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THE LHC BIG DATA PROBLEM hls 4 ml

Deploy ML algorithms very early
Challenge: strict latency constraints!
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« Fast processing of raw data
 Flexibility and modularity
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(FPGAs

v' Reprogrammable
Integrated circuits

v' Massively parallel
= low latency

v' Low power
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Field-programmable gate arrays his 4 ml

Supported DL frameworks: Model conversion, Xilinx FPGAs, Intel/Altera
Keras optimization, profiling & FPGAs, Intel x86 CPUs
O PyTorch tuning £ XILINX m
€ ONNX his 4 ml :

_Quantized O\ C++/HLS

model project 0 RIS

Quantization and pruning A Menbor:
IECh n |q ues: VIVAD C_) A Sipmens urdness
- QKeras + AutoQ (Keras) ﬁ; (¢

- Brevitas (PyTorch)
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CURRENT ARCITECTURE

ap_start 0 [

dense input V ap vid 0 [ >——=
apclk 0 [ —
aprst 0 [>—
dense_input_V_0[255:0] [y

Inputs .

myproject_0

+ ap_ctrl
P ap_start
4 ap_done

dense_input_V_ap vid

ap_clk
ap_rst

layer8_out 0_V_ap vid
layer8_out 1 V ap vld
layer8_out 2 _V_ap_vid
layer8 out 3 WV _ap vid
layer8_out 4 V_ap vld
layer8_out 5V _ap vld
layer8 out 6_V_ap vid
layer8 out 7 WV _ap vld
layer8_out 8_V_ap_vld
layer8_out 9_V_ap_vld
layer8 out 10 V ap_vid
layer8_out 11 V_ap_vid
' layerg8_out 0_V[15:0]
layer8_out_1_V[15:0]
layer8_out 2 _V[15:0]

Vivada™ HLS

dense_input_V[255:0]

layer8_out_3_V[15:0]
layer8_out 4_W[15:0]
layer8_out 5_V[15:0]
layer8_out 6_V[15:0]
layer8_out 7_W[15:0]
layer8_out 8_V[15:0]
layer8_out 9_V[15:0]
layer8 out 10 _V[15:0]
layer8_out 11_V[15:0]

Myproject (Pre-Production)

module

ap_done_ 0

layer8_out 0 V _ap vid 0
layer8_out 1 ¥V ap_wvid_0
layer8 out 2 V ap vid 0
layer8_out 3 V ap vid 0
layer8 out 4 V ap vid 0
layer8_out 5_V ap_vid_0
layer8 _out 6 V _ap vid 0
layer8_out 7 V ap vid 0
layer8 out 8 V ap vid 0
layer8 out 9 V ap vid 0
layer8 out 10 V ap vid 0
layer8 _out 11 V ap vid 0
layer8 out 0 V 0[15:0]
layer8 out 1 ¥ 0[15:0]
layer8 _out 2 Vv 0[15:0]
layer8_out 3 Vv 0[15:0]
layer8_out 4 % 0[15:0]
layer8 out 5 V 0[15:0]
layer8 _out 6 V 0[15:0]
layer8 out 7 V 0[15:0]
layer8_out 8 ¥ 0[15:0]
layer8 out 9 Vv 0[15:0]
layer8 _out 10 V _0[15:0]
layer8 out 11 V 0[15:0]
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SOLUTION

dividing the neural network into blocks that can
be synthesized in parallel

reduce the latency and the synthesis time
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ap_start 0 [

dense_input_ V_ap_vid 0 [D>—=

ap_clk 0 [

ap_rst_0 [
dense_input_V_0[255:0] [

first_layer_0
"(— ap_ctrl
» ap_start
L—— 4 ap_done
- < ap_idle Vivado™ HLS

< ap_ready
dense_input_V_ap_vid '
ap_clk
ap_rst
dense _input V[255:0]

layer3 out V ap vid
layer3 out_V[255:0])

First_layer (Pre-Production)
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|| — ap_ctrl

b ap_start

4 ap_done

4 ap idle
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layer3 out V ap vid '
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ap_rst
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Virado™ HLS

layer5_out_V_ap_vid
layer5 out V[127:0]

Second_layer (Pre-Production)

p——|

third_layer 0

layer8 out 0 V_ap vid
layer8 out_1 V_ap vid
layer8 out_2 V_ap vid
layer8 out 3 V ap vid
layer8 out_4_V_ap_vid
layer8 out 5 V_ap vid
layer8 out_6_V_ap_vid

layer8 out 7 V_ap vid

— 8 rl
p.ct layer8 out 8 V ap vid
» ap_start
layer8 out 9 V_ap vid
<4 ap_done
= layer8 out 10 V ap vid
4 ap_idle Vivado™ HLS
= layer8 out_11_V_ap_vid
<4 ap_ready e FeT
5 layer8 out 0 V[15:0]
layer5 out V_ap vid
I layer8_out_1_V(15:0]
P layers out 2 V[15:0]
ap_rst

layer8 out_3 V([15:0]
layer8 out_4_V([15:0]
layer8 out 5 V[15:0]
layer8_out_6_V[15:0]
layer8 out 7 V[15:0]
layer8 out_8 V[15:0]
layer8 out 9 V[15:0]
layer8 out_10 V[15:0]
layer8 out_11_V(15:0])

layerS_out_V[127:0]

ap_done_0

layer8_out_0 V_ap_vid_0
layer8_out_1_V_ap_vid_0
layer8 out_2 V_ap_vid_0
layer8_out_3_V_ap_vid_0
layer8_out_4_V_ap_vid_0
layer8_out_5 V_ap_vid_0
layer8_out_6_V_ap_vid_0
layer8_out_7_V_ap_vid_0
layer8_out_8_V_ap_vid_0
layer8_out 9 V_ap_vid_0
layer8_out_10_V_ap _vid_0
layer8_out_11 V_ap_vid_0
layer8_out_0_V_0[15:0]
—]"> layer8_out_1_V_0[15:0]
m—]"> layer8_out_2_V_0[15:0]
] layer8_out_3_V_0[15:0]
—v]"> layer8_out_4_V_0[15:0]
m—v]"> layer8_out 5 V_0[15:0]
"> layer8_out_6_V_0[15:0]
m—]> layer8_out_7_V_0[15:0)
—{> layer8_out_8_V_0[15:0]
m——oyJ> layer8_out_9 V_0[15:0]
m—v]"> layer8_out_10_V_0[15:0]
m—]"> layer8_out_11_V_0[15:0]

Third_layer (Pre-Production)

Less gates -> less output capacitance -> less time for the signal to go through
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IMPROVEMENTS hils 4 ml

Reduced by 2x-20x!
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Reduced by 7%!

/

=" CERN
I+ openlab

Synthesis Latency Power |Total |Total Total Total
(S) (ns) (W) BRAM |DSP LUT FF
/ - \\
/
old 50 145 464 / 3 408 16149 11656\
new |20-30 135 459 \ 3\ 408 16149 |11656 >
T— )%ame
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THANK YOU!
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