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2.Al engine structure

3.Baseline version of the DNN deployment

4.The second version with the vectorize optimization
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VCK190 has an AIE array of 400 tiles. Each tile has an AIE which has vector unit
and scalar unit for vector algorithm and scalar algorithm.
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1.0ne kernel represent for one hidden layer
and its input dense layer and mapped inside
one single tile.

Vector algorithm Scalar algorithm
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2.The in/output of the kernels are buffer types, Do Data
so one buffer between two kernels. input | Dense layer | Act. function |output
buffer buffer
3.All kernels inside one graph. - e % ’
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Data flow

Each kernel’s logic
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*Non-blue modules represent operational status

Latency  ~12us ~66us ~1.5us ~5.5us ~0.9us ~86us

*Buffer port used, which need time to ready before usage.
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Simple analyze on the layer 1

NAME VALUE
~Tile(24,0) _main
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In dense layer, 71*27=1917 times multiplications .(vector part) buffer buffer
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Before opt.

*outIterl++ = act_leakyrelu(sum[il);

inline float act_leakyrelu(float x ) {

if (x < 0) {return 0.01xx;}
else {return x;}

c/c++

Vectorize optimization comparison

NAME

>Til

Functi

_main_init

ight (in[1])
t (out[0])
_fini

__cxa_finalize

VALUE
idl 71to27 leakyrelu(adf::io_buffer<float,...

_main

inactive

idl 71to27 leakyrelu(adf::io buffer<float

[]
3108222.250:8137432. 001

_main 1,614,400 ns

After opt.

aie::vector<float,32>sum2 = aie::mul(sum,0.01f);
aie::vector<float,32>act_out = aie::select( sum, sum2, aie::ge(sum, 0.0f));
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Before opt. Latency ~12us ~66us ~1.5us ~5.5US ~0.9us ~86us

After opt. Latency ~2.1us ~1.3us ~1.5us ~0.9us ~0.2us ~5Uus

Abandon all the scalar algorithm, all use vector algorithm instead.
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ILA result
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Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1

Total 555 clk cycles one instance. Clk period 10ns. So the latency in ila is 5.55us.
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Location optimization
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1.one graph represents one layer.
2.three mac kernels form the dense layer.

3.0ne act. kernel forming the hidden layer.
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No opt. ~12us ~66Us ~1.5us ~5.5Us ~0.9us ~86us

Vectorize opt. ~2.1us ~1.3us ~1.5us ~0.9us ~0.2us ~5Us

Location opt. ~479ns ~931ns ~327ns ~404ns ~100ns ~2.1us
Note:

@ Due to the location constraint, some links between kernel ports have a longer way

to move which brings more delay in data moving.
So the total latency is a bit larger than kernel combined latency.
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hw_ila_1
—, Waveform - hw _ila_1
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@ % Name

E

5 > mslot_0: axis_dwidth_converter 0_M_AXIS : Interface

a L ! _ UM

SISl - = siot_1: axis_dwidth_converter 1 M_AXIS : Interface
. . - _ _1_M_
:\ W slot_1 : axis_dwidth_converter 1 M_AXIS : T Channel
= 8slot_1 : axis_dwidth_converter 1_M_AXIS : TVALID
§ aslot_1: axis_dwidth_converter 1_M_AXI|S : TREADY
g aslot_1: axis_dwidth_converter 1_M_AXIS : TLAST

Wslot_1 : axis_dwidth_converter_1_M_AXIS : TDATA | : 00608205 : : | r 'I(er."o:ﬁ
> Wslot_1 : axis_dwidth_converter_1_M_AXIS : TKEEP | | | | | | | | |
Wslot_2 : ai_engine_0_MOO_AXIS : Interface
W slot_3: ai_engi _AXIS : Interface
W slot_4 : Interface
Wslot_5: : Interface

W slot_6 : design_1_ai_engine_0 0 : Interface

W slot_7 : design_1_ai_engine_0_0 ¥ : Interface

v Wslot_7 : design_1_ai_engine_0_0_S03_AXIS : T Channel
dslot_7 : design_1_ai_engine_0_0_S03_AXIS : TVALID
dslot_7 : design_1_ai_engine_0_0_S03_AXIS : TREADY
> Mslot_7 : design_1_ai_engine_0_0_S03_AXIS : TDATA 00000209

Updated at: 2025-Feb-24 14:29:05

Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1

Total 305 clk cycles one instance. Clk period 10ns. So the latency in ila is 3.05us.
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Summary
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@ Inbaseline version, vector algorithm is used in dense layer while scalar algorithm
is used in act. function.

And total latency in simulation is about 86US. In this part, it finds out that vector algorithm is fast.

@ Inthe version 2 with optimization, act. function uses vector algorithm for replacement.
And total latency in simulation is about 5US. lla shows the latency is about 5.5US.

® Inthe version 3 with location optimization, one layer is divided into multiple ai-engines

Instead of one to improve the parallel execution to lower the latency.
Simulation shows the latency is about 2.1US. Ila shows the latency is about 3.05US.
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1,600.800 ns
1,121.600 ns

G fon-oon e pon-oonve | yoe0.oeq ve | 200 00n ne | pten.ope v focon.ope ve | cen.ope v | ppoee.ope ne | 7200000
> Tile(19,0)

>Tle@00) mac main | | | | | | |
> Tile(20,1) mac _main I I | | | | |
> Tile(20,2)

> Interface Tile(20)

>Tiero)  Mac _main | | | | | | |
> Tile(21,1) act _main | | | kerne. .. | | | |
> Tile(21,2)

>Tile(21,3) main | | | | | | |
> Tile(21,4)

> Interface Tile(21)

>Tie(22,0) main | | | | | |

> Tile(22,1)

> Tie(222) main | | | | | | |

> Tile(22,3) _main | | | | | | |

> Tile(23,0) _main I I | | : | I |

> Tie(23,1) main | | | | | : |

> Tie23.2 main | | | | | | erne..
> Tile(23,3)

> Tile(23,4)

> Tile(24,0) -600.000 ns I-4BG.BOB ns -200.000 ns 0.000 ns .BE‘;T?\.SZBB n:SB o 800.000 ns 1,000.000 ns 1
> Tile(24,1) _main (R LT - 1
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2,597.600 ns

o [GSOOTD [htene0e e pe0io0e e 200000 e 0000 e o000 e P te0-000 1P 000-000 120000
> Tile(20,2)
> Interface Tile(20)
> Tile(21,0) mac _main | | | | | | | | |
> Tile(21,1) _main jerme. .. | | | | : | | | |
5 Tile(21,2)
> Tile(21,3) _main | | | | | | |
> Tile(21,4)
> Interface Tile(21)
> Tile(22,0) _main | [t | | | | | | |
> Tile(22,1)
> Tile(22,2) mac _main | | | | | | | |
> Tile(22,3) mac _main | ; | | | | | | |
> Tile(23,0) _main | I | | | | | | |
> Tile(23,1) _main | | | | | | | |
>Ties)  act _main | | kemne...| | | | |
5 Tile(23,3)
> Tile(23,4)
5 Tile(24,0)
> Tile(24,1) _main
> Tile(24,2) _main
> Tile(24,3) _main

-200.000 ns 0.060 ns 200.000 ns 400.000 ns 600.000 ns
> Tile(24,4)
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1,993.600 ns

A e v pomeape e et v ptooi ve | canofe e 000000 v ok apo e o0 o
5 Tile(20,2)
> Interface Tile(20)
5 Tile(21,0) _main | | | | | | | | |
> Tile(21,1) _main f kerne. .. | | | | : | | | |
5 Tile(21,2)
>Tile(21,3) _main | | | | | | |
> Tile(21,4)
> Interface Tile(21)
> Tile(22,0) mac _main | | | | | | | |
> Tile(22,1)
> Tile(22,2) _main | | | | | | | |
> Tile(22,3) _main | I | | | | | | |
> Tile(23,0) mac _main - : | | | | | | |
> Tile(23,1) mac _main | - | | | | | | |
> Tile(23,2) kernel2(adf:iio_buffe | | kerpe...| | | | |
5 Tile(23,3)
> Tile(23,4)
5 Tile(24,0)
> Tile(24,1) act _main | | | | : | | |
> Tile(24,2) _main | |

. , 327.200 ns
> Tile(24,3) -main a_aea ns 200 n; 400.000 ns
> Tile(24,4)
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3,106.400 ns

NAME i SRR e S At A Lt S L e i M oot S St S St S B
S Tile(22,2) _main ' ' ' ' ' ' ' '
> Tile(22,3) _main

> Tile(23,0) _main

> Tile(23,1) _main i ; .

> Tile(23,2) _main

> Tile(23,3)

> Tile(23,4)

> Tile(24,0)

> Tile(24,1) _main i } .

5 Tile(24,2) _main : : : -] .

> Tile(24,3) mac _main : : :

> Tile(24,4)

> Tile(25,0) _main : : j : simp. ..

> Tile(25,1) act _main : : : : |

> Tile(25,2) mac _main : : : :

> Tile(25,3) mac _main : : : | [kerneld2(adf:... |

> Tile(25,4)

> Tile(25,5)

> Interface Tile(25)

> Tile(26,0) 404.000 ns

> Tile(26,2) -600.000 ns -400.000 ns -200.000 ns 0.000 ns 400.000 ns 800.000 ns 1,000.000 ns |1,

> Tile(26,4)
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The Belle |l detector

Vertex detector (VXD) = -t )
Inner 2 layers: pixel detector (PXD) < “ - ° Tracklng: Vertex
Outer 4 layers: strip sensor (SVD) detectors and CDC

‘ icle Identification
e.7\ e(t;nl;e)l: Time-Of-Propagation counters ° particle identification:
( Gew - | orward: Aerogel RICH (ARICH) TOP and ARICH

Central Drift Chamber (CDC) ]
He (50%), C2Hs (50%), smal e Calorimeter: ECL.

cells, long lever arm

+
MGeV) * KL and muon detector.
K./u detector (KLM)
ElectroMagnetic Calorimeter (ECL) Outer barrel: Resistive Plate Counter . .
Barrel: Csl(Tl) + waveform sampling (RPC) First level (Ll) trlgger,
Endcap/inner barrel: Scintillator ngh |eve| trigger
(HLT) and DAQ.
Level-1 trigger system Data acquisition (DAQ) system Computing system
CDC+ECL+TOP+KLM Maximum 30 kHz L1 trigger GRID
L1 trigger latency 5 usec 1MB/event Tens of PB / year
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Level one trigger

 CDC, ECL: main triggers for tracks
and clusters

» KLM: trigger muon

 TOP: event timing

* GRL: matching of sub-triggers

* GDL.: final trigger decision

Stereo TS
Axial
[ CDC J—* Merger TSF ,I)flsa 2D Tracker Neuro Tracker
L g Total:
St(feo Stereo TS 3D Tracker o g ~ 25 UT4
Axial TS E’b o
3DHough + DNN Tracker S =
8 3 |L1 Trigger
| e
[ ECL J—» 4x4 Trigger Cell Merger Cluster Finding + Energy Sum 4;1' :g
8 a
o
( TOP )— Hit Pattern Matching E &
°)
O
( KLM )— Hit Cluster Pinding
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= Hus after beam crossing



