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SERIES

o - 5 _ Int SC-
TR BREEDE3E/ A TS Y &ﬁ%ﬂr][ WH ][ Debug
ERSSTRI\DI— R 1 TEER

External JTAG
Interrupts (2/4 wire)

~
J

-
\_

( )
- P CPU
16U Y RAIA@eTEY ~ (RV32E) 123 Series (RV32EMC, RV32IMC, RV32IMFC)
SITEOY—TYY v ) RES8 ) P .
PMP Multiplier,
(Optional) Divider

4 4 N\ ( )
AHB-Lite <4— ITCM ]» DTCM FPU

SER'ES (Slave) <*— (Optional) (Optional) (Optional)
Q/%“ ‘N S,So [ I-Cache ] [ D-Cache ) (UserCus’rom\

Oé (Optional) (Optional) Extensions

VAN

ESHNRCEENEORNIER/INA TSV

EfGaTRINI— Y+ IERR Q * * 7 ’
EEH32L YZINEGRD LY ~ (RV32) tmbedded I
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Biea Xt

RISC-V PMP (Physical Memory Protection)

BA2MBE TAHREY VY~ X0

=RA161E

>/

: CODASIP RSC-V PROCESSORS
COdQ Sip EVALUATION REQUEST FORM

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
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X X v
x x x
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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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SERIES

External JTAG
Interrupts (2/4 wire)
p I I
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)

-

( N\
User Custom

Extensions

J

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

(Optional) (Optional)

4 4
I-Cache ] D-Cache

\.

AHB-Lite or AHB-Lite or
AXI-Lite AXI-Lite
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IRQ JTAG
| |
PLIC CLINT Debug
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L2 1
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* ACP: Accelerator Coherency Port sy
* CHI: Coherence Hub Interface

* CLINT: Coreplex Local INTerrupts
*x PLIC: Platform-Level Interrupt Controller
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ALL CORES

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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End of the Line = 2X/20 years (3%/yr)

Amdahl's Law = 2X/6 years (12%/year)
End of Dennard Scaling = Multicore 2X/3.5 years (23%/year) ¢

¢ CISC 2X/2.5 years ? RISC 2X/1.5years
(22%/year) (52%/year)
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H#: Norman P. Jouppi, Cliff Young, Nishant Patil, David Patterson,
“A Domain-Specific Architecture for Deep Neural Networks”

https:/

/cacm.acm.org/magazines/2018/9/23057 1 -a-domain-specific-architecture-for-deep-neural-networks/fulltext
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BROFRM: LA —PDFEANMBAUBLBZEOEESICIR -

IND A=V I REREL B LS DE—DEL. KBED EXA V@D
BREEBNTDCETHD. BIZET =T « 5=V, HRITE,
HASEREL. I571 v DRABEDREAAINEZSND,

e RISC-VIRE (BAFEM) PO

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.

HE: RISC-V Spec Volume |: Unprivileged ISA 20191213, Section 28.1

https://qithub.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC /riscv-spec-20191213.

pdf

al 26 25 15 14 12 11 70 O
funet6 custom I funct3 [ custom opeode ] Recommended Purpose

| | Custom

6 Il 3 5 T

100011 custorm () 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 Hypervisor-Level
101111 custom (0 custom SYSTEM Machine-Level
111111 custom () custom SYSTEM Machine-Level

Figure 3.30: SYSTEM instruction encodings designated for custom use.

H 8 RISC-V Spec Vol lI: Privileged Architecture 2021 1203, Section 3.3.4

httos://github,com/riscv/riscv-isa-manual/relea /download/Priv-v1.12/riscv-privileged-2021 1203 pdf
. RV32| - REEARNZRISC-VDEE
. RV32IMAC

-BY+ER + PRIV DES + EiRBonD
«  RV32IMAC_Xlext]
- MAC + IEZE&E ] —H —Ihk

TL\D MERED —Y -9



https://cacm.acm.org/magazines/2018/9/230571-a-domain-specific-architecture-for-deep-neural-networks/fulltext
https://cacm.acm.org/magazines/2018/9/230571-a-domain-specific-architecture-for-deep-neural-networks/fulltext
https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-20211203.pdf
https://github.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC/riscv-spec-20191213.pdf
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jD t v -Ij-/ j 7 —V Zd)ﬁ J (Iron law of processor performance)
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| ONT% : ClockCycles! { BERS N
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e e e Pr il Sertestesteriestestesiesiestestestested 24
(OIS Lt (CPI) (Cycle Time)
SWP)LTIUZ A
3/m45?@m

‘*iijtZTQJDJ'

_______________ J

HER: A Characterization of Processor Performance in the VAX-11/780, Joel S. Emer, Douglas W. Clark, 1984, |IEEE
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https://en.wikipedia.org/wiki/Iron_law_of_processor_performance
http://emer.org/Family/Joel/Professional/papers/1984-isca-vax.pdf
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Codasip Studio&(d ?

RISC-VI7ORZYYZSRNDBRICHNEIT DICHDIA=—D1xY —)UE

Z=IL1VDY, 8ERBEE, 2014555, AFANYSY—-TY I VEIIFE

. JOty UESNP—F50F pRlSE TR
« REEDARIVA XZTJEEIC: [ 750D RISC-V CodAL™ J

JOtvY EFTIL
e RV ER P—FFDOFv
(ISA: Instruction set architecture)
. VAO0OP—FFDOFv [ N ]
Codasip Studio

c NWFNETRETY: e

. RISC-VIBEIEEDIY T« TL—Y 3 Y T~

. EI#Codasip RISC-VIOtvHOARIYAL X [ sEEED ] [ R ]

. FLWWTOEvOELOH SR RISC-V SDK RISC-V HDK
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ANRINA ZALIZTOBYTICIE. DRIV A XTERT DSDKDE..

SEZNH 2P+ 2 ARV 1 ZBIERKY —ILDRR:
(DAL hepgmFE)CTEND

« NRAYLTDEYTOREAEIR HEIE

1. HTulesmzETIVIEL. Y=alb—Y 3V . YV LS ICE T BRI DTS

2. AYIASORIE . BNGDEDIV/ A SHEBHETE

3. PrVISZEELE C AYSLY PEYTSICEBI—T 1 IIRE

4. T/NYITTOXIMBEND . BEHDA—TVI—ZADTH ) OVE

5. IREE ARG, ARG JL—AD—2IC&D., RSC-VIIYZFA
»EEN. BREOHHD. BERADDHH D cBZICME IR
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SDKEHDKD BN A AX

« Software Development Kit (SDK)

C/C++ LLVM D VI/\1 3
(DY v TR

C/C++ 51473 (hewlib)
PLrIo5, BPeYTS. UVH—
mpsEIA Y=L —4

A OIVBECA Yol —%
TN AETOD 75—

R+ XY REISADTIRIE

RASICEARIT RS Y ATOTS A

Vi Z2LLVM
UVM i
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« Hardware Development Kit (HDK)

RTL (Verilog/VVHDL/SystemVerilog)
- SU\OEM

« CodALY —ZAND')D
SystemVerilog UVMIESHRIE
RETARNYF
ZEEEDAY—)LOY YTV DV T
SystemCIOY¥=al—Y3Y EFIL

SYSTEMC
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SR T D)UiEEES
(P—FFIF ) (N1 O0P—FF7DFv)
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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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oM DOS L Y HDLEZ AR

« CodALSCHiD'SEMRSNDRTLIFFTADT L)

« BIN—YDFESNI— L& BOBEFERK
O— FZENTHTLIZSH)

« ERSNDRTLICIE. TNy TICERRIER
AEINET

s HERSNDRTLICIE. Y —RXTHDCodAL
JO—RADJD

module rf gpr(

input
input
input
input
input
input
input
input
input
output
output

)5

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

CLK,
RST,

ro_RE,

[4:0] rO_RA,
r1_RE,

[4:0] rl RA,
wo_WE,

[4:0] wO WA,
[31:0] wo D,
[31:0] ro_Q,
[31:0] r1.Q

localparam integer SIZE
localparam [31:0] DEFAULT_VALUE = 32'h00000000;
// memory storage
reg [31:0] RAM[@:SIZE-1];

generat

e

genvar ii;

for ( ii

end
endgene

assign
assign
endmodule

= 32'sd@; ii < SIZE; ii = ii + 32'sdl ) begin

= 32'h00000020;

always @( posedge CLK or negedge RST ) begin

end
rate

re_Q
ri_Q

if ( RST ==
RAM[ii]
end else if
RAM[ii]
end

(re_RE
(r1_RE

1'b@ ) begin
<= DEFAULT_VALUE;

( (Wo_WE == 1'b1) && (w8 _WA == ii)

<= wWO_D;

1'bl) ? RAM[r@_RA]
1'b1) ? RAM[r1_RA]

: 32'h00000000;
¢ 32'hoo000000;

¢ WRITE_PROC

) begin

30
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codasip
STUDIO

NDAINP=FFTDF v

ZiRst I DCHDA—DIRFIE

Codasip StudioZRUL\ZE&E
2EEFMETOER
REFROHLADT O Y IREE
TERETERATSN T\ DEKE
DRt 70—
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/7- —AA & ? 1. Miorosemi?.‘t (IRMicrochiptt)

¢ A—FAFA A DS1YP— PLTUZA

- BREIR

(il

RIBROINEETOER /) — FER

PSS EZYRB. O VPIT1E
EBESZH (EIMFEREIEEHE)
DIRRBB2HCXTING DIRET V1 VRS R1IE
Time-to-market

THAL UYL DIL-125 B
Cortex-MDB# 2

« Codasip Studio COTH 1 VIER

RVI2AND'SEHERY — I~
MILSREITIEDND. 1RICA RS ADSPaiHIEND

& Microsemi

Microsemi.

Z1.38050

Camera Motor LCD Display
Control Control Room
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NAY LARTZENT DA W

2)V—"T v k 56.2415 @ L
J— R+ X 3.621Z EfB

T—ENDYF 2.4315 1E00

« JOtyHYIOPTREL, spBsXEUNMEIET
SR THhHDCEITTEFR

« VNFNEARN—ZXDLI0ID P EDLLER

AVNERETOBR /—FTYUDIVET D
CCRIBR DR FEIRIZEIR

YA

2,000,000
1,800,000
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1,200,000
1,000,000
800,000
600,000
400,000
200,000

0

0

BI&IL303 7

5,000

10,000

+ MHIFES L
+ DSP
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T—=2AAN 5« Al/ML

« TensorFlow Lite for MicrocontrollerszL31317)

« 0T/ ZTwY « PTUT—Y3VICREL
- EBEESDIL /RENEAXEIE
° A”L..&%?E%SZ%DMDE& (MNlST)

. SVUNA ADHEIE 80%
- EBEBEZ NI 78%
o TUPIENA VIND

eodosqa

"D+ BR—=/N— (BAXEB)
https://codasip.com/2022/02/24 /embedded-ai-on-l-series—cores

Embedded
Al on L-Series
cores

35
200% m Runfime mEnergy consumption mSiarea
150%
PTRG g X 2
| o
0 oS
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50% B N N
ml 2 8 ® S
. O 1 ]

L31 [RV32-IMCB] |31 [RV32-IMFCB] L31 [RV32-IMCB]
+QNN

L31 [Rv32-IMCBI
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MNIST *Handwritten Digits recognition” benchmark
intelligent label assignment to grayscale 28x28 image.

Instructions
Address Instructions Percent

Cycles
Percent

Symbol Cycles

tflite::reference_integer ops::ConvPerChannel  36fa6 6572379 9340321 (B35%50

710898

tflite::reference_integer ops::MaxPool 45e60 412255 a9

tflite::reference_integer ops::FullyConnected 3e388 158370 P1% 236154 p1%

Codasip StudioD" (KT BDY=a U —FZAIT.
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Profiling 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) . (dropoux)

e @0
16} ‘ 1
® @:2
@ :
@9

INPUT 8 channels 8 channels 16 channels 16 channels &

(28x28x 1) (26 x 26 x 8) (13x13x8) (11x11x16)  (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 ‘l.z % 710990 b2%
tflite::reference_integer_ops::FullyConnected( ) 2a2de 157058 1.6 % 207101 1.2%

...etc 26a60 95618 f1 % 143346 0.8 %

2022/06/23 @Dvcon Japan

430 0.004% for (int out y = ©; out y < output height; ++out y) {
const int in y origin = (out y * stride height) - pad height;
9092 0.092% for (int out x = @; out x < output width; ++out x) {
const int in x origin = (out x * stride width) - pad width;
46142 0.467% for (int out channel = @; out channel < output depth; ++out channel) {
52460 ©0.531% auto group = out channel / filters per group;
int32 t acc = 0;
I596782 6.044% | for (int f y = 0; filter y < - height; ++filter y) {
const int in y = in y origin + dilation_height factor * filter y;
390154 3.951% for (int filter x = 0; filter x < filter width; ++filter x) {
132192 1.339% 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);
435865 4.414% if (!is point inside image) {
continue;
}
491681  4.980% for (int in_channel = ©; in channel < filter input depth;
188064  1.905% ++in_channel) {
int32 t input val =
input data[Offset(input shape, batch, in y, in x,
in_channel + group * filter input depth)];
376128  3.809% int32 t filter val = filter data[0ffset(
filter shape, out channel, filter y, filter x, in channel)];
790788  8.009% += 1 al * |

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

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

S

'\

push_conv instruction pushes image pixel from src to
fifo[], calculates the convolution result and stores it to
the dst address

N

Single instruction gets the convolution result (2x2 window)

A, element inst_push_conv

{

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

result

SIOW XIS ef—

Pixel-by-pixel image load from
y-p g W0|W1

Weights are the same for

memory (o getfom camera) (L2 T Xl S,
513|5(2]|4[2]0]|8 T"" L
214)118|9|7]4]|1 E_> “C
7(918[3]|9|7]0]|9 = B
3151719 PolPil- + > SL
- F 4 -]l p: 54 2_:_
910/ Z Al
sl |y
§ m Result = wg*po+w,*p,+
m +Wo P4+ WaTp,y

fifo[] is a hidden reqister file,

load and store addresses are incremented
automatically, thanks to fifo_counter and
out_counter that contain the number of input image
pixels loaded and output image pixels processed

~\\“~—assemb1y { "push conv" dst "," src };
binary { OPC PUSH CONV UNUSED:bit[5] dst src UNUSED:bit[9] };
semantics

{

// Assembly format
// Instruction binary
pattern

uint32 po,pl,p2,p3, result;
B3 =t yprireadisre); // Image edge condition
if ((fifo counter>=FIFO DEPTH) & (fifo counter%(FIF0 DEPTHNY 1= o))

{
uint32 addr dst;
pe = fifo[fifo counter % FIFO DEPTH];
= pl = fifo[(fifo counter - FIFO DEPTH + 1)%FIFO DEPTH];
y p2 = fifo[(fifo counter - 1)%FIFO DEPTH];
result = p3 * weights[3] + p2 * weights[2] // ALU*
d‘% + pl * weights[1l] + p@ * weights[0];
r . o T n s // Storage and
addr dst = rf gpr read(dst) + ARRAY STEP * out counter; destination address
store(0OPC ST, addr dst, result); e
out_counter = (out counter < CONV_RES LN - 1) ? out counter + 1 : ©;
}
fifo[w index 0] = val; // Push current pixel data to FIFO, pointer

/?;17;0 counter =
};

(fifo counter < IMAGE LEN ingfemento counter + 1 : 0;

2022/06/23 @Dvcon Japan

\};
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=225 4. FFTPPOt5S U —%

B Runtime, a.u. W Energy consumption, a.u. W Siarea, a.u. B Runtime, a.u. W Energy consumption, a.u. W Siarea, a.u.

1.5 - 1.25 —

] - Reference

| i : (100%)

] Reference L
(100%) 1
0.75
05 -
0.25
0 -

Codasip L11 + FFT accelerator Codasip L31 + FFT accelerator
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Ty Garibay, VP of Hardware Engineering at Mythic
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Codasip Lab -
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Now, it" s your turn!
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