 943 '
m 10122 2019 1014  5.01 9.98 200000 485 201 o0
2.56 4.00
m 21049 4042 1845  5.21 11.41 100000 4.52
2.00
2.28
BECW sosc o e st 1a0s e LR
16 32 64 128 256 512 102420484096
m 104352 19222 7450 543  14.01 20 266 o
PR 241252 46734 17273 546  13.97
I scalar - [ \/Ilen21§68m - m vien256
| 499830 90100 36803 555  13.58 Vient28:% vien2o07iE
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Nuclei Model X3S S IEE £k NucLE
> S FIREUNEEEERAIZE, FJUERERABENIESIN
> Nuclei Model Z55 Nuclei Studio BY NICE Wizard Ihgg, BuERiHM&aE ;XA IERITERE

Modehi={TF2 a8 >=10min

RIHES
(NICE

Wizard)

EFRREREL
(Model)

&5t Nuclei Model
lllb*E IIIU*I

Lfﬂﬁa RTL & FPGA & IDE
ICigH/AguE TH2T &

higiE FPGATIEIM & X4 T F2)H Only
;T FE)m
ST >=2 weeks >= 1hour
>=10min A >=30min
% =

SEFE < DNiE
(Model)

SCIES
(Model)
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