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S&P 500 Index Return Volatility and VaR by Frequency 

Frequency Time-Invariant 
Volatility 

Annualized 
Volatility 

99.5% Empirical 
VaR 

Annualized 
Empirical VaR 

Daily 1.1% 17.5% 3.9% 69.3% 

Monthly 4.2% 14.5% 19.3% 75.3% 

Quarterly 7.9% 15.5% 26.9% 64.2% 

Yearly 17.7% 17.5% 43.5% 43.5% 
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𝐴𝑅𝑀𝐴 𝑝, 𝑞  ~ 𝑟𝑡 = 𝑐 + 𝜀𝑡 +  𝜑𝑖𝑟𝑡−𝑖
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𝐺𝐴𝑅𝐶𝐻 𝑝, 𝑞  ~ 𝜎𝑡
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𝑓𝑆𝐺𝐸𝐷 𝑥; 𝜇,𝜎, 𝜆,𝑝 =
𝑝𝑒
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 Equity return: ARMA 

 

 Conditional Vol: GARCH 

 

 Skewed generalized error distribution 
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Level 2 Level 3 h1

0.00287 -0.00015 1 0.023

0.001123 -6.01E-05 2 0.009

-0.01773 0.00095 3 -0.07

-0.03001 0.001608 4 -0.211

-0.03751 0.001949 5 0.568

-0.01552 0.000808 6 -0.352

0.089428 -0.00442 7 -0.021

0.188318 -0.00946 8 0.054

0.262991 -0.01229 9

0.29342 -0.015 10

0.194432 -0.01853 11

0.089314 -0.01929 12

0.015085 -0.01789 13

-0.04151 -0.00875 14

-0.02101 0.018443 15

0.004179 0.047113 16

0.006766 0.071147 17

0.011976 0.094887 18

0.004878 0.115684 19

-0.0018 0.132142 20

-0.0002 0.146541 21

0.000519 0.148525 22
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𝑊 𝑗,𝑡 =  ℎ 𝑗,𝑙𝑋𝑡−𝑙 𝑀𝑂𝐷 𝑁
𝐿𝑗−1

𝑙=0  

 

 

 

 

 

 

 

 

 

Scale coefficient 

 𝑉 𝑗,𝑡 =  𝑔 𝑗,𝑙𝑋𝑡−𝑙 𝑀𝑂𝐷 𝑁
𝐿𝑗−1

𝑙=0  
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Level (j) Frequency Scale (1/Frequency) 

1 [1/4,1/2] 2 – 4 days 

2 [1/8,1/4] 4 – 8 days 

3 [1/16,1/8] 8 – 16 days 

4 [1/32,1/16] 16 – 32 days 

5 [1/64,1/32] 32 – 64 days 

6 [1/128,1/64] 64 – 128 days 

7 [1/256,1/128] 128 – 256 days 

8 [1/512,1/256] 256 – 512 days 
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𝑉𝑎𝑅𝐴𝑔𝑔 =  𝑉𝑎𝑅𝑗
2

𝐽𝑀

𝑗=1
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Back-testing in the paper 

 Medium Volatility (2007 Year End: 1.1%) 

 Low Volatility (Sept. 2017: 0.5%) 

 High Volatility (Sept. 2008: 2.6%) 
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Implementation and Extension 

Challenge 

 Separate calibration and calculation at 8 or more levels 

 Simulation based VaR estimation at each level: 10k simulation for each 

Parallel Computing 
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W 1 GPU cores VaR1

W 2 GPU cores VaR2

W 3 GPU cores VaR3

W 4 GPU cores VaR4

W 5 GPU cores VaR5

W 6 GPU cores VaR6

W 7 GPU cores VaR7

W 8 GPU cores VaR8

Total VaR
Smart

Middleware
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The Age of Accelerated Computing Continued… 

•   

•Fermi GPU Server 2013  

•  HPC Applications Amber   12  

•  NAMD   2.9  

•GPU  

•Acceleration  

•Stack  

•cuBLAS  5.0  

•cuFFT  5.0  

•NPP  5.0  

•CUDA  5.0  

•cuRAND  5.0  

•cuSPARSE  5.0  

•Res Mgr  R304  

•BaseOS  CentOS 6.2  

•Volta GPU Server 2018  

•HPC Applications Amber        16  

CHROMA  2018  

Gyrokinetic TC 2017  

LAMMPS  2018  

MILC  2018  

NAMD  2.13  

Quantum Esp 6.1 
SPECFEM3D   2018  

•GPU  

•Acceleration  

•Stack  

•cuBLAS  9.0  

•cuFFT  9.0  

•NPP  9.0  

•CUDA  9.0  

•cuRAND  9.0  

•cuSPARSE  9.0  

•Res Mgr  R384  

•BaseOS  Ubuntu 16.04  

•100  
•GPU–Accelerated 
Computing  

•10  •Moore’s  Law  

•50% per year 

•CPU  •1  

•2013                                                    2018  

•Measured 

Advances in Technology allows us to perform complicated calculations in a fast and cost-effective way. 

In 5 years, memory size went from 6 GB to 516 GB, and memory speed went from 192 GB/s to 900 GB/s, and from throughput 

from 1.5 Tflops to 16 Tflops in single precision ---eye watering figures 

Measured performance of Amber, Chroma, GTC, LAMMPs, MILC, NAMD, 

Quantum Expresso, SPECFEM3D 

•10% a 

year  

Aon PathWiseTM Solutions Group LLC 

Proprietary & Confidential 

2019 ERM Symposium   

Implementation and Extension 

Use Wavelet based ESG for ALM, SAA, and Capital Analysis 
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W 1 GPU cores

W 2 GPU cores

W 3 GPU cores

W 4 GPU cores

W 5 GPU cores

W 6 GPU cores

W 7 GPU cores

W 8 GPU cores

Real world 

Wavelet ESG

Financial 

Outcome

Investment 

Strategy

Policyholder 

Behavior

Asset

Liability

Smart

Middleware
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Thank you! 


