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Karel Masarik

President! & Foundey

Cwver 20 years in processor development and design
tools. Founded Codasip based on his PhD thesis ond
currently leading Codasip’s innovation niticlives

Zdenék Prikry

Chief Technology Officer

Over 15 years of expenences in processoes design
from smal MCUs to complex DSPs/VUWSs, embedded
systems design, HLS, simulation, driving R&D

Ron Black

Chief Executive Officer

Over 25 years running software and semiconductor
businesses in Europe and the US, including
microprocesser and P icensing businesses. He
specidizes in corporate frorsformations and has a
history of signficant exils

Simon Bewick

Design Centre Director

United Kingdom

Over 30 yeors expetience designing and delverdng
$oC devices from architechure fo siicon volume
produchion, managing development feams ocross
muitiple geographies,

Mélaine Facon

t' Jesan Centre Dractor

Over 20 yeors of experience in the semiconductor IP
Indusiry, from HDL desian and engineering 'o
program and project managemant

Viadimir Koutny

himl Fir

ancial Officer

Over 15 yeaors of experience in high-growth
technclogy companies, All-round financial ond
operationol experfise

Rupert Baines

Chief Marketing Officer

Over X0 yoars of global expenence with customaers
and markets. Lived in USA. Germany, ond Spain. and
werked {or a number of deep-tech start-ups as

a CEQ

Katefina Smrékovdé

Chief People Officer

Over 10 years ol HR experience in intamational
companies, both big and small, Allround MR
expertise. Personal motto: Moking Codosip o happy
place to work and grow

Brett Cline
Chief Revenue Officer

Ovor 25 yoans of leadersiip oxperience in saios,
maorketing. and engineeanng. Proven methodology
for growing scies, Invelved with séven company
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SERIES

External JTAG
Interrupts (2/4 wire)

~N
J

o o o — Int f RISC-V
TR BREDEDENSE/ A TS Y &ﬁﬁ@][: WH ][ DebUg
ERGSTRI\OI— R« XEER ) .

. s CPU
16U IYAIWEonH LY  (RVI2E) 183 Series (RV32EMC, RV32IMC, RV32IMFC)
RNBREOY—T VY v IVREH ) — .

PMP Multiplier,
(Optional) Divider
AHB-Lite <_>( ITCM ( DTCM 1( FPU |
. S FRI ES (Slave) <*— (Optional) (Optionall (Optional)
HNREMEDNEDOBR\IER/INT TST1Y ! I-Cache ] ! D-Cache ) (User Cus’rom\
(Optional) (Optional) Extensions
E%@unn'@a&’]\d)ﬂ— R XERIR - - 7N /
BRENI2UIY RN B ZY ~ (RV32) I
SHeESESES AHB-Lite or AHB-Lite or
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JTAG & RISC-V F/\v T
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Machine
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RISC-V PMP (Physical Memory Protection)
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CODASIP RISC-V PROCESSORS 1 AND 3 SERIES

CORE CONFIGURATION
e mom claut Codasp ST oo or our webite Pecie el - nesd ~ oty
c Detpomm Gf e ewnbiotion fceme. placee chooe orw of the fcloung ot Me-shel! confgumtans haes mewcry bosm
cortgursncn: Tw pre bt and ready 33 be detvered
Trooin maguested Confgmatonr (il
Choowe Mocen core Coxhs Tightty Cowpled memary Phwsic al mamaony prodecis
X X X
X x X
v x x
x v b
X X v
x x x
- v o G0 > Guronie Howe v setirgs om
e cciwe provide  the atcn  mmedatm u can w e how
cotgerable te sopmth Debonelt watrgn
lam 4k
e Do) »
Caches e Veons 3+
- vas F
s nderdor ASE L2
Taghtty < cughod ey - 18
Phryvicat mumory prodechon thomroes ol prulocies ramory oo 5
ot of pre ‘
= Care b
RAG re 4
1 Do Dasies
Irdemipt < cnfoler s FurEer cf TreT, u
il e peeres
2ot [0
o e o - o - mrafrery e
—~rar se

Example config, some items subject to change
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Interrupt WE| RISC-V
Controller Debug

Vs

J

( CPU

5 Series (RV32IMC, RV32IMFC,
RV64IMC, RV64IMFDC)

N

Branch Multiplier,
Predictor Divider

Vs

~N

Ve

FPU

(Optional)

PMP
(Optional)

-
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User Custom

Extensions

J

4 (
AHB-Lite <¢— ITCM DTCM
(Slave) <*— (Optional (Optional)
.

(Optional) (Optional)
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\.
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AXI-Lite AXI-Lite
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IRQ JTAG
| |
PLIC CLINT Debug
A70 r A70 A70 A70 1
I$ID$ rl$ID$ I$ID$1rI$ID$1
L2 1
I Memory I Cohle/e?ency

* ACP: Accelerator Coherency Port sy
* CHI: Coherence Hub Interface

* CLINT: Coreplex Local INTerrupts
*x PLIC: Platform-Level Interrupt Controller
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Standard RISC-V debug
JTAG (4pin/2pin)
Compressed instructions
AMBA buses

7-stage pipeline

nch predictor
Paralle!l multiplier

fru

3
gisters

S5 SERIES

e pipeline
instruction set

Paralle! multiplier

3-stage pipeline
EMC instruction sef
16 registers
Sequential multiplier

LOW POWER
EMBEDDED

32-bit

Up to 128 interrupts

_odasip L1

ot
3

F = Floating Point Unit, P = RISC-V P Packed §

HIGH APPLICATION
PERFORMANCE 64-bit
EMBEDDED FPU

44-bit Linux support

Up to 256 interrupts

r $ e AT0
LOoqaasip A/U

(et A )
w0 ‘-,:‘-J.-:~ A l_: VA

Codasip A70f

Codasip A70P-MP

MD Extension, MP = Mulfiprocessing

Frwv¥a
mRET—4
YA ZDARIVA X
FryyaoTI#
Fry Y51 YDYAZ

@l |=§§ :E IJ
TCM: Tightly Coupled
Memories

PMP: Physical Memory
Protection
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BEROFRM. A—POERINBA U S EEIC
I e NIDA—N Y RZARES< QD LSBT DIE—D

AT—=) VT DRRCRODFRE |55 FIatsReeegmases
gg;gé%m D574 v DRISEDEXAID

End of the Line = 2X/20 years (3%/yr) ¢ B RISC-VIRER (BAsBR) P9
Amdahl's Law = 2X/6 years (12%/year)
« RV32| - REEARNIRISC-VDOEL

End of Dennard Scaling = Multicore 2X/3.5 years (23%/year) s

-

. J

¢ CISC 2X/2.5 years T RISC 2X/1.5years ° RVSZIMAC
@2%year (52%year B+ BE P RS ORS + ERES
- «  RV64MACX[ext]
_ - MAG + JEiEE ] — — i3
g; 10,000
i
™ 3
= ERpSNTND MPFERED 4R
S 1000
g Al 26 25 15 14 12 11 T6 1]
8 functti {_I[ﬂhﬂ l functs \ custom y opeode \ Recommended Parpose
c 100 5 I 3 5 7
S 100011 custom () custom SYSTEM Unprivileged or User-Level
E 110011 custom (0 customm  SYSTEM Unprivileged or User-Level
'E 100111 custorm () custom SYSTEM Supervisor- Level
a 10 110111 custom 1 custormn SYSTEM Supervisor-Level
101011 custom ( custom SYSTEM Hypervisor-Level
111011 custor 0 customm  SYSTEM Hypervisor-Level
101111 custom 0 custom  SYSTEM Machine-Level
1980 1985 1990 1995 2000 2005 2010 2015 111111 custor (0 custom  SYSTEM Machine-Level

Figure 3.30: SYSTEM instruction encodings designnted for custom use.
H#: RISC-V Spec v. 20211203
H:"EEE Norman P. Jouppi, Cliff Young Nishant Patil, David Patterson, https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-2021 1 203 pdf
“A Domam Specific Archltecture for Deep Neural Networks
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Codasip Studio&(d ?

RSC-VJ Oy UESENDBRICHEI DCHDI -0\ —)UEE

A=A VOV, BEBEB. 20148z, KFAYY—TYIVRIEH
- JOBYHESN PP —FF7DF viciiSsE2 Caoilh
« RECDAHNRAINYA X &TQJEEIC: [ B750 RSCY CodhL J

s RV R P—FFDOFv
(ISA: Instruction set architecture)

s N0 P—FFD0Fv [ dea)sliﬁesmiio ]
WY — v
« EBHBLTEHEENKT:
« BI®Codasip RISC-VJOtEYHOHARIVAL X [

. —_=n= SHEAD SHhEAD
- LW Oy OELOH SRS RISC-V HDK ] [ RISC-V SDK ]
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c studio
File Edit Nevigete Search Project Run Window Help
() " "' "O'Q'G' Y -
# g shac [ codanp_umc - shaamie <
Codasip Profiter COdasip unsc
3
Q
codasip_urisc - Profiling Result
sha xexe [ Architect
19704 (s v
1 (G

Source Code Coverage

Samples per Symbol

Symbol Address  Instructions  Instructions Percent Cycles  Cycles Percent A
sha_transform 15160 I msem 15160 (N
memsel 2088 e 2088 fBsw
byle_feverse 1712 A8 1712 [ &8
memcpy cc 262 P 3% 262 f3%
sha_fhnal bls 126 DE% 126 pe6%
sha_update Jac 108 D5% 108 D5%
||||| 42 80 04% 80 pa%
h 64 03% L 03%
h 38 02% 02%
! 15 01% 15 01%
Il exrpro 14 01% 14 01%
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HDKCSDKD BEE1A R

« Hardware Development Kit (HDK)

RTL (Verilog/VHDL/SystemVerilog)
c Sl \oJ 5t

¢« CodALY—ZANDJVD
SystemVerilog UVMIZEIEHRIE
HETARNYF
SEEDAY—ILDOY Y TIVAD VT~
SystemCIO¥Y=alL—Y3Y EF)L

22LLVM

UVM o550t
- INFRASTRUCTURE

SYSTEME

« Software Development Kit (SDK)

C/C++ LLVM JV/IN1 3
(D5 Yy TR

C/C++ 21473 (hewlib)
PeIITS, BPEITS, UVh—
REEIAYIaL—5

B OIVEBECAYZaL—H
TNy AETAT P11 S5—

FEa XY REISAOTRIE

MBS ICfER T 25 VA ATOTS A
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« BEUTF T v IHEE

« SN PLITS TJOTSLAERY—IU

« UVMERELRIR

Codasip StudioN'SystemVerilogDIRIE = BENA A
RTLOMMIRRICER LU TV BDHETES

Instruction Accurate CodAL w Ref Model
Processor Model J - eference Mode
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Codasip Architectural Language

=7 CodAL D ipfti
CodALlZ. HDLDK SRS odAL Description

[BEIONDEEELFEITDFET
. th‘Jﬁ%%‘b¢%1bb7—fg Instruction Cycle

Accurate (IA) Accurate (CA)
« 1 DMDCodALEFTILT
BHEOVIOOP—FFTOFvD

"lezt \‘DIAb /* Multiply and accumulate: semantics
ZZZ-J ﬁb dst += srcl * src2

*/

element i_mac {
use reg as dst, srcl, src2;
assembly { “mac” dst “,” srcl “,” src2 };

BfELZAWVNCEES(VERER. aERETCIOEY YD binary { OP_MAC dst srcl src2 @:bit[9] };
T—XTU0Fv. BEZREL. HBERAIREIZT S semantics {

}s

rf[dst] += rf[srcl] * rf[src2];
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YIND FTRIRNDEDS:

SystemVerilog
S p— ’

module rf_gpr #(parameter xlen = 64, parameter size = 32,
parameter resetval = 32°b0, 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] we_d,

input wire re@_re, input wire [aw-1:0] re@_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 1i;

always @(posedge clk or negedge rst)
if (~rst) begin
for (i = 0; i < size; i =1 + 1)
mem[i] <= resetval;
end else if (w0 _we) begin
mem[wd _wa] <= wo_d;
end

assign r@_ g = r@_re ? mem[rd_ra] : (xlen)'(9);
assign rl g = rl re ? mem[rl _ra] : (xlen)'(9);

endmodule

{

}s

dataport ro, rl {flag
dataport we {flag = W;
size = 32;

reset = true;

default = 0;

» codal

arch register_file bit[32] rf_gpr

50
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+ CodALZDSEMRTNDRTLIEEFHDOT L)

« BIN—YDFESNI— L& BOBEFERK
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« ERSNDRTLICIE. TNy TICERRIER
AEINET

« HERSNDRTLICE V=X THDCodALI—
FDUTD
« RODN—=IICHULET

module rf_gpr(
input wire CLK,
input wire RST,
input wire rO_RE,
input wire [4:0] rO_RA,
input wire r1_RE,
input wire [4:0] r1_RA,
input wire wO_WE,
input wire [4:0] wO_WA,
input wire [31:0] wO_D,
output wire [831:0] rO_Q,
output wire [831:0] r1_Q

localparam integer SIZE = 32’hO0000020;
localparam [31:0] DEFAULT_VALUE = 32’hO0000000;

// memory storage
reg [31.0] RAMIOSIZE-11;

generate
genvar ii
for (i = 32'sdQ; ii < SIZE; i =i + 32’'sd1 ) begin : WRITE_PROC
always @( posedge CLK or negedge RST ) begin
if (RST == 10 ) begin
RAMIii] <= DEFAULT_VALUE;

end else if ( WO_WE == 1b1) && (WO_WA ==ii) ) begin
RAMILii] <= wO_D;
end
end
end
endgenerate

assign rO_Q = (rO_RE == 1'b1) ? RAMIrO_RA] : 32’h00000000;
assign r1_Q = (r1_RE == 1'b1) ? RAM[r1_RA] : 32’"h00000000;

endmodule
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« Codasip StudioHh FeHFEZZSD

Software development kit (SDK) ZB&)4AK:

« AVRALIDSDIYIVEEYVIaULU—H
(IA: Instruction accurate simulator)

«  HRSRHEBEDEENTES C=2 707715
-« COVINNA3S

« WHOYTY ~EBERICER
(Q#z. IVN\D bais. YT RSO

EFI

AL
K=

element i_gzip

{

3

use opc_gzip as opc;

use reg_any as dst, srcl;

use shift_imm as imm ;

assembly { opc dst “,”

srcl rr,»

imm};

binary { opc[OPC_FRAG_SHIFT] imm srcl opc [OPC_FRAG1] dst opc [OPC_FRAGO]};

semantics

{

rf_gpr_write (dst, gzip_uXlen(rf_gpr_read(srcl), imm));

3

set isa_b += i_gzip;

uXlen gzip_uXlen (const uXlen rscl, const uXlen mode)

{

uint32 zip_mode, x ;
X = rscl;
zip_mode = mode & 31;
if (zip_mode & 1)
{
if(zip_mode & 2)
X = gzip_stage
if(zip_mode & 4)
X = gzip_stage
if(zip_mode & 8)
X = gzip_stage
if(zip_mode & 16)
X = gzip_stage

(%,
(x,
(x,

(%,

MASK_ZIP2_L, MASK_ZIP2 R, 1);
MASK_ZIPA_L, MASK_ZIP4 R, 2);
MASK-ZIP8_L, MASK_ZIP8_ R, 4);

MASK_ZIP16_L, MASK_ZIP16_R, 8);
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« Codasip StudioHD' RE2EEZ=SDH
Hardware development kit (HDK) ZB&)4AX:
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© FRRAYTF
. UVMAR—2DI3HEE

#ifdef OPTION_EXTENSION_B

case SLO:
ex_result = ones_shifter_32(SLO, ex_aluopl, ex_aluop2);
break;

case SRO:
ex_result = ones_shifter_32(SRO, ex_aluopl, ex_aluop2);
break;

case ANDC:
ex_result = (uXlen)ex_aluopl & (~ ex_aluop2);
break;

case ROTR:
ex_result = ex_aluopl >>> ex_aluop2;
break;

case ROTL;
ex_result = ex_aluopl <<< ex_aluop2;
break;

case CTZ;
ex_result = codasip_ctlz_unint32(ex_aluopl);
break;

case CLZ;
ex_result = codasip_cttz_unint32(ex_aluopl);
break;

#endif
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ecodespace
File Edit Source Refactor Mavigate Search Project Pydev Run  Codasip Window Help

Codasip CodeSpaceZ(d 7 ERTPTENCOFRICNT ERr LErP

~ e sha [Codasip C/C++ Application]
~ 52 Process [1], cy.: 5010
w o Thread #1 1 (Suspended : Breakpoint)

+ RISC-VIORY UROYD +O T PEREY DICHICYEE
main() at sha.c:236 0xd74

INTCOHEZIRIR T SMERAEIRE = o ot o1 02

r-'_- LLDE
(IDE: integrated development environment) ———
57 334  1.695% for (i =8; i < 16; ++i){
28 288  1.462% W[i] = sha_info->data[i];
a9 32 B.162%

° ’_ﬁlég 6’) "C\\",IQ \ 77 e j) JY %0 1292 6.557% for (i = 16; i < 88; ++i)
;E \ ’SDK_?lDE\\ EiE L/\ J 7 |\ Ij I ) D J I D |\ 5 :; 2848  18.394% : ¢ W[i] = W[i-3] ~ W[i-8] ~ wW[i-14] ~ wW[i-16];
SD=CTHCEN'TRE s e ST

2; 128 o csox } MODIFIED _SHA */
— — — A 10 oo EEEETESTS

i jD j 7 { j 517 ’r & (L_ E}ﬁ%ﬁ 5 Q; 168 9:951% C ; shaZinfo—)digest[Z];

2e 18 @.851% D = sha info-»>digest[3];

® ?/ \“ \y 71?%0);‘%%15 B 2@43c: 3% sha_transform+276 nop

Ge00RE0000000340: BxBdBB8488 sha_transform+288 ra2=1d [ rz+8]
2eAEEAEEE00A0344: BxB0B00088 sha_transform+284 nop
N o —_ N — N 0peREERERRRR34E: Bx120008558 sha_transform+288 st r2 , [ r@ + 344 ]
° | — |\ 1= / \zr 77 zr 52%T Dl $ BREARERAERERE34C: @xAdARB564 sha_transform+292 r2=1d [ r@ + 356 ]
/ \ S :'_5\ J /N ﬁb 2eAERAREEREAG350: BxBREA0888 sha_transform+206 nop
0e008E0000000354: BxBdBB8484 sha_transform+3e8 r2 =1d [ r2 +4]

\Y
° |E l “,{EI% F z“ |E| I “,\J ) '\ ) T )7 j D \\) T /_ ) I\ é GEREARRRRRRERISE: BXBBBBEERR sha_transform+304 nop
R A 0e202E000000035c: Bx12808554 sha_transform+308 st r2 , [ re + 240
S )~ — ~ gl K\ D 4 AN o) 0e00EEEEE0800360: BxAdeeass4 sha_transform+312 r2 =1d [ r@ + 356
‘J =1 L/ ; 73\ b ;I J 3 W) j J /\ v j /\fg‘fj DI Be PBEDBEEERRRORIGL: BXDEEBREAD sha_transform+316 nop

0e2ERE0000000368: BxBdBE8488 sha_transformt328 r2=1ld [ r2+8]
0A00RORAERBAB36C: BxBOAE0RE8 sha_transform+324 nop
0e20EEEE00000370: Bx12008558 sha_transform+328 st r2 , [ r@ + 336 ]
000eaE0000000374: BxBdeBe564 sha_transform+332 r2 =1d [ r@ + 356 ]
2020EAAEE00A0373: BxBREAA888 sha_transform+336 nop
0e2ERE000000037C: BxBdBE848c sha_transformt348 r2 =1d [ r2 + 12 ]
380: B8x sha_transform+344 nop
2eAEEAREEREAG384: Bx1280854c sha_transform+343 st r2 , [ r@ + 332 ]
000eaE0000000388: BxBdeBes64 sha_transform+352 r2 =1d [ r@ + 356 ]
20200AA00000038C: BxBREAAE88 sha_transform+356 nop
0e20RE0000000300: BxBd@e8418 sha_transform+360 r2 =1d [ r2 + 16 ]
394: Bx sha_transform+364 nop

2eAEEAEEEREA6308: Bx12808548 sha_transform+368 st r2 , [ r@ + 328 ]
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AIFw T e FI\NwD
« £Codasip RISC-V 70Ot vHId RISC-V Debug ZHMR— K (0.13.2)

* OpenOCD + LLDBNX—X
« TNV ATV

« Codasip CodeSpace debugger
Codasip RISC-V7 Ot v MAHRIN 1 Xt

« Segeger, |IAR, Lauterbach

» JTAGHR—h ;
. AEY FER 2EY =

¢ OpenOCDxtm JO—2 e (Z
«  Segger J-Link, IAR |-Jet, Lauterbach TRACE32 ‘ \ -
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