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Why Machine Learning on FPGA? 2 Chu
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Why FPGA?

- Power Efficiency « FPGA (Field programmable gate array), an

* Massive Data parallel computation integrated circuit that can be reprogrammed
» Reconfigurability to be any logic

e Optimizable
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How Can we convert ML model into FPGA?

!j

1.Generate the ML mocj:I h I S 4 m I

2.Generate High
level synthesis code
(C++ like)

CPPONNX

| | i‘ XILINX
3<.Generate bit stream file VITIS
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So What is the problem?

The model can’t fit in the FPGA

>
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proposed idea?

XXXL

Input input: ?
Tt 1.0 lm{ output (16,): fixed<16,6, TR, WRARO>

Dense

input: (16,)

Dense_class_keras_layers_core_Dense

output: (100,)

weight (16, 100): fixed<16,6,TRN,WRAP,0>

bias (100,): fixed<16,6,TRN,WRAP0>
output (100,):  fixed<37,17,TRN,WRAR0>
accum: fixed<16,6,TRN,WRAR0>

t: (100
Actfvation iput: 190) | ot (100,): fixed<16,6,TRN WRABO>
u [output: (100,)

Dense

input: (100,)

Dense_class_keras_layers_core Dense_1

output: (100,)

weight (100, 100): fixed<16,6,TRN,WRAL0>

bias (100,): fixed<16,6,TRN,WRAR0>
output (100,):  fixed<40,20, TRN,WRAP0>
acoum: fixed<16,6,TRN,WRAP.0>

Activation |_input: (100,)
Rel output: (100,)

output (100,): fixed<16,6,TRN,WRAR0>
z

v

Dense

input: (100,)

Dense_ class_keras layers _core Dense_2

output: (100,)

weight (100, 100): fixed<16,6,TRN,WRAB0>
bias (100,): fixed<16,6,TRN,WRAR0>
output (100,):  fixed<40,20,TRN,WRAP,0>
accum: fixed<16,6,TRN,WRAP,0>

Activation |_input: (100,
Relu2  [output: (100,)

output (100,): fixed<16,6,TRN,WRAP,0>

input: (100,)

Dense
Dense_class_keras_layers_core Dense_3

output: (100,)

weight (100, 100): fixed<16,6,TRN,WRAP0>
bias (100,): fixed<16,6,TRN,WRAP0>
output (100,):  fixed<40,20,TRN,WRAP0>

accum:

%
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BUT, how cZh'we
this idea?

W

75 Chula

e lalongkorn University
achieve

Now, The model can fit in the FPGA

i it: (100,
Activation ‘“:’“ - ‘[100)) output (100,): fixed<16,6, TRN,WRAP.0>
Gutput: (100,

[]

input: (100,)

Dense
Dense_class_keras_layers_core_Dense_4

output: (100,)

weight (100, 100): fixed<16,6,TRN,WRAP,0>

bias (100,): fixed<16,6,TRN,WRAP0>
output (100,):  fixed<40,20,TRN,WRAP0>
acoum: fixed<16,6, TRN,WRAB0>

t: (100,
A e ((100)) output (100,): fixed<16,6,TRN,WRARO>
output: (100,

Denst
Dense_class_keras_layers_core_Dense_5

input: (100,)

output: (5,)

weight (100, 5): fixed<16,6, TRN,WRAP,0>

bias fixed<16,6,TRN,WRARO>
output (5,):  fixed<40,20,TRN, WRARO>
accum: fixed<16,6,TRN, WRARO>

input: (5,
Softonex | 1D L‘(r') output (5,) fixed<16,6, TRN WRABO>
cutputs 6,

\_
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Requirement

sxd O & Chula

Low CPU == Low Cost -> let FPGA reprogram circuit itself

1.Minimize latency
aprogram__

CPU

FPGA

2. Power efficiency

Save Data == Save Energy -> Save Data on Bram / Avoid DDR

transfer

‘ FPGA DRAM

FPGA
bram bram
bram bram
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Solution modified HLS4ML + MAGIC architecture

hIS 4 ml 1. partial Intermediate graph

2. hardware for each partial graph
1. running sequence when the chip is running
MAGIC ARCH 2. the FPGA fabric
3. intermediate buffer space
4. the running sequence

@\ Tanawin Devaveja | DFX4ML

7 August 2025 7
SZA



Magic Architecture g ) & Chula
FPGA FABRIC
/ Axi stream Data transfer \
Partial Reconfig Region 1
\0\\®K(\é\®&(r N\ w\
Reprogram < @ Magic Magic
FPGA fabric \(0\0\\0 O \fb L streamer J L streamer )
. e Magic N\ N
MaglC streamer R IRE
K —[ DFX Controller ]<—[ Sequencer ]_—)( )A\ ,)/

¥ Executing file loading
DDR4 MEM

Reprogram file loading )[

@\ Tanawin Devaveja | DFX4ML 7 August 2025 8

SZA



cesed™ (@) 15 Chula

Magic Architecture e ) & Chu
FPGA FABRIC

Partial Reconfig
Region

Reprogram
FPGA fabric >

S .
—[ DFX Controller ]<—[ Selglsgrﬁer ]
\ A -

Reprogram file loading

—

DDR4 MEM ]
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Magic Architecture g ) & Chula
FPGA FABRIC
/ Axi stream Data transfer \
Partial Reconfig Region 1
\0\\®K(\é\®&(r N\ w\
Reprogram < @ Magic Magic
FPGA fabric \(0\0\\0 O \fb L streamer J L streamer )
. e Magic N\ N
MaglC streamer R IRE
K —[ DFX Controller ]<—[ Sequencer ]_—)( )A\ ,)/

¥ Executing file loading
DDR4 MEM

Reprogram file loading )[
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Magic Architecture 52 () & Chula

FPGA FABRIC

, ’“@%] Axi stream Data transfer \

Partial Reconfig
Region J
| ‘ < < Y
S &' K@
—_ e N ¢ )
N \{b Magic Magic
)
O \,’0 streamer streamer
6’0 q J L )
( N\ ~
. Magic
Maglc streamer DMA CTRL
. J L J
Sequencer \_ .
\ T/
—

[ DDR4 MEM
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M ag IC ArCh |tec ure A
Magic streamer
AMT STORE (IDX bit} AMT LOAD (IDX bit) INTERRUPT HOLDER (IDX bit)
contain the the size that stream store to the : contain the the size that stream load to the it is indicator bit can that that RM stream
internal memory H internal memory the data to BRAM all successfully
{:;}::570 l%' output (16,): fixed<16,6,TRN,WRARO>
Input (16,) | Weight (16, 100): fixed<16,6, TRN, WRAR0> ~
Dense "7 | bias (100,): fixed<16,6, TRN,WRAP,0>
Dense._class_keras layers core Dense_ [~ | output (100 fixed<37,17,TRN WRARO> \
+(100) | ocoum: fixed<16,6,TRN,WRARO> . .
6, TRN,WRAR INTERRUPT | comm with magic se
> AMT STORE AMT LOAD gic seq
] HOLDER | ko
Activation l%‘ output (100,): fixed<16,6, TRNWRARO0>
1 - N
] weight (100, 100): fixed <16,6, TRN, WRAB0> i i
Dense Input: (100) | ) s (100,): fixed<16,6,TRN,WRAR0> I Stream Receiver comm with DFX module
Dense__class_ keras_layers_core Dense__1 output (100,): fixed<40,20,TRN,WRAP,0> — e
output: (100) | 4coym; fixed<16,6,TRN,WRARO> MAIN MEMORY
1 (BRAM)
Activetiin: ;::::;:'(1:)(;;?) output (100,): fixed<16,6, TRN,WRABO0>
- ‘weight (100, 100): fixed<16,6, TRN,WRAP,0>
Dense it A00) | e (100, fixed<16,6,TRN WRAR0>
Dense._class_koras layers coro Dense_2 100, | cutPut (100);  fixed<40,20 TRN,WRARO>
output: (100)) | 4 coym; fixed<16,6, TRN,WRARO> ~
Activition ::;“:;_‘(11?6?) output (100,): fixed<16,6, TRN,WRARO>
‘weight (100, 100): fixed<16,6, TRN,WRAP,0>
Dense input: A00) | e (100, fixed<16,6,TRNWRAB0>
Dense._class_keras layers core Dense_3 o0, | UPUE(100):  fixed<40.20,TRN,WRARO>
output: (100) | ooy fixed<16,6,TRN,WRARO> q
[ Magic
¥
Activition }%‘ output (100,): fixed<16,6,TRN, WRARO> streamer
input: (100,) | Weight (100, 100): fixed<16,6,TRN,WRARO>
Dense B " | bias (100,): 6,
Dense._class_keras layers_core_Dense_4 output (100,):
output: (100, | oo
‘ Actvition }%‘ output (100,): fixed<16,6, TRN,WRAP0>
T
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Magic Architecture

-

\_

Reprogram
FPGA fabric

Partial Reconfig Region J‘

O
oq ‘Oﬁ\
& ?~

<& Q@
<
4[ DFX Controller ]<—

A

FPGA FABRIC
] Axi stream Data transfer \
< < Y
\& S\Q
S —— —
O(\ \{b Magic Magic
O x> streamer streamer
6’0 _ ) y,
( i N )
gf‘f:r’ner DMA CTRL
\_ -

N

Reprogram file loading

v Executing file loading

Y

—

DDR4 MEM

)

SZA
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Magic Architecture

MAGIC SEQ

REGISTER ARCHITECTURE

'CONTROL REGISTER(4 bit)

CLEAR
SHUTDOWN
START UP

: STATUS REGISTER (4 bit)

'STATUS_SHUTDOWN i
'STATUS_REPROG i

'STATUS_WAITASLAVERESET =

'STATUS_W4SLAVEOP
'STATUS_INITIALIZING
'STATUS_TRIGGERING
'STATUS_WAIT4FIN
'STATUS_PAUSEONERROR

COUNTER

BANK 0

address translation

14

6

2 0

| bankd | rowla

I column IDUMMYI

COLUMN

e (@) 1 Chula

Chulalongkorn University

Magic

Sequencer

BANK 1

P

control Reg

Main
Counter

(log2(siot idx width) bit)

{ DMA address(32 bit)

: DFX CTRL address(32 bit)

“Interrupt used to indicate system require to

: Interrupt register used to indicate system is
i finish in each round. (read/woc) if it will set

when.(1.bit) H

;t:ounlamoumoltime it was invoked (16 bit) e S

.|'=nd counter

@) Tanawin Devaveja | DFX4ML
27

/ sLoTo

\

[srcaddress][ src size ] [des address][ des size ]

{ status ][proﬁle counter

] [ Load mask ] [ Store mask ][Store Intr mask]

SLOT 1

)
)
)

00O

o

SRC ADDRESS (32 bit) i3
source memory address to push data to DMA

SRC SIZE (26 bit)
source memory size to push data to DMA in
byte

DES ADDRESS (32 bit)
destination memory address to get data from :.-
DMA

DES SIZE (26 bit)
destination memory size to get data from DMA

METHODOLOGY

0: profiler overflow
1: profiler not overflow

{PROFILE COUNTER (32 bit)

" LOAD MASK (8 bit)

Limitation
Horeach Bow you cannct e and o st he same e

'STORE MASK (8 bi)

ot 0. reserve fr direct memcry loadng
25t 1.7:resseve bx deectloasing rom magic sieamer

Store Intr mask (8 bit)

b2 0: reserve for direct
B e b et oan b i e

7 August 2025
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Data Mover oo

mmm
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EEE

Magic Sequencer

1 O
L

Partial Reconfigu

Dfx controller
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Preliminary result: resource usage g & Chula

Big dense keras workload
single static group

FPGA Resource Usage by Implementation (Partial Region + static Region)
uF%JZEG Resource Type
[ static region

divided into 3 small group

E FF

=0 LUTRAM
80000 -

120000 -

55,243

60000 -

Resource Usage

40000

20000 -

45 85 54 14
+221.4% +507.1% +285.7% FULL
0 T T T T
RMO RM1 RM2 FULL
Implementation
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Preliminary result: resource usage s O & Chula

Big dense keras Full static group

divided into 3 small group f
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usage time (s)

Preliminary result: time analysis

execution time vs reconfigure time (% label is overhead percentage)

case (@) 715 Chula
S P Alce s ’u%u Chulalor{gkom University

The relative overhead over
the wall clock time become
less significant with larger
query workload.

Therefore, large batch size
support play an important
role in DFX approach.

. . 22.187%
-®- wall clock time (par dynamic) ’
0.6 4 —»- reconfigure time (par dynamic) A
-®- wall clock time (full static) /’
reconfigure time (full static) y
0.5 1 /
10.329%
/ .
/ /
/ p
0.4 36.299%‘/ //
’ /
7 /
// //
7
0.3 A //’ ///
* 0,
53.192% oo” 18 730%
4”’ 7
69.329% __-~ -
0.2 1 . 81.453% ____—==" B P
06.128%93.421% 89.740% _ __ opesSl 31.466% _ -
=== R=T - Se—————— Hmmm—— e M mm TR e He——————— X
01 47.730%—',/”’
ol 63.818% _ _—=—"
91.752%86.158% 77.877% _______ﬂ_.o. e
h===cc==x L e
0.0 T T T T T T T T
350 675 1250 2500 5000 10000 20000 40000

amount of queries
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Preliminary result: reconfigure performance

simple kerras

reconfigure time on the fabric

0.35

. divided into 3 small group 6320 MBS

- 0.25
2 single static group
§ 0.20
.
g 0.15
C

0.10

0.046705 0.046705 0.046705 0.046705

OIS 399.99 MB/s 399.99 MB/s 399.99 MB/s 399.99 MB/s

0.00

RM2 FULL PYNQ
Group
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Future Work

Currently, we are attempting to deploy the UNET network model using partial
reconfiguration system

w*h chan bit

- 256x256 32 4 | (1MB)
L1 Meso | > L1
w*h chan bit
L ) 128x128 64 4 (0.5M8)
L2 Mast | > L2

w*h chan bit
L 64x64 64 4 (125K8)
|
MGS2 £
*h chan bit

32x32 64 4

L4 —>[ MGS3 ]—> L4 MG@i

(31.25 KB)

(v

shared with : MGSX | magic streamer
mgs2 E
> H
> ' .
H convolution
MGS4 layer
L1
activation
T fuction layer
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DFX Controller

‘@'

= " Edge@©*
Magic Architecture: DFX CTRL wheE

g ure:
/ Bank 0 Bank 1 Bank 2 Bank 3

Status RM_ID BS Index Control Address Size ID
Control XXX XXX XXX XXX XXX XXX
SW Trigger XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX

Tanawin Devaveja | DFX4ML
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~

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html

METHODOLOGY
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= - Edge> ()
Magic Architecture: DFX CTRL s O
/BLKO oLanie] SERnke? _Bank3_ \

DFX Controller Status RM_ID BS Index Control Address Size ID
Control XXX XXX XXX XXX XXX XXX
SW Trigger XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX

\ XXX XXX XXX XXX XXX XXX /
/7 -

\

Main Control System
- Control Icap port transfer
- Interrupt CPU
- Track status of the DFX region

\. J

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html
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Magic Architecture: DFX CTRL wé O
/ Bank 0 Bank 1 ([ Bank 2 ) Bank 3 \

DFX Controller Status RM_ID BS Index Control Address Size ID
Control XXX XXX XXX XXX XXX XXX
SW Trigger XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX XXX XXX i
\ / 4 y /
f

Main Control System R DFX region control system
- Control Icap port transfer - reset/start sequence
- Interrupt CPU setting
- Track status of the DFX region - Bitstream loading
\ I\ identification Y

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html
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Magic Architecture: DFX CTRL

hula

Chulalongkom University

S\
9

Edge@‘ CE/RW
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[

/ Bank 0

i

.

Main Control System

ekl ~BANK 2. Ranled

DFX Controller Status RM_ID BS Index Control Address Size ID
Control XXX XXX XXX XXX XXX XXX
SW Trigger XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX XXX Xxx [

\ / a 7| o A N J/
/ ~
(.

Control Icap port transfer
Interrupt CPU
Track status of the DFX region

DFX region control system
- reset/start sequence
setting
- Bitstream loading

J

\ identification

DFX region Metadata
- Contail bitstream
meta data

J\L J

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html
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