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My test sample

input
mean = 47.9309    
sigma = 21.4905

20 bins histogram
1000 entries of Gaussian 
Random Mean(10 - 90)
Random Sigma (10 – 30)
Input:
20 bin’s data
Output:
Mean and Sigma

Best results should be 
binned likelihood fit

Uncertainty = ~ 1.0 

To get image, make similar 
performance ML model and check 
resource and time for FPGA.  

Fit miss?



  

Bit width optimization 
on Qkeras 

Qkeras 20,8 equivalent precision

keras 20,8 optimized (reff.)



  

# params
 ~3 time of # params

Need more 
precision….

 ~1/3 time of # params

Resour
ce over 
the limit

Also need more 
precision



  

Best Results

- qkeras
- 2 layer  (skip layer 2)
- 1200 parameters
- full optimized precision (max 20 bits)
- 3 time more training loop (epoch) 

Obs.-Truth



  

More tight opt. (before plateau)

Still precision has improvement point

very small resource usage, enough 
performance  

Still 
acceptable

Obs.-Truth



  

BDT
● Original hls4ml’s conifer is old and did not work well. 
● BDT para name was changed, e.g. n_feature → max_feature 
● GradientBoostingRegressor did not support multi output
●  MultiOutputRegressor is not supported in conifer (?)
● XGBRegressor with Conifer env setup then 

conifer.converters.convert_from_xgboost work
● Can not check FW 2nd output….



  

XGBoostRegressor

n_estimators=120, max_depth=3 n_estimators=40, max_depth=3



  

XGB Conifer transfer
Precision:           ap_fixed<64,32>

true

SW

FW (mean)

?

Build error…..
Vivado_hls
ERROR: [HLS 200-101] 'open_solution': 
Unknown option '-flow_target'.
Vitis_hls
ERROR: [SIM 211-100] 'csim_design' failed: 
compilation error(s).



  

Noah’s egamma BDT

Check Trial #93
FF 1933  LUT 26645



  

SW and FW outputs

Simpler bit precision :
All 10 bits 
Input int<10>
Threshold and output fixed<10,5>

QCD rejection @ 95% ele eff. :
SW  10.57
FW    9.19

Trial 93 
2nd higher rejection

Shift can not 
remove by 
bigger bit 
precision

Eratio 4.0



  

Others?

Precision fixed<18,8>
Input : int <10>
Threshold int<8>
Output fixed<10,5>

Rejection
SW : 10.33
FW: 5.99

Trial 4 (40 th rejection) 

Rejection
SW : 10.33
FW: 9.26

Precision fixed<10,5>
Input : int <10>
Threshold int<10>
Output fixed<10,5>

Precision fixed<18,8>
Input : int <10>
Threshold int<8>
Output fixed<10,5>

Change bit 
precision



  

Egamma BDT
FF 1933  LUT 26645

Vitis synthesis 
on Conifer...

Vitis synthesis

Vitis implementation

All2023.2.

Vivado custom IP

11 inputs

Next plan
-Real FW test
- cpp out check?
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