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What do we do?
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Old-Style Al Architecture

m = MAC(int)
F = FMAC(float)

 Three Software Stacks

« DMA-intensive programming
 High Latency & Power

AXI bus or similar « SRAM/Cache/Data Replication
« Unbalanced Scaling

Large I
Caches Large « Not Al Future Proof
SRAM
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All-in-one: merging Core, NPU, GPU

fr1Troa - Single software stack

i m m m m m . DMA-free programming

| I N N N - Zero Latency & Low Power
N N A . . Optimized/Shared Cache

[ m m m m m ]

. - Balanced Scaling

1 m m m m m

1T 1171 - Al Future-Proof

: m m m m m

' Tensor Unit
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Current-Style Al Architecture

m = MAC(int)

F = FMAC(float) E F

4 ) FIFIF]
&

« Three Software Stacks

« DMA-intensive programming
 High Latency & Power

« SRAM/Cache/Data Replication
- Unbalanced Scaling

* Not Al Future Proof

eemidynami.cs
All-in-One
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AII -IN- One

- Single software stack

« DMA-free programming

« Zero Latency & Low Power
« Optimized/Shared Cache

- Balanced Scaling

Al Future-Proof
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Current-Style Al Architecture

eemldynamics
All-in-One

m = MAC(int)

F = FMAC(float) EEEE
&
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Tensor | Tensor | Tensor | Tensor
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Vector Vector Vector Vector
nit nit nit nit
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All-in-One

- Single software stack

« DMA-free programming

« Zero Latency & Low Power
« Optimized/Shared Cache

« Balanced Scaling

Al Future-Proof

« Three Software Stacks

« DMA-intensive programming
 High Latency & Power

« SRAM/Cache/Data Replication
- Unbalanced Scaling

* Not Al Future Proof
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All-in-one Features

64b RISC-V - Fast unaligned - Bit Manipulation

. 4-wide Out-of-order . Atomics .- Gazzillion™
U/S/M . PMP Technology
Hypervisor . AXl4 - Tensor Unit: INT4 INTS,
Linux-Ready . CHI.B, E INT16, FP16, BF16
MMU SV39/48 . Advanced Debug
Dcache: ECC - Vector RVV1.0
lcache: Parity - Vector Crypto

eem idynamic®
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Highly Configurable -

Vector
_ Unit
Atrevido
nit

Gazzillion
Uni

Tensor Unit T1 T2 T4 T8 Vector Unit V128 V256 V512

MACs 512 1024 2048 4096 FMACs 8 16 32
Local SRAM? No No Yes Yes INT8 GOPS/GHz 128 256 512
INT8 TOPS/GHz INT16 GOPS/GHz 64 128 256
INT16 TOPS/GHz 0.5 1 2 4 BF16 GOPS/GHz 64 128 256
BF16 TOPS/GHz 0.5 1 2 4 FP16 GOPS/GHz 64 128 256
FP16 TOPS/GHz 0.5 1 2 4 FP32 GOPS/GHz 32 64 128

FP64 GOPS/GHz 16 32 64

eemidynamics
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SOftwa e Sta Ck(S) (and some models)

Aliado Semidynamics Semidynamics
RISC-V SDK ONNX-Runtime Al Models
Learn more Learn more > Learn more
eemidynamics
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Aliado RISC-V SDK

IDE Compilers

Aliado Kernel Library

File Edit Source Refactor MNavigate Search Project Run Window

il By Qv >igivEvdvEvyiky

75 Project Explorer x = 0 € main.c x

2% 7 | 8 21 * Title: SMD Mathul
22 * Description: MatMul test
£ Demo P33 F e ieiaiaooo-
» #¥ Binaries 24 .
. 25 #include <stdint.h>
» &) Includes 26 #include <smdhN.h>
w» & src 27 #include <stdio.h=
» @ main.c 28 #include <stdlib.h>
. 29 #include <smdhN.h=
¥ & Linux Config for SMDIlib 30
31 #ifdef riscv v intrinsic °
src _ v
P . 32 #include <riscv vector.h=
b %5 Demo.elf - [riscv/le] 33 -
" i mulators
_ 35=void fill_matrix_q8(uint8 t* A,
|2 Demo.map 36 { -
| makefile 37 uint8 t value = 0;

. 38 for(long i=0; i<n; i++){
L& objects.mk 39 for(long j=0; j<p; j++){

L& sources.mk 40 value = rand() % 256; __‘4
41 Ali*p+j]= value; en
b S E M U

(value + 1) %

eemidynamics
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Single Software stack: Matmul in 8 instructions

# C tile pre-loaded into v16-v31 | %%1 o
loop: v B
16 v8 v
v v16-v31
A VL
vfmxmacc v16, v8, vO ©
bltu al, t6, loop
# Store C tile (v16-v31l) back to memory AKL
Aliado Kernel Library eedeynamics
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%% ONNX Run Time (ORT)

- ONNX Runtime is a cross-platform machine-learning model accelerator, with a
flexible interface to integrate hardware-specific libraries. ONNX Runtime can
be used with models from PyTorch, Tensorflow/Keras, TFLite, scikit-learn, and

ot

ner frameworks.
—— Training framework ——

O PYTOrch —veooo-----------m-mmmmmmmmmmmmmmeeeeee

Deployment target

It m——nl

______

____________

TToseell

eemidynamics

RISC-V In Space — Gothenburg, Sweden, 3" April 2025



Semidynamics Execution Provider
= FE

§

Input — Parallel, Distributed Graph Runner — Output
_ Result

! § !

Execution Providers

MKL-DNN Semi CUDA TensorRT

dynamics

Drivers
8 Semidynamics hardware §

eemidynamics
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Some curated
models (zoo)

- LLama3 ready
- Deepseek-R1-dist ready

Llama V2

Source

[} Hugging Face

Parameters

7B

Catagory
LLM

Dala ype
fp16

Wersion

Chat v2

VIT (Vision Transformer) - fp16

Source

[, GitHub

Parameters

86M

MobileNet

Source
[ GitHub

Parameters

A00K

Calegory
Image
Classification

Data typa
fp16

Catagory
Image
Classification

Dala ype
fp16

Version
Base patchlg
224

Wersion

v21.0
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Yolo V10

Source
[] GitHub

Parameters

2.3M

Category
Object
Detection

Diata type
fp16

WVersion

v10-N (Manao)

VIT (Vision Transformer) - fp32

Source

[} GitHub

Parameters

86M

AlexNet

Source
[] GitHub

Parameters

S0M

Category
Image
Classification

Data typa
fp32

Category
CHNN

Data typa
fp32

Version
Base patchl6
224

WVersion

V12




Running Transformers / LLMs
on All-In-One solution

Llama-2, FP16, 7B Parameter

eemidynamics




Llama-2 in a nutshell

\ 4

Token

v

Token Embeddings

v

Transformer Layer 1

v

Transformer Layer 2

v

!

Vs

Transformer Layer N-1

v

Transformer Layer N

v

Output Token

/ Transformer Layer \

|

Attention Layer

Feed Forward Layer

\ !

/
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Attention Layer

[ MatmulWQ} [ Matmul WK } [ Matmul WV }

Vector
Unit

Atrevido
RISC-V

Gazzillion
Unit

Matmul [ Runs in Tensor Unit }
Output

v Runs in Vector Unit

{ Matmul WO } eemidynamics
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Forward Layer

Matmul Up Matmul Gate
Projection Projection

Vector

, Unit
Atrevido

RISC-V

Sigmoid

Gazzillion
Unit

[ Runs in Tensor Unit }

Runs in Vector Unit

Matmul Down
Projection

eemidynamics
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PP Operators Scalar T1+V128
FP16, Matmul

/B params

Activations

Concat

Sigmoid
ScatterND
Div

Mul

Slice

Exp
Other

Speedup

eemidynamic‘
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PP Operators Scalar T1+V128
;II;lpGE:\rams Matmul 99%
Activations 1%

Concat 0.11%
Sigmoid 0.09%
ScatterND 0.09%
Div 0.06%

Mul 0.03%

Slice 0.03%

Exp 0.03%

Other 0.54%

Speedup 1X

eemidynamic‘
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TP Operators Scalar T1+V128
;Elr?érams Matmul 99%
Activations 1%

Concat 0.11%
Sigmoid 0.09%
ScatterND 0.09%
Div 0.06%

Mul 0.03%

Slice 0.03%

Exp 0.03%

Other 0.54%

Speedup 1X

eemidynamic"
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TP Operators Scalar T1+V128

FP16, \WE]0] 99% 55%

/B params

Activations 1% 45%

Concat 0.11% 17%
Sigmoid 0.09% 2%
ScatterND 0.09% 17%
Div 0.06% 2%

Mul 0.03% 2.4%

Slice 0.03% 1.3%

Exp 0.03% 0.5%

Other 0.54% 2.8%

Speedup 1X 470X

eemidynamic"
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Scaling to more TOPS? Easy!

Tensor
Unit

Replicate to

create massive
Vector .
Unit CEIEE N
Atrevido

CPU
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Can we support DeepSeek?

SMD NUSMI: Hello I am Llama 3 Dee
: 1s 1+17
think|>

recognize +that the wuser 1is

( R1 distilled AI assistant, how can I help you?

asking for the sum of 1 and 1.

I'll identify the numbers involve in the addition, which are both

Then, I'll perform the addition operation by combining the two numbers

Finally, I'llL present the result

clearly to
fthink

**Solution:**
asked to find the
**Tdentify the numbers

= First number: L L
Second number: b I

*Perform the addition:®

final answer:**

NUSMI shut down

eemidynamic‘
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Can we support DeepSeek?

SMD NUSMI: Hello I am Llama 3 Dee :k R1 distilled AI assistant,
- 15 1+1¢

how can I help you?
think|>

recognize +that the wuser 1is asking for the sum of 1 and 1.
I'll identify the numbers involve in the addition, which are both 1.
Then, I'll perform the addition operation by combining the

Finally, I'll
fthink

two numbers
present the result clearly to

**Solution:**

asked to find the
**Identify the

numbers
= First

number: L L
Second number: b I

*Perform the addition:®

final answer:**

OF COURSE!
NUSMI shut down
eemidynamic‘




Best IP & Sofware for Al

Tensor
Unit

Vector
' Unit . . .
Atrevido Aliado Semidynamics
. e
Unit
Learn more > Learn more >
eemidynamic"
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Wait... what about Space?

. ECC ©
. Parity €

. Rad Hard ...
. Looking forward to working with you

eemidynamics
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Thanks!!!

eemidynamics
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All-In-One Block Diagram

e e e e e e e e e e e e e e e e ——————— 1

I [ ]

| [ TAGE |l I-TLg | Instruction Cache | prp | | pepygt RISC-V 4-wide 00O Core

: (4, 8, 16 or 32KB) |

i BTB Jaee PMU f

i RAS | Decoder I

! ¥ ¥ V3 !

: | Renamer |

: y Vv Vv v L .

:8 Memﬂssue Int |tsue BR Itsue VeCtor,:FP Issue RISC-V Vector Unlt

E A Cueije Queue e

1, y 4 gy "SR

13 i 1

e Integer Regs FPRegs |eri» Vector Regs <-l—|

R Y 1 1 0l 5 2 e ) e ,

1 H H Vv [v[m[m[m]m[m][mImIMImMIMImMIm]mv] v

s AGU ALU ALU BR FPU T Frviac | Fvac R I

= i | | I 0 ) I i |

: CRYPTO I v ImvImvivivIvivivIvIvIvIvImvIv] vV

| T — i N [ i i v v v e v

i L fomg| pamCache o] *H DD OND DD

; | st ;5 || MM T 2

1 i i i i i i i H i i i i i i i i

! $V39/48/57 Gazzillion Unit " FMAC | FMAC H :

i Lo Ry

| 1024b | { I M M ;
AXI/CHI e eedeynamtcs

RISC-V In Space — Gothenburg, Sweden, 3 April 2025



eemidynamics
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But... where is your ONNX RT SW running?
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eemidynamics
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VA_Ll_
Z =
S =
O

L2 Cache

AXI| bus or similar
Optimized Cache

WET Main Main Main
Core Core Core Core
Main Main Main Main
Core Core Core Core

.
o]0)
=
-
-
-
ru
)
—
a'e
>
Z
Z
O
-
>
O
>
D
QU
—
Q
-
=
-
-
o0

o fu ]

E=C0
HEE
HEE

EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE

=
HEEGE
AEGGE

o fu ]
o ju ]
o ju ]
L]

EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
o |u i ofufu]
O @]

O lu |u MO |ufu]
> >

S luu o (uu
Clu ju o
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
sl B Bl Bl Bl E B & EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE
EEEEEEEE EEEEEEEE

[T}
N
(@]
o~
m
Q.
<<
e
o
(99]
c
(]
©
()
2
(%]
od
—
>
o]
c
(]
=
=
o
(O]
|
(]
O
©
o
(%]
=
o
O
&
o




	Slide 1: All-in-one CPU, Vector and Tensor RISC-V Computing
	Slide 2: About Us
	Slide 3: What do we do?
	Slide 4: Old-Style AI Architecture
	Slide 5: All-in-one: merging Core, NPU, GPU
	Slide 6
	Slide 7
	Slide 8: All-in-one Features
	Slide 9: Highly Configurable
	Slide 10: Software stack(s) (and some models)
	Slide 11:        Aliado RISC-V SDK
	Slide 12: Single Software stack: Matmul in 8 instructions
	Slide 13: ONNX Run Time (ORT)
	Slide 14: Semidynamics Execution Provider
	Slide 15: Some curated models (zoo)
	Slide 16: Running Transformers / LLMs on All-In-One solution
	Slide 17: Llama-2 in a nutshell
	Slide 18: Attention Layer 
	Slide 19: Forward Layer
	Slide 20: Llama-2  FP16,  7B params
	Slide 21: Llama-2  FP16,  7B params
	Slide 22: Llama-2  FP16,  7B params
	Slide 23: Llama-2  FP16,  7B params
	Slide 24: Scaling to more TOPS? Easy!
	Slide 25: Can we support DeepSeek?
	Slide 26: Can we support DeepSeek?
	Slide 27: Best IP & Sofware for AI
	Slide 28: Wait… what about Space?
	Slide 29: Thanks!!!
	Slide 30: All-In-One Block Diagram
	Slide 31: But… where is your ONNX RT SW running?
	Slide 32: But… where is your ONNX RT SW running?

