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RISC-V is an open-source processor, like Linux is an open-source operating system.

Linux has a single master open-source code base you can download, while RISC-V is
an open of the hardware/software interface for which there are many different
imspecificationplementations. A better analogy than Linux is Ethernet, since both
Ethernet and RISC-V are free and open specifications.

Before the Ethernet standard, companies had their own proprietary local area
networks (LANs): Apple AppleTalk (1985), Datapoint ARCNET (1977), Digital Equipment
Corporation DECnet (1975), IBM Token Ring (1984), Xerox Ethernet (1974), and so on. In
1980 Digital Equipment Corporation, Intel, and Xerox (“DIX”) joined forces to create a
local network standard based on Ethernet. They also created an organization—|EEE
802.3 working group—that has advanced the Ethernet standard over the past four
decades.

Ethernet made rapid advances in cost and performance because many companies
could build network products that ran the same software stack on top of the
Ethernet standard. While you can design your own Ethernet switches and there could
be open hardware designs to download, many simply buy switches that meet the
Ethernet standard. A decade after the creation of the “DIX” standard, Ethernet
became the dominant networking technology. Today, proprietary LANs are practically
extinct. Does anyone miss them?

The popular Universal Serial Bus (USB) also followed the Ethernet game plan by
providing a free and open standard for peripheral interconnect that is embraced by
many companies plus an organization to evolve it.

Like Ethernet and USB, RISC-V is an open standard that lets many organizations design
hardware, which fosters competition to improve its cost-performance and develop a
rich shared software ecosystem that offers RISC-V products in many markets. Like
Ethernet and USB, RISC-V also has a foundation that evolves the standard over time to
meet new demands. Like Ethernet and USB, you can buy RISC-V hardware, build it
yourself, license designs, or download open-source designs.
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Linux is an open-source operating system, but not like it, RISC-V is an open-standard ISA.
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Performance vs. VAX11-780
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HE#8: Norman P. Jouppi, Cliff Young, Nishant Patil, David Patterson,

“A Domain-Specific Architecture for Deep Neural Networks”
https://cacm.acm.org/magazines/2018/9/230571-a-domain-specific-architecture-for-deep-neural-networks/fulltext
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In our current research, we are especially interested in the

move towards specialized and heterogeneous accelerators,
driven by the power constraints imposed by the

end of conventional transistor scaling. We wanted a

highly flexible and extensible base ISA around which to build our
research effort.

HH: RISC-V Spec Volume I: Unprivileged ISA 20191213, Section 28.1

.pdf

https://github.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC/riscv-spec-20191213
al 26 24 (T 12 11 70 0
. functt ] E&?{rﬁ I funct3 [ custom opeode ] Recommended Purpose
6 Il 3 5 T

100011 custorn 0 custorm  SYSTEM Unprivileged or User-Level
110011 custom () custom SYSTENMN Unprivileged or User-Level
100111 custom ( custom SYSTEAM Supervisor- Level
110111 custom () custom SYSTEM Supervisor- Level
101011 custom 0 customn SYSTEM Hypervisor-Level
111011 custom 0 custom SYSTEM Hyvpervisor-Level
101111 custom () custom SYSTEM Machine-Level
111111 custom () customn SYSTEAM Machine-Level

Figure 3.30: SYSTEM instruction encodings designated for custom use.

HB8: RISC-V Spec Vol II: Privileged Architecture 20211203, Section 3.3.4

https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-20211203.pdf
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H#8: A Characterization of Processor Performance in the VAX-11/780, Joel S. Emer, Douglas W. Clark, 1984, IEEE
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Instruction Cycle
Accurate (IA] Accurate (CA)

/* Multiply and accumulate: semantics
dst += srcl * src2

*/

element i _mac {
use reg as dst, srcl, src2;
assembly { “mac” dst “,” srcl “,” src2 };
binary { OP_MAC dst srcl src2 0:bit[9] };
semantics {
rf[dst] += rf[srcl] * rf[src2];
}s
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SystemVerilog
S —

module rf gpr #(parameter xlen = 64, parameter size = 32,
parameter resetval = 32°b@, localparam aw = $clog2(size))
( input wire clk, input wire rst, input wire we_we,
input wire [aw-1:0] w@_wa, input wire [xlen-1:0] wo_d,
input wire ro_re, input wire [aw-1:0] ro_ra,
output wire [xlen-1:0] r@_q, input wire ril_re,
input wire [aw-1:0] rl_ra, output wire [xlen-1:0] rl_q );

reg [xlen-1:0] mem[size-1:0];
integer i;

always @(posedge clk or negedge rst)
if (~rst) begin
for (i = 0; i < size; i =1 + 1)
mem[i] <= resetval;
end else if (w@_we) begin
mem[w@_wa] <= wo_d;
end

assign ro_q
assign rl g

re_re ? mem[r@_ra] : (xlen)'(9);
rl _re ? mem[rl_ra] : (xlen)'(9);

endmodule

odasip. All rights reserved.

®e CodAL

arch register_file bit[32] rf_gpr
{
dataport re, rl {flag =
dataport wo {flag = W;};
size = 32;
reset = true;
default = 0;

R;};

}s
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module rf gpr(

®
0. Codasip

input
input
input
input
input
input
input

wire CLK,

wire RST,

wire r@_RE,

wire [4:0] re_RA,
wire rl RE,

wire [4:0] rl_RA,
wire wo WE,

input wire [4:0] wo_WA,
input wire [31:0] we D,
output wire [31:0] roe_Q,
output wire [31:0] rl1 Q

)
localparam integer SIZE = 32'h00000020;
localparam [31:0] DEFAULT_VALUE = 32'h00000000;
// memory storage
reg [31:0] RAM[@:SIZE-1];
generate
genvar ii;
for ( ii = 32'sd@; ii < SIZE; ii = ii + 32'sdl ) begin : WRITE_PROC
always @( posedge CLK or negedge RST ) begin
if ( RST == 1'b@ ) begin
RAM[ii] <= DEFAULT_VALUE;
end else if ( (wO_WE == 1'bl) && (w@_WA == ii) ) begin
RAM[ii] <= we_D;
end
end
end
endgenerate
assign r@_Q = (r@_RE == 1'bl) ? RAM[re_RA] : 32'h00000000;
assign rl Q = (rl_RE == 1'bl) ? RAM[rl_RA] : 32'h00000000;
endmodule

o'
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Codasip RISC-V Processors

1 Series
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~

BHREEBDRORWSEINATSA>

r

EfEs B Ce/\OO— RS X&EH

BLSAIANE LY ~ (RV32E)
R/ NEEDS—T 227 )L EREER N

AHB-Lite <¢——»
(Slave) <*—]

External JTAG
Interrupts (2/4 wire)
I I |
Interrupt WFI RISC-V
Controller Debug
J
N
CPU
1&3 Series (RV32EMC, RV32IMC, RV32IMFC)
J
( N\ )
PMP Multiplier,
(Optional) Divider
. J J
( ( N\ )
ITCM DTCM FPU
(Optional) (Optional) (Optional)
\ \_ J . J

BHIE EEEHEOR BN A TS > Z\ \N sg " icache | [ Dp-cache | [ usercustom
ESSTE/I\D1— R+ =R & Oé_ (Optional) (Optional) Extensions
IERN3 2L SRAIANESSTY ~ (RV32D) tmbedded
%,I‘iﬁgrd:jﬁ§U§%ﬁ @ embeddedworld AHB-Lite or AHB-Lite or

i AXI-Lite AXI-Lite
© 2023 Codasip. All rights reserved. m 59
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* RISC-V PMP (Physical Memory Protection)
* N6

~

2023 Codasip. All rights reserved.
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o External JTAG
7 S e r I e S Interrupts (2/4 wire)
p I
Interrupt WFI RISC-V
Confrolier Debug
. J
N
f CPU
7 Series (RV64IMAC, RV464GC)
_
f~ ; ; )\ e w
o o Branch Multiplier, FPU
%E?Fﬁfd:7£§} \4’7 7‘{ > Predictor Divider (Optional) |
_ J
EM@S THRNDI— RY+( =X , \ (e
Fiihe Extensions
NP s 152 gL
-
4 AHB-Lite e— ITCM DTCM
2/43 / ﬁ (Slave) <+ (Optional) }‘ (Optional)
- . J
{ 4 )
I-Cache D-Cache
AHB-Lite or AHB-Lite or
AXI-Lite AXI-Lite

© 2023 Codasip. All rights reserved.
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\/

> BLEWI>Ja4Fa1L—=

*A70377 - > Ja4Fa2L—23>
* Local memories (L1 cache)
* Branch predictor and more

CODASIP RISC-VY PROCESSORS 7 SERIES

CORE CONHGURATION

15 COnEImts Sled 1oe S e copd CaVigaaton secson r he Dty Sow

OFF-THE-SHELF CONFIGURATION

* Up to 4 identical cores
e 1> TJ4aF 2L —> 3> 0FEIRL2 o ————
Frwva - s

* Up to 8MB |
* 84-bit AXl interface —_—

* 2T+ F 21 5T)VIREIDAFHHIEH ———
* Up to 1000 interrupts Co—

2023 Codasip. All rights reserved. 63
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DAY « AF— 1« A RaiH

]

* Digilent Genesys2: MP4 or large MP2 RQ <
* Digilent Nexys-A7-100T \ r
W — “ — /O
* Digilent JTAG-HS2 OU = =>7 . Peripherals
. Codasip L
g—J)L A70 — )
* SeqggertIARDT — )%= {EFelEE Memory

2023 Codasip. All rights reserved.

69



@
0. Codasip

© 2023 Codasip. All rights reserved. 118



> T —RXRAXF5+ : Microsemift @microohipit)

« A—Fo4A - 4OSAH— - PILTUXL

o B3RBIA
o {RAMHRAL

s RBEROIDETOTR /) — Ri&EIR

s IPSALEAM, OAMVUTFE
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Time-to-market
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Cortex-MDEEZ
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& Microsemi

Microsemi.

Z1.38050

Microprocessor

SPI/UART
|
)

Camera Motor
Control

]
LCD Display |
Control Room _
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> T—RXRXS7 1 Al/ML o

150%
__ 100% o
e TensorFlow Lite for MicrocontrollerszL3117 C3=1T7 E\)
X X
—_— 50% 50 S
e 0T/TV> - 7TUT—2 3> (CH&EL @ VR
o [EEESNIL/ BE;EE’JTCLX:EUE oo I BE
L31 [RV32-|I\/|CB] L31 [RVSZ—II\/IFCB] L31 RV32 II\IICB] L31 [RVSZ—II\/ICB]
o AICKDFESTXFawa (MNIST) +BUBREFP ~ONN QNN+ 2 BEAN

o S>245A4LDHIB 80% -
. (EHEBHE 78% - - . - - "

o TUIIEMA 2I\ND hME
MNIST “"Handwritten Digits recognition” benchmark

intelligent label assignment to grayscale 28x28 image.

Instructions Cycles
eOC‘C\Slp Symbol Address Instructions Percent Cycles  Percent

tflite::reference_integer ops::ConvPerChannel  36fa6 6572379 9340321 [E3EHH

RO A bR—)\— (BAREER)
https://codasip.com/2022/02/24/embedded-ai-on-I-series-cores tflite: :reference integer ops::MaxPool 45660 412255

710898

tflite::reference_integer ops::FullyConnected 3e388 158370 236154 p1%

Embedded
Al on L-Series

S Codasip Studiob“EﬁE?Z):/E:L L—~%ZHU\T,
EDPINITVXLNEET, ECEZRBLINESHEZEHICHRTEET
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— Proftiling TFLite Image classification model

Fully-Connected

Neural Network

Fully-Connected
Neural Network

Conv_1 Conv_2 RelU activation
Convolution Convolution | /—M
(3 x 3) kernel Max-Pooling (3 x3) kernel  Mmax-Pooling (with
valid padding 2x2) valid padding (2x2) dropout)

® @0
® @:2
@ :

16 channels 16 channels = & \. 9

INPUT 8 channels 8 channels

(28x28x 1) (26 x 26 x 8) (13x13x8) (11 x 11 x 16) (5x5x18) '/ OUTPUT
Source Code Coverage
Instructions Cycles -

Symbol Address Instructions Percent Cycles Percent
tflite::reference_integer_ops::ConvPerChannel( ) 2940c 8878981 S | 15388368 (S0l
tflite::reference_integer_ops::MaxPool( ) 2b7e8 412616 ﬁ.z % 710990 b2%
tflite::reference_integer_ops::FullyConnected( ) 2a2de 157058 1.6 % 207101 1.2%

...etc 26a60 95618 % 143346 0.8 %

®
® ° Codasip

430 0.004% for (int out y = ©; out y < output height; ++out y) {
const int in y origin = (out y * stride height) - pad height;
for (int out x = @; out x < output width; ++out x) {
const int in x origin = (out x * stride width) - pad width;
for (int out channel = ©; out channel < output depth; ++out channel) {
auto group = out channel / filters per group;

int3 t acc = @;

9092 0.092%

46142 0.467%
52460 0.531%

I596782 6.044% I

390154 3.951%
132192  1.339%

const int 1n_yw='in_y;orlginh+hd11at10n_helghf_factorb? f{iier_y;
for (int filter x = 0; filter x < filter width; ++filter x) {
const int in x = in x origin + dilation width factor * filter x;
// Zero padding by omitting the areas outside the image.
const bool is point inside image =
(in x >= 0) && (in_x < input width) && (in y >= 0) &&
(in_y < input_height);
if (!is point inside image) {
continue;

}

for (int in_channel = ©; in channel < filter input depth;
++in_channel) {
int32 t input val =
input data[Offset(input shape, batch, in y, in x,
in_channel + group * filter input depth)];
int32 t filter val = filter data[0ffset(

435865 4.414%

491681  4.980%
188064  1.905%

376128 3.809%

filter shape, out channel, filter y, filter x, in channel)];
790788  8.009% = filter val t val .

© 2023 Codasip. All rights reserved.

* Image convolution (>89%) has a
major impact on overall performance
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- CONV accelerator in <200 lines of CodAL code

element comprises convolution instruction assembly,
binary and semantics in dedicated sections

S

I\

push_conv instruction pushes image pixel from src to '\

®
® ° Codasip

Single instruction gets the convolution result (2x2 window)

A, element inst_push_conv
{

use gpr_all as dst, src; // src - image pixel data, dst - address to store the result

fifo[]. calculates the convolution result and stores it
to the dst address

load and store addresses are incremented
automatically, thanks to fifo_counter and

~ assembly { "push conv" dst "," src };
binary { OPC PUSH CONV UNUSED:bit[5] dst src UNUSED:bit([9] };
semantics

{

// Assembly format
// Instruction binary pattern

Pixel-by-pixel image load from E _ , ; .
memory (or get from camera) (" Ps X m ! the Whole inage: could be UEERS p8,pl;p2; a3, iresui;
__)fast axis m W3 stored in dedicated registers _
51315121412101]8 p3 = rf_gpr_read(src), // Image edge condition handling
8 ) if ((fifo counter>=FIFO DEPTH) && (fifo counter%(FIFO DEPTH - 1) != 0))
- 5 {
L g P ) Result S uint32 addr dst;
2 - >|— = pe = fifo[fifo counter % FIFO DEPTH];
o JENE | L C.. o pl = fifo[(fifo counter - FIFO DEPTH + 1)%FIFO DEPTH];
J Meeeee— = s - -
f) @ \ " @ p2 = fifo[(fifo counter - 1)%FIFO DEPTH];
[ e 5 > ==
f ) EEE—— A . .
s Yl result = p3 * weights[3] + p2 * weights[2] // ALU*
3| 1 Result = Wo*po+w,*py+ L% + pl * weights[1] + po * weights[O];
+Wo P +wWa*p, r // Storage and destination
addr__dst = rf_gpr_read(dst) + ARRAY_STEP * out ACOUnter; address increment
store(0OPC ST, addr dst, result);
fifo[]is a hidden register file, out_counter = (out _counter < CONV_RES_LEN - 1) ? out counter + 1 : ;
}

fifo[w index 0] val; // Push current pixel data to FIFO, pointer increment

out_counter that contain the number of input image
pixels loaded and output image pixels processed

/fifo counter = (fifo counter < IMAGE LEN - 1) ? fifo counter + 1 : ©;
i

};

[

© 2023 Codasip. All rights reserved.
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https://youtu.be/lIKXAsFf2As

> A R RE LR “ o odask
[ARZERISC-V X JIXAF N ARISC-V]

Noisy Image => Codasip L31: Denoising: Standard ISA Denoising: Custom ISA

Processing time (cycles): 24,314,484 4,155,469

Recognized symbol: 7

2023 Codasip. All rights reserved. 130
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Securing the Internet of Things®

finra (L. Codasip RISC-VIJOTYHTEITEINTLD
WalnutDSA (ZFILERXT7ILTUXL) DE#E(b

faskld. DITDH2%DEMHWIY —XAT, EiTH5HEISIEE

DIMEEHIT. KSLRENPIEE
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> T—RRAIFT A FFT7 O3S L —% ® Oodasip

B Runtime, a.u. B Energy consumption, au. B Sjarea, a.u. B Runtime, a.u. W Energy consumption, au. M Siarea, au.
1.5 1.25
. - Reference

| - 100%

- Reference 1 - ( )
(100%) :
0.75 —
0.5 -
0.25
0 —

Codasip L11 + FFT accelerator Codasip L31 + FFT accelerator

2023 Codasip. All rights reserved. 1385



- FIRJ 1 )LS 701

m Processing time, a.u. W Energy consumption, a.u. W Si area, a.u.

1.5 +

Reference 100%

Codasip L31

© 2023 Codasip. All rights reserved.

+36.7 %

+ FIR accelerator

CoL—%

Input signal

o

Data propagation

FIR_FIFO

—>|f*__|32_|"'""

Result = fy*¥s +T*s,+

—/,

AT

fal f2]...1 fo

FIR unit

+a*pat...+f¥pg

Write result
to rf_gpr

I5fe] 96% Hilik

JHEE T 90% HlliRk
1S +36% &N

Bx = B R (C R 2R

https://youtu.be/ODGcx9q_bsw

FIR
coefficients

®
® ° Codasip
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Raw Input Signal

Standard RISC-V core: cycles / FIR sample Customized RISC-V core: cycles / FIR sample

https://uoutu.be/ODGcx9g bsw

2023 Codasip. All rights reserved. 187
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MYTHIC

* Mythicft(EAnalog Matrix Processor (AMP) M1076(CBEO IV ZnEE U

c WINDEEF IV EERZMZEI: Mythictt(dICodasip L30ZER—X(CHR I A Xz
« DSP. Ev MEE., COA—/\—~v RJ)L—-T,
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Ty Garibay, VP of Hardware Engineering at Mythic



https://eetimes.itmedia.co.jp/ee/articles/2303/17/news129.html
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-~ 25TOPS / 3W

Mythic(@gi. [M1108] & [M1076] &
WI2DDEBEFEEK Uz, M1076(F25TOPS
(INT8) DI VZFWVI T, BWEWDSENTL
>NRO-T&EATHED. gEDFCHET TR
FEENIz. YOLOVSTDL 1722333V
Wizofz, ERERFICEF(HKEEE Times
([CEBoTEECBICKDE. M1076(EEFTAES
R, EERAY>>ED3>. RO—->. AR/
VR (JERIRZE MRIEIRE) 7 TJUS—>3>
EVWDERRIETHEANDNNTWNNDR EDZ EED
I

Source: https://eetimes.itmedia.co.jp/ee/articles/2303/17/news129.html 140

Mythic®® [M1076] HiFf : Mythic

© 2023 Codasip. All rights reserved.



® :
- EESiliconArtsttL - bL-—=2% GPU Codasip® b Fodasl?
Custom RISC-VZERFE

Press Release

Codasip delivers custom RISC-V
processing to SiliconArts ray-

tracing GPUs
J

2 November, 2022

With Codasip 7-series core IP and Codasip Studio tools

Codasip, the leader in customizable RISC-V processor IP, today announced that SiliconArts has adopted

application-specific Codasip with
Si nArts is a leader In innovations for high-end graphics enabling Immersive experiences with its photo-
realistic ray tracing graphics rendering. Tha combination of Codasip RISC-V processor IP and SiliconArts ray

tracing GPUs will empower the next generation of the most demanding augmented reality applications

SiliconArts ray tracing solution will incorporate Codasip’s RISC-V proce or core IP. Codasip Studio tools will

enable customers to achieve high levels of optimization for their graphics applications. Full flexibility for

the SiliconArts partnership is enabled by full access to Codasip's

Source: https://oodasip.oom/press—re|ease/2022/’|’|/02/codasip—delivers—oustom—riso—v—prooessing—to—siliconarts—rag—traoing—gpus/MS
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case OPC_SYS_ARR_CALC:

for (i=0; i<SYS_LENGTH; i++) {

SO[i] = (int32)(S0[i]) + (int32)(A[i]) * (int32)(B[0]);
S1[i]
S2[i

$3[i]

} break

Gk

= (int32)(S1[i]) + (int32)(A[]) * (int32)(B[1]);
= (int32)(S2[i]) + (int32)(A[i]) * (int32)(B[2});
= (int32)(S3[i]) + (int32)(A[i]) * (int32)(B[3});
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