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INTRODUCTION

GEFORCE
8800 GTX Shadering frequency: 1.35 GHz
m  Contains 128 processing units: we hope 128x

m  Memory access 2x speeder (900 MHz): maximum speedup
256x

m Handles floats and integers

OBJECTIVES
1°) Reducing the communication between CPU and GPU

2°) Reducing the communication between the processing units on
the GPU

SOLUTIONS
1°) Generating random numbers directly on the GPU

2°) Using inter-independent random generators
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PARALLELIZING LCG METHOD

Using 3 constants a, ¢ et m. Choosing the seed randomly, the
recurrence of LCG is:

Xp = aXp—1+ ¢ mod(m) (1)

Periodic, maximal period T,,.x takes the value:
1 Tmax = mif ¢ #0.
2 Tmax=m—1 |fC=0

m is a prime number in order to obtain a similar random
behavior for all bits, typically m = 23 — 1.

¢ = 0 because it only translates the sample of random
numbers
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PARALLELIZING LCG METHOD

Xp = axp—1 mod m
et
Yn=3a"yYn_1 mod m
r prime with m — 1.

Without loss of generality: xg = yo = z, the inter-correlation
exponential sum of x, — y,:

1 1 m—2

- E _ - E 2xif(n)

m_1 X(Xn Yn) m—1 S § (2)
0<n<m-1 n=0

with f(n) = z(a" — a™).

1/(m—1)x | SmZe™ M) <1/(m—1) x (r — 1)y/m

1/(m — 1) x (r — 1)y/m = 0(y/1/m)
r—1l<<+m
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PARALLELIZING LCG METHOD

m=2%_1

Jm ~ 46341

Taking r € {1,...,1000}

One generator for each value of r

What about the random behavior of the generator associated
with r?
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PARALLELIZING LCG METHOD

CHOOSING
THE  Keep only the multipliers that minimize the value of:
MULTIPLIER
j odd J even j odd J even
D ICED IR I DTS DS
1<j<t 1<j<t 1<j<t 1< <t

ej = partial coefficients of Euclide table associated to
a” mod(m) and m.

This choice:
m reduces the correlation between the random
numbers of the same generator.

= insures a good distribution in terms of discrepancy.

FINAL

RESULT§ . 512 = 28 generators with good parallel and sequential

behavior.

m  The total period is ~ 28 % 231 = 239: sufficient for most g

financial applications.
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PARALLELIZING LCG PERSPECTIVES

THE NEW
TESLA
GENERATION
(b)
F1c.: Tesla 10 series: (a) C1060, (b) S1070
SPECIFICATIONS

m  The number of processing units doubled
m  Memory space quadrupled

m  Double precision
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|ININBRSRVAINCN OJ€M P ERSPECTIVES

m=261 1
/m = 1.5e6

Taking r € {1,...,1e4}

~ 4096 = 2'? generators with good parallel and sequential
behavior.

The total period is ~ 212 % 261 = 273
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PATH-DEPENDENT CONTRACTS RATCHET PRODUCT

MONTE N ;
SRS > E([]8(T-1.THF: (3)
: =
with:
F, = f(LT'.,F,‘,l) = AT(K+I:ifl_L(77>TiaTi+AT))+ (4)
and: 1 (_B(tT)
LtT.T+AT)= 1= <B(t,T—|—AT) 1 (5)
ALGO FOR

DATE I Bond simulation: B(Tk-1,Tk)

m Ac;cualizing the produci:
[T=1 B(Ti-1.T) =TI B(Tjm1.T)) * B(Tie1. Ti)

J

m  Payoff computation: Fx = f(Lt, ,Fx—1) according to: (4) and

(5)
m Actualizing the result: fozl (szl B(TJ'_17TJ')F,'> &
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PATH-DEPENDENT CONTRACTS TARGET REDEMPTION RISK NEUTRAL

MONTE
CARLO

with:

and:

ALGO FOR
DATE K

N i
> E HB(Tj—lvTj)lzj;; Fo<mfi (6)
-1 \j=1

Fi=AT(K—-L(T;,T;,T; + AT))+ @)

Lt T, T+AT) = ﬁ (% - 1) (8)

Bond simulation: B(Tx—1,Tk)

Actualizing the product:

[y B(Ti-1.T) =TI B(Tj-1.T)) * B(Te1.Ti)
Payoff computation: Fy according to: (7) and (8)
Actualizing the result:

Zf'(:l (HJ,'(:1 B(ijbT‘)lz;;; F,(<Mf(XT,-))

Actualizing the sum: ZL:O Fi = L;%) Fi + F; ﬁﬁ
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PATH-DEPENDENT CONTF SPEEDUP SURVEY

Speedup
A
20QL +++
901 --
301 +
= = ’ >
1.1 3.2 30 temps de calcul

-+ Ratchet + LookBack sur CPU en

+ Target ~+ Asiatique minLiSs

+ Up & Out
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AMERICAN OPTIONS

Pi(x) = 92;]}) E: x (e_r(e_t)tb(Xg)) (9)
t, T

Tor={0=to<ti <..<t,=T} (10)

Pr(X1) = P, (Xe,) = ®(X7) (11)
Pe (X)) = max(®(Xy, ),e " Ga"WE (P (Xy,,) [Xe))
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AMERICAN OPTIONS

Pr(X7) = Pt (X,) = ®(X71)
Ptk(th) = max(q)(xtk)’e_r(tk“_tk)E (Pfk+1 (th+1) |th))

(12)

T‘I(_Awk
i

E (H(X'—)lz_)qk_)AWk)
t)

AW = (tk+1 - tk)Wtk — tk(WtkH — Wtk) + tk(tk+1 — tk)O'

H(Xe, — X! )
, E (Ptk-u (ka+1 ) X )
/ ]E(Ptkﬂ (th+1)|Xl{k) = (13)
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AMERICAN OPTION:

nb of factors 10 time steps 100 time steps

1 1m 50s 22m 00s
5 2m 10s 23m 00s
20 3m 15s 45m 00s
40 5m 00s 53m 00s
<O «Fr «=>» «E)» ;Emmj;o‘:nz:
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Path-dépendants European contrats ~ 100x speeder than
CPU.

American Contracts simulation: very fast.

Studying the convergence of American prices using Malliavin
Calculus.

GPU: Technology in continual development.

Cluster implementation: Increasing the speedup.

Promising future for GPUs
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