Today's Agenda: Cuda Programming Model and GPUs
Recap of last time: thread hierarchy

SIMD execution & how branching logic is executed

Cuda memory model

How Cuda threads are run & GPU scheduling

Intro to project and some of the kernels you will be implementing:
e Matrix Multiply

¢ 1-d convolution

Thread Hierarchy Recap

const int Nx = 12;

e When you launch a cuda kernel, you const int Ny = 6;
specify two template parameters:

// dim variable can be up to 3d, has .x, .y, and .z attributes

° numB'l_ocks - the number oftotal // shape inside of a thread block
dim3 threadsPerBlock(4, 3);
thread blocks to launch // shape of entire grid (here —— 3 by 2)

dim3 numBlocks (Nx/threadsPerBlock.x, Ny/threadsPerBlock.y);

° threadsperBIOCK _Wlthln a // A,B,C are allocated Nx x Ny float arrays

block, the number of threads
// this call launches 72 CUDA threads:

// 6 thread blocks of 12 threads each

e Each of these are up to 3d (Code matrixAdd<<<numBlocks, threadsPerBlock>>>(A,B,C);
snippet shows 8d example) n
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Launching Cuda Threads & Clear Separation of Host and Device Code
Serial execution: host code runs as a part of a normal C/C++ application on a CPU

1 const int Nx = 12;

i B S G Bulk launch of many CUDA

4 // shape inside thread block threads: “launch a grid of

/" snage ot entire aridl — here 30 CUDA thread blocks”; call
o melocisrermreadt oS &(c ecial returns when all threads are
12 . Ny/threadsPerBlock.y 3 termlnated
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12 // assume A,B,C are allocated Nx x Ny float arrays
13 // we will go over allocation later

15 // this call launches 72 cuda threads
160// 6 _thread blocks of 12 threads each
17 matrixAdd<<<numBlocks,ThreadsPerBlock(A,B,C)(_

21.// kernel definition

X a CULDA
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28 j = /*TODO*/;

- int j overa\‘ ((d ld

30 // kernel here performs addit one output cell of matr
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Kernel executed in parallel on multiple CUDA cores
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How does conditional execution work?

34 // conditional kernel definition
35 global__ void f(float AIN]) remembel:

36 { SIMD = .:nng\e
37 int i = /*TODO*/; . e
38 float x = A[il; d ms*’ﬂ.{f-‘\t‘daﬂ q:;‘;‘#
39 if (x > 0) { 0t > wnside bl
40 X = 2.0f * x; ey can W
41 } else { AL\AS n Pd'a.\\c\ ‘t’D
42
43 } eygecute SAME
44 INS4ru ckion.(example
- below has § AcUs)
- Credits: https://ml rse. li -CUDA- mming.pdf
| |
|OEA: sTuL L(e ube SMD but mask ouf /c)lsca@
> afte €O bU,
outpul of 840’\6 P\L%S) // detdans
5 - mc%u\\ pect:
ALU1T ALU2 ... ... ALUZ ’.Jo& each
+wme SHIAP
not al\
ALUs OJ"JE
omg

usetu| work

- WOCsY iR

£ 2=\t

AARIRY

\/3

peakr

PecPCk o ONCe




1S

is

cal\eéL

\

5. diergeat

cohefence
execution” execut ion'f
b !
same NS. - lacr of

sequen e dn cConetreace
ail Oata executien
clemen

s (MOsT - losing  out
%Fﬂ‘:\‘evﬁ use 004 some Of oeqk

GP

Us)

£5 ‘s\ncnub Ye ‘mxm\m?ec)

Cuda Device (SIMD execution on GPU)

Device memory
address space
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Cuda Memory Model
you Con nor‘}’( allocate aad Py
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49 float *A = new float[N];

50

51 // populate host address space pointer A

52 for (int 1 = @; i < N; i++) {

53 A[i] = (float)i;

54 }

55

56 int bytes = sizeof(float) * N;

57-float* deviceA;

58 cudaMalloc(&deviceA, bytes);

59 cudaMemcpy(deviceA, A, bytes, cudaMemcpyHostToDevice);

60

61 // note: 'deviceA[i]' is a now an invalid operation in host code!
62 // only from device code can you manipulate deviceA directly




How can kernels take advantage of shared memory?

e Recall three different types of memory

available to kernels:
* Per-thread private memory (readable ﬂ s 8 a a

and writable by only this thread)

* Per-block shared memory (readable
and writeable by all threads in a

blOCk) https://docs.nvidia.com/deeplearning/
GPU HBM DRAM
* Device global memory (readable/

writable by all threads)
%line n (PUs, pcogCamnes
can't dwrectly \oad/store
\nto cacnhes

Consider 1D Convolution

input[1] | input[2] | input[3] | input[4] | input[5] | input[6] m

X1

output[0] | output[1] | output[2] | output[3]| output[4]| output[5] output[7]

oufput Lil= (ippCid + npCit 13 + nptivad) /3.6

Credits: https://gfxcourses.stanford.edu/cs149/fall23/lecture/gpucuda/slide_35




Consider 1D Convolution

65 #define THREADS_PER_BLOCK 128

66

67 __global__ void convolve(int N, float* inp, float* out)
68 {

69 float result = 0.0f;

70 // not shown: manipulate result

71 output[index] = /*TODO*/

72}

—result is thread-local
—output (aadnpur.nol sviowa) Qe Fom
glopal HBM

Credits: https://gfxcourses.stanford.edu/cs149/fall23/lecture/gpucuda/slide_35
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_each \nrcad does local worke feterencing snoed mem
65 #define THREADS_PER_BLOCK 128

66

67 __global__ void convolve(int N, float* inp, float* out)

68 { - ock

69 int index = /*TODO*/; >Sha(ea ?Q( bl

70 meano 64,

71 _ shared__ float support [THREADS_PER_BLOCK + 2]; // per—block

72 // not shown: fill in support! R & +

y irengsy; TNrEAOS Sy S 09T
__syncthreads(); . .

- f : ro &\ GUP?O‘*

76 // now compute output based on data in support

77 }

D bpertier £t all +hcecé3.\ o block!

Credits: https://gfxcourses.stanford.edu/cs149/fall23/lecture/gpucuda/slide_35
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Cuda Synchronization Primitives

e _syncthreads() - wait for all threads in a block tg arrive at some
point —>Used 19 wait uvatil shoed mem.
1S £illed @ convolve

e Atomic operations
e float atomicAdd(float *addr, float amt);
e Can happen on both global and shared memory

» Host/device synchronization

e Implicit barrier across all threads at return of kernel
Lbio cogdwate ccnedolns o€ deperdect
werels from  Wese

What happens when a Cuda kernel is compiled?

e A compiled CUDA device binary will contain:
e Program text (actual instructions)
e Info about required resources:
e # of threads per block
e Amount of local data per thread needed to be allocated per thread
e Amount of shared data needed to be allocated per thread block

e Important: kernel can be run on any GPU, no matter how many S.M.s are there
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(8000 thread-blocks)
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- |29 threads per bloclk
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Cuda thread-block assignment

* MAJOR ASSUMPTION: Special W
thread blocks can be inGPU -
launched in any order!
(So thread blocks must
not have dependencies)

“*I'> Thread block scheduler
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e GPU maps thread blocks E,'ﬁﬁ,? sozes: ::'ﬂi::":: i:'"':i
to cores using a dynamic FEEH S = R
SChedUI.mg pOlICy Shared mem Shared mem Shared mem Shared mem
respecting each thread
block’s resource
requirements (details
not important) Device global memory
(DRAM)
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Internal Look at Streaming MultiProcessor
sunp Puncrional vaiks

Voars® shore cendeel
e Recall, a streaming multiprocessor .(}()_ 09) of 32 va \ C)(/
must contain execution contexts for
each thread it is executing f\\\.i ”“‘\ / aaa PQ" C\o
e Typically, S.M. will have max # — - > é@@@@@@@@@@@@@@i
concurrent warps Warp 1 ey it Oooooooooooooook
e For 64 concurrent warps, GPU can g e Hoo000000Coooooor
maintain 64 * 32 = ~2K total cuda \ Decode || Decode | JHHD OO OOOOOO0OOOOL
threads ::)Warp execution arpielectoy o] o) o) ] o] e o ]
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* Suppose our S.M. has 96 KB of shared ig‘;s":;)) ey | [y OO0 EEEEOEEEOEEEE
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Fetch/ Fetch/
Decode || Decode “Shared” memory
Warp Selector (96 KB)
Warp 63 | L1 cache

https://mlsyscourse.org/slides/06-CUDA-programming.pdf
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Sequence of steps to run a cuda kernel (e.g., convolve)

* Example convolve kernel’s 3 O
requirement: 7 Thoed memony:
e Each thread block has 128 conte s .
CUDA threads QanZ co
e Each thread block has 512 384 A\ialy ‘

bytes of shared memory —_—

* Suppose we have 2 8_Mi
streaming multiprocessors

available '
¢ How would they execute
1000 thread-blocks?
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