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Compilation and Linking

Any source file containing CUDA language
extensions must be compiled withgﬂa%ﬂ

NVCC is a compiler driver

—  Works by invoking all the necessary tools and compilers ke
cudace, g+, cl, .

Any executable with CUDA code requires two
ynamic libraries:

* The CUDA runtime library {cudact)
* The CUDA core library (coda)

Setup CUDA

Compute Unified Device Architecture
+ Chack hardwane compatibility: bt Sesesmvidia.comiobiectioada_gpus. himl
= Dwiver, Tookit (3.2) and SDK hip:www.midi. comiobjectiouda_gathiml
* Toolkn inchedes:
»  Compilor

*  Dervelopment ook
»  Libranos for =ciontiic compuiation (CUBLAS, OUFFT, CUSPARSE, CUAMMD, aic.)

= l=er guides and documants

Setup CUDA in Visual Studio

Use pre-defined build rules (simpler)
=  reokas meoo on ha fle and forwands the 5T oplions o ol.ans.

or Write compilation command manually

Modified from existing project
or Usa CUDA Visual Studic Wizard

safup Visual Studio syntax highlighting ({inside CUDA SDK)




Debugging Using the

Device Emulation Mode Pitfalls

Device Emulation Mode (Before CUDA 2.3)

An executable compiled in device emulation mode (nvee —
deviceem) runs completely on the host using the CUDA
runtime

* Mo nead of any device and CUDA driver

* Each device thread is emulated with a host thread
Running in device emulation mode, one can:

* Use host native debug support (breakpoints, inspection, eic.}
= Access any device-speciiic data from host code and vice-wersa
* Gall any host function from device code (e.g. print£) and vice-
Versa
*  Detect deadock situations caused by improper usage of
syncthraads

(Before CUDA 2.3)

Emulated device threads execute saquentially, so
simultaneous accesses of the same memaory location by

multiple threads could produce different results.

Dereferancing device pointers on the host or host pointers on
the device can produce corract results in device emulation
mode, but will generate an error in device execution moda

New Debugging Tools

(After CUDA 2.3)

Parallel N=ight (Windows 7 and Vista)
+ Visual Studio Based GPU Development Environment
httpfideseloper_mvidia. comiobject/nsight. html
+ Debug CUDA GiC++ source code directly on the GPLU
* Use the familiar Visual Studio Locaks, Watches, Memory and
Breakpoints windows
* |ntegrated analysis tool o isolate performance botilenack
+ Require 2 GPUs

CUDA-gdb for Linux e D

Visual Profiler
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A graphical profiling tool 1o measure and benchmark performance
tracks events with hardware counters on signals in the chip
Fina Tuning Performance by watching the following metric




Other Tools

CUDA Libraries

CUDA-MemCheck {Linux)
out-of-bound and misaligned accesses

CUDA occupancy calculator
A spreadsheets calculating multiprocessor occupancy of a

GPU (the ratio of active warps to the maximum number of
warps supported)

CUBLAS Example

CUBLAS {BLAS = Basic Linear Algebra Subprograms)
lewell {scalar, wector, vecior-vecior)
levelZ {matrc-wector) , leveld (matix-matnx)

vold ebleeSeymrjchesr oplc, sl =, [losl siphs, consil [losl #&, Enk lds, —oonel
Ilcal *z, Isfi incx, [loal bedm, (lcal *y, isd incy]

perlormn Lhe mlriz-vocloe oprealion sirer 2lpghy ard beia are ciagie-procicioa s=alaee, ard
r o y oare eclomenl cirgle-precicion wedore. & e 3 cpaaeliric s=n mlrix Lhal conelcle
ol zirgle-precicioa olsarmles ard Qe clorrd in oillhee apeer o Toerer cloracpe mxke

CUFFT

= Samilar “plan” configuration as in FFTW

+ 1d, 2d, 3d transforms of complex and real data
* Batched execution of multiple 10 transform

+ Baoth in-place and owil-of-place transforms

CUDA Libraries (3™ party)

Compute a vector's L2 norm M tm gl 2l =0 22
+ Single precision
flast cublaaSnrm? {ink m, conat £loat "x, ink imcx)
+ [Double precision

doukles cublaalmred (ingk n, conaxt doubkls "x, ink incx)
rublaaImik{};

—== inihalize Nbrary

Eleat "k _A;
h oA ifloat " mallocin * =i Eib_n[3Mn0; -
o mald loci{n M1 EED =="Iniialze veclor
rublaafil locin, =t=act|d _A&[0]F, (w=ad =jied_Aj; _-I:I.__EI:Iil_I—.EIIEIE-
T

rublasSatVectorin, zixzacth_A[0]), h A, 1, d_ &, 1};
fEloat normirasult=cublaaSnemd [0, conaxt flaak "=, I:;——_!mmml
rublasFreaid A); Ecesh_A&);

cublaaShubdown i } ; _;i \'I'I'-EIP-I.I]-

MAGMA (porting from LAPACK to GPU+multicore
architecturas)

CULA (3™ party implementation of LAPACK)
PyCUDA (CUDA via Python)

Thrust (C++ template for CUDA, open source)
Jasper for DWT (Discrete wavelat transform)
OpenViDIA for computer vision

CUDPP for radix sort




