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CUDA Uses Kernels and Threads 
for Fast Parallel Execution

Parallel portions of an application are executed on the GPU as kernels
One kernel is executed at a time

Many threads execute each kernel

Differences between CUDA and CPU threads 
CUDA threads are extremely lightweight

Very little creation overhead

Instant switching

CUDA uses 1000s of threads to achieve efficiency
Multi-core CPUs can use only a few
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Simple “C” Description For Parallelism

void saxpy_serial(int n, float a, float *x, float *y)void saxpy_serial(int n, float a, float *x, float *y)void saxpy_serial(int n, float a, float *x, float *y)void saxpy_serial(int n, float a, float *x, float *y)

{{{{

forforforfor (int i = 0; i(int i = 0; i(int i = 0; i(int i = 0; i <<<< n; ++i)n; ++i)n; ++i)n; ++i)

y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];

}}}}

// Invoke serialserialserialserial SAXPY kernel

saxpy_serial(n, 2.0, x, y);saxpy_serial(n, 2.0, x, y);saxpy_serial(n, 2.0, x, y);saxpy_serial(n, 2.0, x, y);

__global__ __global__ __global__ __global__ void saxpy_parallel(int n, float a, float *x, float *y)void saxpy_parallel(int n, float a, float *x, float *y)void saxpy_parallel(int n, float a, float *x, float *y)void saxpy_parallel(int n, float a, float *x, float *y)

{{{{

int i = int i = int i = int i = blockIdxblockIdxblockIdxblockIdx.x*.x*.x*.x*blockDimblockDimblockDimblockDim.x + .x + .x + .x + threadIdxthreadIdxthreadIdxthreadIdx.x;.x;.x;.x;

ifififif (i(i(i(i <<<< n)  n)  n)  n)  y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];y[i] = a*x[i] + y[i];

}}}}

// Invoke parallelparallelparallelparallel SAXPY kernel with 256 threads/block

int nblocks = (n + 255) / 256;int nblocks = (n + 255) / 256;int nblocks = (n + 255) / 256;int nblocks = (n + 255) / 256;

saxpy_parallelsaxpy_parallelsaxpy_parallelsaxpy_parallel<<<nblocks, 256>>><<<nblocks, 256>>><<<nblocks, 256>>><<<nblocks, 256>>>(n, 2.0, x, y);(n, 2.0, x, y);(n, 2.0, x, y);(n, 2.0, x, y);

Standard C Code

Parallel C Code
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The Key to Computing on the GPU

Standard high level language support

C, soon C++ and Fortran

Standard and domain specific libraries

Hardware Thread Management

No switching overhead

Hide instruction and memory latency

Shared memory

User-managed data cache

Thread communication / cooperation within blocks

Runtime and tool support

Loader, Memory Allocation

C stdlib
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Registers

Global Memory
Kernel input and output data reside 
here
Off-chip, large 
Uncached

Shared Memory
Shared among threads in a single 
block

On-chip, small
As fast as registers

The host can read & write global 
memory but not shared memory
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Shared Memory

Thread (0, 0)Thread (0, 0)
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Example Fluid Algorithm

CPU GPGPU

GPU Computing
with CUDA
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100M CUDA GPUs

Oil & Gas Finance Medical Biophysics Numerics Audio Video Imaging

Heterogeneous Computing

CPUCPUCPU

GPUGPUGPU
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TeslaTM

High-Performance Computing

Quadro®

Design & Creation

GeForce®

Entertainment

Parallel Computing on All GPUs
Almost 100 Million CUDA GPUs Deployed



11

Developer Categories
3 D  a p p a re l d e s ig n  a n d  s im u la t io n B io m im e tic  n e u ra l n e tw o rk  s im u la t io n C y to g e n e tic s

3 D  d e n ta l x - ra y  s ys te m B O IN C  c lu s te r D a ta  m in in g
3 D  im a g e  a n a lys is  fro m  c o n fo c a l m ic ro s c o p e B ro a d c a s t g ra p h ic s D a ta  re d u c t io n  s o f tw a re  fo r  c rys ta llo g ra p h y

3 D  im a g e  c a p tu re B ro a d c a s t p ro d u c tio n D a ta b a s e  s e a rc h

3 D - la s e r  s c a n n in g  fe a tu re  e x tra c t io n B u s in e s s  a n a ly t ic s D e f ib r illa to r  d e s ig n
A c o u s t ic  a n d  e le c tro m a g n e t ic  s im u la t io n B u s in e s s  in te llig e n c e D e n ta l C T  s c a n n e r

A c o u s t ic  ra y  tra c in g C # D e s ig n  fo r  m a n u fa c tu r in g

A d a p tiv e  ra d ia tio n  th e ra p y C A D D e s ig n  fo r  m a n u fa c tu r in g  s o f tw a re
A ir lin e  tr in in g C a ll c e n te r  a n a lys is D ia b e t ic  re t in a l a n a lys is

A L IC E  g e o m e try  p ro c e s s in g C a s t in g  s im u la t io n D ig ita l a u d io

A n a lys is  o f  e le c tro e n c e p h a lo g ra m s C e ll p h o n e D ig ita l c in e m a  im a g e  re c o n s tru c tio n
A n im a tio n C e llu la r  a u to m a ta  fo r  o rg a n iz a t io n a l b e h a v io r D ig ita l f im  p ro c e s s in g

A s tro n o m ic a l a d a p t iv e  o p t ic s C e m S S IS  s p a c e  re c o n s tru c tio n D ig ita l im a g e  c o r re la t io n

A s tro n o m ic a l im a g in g C F D D ig ita l p ro je c to r
A s tro n o m ic s  im a g e  s c a n n in g  s ys te m C F D  fo r  h ig h  s p e e d  a irc ra f t  e n g in e  d e s ig n D ig ita l p ro to typ in g

A s tro p h ys ic s  s im u la t io n C F D  fo r  o c e a n  m o d e llin g D ig ita l s p e e c h  p ro c e s s in g

A s tro p h ys ic s  s im u la t io n C F D  w ith  p a r t ic le  f lo w D ig ita l v id e o  m a n a g e m e n t
A u d io  c o n fe re n c in g  e n h a n c e m e n t C h e s s D ig ita l v id e o  re c o rd e r

A u d io  p ro c e s s in g C h ro m a to g ra p h y  a n a lys is D N A  a n a lys is

A u d io  re n d e r in g  o f  c o m p le x  s c e n e s C lim a te  m o d e ls D N A  g e n e  e x p re s s io n  d a ta  a n a lys is
A u d io  v is u a l e d it in g  a n d  s c r ip t in g C lo th  s im u la tio n D N A  re s e a rc h

A u to m a te d  W e b  p a g e  c la s s if ic a t io n C o lo r  c o r re c t io n  fo r  f ilm D N A  s e q u e n c e  a n a lys is

A u to m o b ile  v is io n  s ys te m C o lo r  c o r re c t io n  fo r  p ro je c to rs D o c u m e n t d a ta  m in in g
A u to m o tiv e  v is io n  s ys te m C o m p u te r  d e s ig n  s im u la tio n D re d g in g  s im u la to r

B io c h a n n e l s im u la t io n s C o m p u te r  v is io n D S P  
B io in fo m a tic s C o m p u te r  v is io n  fo r  fo o d  in s p e c t io n D V D  d is tr ib u t io n

B io in fo m a tic s  fo r  p ro te in  s tru c tu re  a n d  c e llu la r  m o d e llin g C o m p u te r  v is io n  s im u la t io n  o f  p r im a te  v is io n E a r th q u a k e  e n g in e e r in g  F E A

B io in fo m a tic s  fo r  s e q u e n c e  a lig n m e n t C o n s tra in t  f lu id  s im u la tio n E c o n o m ic  m o d e llin g
B io lo g ic a l c irc u its C o n s u lt in g E D A

B io lo g ic a l im a g in g C o rp o ra te  d a ta  a n a lys is E D A

B io lo g ic a l s im u la t io n  u s in g  e v o lu t io n a ry  a lg o r ith m s C o s m o lo g ic a l s im u la tio n s E le c tro m a g n e tic  s im u la t io n
B io lo g ic a l s im u la t io n s C ra s h  s im u la tio n E le c tro n  C A D  f lo w  m o d e l

B io m e d ic a l c e ll im a g in g C ryp to g ra p h y E le m e n ta ry  p a r t ic le  re s e a rc h

B io m e d ic a l im a g e  re g is tra t io n  a n d  s e g m e n ta t io n C rys ta llo g ra p h y E m a il a n d  w e b  s e c u r ity
B io m e d ic a l im a g in g C T  Im a g e  re c o n s tru c t io n E q u ity  tra d in g
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Developer Categories
E x a c t re a l a r ith m e tic G e o m a c h a n ic s  u s in g  d is c re te  o r  f in ite  e le m e n t a n a lys isIm a g in g  fo r  s e c u r ity

F a c e  re c o g n itio n G e o m e tr ic  m o d e llin g Im a g in g  in  h ig h  e n d  d ig ita l im a g in g
F a c ia l re c o g n it io n G e o p h ys ic a l im a g in g Im m e rs iv e  d is p la y

F a c to ry  d e s ig n  m a n a g e m e n t G e o s p a tia l im a g e  p ro c e s s in g In  f lig h t e n te r ta in m e n t s ys te m

F E M  in  C F D  a n d  c h e m ic a l p ro c e s s e s G IS In fe c tio u s  d is e a s e  s im u la t io n
F ilm G ra p h ic s In f ra re d  im a g in g

F ilm  a n d  v id e o  p ro d u c tio n G ra p h ic s  jp e g  v ie w e r In f ra re d  im a g in g

F ilm  a n im a tio n G r id  c o m p u tin g In je c tio n  m o ld in g  C A D  s o f tw a re
F ilm  p ro c e s s in g G r id  c o m p u tin g In te ra c t iv e  T V  g ra p h ic s

F ilm  s p e c ia l e f fe c ts G r id  m e d ia  e n c o d in g In te re s t ra te  r is k  c a lc u la t io n

F ilm  v is u a l e f fe c ts H a rb o r  m a n a g e m e n t -  v e s s e l n a v ig a t io n In te rn e t v id e o  c o m p re s s io n  fo r  d is tr ib u tio n
F in a n c ia l o p t io n  p r ic in g H D R  d is p la y IP T V

F in a n c ia l p r ic in g H e a lth  c a re  s e n s o ry  p ro c e s s in g IP T V  fo rm a t c o n v e rs io n

F in a n c ia l r is k  a n a lys is H ig h  e n d  im a g in g  fo r  p ro fe s s io n a l p h o to g ra p h y L a n g u a g e
F in a n c ia l tra d in g H o lo g ra p h ic  c in e m a L a n g u a g e  -  C S A IL

F in g e rp r in t  m a tc h in g H o lo g ra p h ic  c in e m a L a n g u a g e  -  M P I e x te n ts io n s

F in ite  e le m e n t s im u la tio n H o lo g ra p h ic  o p t ic a l tra p p in g L a rg e  fo rm a t im a g in g
F in ite  e le m e n t s o lv e r H u m a n  la n g u a g e  a n a lys is L a rg e  s c a le  n e u ra l n e tw o rk s

F L A S H  -  a d a p tiv e  m e s h  f lu id  s im u la t io n H yd ra u lic s  s im u la t io n L a rg e  te x t d a ta b a s e  s e a rc h

F lig h t t ra in in g  s im u la tio n s H yd ro d yn a m ic s L in e a r  p ro g ra m m in g
F lo o d p la in  s im u la tio n H yp e rs p e c tra l im a g e  a n a lys is L IS T S E R V  e m a il lis t  m a n a g e m e n t

F lo w  C y to m e te r IC  C A D M a c h in e  a u to m a tio in

F lo w  v is u a liz a t io n Im a g e  a n a lys is M a c h in e  le a rn in g
F lu id  d yn a m ic s Im a g e  a n a lys is  fo r  c a n c e r  re s e a rc h M a c h in e  v is io n

F lu id  d yn a m ic s Im a g e  a n a lys is  fo r  s u rv e illa n c e  s ys te m s M a n u fa c tu r in g  s im u la t io n
F lu id  f lo w  s im u la t io n Im a g e  c o m p re s s io n M a th e m a tic s  -  3 D  f ra m e w o rk

F lu id  s im u la t io n Im a g e  d a ta  m in in g M a th e m a tic s  -  C o m p u ta t io n  g e o m e try

F lu o rs e s c e n c e  L ife t im e  im a g in g Im a g e  e n h a n c e m e n t M a th e m a tic s  -  fa s t m u lt ip o le  m e th o d
F o ld in g  a t H o m e Im a g e  fe a tu re  tra c k in g  o n  h ig h  s p e e d  v id e o M a th e m a tic s  -  f ra c ta ls

F o ld in g  a t h o m e  c lo n e Im a g e  p ro c e s s in g M a th e m a tic s  -  lin e a r  a lg e b ra

F o rm a l v e r if ic a t io n  m e th o d s Im a g e  p ro c e s s in g M a th e m a tic s  -  L S F -S G E
F o r tra n , C /C + +  c o m p ile rs Im a g e  re g is tra t io n M a th e m a tic s  -  p ro je c t iv e  s p a c e

G a m e s Im a g e  s c a n n in g M a th e m a tic s  lib ra ry

G e n e  s e q u e n c e  a lig n m e n t Im a g e  tra c k in g  fo r  b ra in  re s e a rc h M a th e m a tic s  re s e a rc h  -  a lg e b ra ic  s u r fa c e  v is u a liz a tio n
G e n e tic s Im a g in g  fo r  d e fe c t d e te c t io n M a th e m a tic s  re s e a rc h  -  in te r io r  p o in t m e th o d s
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Developer Categories
M ilita ry  -  S O N A R N e tw o rk  lo a d  b a la n c e r P ro g ra m m a b le  a u to m a tio n  c o n tro lle rs

M ilita ry  -  s w im m e r d e te c t io n  s o n a r N e tw o rk  p a c k e t in s p e c tio n P ro te in  c rys ta llo g ra p h y
M ilita ry  -  t ra in in g N e tw o rk  p ro c e s s in g P ro te in  fo ld in g

M ilita ry  -  U A V  im a g e  p ro c e s s in g N e tw o rk  p ro c e s s o r P ro te in  s tru c tu re  p re d ic t io n  a n d  d e s ig n

M ilita ry  -  W e a p o n s  s ys te m s  p h ys ic s N e tw o rk  s e c u r ity  m o n ito r in g P ro te o m ic s  d a ta  d ia g n o s t ic s
M ilita ry  h yp e rs p e c tra l ta rg e t d e te c t io n  N e u ra l n e t A I P u ls a r  d a ta  a n a lys is

M ilita ry  ta rg e t m o d e llin g N e u ra l n e tw o rk  re s e a rc h Q u a n tu m  c h e m is try  

M in e  p la n n in g N e u ra l n e tw o rk s  fo r  c o m p u te r  v is io n Q u a n tu m  C h ro m o d yn a m ic a l c a lc u la t io n s
M ix e d  s ig n a l d a ta  p ro c e s s in g  fo r  te s t in g N e u ro n  m o d e llin g  w ith  X P P Q u a n tu m  m o le c u la r  d yn a m ic s

M o le c u la r  d yn a m ic s  s im u la tio n N ig h tim e  d r iv in g  s im u la to r R a d a r  p ro c e s s in g

M o le c u la r  d yn a m ic s  s im u la tio n N M R  d a ta  a n a lys is R a d a r  s im u la tio n
M o le c u la r  d yn a m ic s  s im u la tio n N -p a r t ic le  c o d e  fo r  p a r tic le  tra n s p o r t R a d ia t io n  th e ra p y  m a c h in e

M o le c u la r  d yn a m ic s  s im u la tio n N u c le a r  re a c to r  p h ys ic s  s im u la t io n R a d io n  a s tro n o m y

M o le c u la r  m o d e llin g O b je c t re c o g n it io n R a y  tra c in g
M o le c u la r  p ro p e r t ie s  c la s s if ic a tio n O c e a n o g ra p h ic  re s e a rc h R e a l t im e  re n d e r in g

M o le c u la r  s im u la t io n O c to p u s  m o le c u la r  s im u la tio n R e a l t im e  s ig n a l p ro c e s s in g

M o le c u la r  s im u la t io n  -  G R O M A C S O n lin e  m a p p in g R e a ltim e  liv e  v id e o  e n c o d in g
M o le c u la r  s tru c tu re  s im u la tio n O p e n  s o u rc e  m a th e m a tic s  s o f tw a re R e a ltim e  s im u la t io n  o f  m a c h in in g

M o le c u la r  v is u a liz a t io n O p tic a l in s p e c tio n R e m o te  g ra p h ic s

M o tio n  c a p tu re O p tic a l m o d e llin g  a n d  e n g in e e e r in g R e s e a rc h  -  a s tro p h ys ic s
M o v ie  p ro d u c t io n  s p e c ia l e f fe c ts O p tic a l p ro c e s s in g R e s e a rc h  -  d e v e lo p m e n ta l b io lo g y

M P E G O p tic a l s e c u r ity  s c a n n e r R e s e a rc h  -  f ire  s im u la tio n , c e llu la r  a u to m a ta

M P E G 2  d e c o d e O p tic a l s im u la t io n R e s e a rc h  -  im a g e  s e g m e n ta tio n
M R I a n a lys is  o f  b ra in  fu n c t io n O p tro n ic  s c e n e  s im u la to r R e s e a rc h  -  L a rg e  p a r tic le  p h ys ic s  s im u la t io n

M R I im a g e  re c o n s tru c t io n O rb ita l a n a lys is R e s e a rc h  -  M a rs  in s tru m e n ts
M R I im a g in g P A C S  m e d ic a l re c o rd  s to ra g e R e s e a rc h  -  o p t ic a l t ra c k in g

M u ltib o d y  s im u la tio n s P a r tic le  p h ys ic s R e s e a rc h  -  re c o n f ig u ra b le  c o m p u tin g

M u ltip h a s ic  f lo w  s im u la to r P a r tic le  v is u a liz a t io n R e s e a rc h  -  v is u a liz a tio n
M u ltis p e c tra l s c e n e  g e n e ra tio n P a tte rn  a n a lys is  to o ls  fo r  n e u ro im a g in g R e s e rv o ir  s im u la t io n

N a n o -c a rb o n  m a te r ia ls  m o le c u la r  d yn a m ic s P C B  o p tic a l in s p e c t io n R e s e rv o ir  s im u la t io n

N a tu ra l la n g u a g e  p ro c e s s in g P h ys ic s  e n g in e R o b o t v is io n
n b o d y  s im u la t io n P la s m a  p a r tic le  s im u la tio n R o b o t v is io n

N e tf lix  c o m p e tit io n P o w e r g e n e ra tio n  s ta tis t ic s R o b o t ic  A I

N e tw o rk  a n a lys is P r in t  p re -p ro c e s s in g R o b o tic  ra d ia t io n  th e ra p y  m a c h in e s
N e tw o rk  h u b  lin e  c a rd P ro b a b ilis t ic  m o d e l c h e c k e r R o b o t ic  s u rg e ry
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Developer Categories
R o b o tic  v is io n S u rv e illa n c e  re s e a rc h

R S A  fa c to r in g S u rv e illa n c e  s ys te m
R T F S S T e le v is io n  b ro a d c a s t

S A R T e m p e ra tu re  s im u la t io n  fo r  a rc h ite c tu re

S a te llite  d a ta  a n a lys is T ra f f ic  a n a lys is
S a te llite  d a ta  p ro c e s s in g T ra in - tra c k  in te ra tio n  a n a lys is  s o f tw a re

S a te llite  d e v e lo p m e n t s im u la to rs T ra n s a c t io n  q u e ry  fo r  m o b ile  c o m m e rc e

S a te llite  im a g e  p ro c e s s in g U ltra s o n ic  in s p e c t io n  a n d  te s tin g
S c a n n in g  e le c tro n  m ic ro s c o p e  im a g in g U ltra s o u n d  im a g in g

S c ie n t if ic  d a ta  m in in g U ltra s o u n d  m e d ic a l im a g in g

S c ie n t if ic  n u m e r ic a l s im u la tio n U n lim ite d  p re c is io n  m a th e m a tic s
S c ie n t if ic  v is u a liz a tio n U rb a n  3 D  m o d e ls  fro m  v id e o  s tre a m s

S e a rc h  e n g in e V id e o  a n d  a u d io  f in is h in ig

S e is m ic  d a m a g e  s im u la tio n V id e o  c o m p re s s io n
S e is m ic  im a g in g V id e o  c o m p re s s io n  w ith  c u p o le t te c h n o lo g y

S e is m ic  p ro c e s s in g V id e o  c o m p re s s io n

S IF T  a lg o r ith m  re s e a rc h V id e o  c o n fe re n c in g
S ig n a l p ro c e s s in g V id e o  e d it in g

S im u la tio n  o f  m ic ro  a n d  n a n o  b io c h e m ic a l re a c to rs V id e o  e f fe c ts  g e n e ra to r

S m a ll m o le c u le  d yn a m ic s  s im u la tio n V id e o  e n c o d in g
S m o o th e r  p a r tic le  h yd ro d yn a m ic s V id e o  e n h a n c e m e n t

S o u n d  s yn th e s is V id e o  p ro c e s s in g

S o u th  P o le  T e le s c o p e  d a ta  a n a lys is V iru s  s c a n n in g
S p a tia l d a ta  in te g ra t io n V is io n -a id e d  n a v ig a tio n  fo r  ro b o t ic s

S p a t ia l h e a r t  m o d e llin g V is u a l in fo rm a tio n  s ys te m
S p e c tra l Im a g in g V is u a l s e a rc h

S p e c tro s c o p ic  d a ta  o p t im iz a t io n V is u a liz a tio n

S p e e c h  p ro c e s s in g V o lu m e  re n d e r in g
S p e e k  re c o g n it io n W a ll tu rb u le n t f lo w s

S p o r ts  b ro a d c a s tin g  e n h a n c e m e n t W e a th e r  fo re c a s tin g

S ta tis t ic a l a n a lys is W e b  c o n fe re n c in g
S te ro g ra p h ic  v is io n W in d  e n g in e e r in g  fo r  u rb a n  a n d  ru ra l e n v iro n m e n t

S to c k  m a rk e t f ra u d  d e te c t io n W ire le s s  n e tw o rk  s im u la tio n  s o f tw a re

S tru c tu ra l s im u la tio n W ire le s s  s ys te m  d e s ig n
S u rg e ry  s im u la to r X - ra y  to m o s yn th e s is
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Developers by Category
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Registered developers who downloaded both CUDA 0.8 and 1.0
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Parallel Computing Applications

Medical imagin

EDA

CAE

GIS

Volume visualiaztion

Cluster visualiztion

XML parsing

Database

VPN/networking

Backup compression

RAID

Grid computing

Audio

Photography

Virus scanning

Seismic

Finance

Numerics*

Oil and gas viz

CAD

Search

Web

Imaging

Video – transcoding
Games – Physics, AI

Computer vision

TechnicalWorkstationBusinessConsumer
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CUDA Compiler Downloads
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Universities Teaching Parallel Programming With CUDA

Duke

Erlangen

ETH Zurich

Georgia Tech

Grove City College

Harvard

IIIT 

IIT

Illinois Urbana-Champaign

INRIA

Iowa

ITESM

Johns Hopkins

Santa Clara

Stanford Stuttgart

Suny

Tokyo 

TU-Vienna

USC

Utah

Virginia

Washington

Waterloo

Western Australia

Williams College

Wisconsin

Kent State

Kyoto

Lund

Maryland

McGill

MIT

North Carolina - Chapel Hill

North Carolina State

Northeastern

Oregon State

Pennsylvania

Polimi

Purdue
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Wide Developer Acceptance

146X 36X 19X 17X 100X

Interactive visualization Interactive visualization 

of volumetric white of volumetric white 

matter connectivitymatter connectivity

Ionic placement for Ionic placement for 

molecular dynamics molecular dynamics 

simulation on GPUsimulation on GPU

TranscodingTranscoding HD video HD video 

stream to H.264stream to H.264
Simulation in Simulation in MatlabMatlab

using .using .mexmex file CUDA file CUDA 

functionfunction

Astrophysics NAstrophysics N--body body 

simulationsimulation

149X 47X 20X 24X 30X

Financial simulation of Financial simulation of 

LIBOR model with LIBOR model with 

swaptionsswaptions

GLAME@labGLAME@lab: An M: An M--

script API for linear script API for linear 

Algebra operations on Algebra operations on 

GPUGPU

Ultrasound medical Ultrasound medical 

imaging for cancer imaging for cancer 

diagnosticsdiagnostics

Highly optimized object Highly optimized object 

oriented molecular oriented molecular 

dynamicsdynamics

CmatchCmatch exact string exact string 

matching to find similar matching to find similar 

proteins and gene proteins and gene 

sequencessequences
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CUDA Zone
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Folding@Home Using GROMACS

170

369

675

1004
0

100

200

300

400

500

600

700

800

CPU PS3 Red GPU Tesla 8 Tesla 10

ns/day

• Alzheimer’s Disease
• Huntington’s Disease

• Cancer
• Osteogensis imperfecta
• Parkinson’s Disease
• Antibiotics
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Science: National Center for Atmospheric Research

Weather Research and Forecast (WRF) model

4000+ registered users worldwide

20% speedup with 1% of WRF on CUDA

Saves 1 week analysis time



23

Finance: Real-time Options Valuation

Hanweck Associates Volera real-time option valuation engine

Value the entire U.S. listed options market in real-time using 3 NVIDIA Tesla S870’s

GPUs CPUs Savings

Processors 12 600

Rack Space 6U 54U 9x

Hardware Cost $42,000 $262,000 6x

Annual Cost $140,000 $1,200,000 9x

Figures assume:

• NVIDIA Tesla S870s with one 8-core host server per unit

• CPUs are 8-core blade servers; 10 blades per 7U

• $1,800/U/month rack and power charges

• 5-year depreciation
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Design: CAD Design For Apparel Cloth Physics
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GIS Application

From the Manifold 8 feature list:
… applications fitting CUDA capabilities that might have taken tens of seconds or 
even minutes can be accomplished in hundredths of seconds. … CUDA will
clearly emerge to be the future of almost all GIS computing

From the user manual:
"NVIDIA CUDA … could well be the
most revolutionary thing to happen in
computing since the invention of the
microprocessor
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nbody Astrophysics

http://progrape.jp/c

Astrophysics research

1 GF on standard PC

300+ GF on GeForce 8800GTX

Faster than GRAPE-6Af custom simulation computer

Video demo
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OmegaSim GX - Spice Simulation with CUDA

• 40x Speedup for transistor evaluation

• Up to 90% of SPICE execution time spent 
in transistor evaluation

• Avg. 8x overall speedup
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Gauda Optical Proximity Correction (OPC)
200x Faster and Lower Cost

Time

Time-to-Money

100%

60%

Time-to
Market

Delay

(3mo.)

CPU

FPGA

$100K $1 M $10 M

Cost

hours

days

$

1000’s

CPUs

10’s
GPUs

R
e
v
e
n

u
e

Typical 1 Yr Life-Cycle
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EvolvedMachines

Simulate the brain circuit 

Sensory computing: vision, olfactory

130X Speed up

EvolvedMachines
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18X with MATLAB CPU+GPU

Pseudo-spectral simulation of 2D Isotropic turbulence

Matlab: Language of Science

http://www.amath.washington.edu/courses/571-winter-2006/matlab/FS_2Dturb.m

http://developer.nvidia.com/object/matlab_cuda.html
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Faster is not “just Faster”

2-3X faster is “just faster”

Do a little more, wait a little less

Doesn’t change how you work

5-10x faster is “significant”

Worth upgrading

Worth re-writing (parts of) the application

100x+ faster is “fundamentally different”

Worth considering a new platform

Worth re-architecting the application

Makes new applications possible

Drives “time to discovery” and creates fundamental changes in Science
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Tesla T10: 1.4 Billion Transistors

Thread Processor 
Cluster (TPC)

Thread Processor

Thread Processor
Array (TPA)

Die Photo
of Tesla T10
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Double the Performance Double the Memory

1.5 Gigabytes
4 Gigabytes

Tesla 8 Tesla 10

500 Gigaflops

1 Teraflop

Double the Precision

Finance Science Design

Tesla 8 Tesla 10

Tesla 10-Series
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Tesla T10 Double Precision Floating Point 
Precision IEEE 754

Rounding modes for FADD and FMUL All 4 IEEE, round to nearest, zero, inf, -inf

Denormal handling Full speed

NaN support Yes

Overflow and Infinity support Yes

Flags No

FMA Yes

Square root  Software with low-latency FMA-based convergence

Division  Software with low-latency FMA-based convergence

Reciprocal estimate accuracy 24 bit

Reciprocal sqrt estimate accuracy 23 bit

log2(x) and 2^x estimates accuracy 23 bit
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T10P

G80

DNA Sequence Alignment DNA Sequence Alignment Dynamics of Black holesDynamics of Black holes

G80

T10P

CholeskyCholesky FactorizationFactorization LB Flow LightingLB Flow Lighting Ray TracingRay Tracing

Reverse Time MigrationReverse Time Migration

Double the Performance Using T10

Video ApplicationVideo Application
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How to Get to 100X?

8 cores per server

Traditional Data Center Cluster

1000’s of cores
1000’s of servers

More Servers To Get More Performance

Quad-core
CPU
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Linear Scaling with Multiple GPUs

X86 CPU NVIDIA GPU

Oil and Gas Computing: Reverse Time Migration 

Hand Optimized SSE Versus CUDA
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10,000’s processors per cluster

1928 processors 1928 processors

Heterogeneous Computing Cluster

Hess

NCSA / UIUC

JFCOM

SAIC

University of North Carolina

Max Plank Institute

Rice University

University of Maryland

GusGus

Eotvas University

University of Wuppertal

IPE/Chinese Academy of Sciences

Cell phone manufacturers
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Building a 100TF datacenter

CPU 1U Server Tesla 1U System

10x lower cost

21x lower power

4 CPU cores

0.07 Teraflop

$ 2000

400 W

1429 CPU servers

$ 3.1 M

571 KW

4 GPUs: 960 cores

4 Teraflops

$ 8000

700 W

25 CPU servers
25 Tesla systems

$ 0.31 M

27 KW
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Tesla S1070 1U System

4 Teraflops1

700 watts2

1 single precision
2 typical power
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Tesla C1060 Computing Processor

957 Gigaflops1

160 watts2

1 single precision
2 typical power
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What’s Next for CUDA 

FortranFortran Multiple GPUsMultiple GPUs

GPU ClusterGPU ClusterDebuggerDebugger ProfilerProfiler

C++C++
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Libraries

cuFFT cuBLAS cuDPP

CUDA Compiler

C Fortran

CUDA Tools

Debugger   Profiler

System

PCI-E Switch1U

Application Software
Industry Standard C Language

4 cores

Multi-core
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Compiling CUDA

Target code

VirtualVirtual

PhysicalPhysical

NVCC CPU Code

PTX Code

PTX to Target

Compiler

G80 … GTX

C CUDA

Application
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Industry Standard Libraries

CUDA Compiler

C Fortran

Standard

Debugger   Profiler

CUDA Source Code
Industry Standard C Language

Multi-core
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CUDA 2.0: Many-core + Multi-core support

C CUDA Application

Multi-core

CPU C code

Multi-core

gcc and

MSVC

Many-core

PTX code

PTX to Target
Compiler

Many-core

NVCC
--multicore

NVCC



CUDA Everywhere!
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Questions?


