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B SSTs oesien Overview: Portfolio Risk
Portfolio Composition: —

» Stocks (54, S,)
» Corporate Bond
> Foreign Currency

What is the RISK at
» Options: —  which this portfolio is

?
European Asian (on'Sy) exposed :

JEuropean Barrier (on S,)
JAmerican Vanilla (on'S,)
JAmerican 2D Max  (onS,,S,)

> Cash (no simulation required)

Javier Varela
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B SSTs oesien Overview: Portfolio Risk

What is Value-at-Risk (VaR) ?

I am a percent certain there will not be a loss of more than VaR USD
In the next N days" (Hull, Options Futures and Other Derivatives).

VaR of level a Portfolio loss function L a - quantile

Varg(Lisy) 2 }Qﬁ{P(ZHN >l)<(1-a)}= lig}g{ﬁL(l) > a}

Loss empirical - .
distribution function 2D = P(Lesy > 1)

What is Expected Shortfall (ES or cVaR) ?
1

1
1—«

ESq(Lisn) 2 jVary(ZHN) dy

a

Javier Varela
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How to compute Value-at-Risk (VaR) ?

1. Historical describes future changes ...
simulation: based on empirical distribution of observed past data.

2. Variance-Covariance first-order approximation of the loss function L.
method: assumes normally distributed returns.

3. Monte Carlo (MC) method: simulates the loss function L.

v" Does not rely on historical data.
v No need for approximation.

v" No assumption of a normal distribution.

s Computationally intensive problem

%+ Heterogeneous problem Exploit OpenCL

(many different algorithms involved)

i___\..__

Javier Varela
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B ST eser Overview: Portfolio Risk

Portfolio Simulation:

Y

Stocks (S;, S,)
Corporate Bond
~» Foreign Currency

Y

» Options:
O European Asian  (on S;)
O European Barrier (on'S,)
O American Vanilla (on S;)
O American 2D Max (on S4,S,)

Two Models:
= Black-Scholes (BS)
= Heston

Javier Varela

External: Internal
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Overview: Portfolio Risk

Sequence of steps:

Asset,

a

lated Scenarios

Simu

Javier Varela

N

1hy) +...+ (

-

N

Assety

~

hy) |-

Portf. value
today

Sorted

P&Lyortf P&Lpores

¥

Sorting (ascending order)

A

VaR
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OpenCL + Workload Al
B RESEARCH GROUP pen + OrkKiod OcatIOn
Sorted
7 _Asset Assety P&Lyorey P&Lpores
o
: .§ g
g a Portf. %
gmo < ( A+t hN) - value = » &)
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u B OpenCL + Workload Allocation
ILP formulation
(Matlab's /intlinprog) rxl- are integers
Ax<b
. T . —_
mxmf .X subject to < Auq. % < beq
\ Ib<x<lu
Set of Kernels: K = {kStOCkSZCOT'T’ Kpond kF.Currency' }
Set of Devices: D = {dcpy, dpu1, dgpuo, *** }

Binary decision variables: X 4 ,Where: 0<x,4 <1

Total runtime: XT ,Where: 0 <x; <o

Javier Varela 12
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ILP formulation ... (continued)
Constraints:

Single assignment of each vk € K, Z Xpq =1
kernel among all devices: '

debD

Device runtime: vd € D, Z tka-Xkag — X7 <0
keK

Device global memory: vd € D, z My g- X g < Md
keEK

Cost function: f T x = X7

Javier Varela
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OpenCL + Workload Allocation

Workload Allocati ith ILP | [ Ceertocies
or oa oca Ion WI : CPU i CPU
: (Host) i
|
. I |
1) Profile each kernel I:> 2) ILP I:> | I
|
; |
on every device | I
I\\ ____________ \_
K | Model Runtime Kernel CPU PHI GPUO0O GPU1
erne ode
Ccru PHI GPU
Model: BS
External Simulation
. Stocks2Corr - - - vV
Stocks2Corr BS 0.12 ms 0.28 ms 0.02 ms Bond
T Heston 0.15 ms 0.43 ms 0.03 ms on - - - \/
Bond - 0.22 ms 0.37 ms 0.05 ms ) F. Currencyl B N N v
Euro. Asian (Info-reuse) — - vV -
F.Currency - 0.04 ms 0.30 ms 0.01 ms . ) 1
A - - Euro. Barrier (Info-reuse) - vV - -
Internal Simulation: European Options Amer. Vanilla. BT \/ - _ 7
i BS 8.89 s 6.59 s 6.74 s Amer.2DMax (Interp+S.Load) - - -
Asian(RNs) Heston 17.39 s 1143 s 11.09 s P \/
. Model: Heston
___Asi;LTl(IUfQEU___EES_ ________ 283ms___ lldms __{ 0:28 s
_____ Stocks2Corr v E - -
-__-ZLJI\'[EF((RN's]' _____________ U T DT T U LT 5 rJasc-=-o-
Heston 399.24 s 57237 s 9192 s Bond ‘\/ - - -
2DMax(PathsP1) BS 1431 ms  13.78 ms 0.99 ms E. Currency_ - B v B
vaxiratis Heston 19.02 ms 20.52 ms 1.45 ms Euro. Asian (Ir{fO'f‘eUSt’)l - - - ‘\/
AT 51 _ _ _
2DMax(PathsP2) - 6533 s 4778 s 4120 s Euro. Barrier (Info-reuse) v
- SurfGen - 7889 s 5493 s 4811 s Amer. Vanilla. BT 4/ - - -
2DMax.Interp - 0.05 ms 0.32 ms 0.01 ms Amer.2DMax (Interp+S.Load) - - - \/

Javier Varela
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Kernels Runtime T pen pevices:

[,

(Host) i ::

: : .il

I .

| 175 o

———————————— Ve
PR 160.0
L 140.0
LS 120.0
o 100.0
£ 80.0
S 60.0
20.0

0.0 .

CPU PHI GPU [ HET

O Full Portf. BS 66.5 46.5 1567 3 172

i
O Full Portf. Heston 78.2 48.8 158.4 1 187

Javier Varela 15
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[II. Algorithmic Optimizations / Numerical Scheme
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Currency [USD]
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Algorithmic Optimizations

Random Numbers Reuse Approach

Nested MC-Based Risk Measurement of Complex
Portfolios: Acceleration and Energy Efficiency

S. Desmettre, R. Korn, J. Varela, N. Wehn.

Risks Vol. 4, no. 4, pages 36, October, 2016.

(All parameters in the internal
simulation remain constant)
200
100
0

0 0.5
Time [years]

Javier Varela

Currency [USD]
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50

Incorrect

Different option prices

0 0.5
Time [years]

150

Currency [USD]

100

Correct

Time [years]
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B Algorithmic Optimizations

Paths-Reuse Approach (+Normalization)

(Note: All parameters in the internal simulation remain constant)

|
200 - I

|

100

Currency [USD]

0 L |
0 0.5 1.0
Time [years]

Javier Varela 18
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Paths-Reuse:

~
N

S0=1

[

European-style Options

Path Values

\

Normalized

Internal Simulation
‘ .
- Maturity
=)
(7p]
=] K -
///,:“f._ﬂ* % 7’ ,:& "::“;‘ st 1

0

. Kernel P1

N
~

Simulation Steps

Algorithmic Optimizations

Min Value / Path

Max Value / Path

Paths @ Maturity

Extracted '

Stochastic Informatioq,’l

________________________________________________

=) Information-Reuse Approach

Javier Varela
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B Algorithmic Optimizations

Paths-Reuse: American-style Options

___________________________________

'/Kernel P1 Internal Simulation

5

'Y
>

: o Maturity
l = :
| © |
! > .
l < :
| P |
' Normalized :
S0=1 0
\\ __________ N S I I/
: Il
Option Backward : :
price <':| Step-By-Step <:::'|:
[usD] ' Decision Process

(Regression)

Javier Varela
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B Algorithmic Optimizations

Runtime: Paths-/Info-Reuse (under BS model)

1,000,000 Model: BS
<4.5x <6.8x

100,000
1. RNs-reuse 10,000
~1000
2. Info-reuse ‘ 1,000 ~1000
mCPU
100
3. Paths-reuse
B PHI
v l GPU
European Options . , ]
N N

Log-Runtime [ms]

D D P D D PH & » American Options
= E Ei Opfll'ﬂﬂ \)‘ 0’ \) \) 0 0 Q 0‘ ;"Kemel P1  Internal Simulation \‘,‘
® % T Ei) Price < < < < < % hY < ! :
w Z = /K ﬂ 1K /'K /K 1& S /K i - |
fag ™ ¥ ¥ ¥ ¥ F &
| & & & & & & & &
:-‘ . Kernel P1 Stochastic Informa tf'q rg,; '\’b(\ -\’b(\ (\z ‘\e’ \/ (j\ @fb -\..\
""""""""""""""""""""""""" N I I N S
S e e & O ¢ v |
Q/ <</ Q/\)‘ Q,\) @ Q/ @ Q} Option Backward
V' ((\ ?’ (Q\ price {mm Step-By-Step (=
1 1 1 1 v‘ V“ [usD] Decision Process
| J S I | JE T —— I 1 1 1 (Regression)
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B Algorithmic Optimizations

Runtime: Paths-/Info-Reuse (under BS model)

Model: Heston

1,000,000
<9.2x <12.0x
100,000
B
1. RNs-reuse — 10,000
£ ~1500
2. Info-reuse £ 1000
S
DI: 100 EmCPU
3. Paths-reuse a0
— W PHI
10
GPU
European Options 1
féi o \\;—?’\ Q‘oe\ \\p"’\ 0‘3@\ \;—JQ) \}‘:Q’\ &Q' 06‘2’\ AmerlcanOptlons
ElE L ;,c‘: ) o) e Q Q o) ‘Q/ Q iKemeI P1  Internal Simulation
% R $r.)’( s\()’K $q< .{)K $c:,'K \{\c)" é"), c,"\ : :
& s ii NS
: e S T T FTHSE
\KemelPL Stochastic Information, N ; N N .
¥ S A,b\-' S
Q/é %& &o. %&o‘ ((\é Q} (QQ’ Q‘}’J’ \ Option Backward i
- - VO Y s = s o

1 1
| e —— I | P —— I 1 1 1 (Regression}
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g Numerical Scheme

Fast, accurate and inelegant valuation of American options.

IhtEI‘QOlatIOI‘l . Adriaan Joubert and L.C.G. Rogers. 1997. In Proceedings of the

Numerical Methods Workshop at the Isaac Newton Institute, April 1995,

Kernel: . L.C.C?. Rogers and D. Talay (Eds.). CambridgeS.
Sttt ) 50 American Vanilla LS
\ AmericanVanillaBT E—» =) _.__Kernel:_____
e =0 . Interpolate 1D :
pmmmmmmee e S---- 240 mm) Option Price
+ AmericanVanillaLs = : SD |
- ! o 9 . | [U ] I
: |, \I :—> E_ ________________
| .‘g IR © 0 ' '
e ¥V __ J 0 50 100 150 200
Stock [USD]
Extension:
e S o - American 2DMax Call Option

0 100 5

2]

=)
(T TETEEEEEE M (1)) T TS .
. American2DMax 2 504 . Interpolate 2D
L P — e S ﬂ: Option Price
: \ _ : o 0 : [USD] :
—————— Y. S < IO

o = -

100
100
50

Stock2 [USD] Stock1 [USD]
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Runtime: Interpolation (American-style Options)

RNs-reuse
Interpolation+Paths-reuse

Interpolation+Surface Load&Transfer

Javier Varela

Binomial Longstaff-Schwartz
Tree f . |
1,000,000.000 | . Model: BS Model: HestonI
~10000x
100,000.000
10,000.000
B
— 1,000.000
Q
E 100.000
— .
c ~1000x
e 10.000
oo
e}
|
1.000
0.100 I
0.010 :
D D
R P K & & S

Q 2 X N 2 N\
R P %o{\ N ;)\»{\
(Q?J & y* v & Qx v 3 Qx
NI R I
SR S U S NS
P S S M N
> Vv 2 v >
&N & & &
& & & D
& v o
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1 1 ] v 1 v
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[V. Minimizing Device Global Memory
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B R Minimizing Device Global Memory

Device Global Memory Cost (Kernels)

RNs-reuse
Paths-/Info-reuse
Paths-/Info-reuse +Interp+SurfGen

Info-reuse +Interp+SurflLoad

Info-reuse
+Interp+SurfLoad+AutoAggreg

1
P J

Kernels Memory Requirements [MB]

Javier Varela 26
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. Minimizing Device Global Memory
Autoaggregation

)+ ( .hy)

Simulated Scenarios

Accum.
Device

PRSI, ) S T 14 A S

OpenCL Devices: global memory

CPU
(Host)

=
—_

v" Minimizes Host worlkload = H/ o
=

v Minimizes data transfers via PCle H/ ¥ Single output vector
\ ) per device

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

N e o o o o o o e o e - ———
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g Conclusion

e
'
| (
| cpPU i
I " I 1 1 (Host)
[.  Overview: Portfolio Risk | I
Sorted | |
o lh.flssetl Assety_ P&LparthP&Lportf I [ ! :I
Q 1 ' !
] ° ! -, Ll
1
5 = % % I\\ ‘ ! |
= . a Portf. Y == [ o=t
" o3 ([ +-+E ) | value = *ﬁ
: : E today 3 VaR 3 160.0
: '~ —
-8 3 ES 2
@l ) 8 E
&

Time [ye.a 5]

140.0
120.0
100.0
80.0
60.0
200
00 [

I1. OpenCL+Worhoad Allocation R

D Full Portf. BS 66.5 46.5 156.7 17.2
DO Full Portf. Heston 78.2 48.8 158.4 18.7
[II. Algorithmic Optimizations / Numerical Scheme
Binomial Longstaff-Schwartz
1,000,000 Model: BS Tree " Model: BS Mode\ Heston '

1,000,000.000 "

< 3
100000 <4.5x 6.8x 100,009,000 10000X
10,000,000
10,000 ~1000! 1,000.000
1,000 1000 ; 100.000
~1000x
100 mCcPy x 10.000
meHl 1000
10
0.100
1 0.010
s"‘\

Log-Runtime [ms]
Log-Runtime [ms]

PN N
Y 2 CANNC AN A 2
S FH FHH LSS & & @ :\@
& N 3 & & @ S @ & o
N ey N ey 4 Y a8 “ & o & A
RNs-reuse

[\V. Minimizing Device Global Memory

Paths-/Info-reuse +Interp+SurfGen

1 Portability (Numerical Results) Paths-fo-ause itarpsrfLond

Paths-/Info-reuse
+Interp+SurfLoad+AutoAggreg

Paths-/Info-reuse

) o Y ,»Q \90 - §Q '&QQB'Q
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Questions ?

Thanks for your attention
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