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Base MAT class for GPU memory with reference counting. More..

Public Member Functions

Matrix (size_t rows, size_t cols, int device=0)
Matrix (const Matrix &other)

size_t getRows () const noexcept

size_t getCols () const noexcept

size_t getSize () const noexcept

float * getData () const noexcept

float getRolColData (size_t row, size_t col) const
__device__ __host__float & operator() (size_t row, size_t col)

template<typename T >
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Matrix(size_t rows, size t cols, int device = @)
: rows(rows), cols(cols), device(device) {

std: :cout "hi from Matrix constructor";

checkRowsCols(rows,cols);

int deviceCount;
cudaGetDeviceCount (&deviceCount);
(device deviceCount){
std::cerr "Invalid device num”;

}

cudaSetDevice(device);

ref_count int(l);

(*ref_count==1) {
std: :cout “\n Manage Memory for Matrix! \n";
cudaMallocManaged(&data, rows * cols 1))

parent_matrix nullptr;
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2 @brief

1 void deepCopy( T *src_data, size_t size) {
cudaMalloc((T**)&src_data, size a9 );
cudaMemcpy(data, src_data, size (T), cudaMemcpyDeviceToDevice);

}

@brief

void deepCopy( T *src_data, size_t size, int device) {
cudaSetDevice(device);
cudaMalloc((T**)&src_data, size (m));
cudaMemcpy(data, src_data, size (T), cudaMemcpyDeviceToDevice);

}
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2  @brief
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void upload(I* device_data) {
cudaSetDevice(device);
cudaMalloc((void**)&device_data, rows cols (T));
cudaMemcpy(device_data, data, rows cols (T), cudaMemcpyHostToDevice);
(data nullptr ref_count 0) {
cudaFree(data);
}

data - device_data;

6 @brief
@param
8 (@public

T* download() {
T host_data T[rows cols];
cudaMemcpy (host_data, data, rows
host_data;

cols (T), cudaMemcpyDeviceToHost);
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5,

GPUDirectizEARYE1H

e cpPU

2. NICs transfer data

| L

: I |
! Buffer 1 | CPU : ! I CPU I ‘ Buffer 2 ‘ !
! (! |
| I 1
I I I
I b I
I Iy |
I b I
| } | :
! |

! NIC Network NIC :
! (RDMA Engine) | : (RDMA Engine) i
| N |

! I |
I : Srec Addre HostA | }\ :
P ! {l—> (3) RDMA |
i : Dst Address HostB | B i
[ I b 1. CPUs program NICs I
I Length 1 } | :
| ¥ !
‘ ! } |

3. NICs notify CPUs wirerr dorne

R e e R e e e ey

TEM 28 A4, ARG TCP/IP BURTER I B AL B fR b, A B R G LM E, S
FIR R AR 55 48 BRI M N A7 B2l 08, B AE RGENAF AL BE A5 G2 17 0 Y 25 2] f8 G2 A7 2 [R)R [m] AT B2
HR 5, LHR55 AR CPU FIA IR 1 PIE f148

RDMA 52 —Flg (0 B A AF UG R, b THSENLAT DA EA RO AR TSI A7, T AR 22t b
PRI B, ASXF AT RGUE AR TR .



TESEHL E, RDMA SEFR b2 —F W R 5 8 R4 78 70 AR AL (28 g PN A7 B B2 st vy i B, 1l ik
RDMA B iSCE 46 T B A4 (BRI X =) L, BL S SCHF Zero-copy 1 Kernel bypass 1% R g 1% >Rk 21 H & 14 B 1Y)
TR B BUE A B H bR, 8 ROMA [ 340 T .

T D (Zero-copy) - B FFRT REM8 ELIEPAT B L5, 1EA D R BN 8 AR IS DL N o di g
Wi BB R % B G b X B B BB G h X LRI, AN T B4 R 2 2% )2

P A% 5% B (Kernel bypass) - N FH A2 /5 1] LA ELEEAE FH P AT Bl AL 50, AR ELENZESRHAESZ
LETE O ol " 7

AT E CPU T (No CPU involvement) - I FH 25 AT LA ) z8 72 32 AL P4 A7 171 AS 74 #8328 B AL AR 14T
fif CPU. 2 FHL N AEREWE B BT AN 75 B E L B R (B cPu)Z 5. @R N CPU IZE1F
(cache) N2 17 1] 1) N A7 N R FIT I 78

T B T2 55 (Message based transactions) - £4f # A BE A S BOHE S A &R, WEE TN HEFE
N2 SR NEMERSYE: = il

Y FFO L S A 4% H (Scatter/gather entries support) - RDOMA JEA S FF 0/ R & a2, #EE
ZNWAAEMX R EE N — DR R BB E BN — MR G SANBIZ AN X B2,

FE L) ROMA AR H, AT LRI A KRS . — N 1B HiAR, 55— AN 3 HF ROMA LR ML
A (RoCE 1 iWARP).

NVIDIA —F : XAETHIFH ! T2 T GPUDirect RDMA. ¥4 1B H A&k, FszPl T GPU [alfH
S =

GPUDirectiZ AR pYiEH

2011 GPUDirect
p2p

] :
| [ L __FERE__

i M- 4
ﬂ 2 B

|

Transmit

InfiniBand infiniBand s
GPUDirect RDMA y
[ Memory J / 12

12 https://zhuanlan.zhihu.com/p/55142557
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TEPG AN RHEEAA 2 ] B GPUDirect RDMA JB{SH, M PClExpress WA NIMENRE, gyt
HEAAFEIM . FE8 L, BAR HHSEHEIR(EH CcPU 1 MMU fE N NAZBLE 1/0 (MMIO)  HiuhEB i 3]
F P B A AZ L A5 18], (U, BT 4R R GE R AL SRS 2 (A28 MMIO [X 45K,
I NVIDIA PAZERENFE P2 5 H pR A DA T 400 B2 1) i il 2 o R e B 22

AR, AN TSR 9 GPU-GPU ) P2P IBFR, NVIDIA [t ot s o
#iM%H T GPUDIrect P2P. GPUDirect P2P RS H A HHE M gpy ™"

S B [E] 3 S S A GPU, ANHE BB B I N A 2 L forsin i}
WAEH . R GPU JEREFIF— PCle 4%, GPUDIrect P2P 72 e
PRI AN N AE, TER CPU 35,

AT T HET P2P (S —> changeGPU BRA%L, ‘& ] LK JR

ATRAE GPUO R FEE 2 5] GPUL %

RDMA application/ULP

Software

Typically hardware

void changeGPU(int device_num) {

T* deviceDestMatrix;
cudaSetDevice(device_num);
cudaMalloc(2deviceDestMatrix, rows cols

cudaSetDevice(device);

cudaMemcpyPeer (deviceDestMatrix, device_num, data, device, rows cols

cudaSetDevice(device num);
cudaFree(deviceDestMatrix);

X Bl A% O PR R /& CudaMemcpyPeer, 4 GPU device E#E+% U1 3] GPU device_num .
T bR ], XTI Direct HiAR A 4H ik BB 21X B . {HJ& https://zhuanlan.zhihu.com/p/430101220
PN AETHEFEREE .

GPUDirectHARRICIRMATS

® BAR® — MRIESGPURE
CPUEE#BIthhE

WERETSIE
[Hva]
= CPUYIERTE / struct page
VFN | PFN /W/ struct page
i VAN PPN g | Struct page
VEN | PEN e /
I~ mERE
OEMPTERTE |
@pin page
(ERUBRETIE
[ mEssScruEmmRESNTCPUMNE LRI Third Party Device ﬁpumrm ROWA Rl

FENINIFEE T, PCle3.0*16 HUXLEH 56 AL 32GB/s, 4l ZREdE AW K, PCle 171 T8 ik 2
AT TR, 2BERARGI . NRTHE GPU XM FEEMERE, K GPU [T H AL, NVIDIA
T 2016 FRAG T A AHMIN) NVLink. NVLink A& —FPEid @7 o6 (W B IERR, HTFiE#£Z ) GPU 2
MaiEEd: GPU SHAMEA (1 cPU. WA ZIEMIEMS . NVLink $R4LT BEM ST fiEs:, Bf

13 https://docs.nvidia.com/cuda/gpudirect-rdma/index.html#thow-gpudirect-rdma-works
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FLAE L) PCle e 24 B iy 1) A% i i B2 FH SR AR A e iR .

NVLink ZFFZFERICE, B 2. 4. 6 5k 8 M@, 7 DURHE T T RIGHECE MY .
ZAEFS NVLink &H T AR R RGHE .

{2, KA 8 MMEIEIL & KD T o NVIDIA 7 2018 -3 KA T NVSwitch, SZHL T NVLink [J4mi&E#z.
NVIDIA NVSwitch J2& T sk 11 sUAC eS8, W SCRFELAN RS 48 9 b 16 M EHEK GPU, FHrlfii4xi 8
A GPU X453k 300GB/s [ i [F] I HEATIEAS .

———

S
e

N

— =t = ————— — — - ===
NVSwitch NVSwitch NVSwitch NVSwitch NVSwitch NVSwitch
] T
[HTH DT i
NVSwitch NVSwitch NVSwitch NVSwitch NVSwitch NVSwitch
< — = o [ = > =
— S = =

—

R, BATZRSAA LT, ERBEATTUER], BEBARKARIE, 508 K v R
RIS FRITR R, A THESD & B S

5. RAUKH & HH

FATAE BRI 707 {8, £ CPU _E I C+ ] T2 28 (R, B R RESCRF A1 SRR (int + int, float+float)
SR, ALRFEAKR, RIEFITHER GPU t R GEHEATIXM#ER(E.

TATIZ BB A LR BOEATIAL, AT AE Projects . X#E, Projectd HIFERESE W] LI/EN
Project5 IR, AF& A7 &

template <typename 1>

void matrixAddKernel(I *a, I *b, T *result, size t rows, size t cols) {
size t idx = blockIdx.x * blockDim.x + threadIdx.x;
size_t stride - blockDim.x * gridDim.x;

(size t i idx; i rows cols; i stride) {
result[i] al[i] bBlil;

template <typename 1>

void matrixSubtractKernel(T *a, I *b, T *result, size t rows, size_t cols) {
size t idx = blockIdx.x * blockDim.x + threadIdx.x;
size_t stride = blockDim.x * gridDim.x;

(size_t i = idx; 1 < rows * cols; i stride) {
result[i] ali] b[i];




template <typename T>

void matrixMulKernel(T *a, T *b, T *result, size t aRows, size t aCols, size t bCols) {
size t row blockIdx.y blockDim.y + threadIdx.y;
size t col blockIdx.x blockDim.x + threadIdx.x;

(row < aRows col < bCols) {
T sum 0;

(size_t k = ©; k < aCols; k) {

sum alrow * aCols k] b[k * bCols col];
}

result[row * bCols + col] sum;

FANRAL T 2N R L D LU S

1 template <typename T>
) void LUDecomposition(T *A, int n) {
int tid = threadIdx.x blockIdx.x blockDim.x;

(int k = 0; k < n - 1; k++) {
(tid k +1 tid < n) {
A[tid “ n k] A[k “ n k];
(int i k 1; 1 n; i++) {
(tid i tid < n) {
A[tid * n + i] Al tid

}
__syncthreads();

6. EHEHF
R T+ *, -, =, (VFBES. EEIEMRIET, BATHEY T —ASEER

a0
&

Matrix e Matrix& other) {
(cols other.rows) {
std::cerr "Matrix dimensions do not match for multiplication!\n";
Matrix(e, @, false);

}

Matrix result(rows, other.cols);

dim3 blockDim(32, 32);
dim3 gridDim((result.getCols() blockDim.x - 1) blockDim.x, (result.getRows() blockDim.y - 1)
matrixMulKernel<<<gridDim, blockDim
(data, other.data, result.data, rows, cols, other.cols);
cudaDeviceSynchronize();

blockDim.y);




FE B, IR BATBEAT AT copy MU, FRATIFEFER S CBEE B B hl . HEEES
THIRIEREUS, BATWHERE R G684 18 result FREA 6 B WIS LI, & RSB AR 4R £ 1%
BB LR Matrix, A2 R R .

Matrix *( Matrix& other) {
(cols other.rows) {
std: :cerr "Matrix dimensions do not match
Matrix(e, @, false);
}

Matrix result(rows, other.cols);

Matrix<float> E
Matrix<float> D

dim3 blockDim(32, 32);
dim3 gridDim((result.getCols() blockDim.x - 1)
matrixMulKernel<<<gridDim, blockDim

(data, other.data, result.data, rows, co

@brief
@param

Matrix( Matrix& other) : rows(other.rows), cols(other.cols), data(other.data) {
std::cout<< "Hi from copy constructor\n”;
device - other.device;
ref_count (other.ref_count);
(“ref_count) 113

¥

FATH Matrix LI T #5 DU i pR BOMBUEIZ ST B3, IR B result X R S IERILEE DIE] C
T EER R

Matrix =( Matrix& other) {
(this other) {
(*ref_count)--;
(data nullptr ref_count==0) {
cudaFree(data);
free(ref_count);

}

std: :cout "Hi from =\n";
rows other.rows;

cols other.cols;

data = other.data;

ref_count other.ref_count;
(*ref_count)++;

thiss

6. ROI

[l BIFATH Bt Bl b, BB, BATH ROV HGE 73— NHEREI T AERE, B0E UiBAT T2 X R — i 2L
AR FRE AL BRI IHERE . AT 1L 2 — 3 ref_count Fl data, ARATTIFEELE A [R— A J5 [l A de . (H
AT



A

ref_count

A

CPU
Memory

*count_ptr

parent_matrix

Matrix Son/ROI

row

col

*data_ptr

_—

GPU
Memory

ROI 2B B — AR, Wi M ATE 24> ROLI, FAINAZLMRFEFRE N “SHR7 , RiFERAT

*count_
tr

Matrix Father

*data_ptr

data @

(R X o X2 AR AR AR T i 1

ref_count

ref_count

ef_count

parent_matrix

parent_matrix

parent_matrix

data data data
m1 / \ sub_m1 ) \_ sub_sub_m1 J

It is unacceptable because sub_sub_m1[i][j]=sub_sub_ml.datali * sub_sub_ml-
>parent_matrix->ncols + jl=sub_sub_ml.datali * sub_ml.ncols + j] and it is

wrong.

NBEBATB 1 — AT RAARFE R (AR

Matrix* par other;

(par->parent_matrix
par par->parent_matrix;

parent_matrix par;




void setROIas(size t startRow, size t startCol,size t numRows,size_t numCols, Matrix& other) {
(data nullptr ref_count--0) {

cudaFree(data);
free(ref_count);

Matrix* par other;

(par->parent_matrix nullptr) {
par par->parent_matrix;

parent_matrix par;

(parent_matrix nullptr) {
std::logic_error("Cannot set ROI on a non-parent matrix");

(startRow + numRows > parent_matrix->getRows() startCol + numCols > parent_matrix->getCols()) {
std::out_of range("ROI out of bounds of parent matrix");

ik
(parent_matrix->ref_count) 15
ref_count parent_matrix->ref_count;
size t offset startRow * parent_matrix->getCols() startCol;

data parent_matrix->getData() offset;

numRows ;
numCols;

ZHE, FATE ROI AT LAAERf E A7 2 BATRAEZ I L T .

ref_count

parent_matrix

data

m1

ref_count /( ref_count’ B r ref_count \\

parent_matrix \parenl_mamx parent_matrix

) data data data

\_ sub_sub_mi J

sub_sub_m1 )/




S AN TP AR AR TR I o R FRATT AR S ROI, S BRATT At SREAE T TS0 P IR %3 52 B 811
data*, ARFATR BT T ROV AIEHE, BN HE R A B8 SO AT RO
XFit, FATATCAHI, WERBATHIE A ROL, FRA T SESCHE R e (1 Kot X 5, gl 2 4= 8 14

K X Hk

CPU
Memory

GPU
Memory

ref count E
= ref_count
fRarrent A'\k Son A
( parent - (Fm
™ d
ata data %

ROI data \
Matrix data E

X

R E T

~Matrix() {
(ref_count) 15

(*(ref_count) (%] data nullptr) {

(parent_matrix nullptr){
cudaError_t cudaStatus cudaFree(data);
(cudaStatus cudaSuccess) {
std::cerr "CUDA Free Error: " cudaGetErrorString(cudaStatus)
}
free(ref_count);
ref_count nullptr;
{
cudaError_t cudaStatus cudaFree(parent_matrix->data);
(cudaStatus cudaSuccess) {
std::cerr "CUDA Free Error: " cudaGetErrorString(cudaStatus)
}
free(ref_count);
ref_count nullptr;




Part 4: &M
FATE Main.cu ST FEREZR AT 7 IR D320 el FH P 0k A s B 0 4ak

1.7 F IR

ZRRY
W3 T unsigned char, short, int, float, double, e[ . [FIR, BA HB A MR & KRB .

e .
512211612@1ab91 ~/Pr0ject/Pinjeft4/F;nal$ nvcc main.cu -o Main
$12211612@lab@l:~/Project/Project4/final$ ./Main
hi from Matrix constructor

Manage Memory for Matrix!

hi from Matrix constructor

Manage Memory for Matrix!
Hi from copy constructor

hi from Matrix constructor

Manage Memory for Matrix!
Hi from copy constructor

END OF CREATING TEST

hi from Matrix constructor

Manage Memory for Matrix!

hi from Matrix constructor

Manage Memory for Matrix!

Print TEST

Matrix A:

Matrix A END

hi from Matrix constructor

Manage Memory for Matrix!

Hi from copy constructor

Hi from =

Matrix A * B: finish
time=0.000229
end of mainS12211612@label:~/Project/Project4/final$ I

ZitH
Float, double, int, unsigned char, short. ¥JA[1+5 . ANk AS[F G 2R otk 4T 5

"Print TEST \n Matrix A:\n";

std::cout "Matrix A END\n";
Matrix<uchar> N(3,3,3);
Matrix<short> L(3,3,3);

Matrix<uchar> P(3,3,3);

Matrix<uchar> N2(3,3,3);

Matrix<uchar> X = N + N2;

EZN
WL, FERF B #HEF] T GPUL E, 57E GPUO MAERE A BEATIZ S . A, A*B HTHRERTE



A LS. FEFEFZR*EN A KIS HATER.

______________________ +
Volatile Uncorr. ECC |
GPU-Util Compute M. |

Persistence-M
Pwr:Usage/Cap

RTX 2080 Ti
193W /  256eW

00000000:04:00.0 Off

542MiB / 11264MiB Default

RTX 2080 Ti 00000000:6B:00.0 Off

158MiB / 11264MiB Default

RTX 2080 Ti 00000000:13:00.0 Off

4MiB / 11264MiB Default

RTX 20680 Ti 00000000:1B:00.0 Off

4MiB / 11264MiB Default

+
|
|
I
-
|
I
I
-
|
|
[
-
|
|
I
.
|
|
I
-

—— ——— Y ———  ——— ——— 4

GPU Memory

N/A 697888 . i 154MiB
N/A 697888 4 i 154MiB

p12211612@1ab01:~/Project/Project4ds$ I

258 R
FEA PR, A I Project3 HH A 2 W [R] 7 I $2 1 1 [ 5 A B [ . ZRTTT, BOR IR TF
BABERXA W, BRI G, FREIRIEH R S misgin 1. FAJynT RE 0 IR B 2 e Ho
P i) B oy i vl L
2. THBRAVE 2.3.3.1 CUDAUKAGRAIRE, MBREST threadidx.x 7l threadidx.y , {8
SRR,
REEN—FRMSNNS: NRESEFEH), REATERUET.

//origin(slow)

size_t x = threadIdx.x + blockDim.x * blockIdx.
size_t y = threadIdx.y + blockDim.y * blockIdx.
//swap(fast)

size_t x = threadIdx.y + blockDim.x * blockIdx.
size_t y = threadIdx.x + blockDim.y * blockIdx.

< X

< X%

GPU i [E3feyktH A 7E 1000 I J5#F &2 0.05 #0, 7EF+75 % 8000 J5kE T 0.8s. v, XHZH[FEB
FIEEE A FEREIR) GPU f248 Sig BRI RUCR . B AAN JE [) 27 1 ik 45 52 o i plain — 3.

Part 5: R4

FEAIK Project HEATHIME 7 —4> GPU JEFESE, sKBL ¥ 2HdERmA, J8HATER, RO, WAFEH,
¥ GPU Iz HAEHAE, A T HEANRAW TS GPU CUDA 2 T /#E, XF C/C++IFIReE T Ak 58 R %1
IE
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I 18] LR, BT DABRARAE— iRt R -

fffs: ARHG

N T B IEFRLE Project FALRY cu SXAFTGVE BAL, RIACEMAISELE TIXHE, 498, WAl
Laihb1106205841/GpuMat. github. io: A matrix class for GPU on SUSTech 2024Sprin
g C/Ct+ Projectd e bFALXT NS

MATRIX_H
MATRIX_H

=l el U 2

<iostream>

<vector>

class Matrix {

private:

ize_t rows;
ize_t cols;

size_t* ref_count;

std: :vector<std: :vector<float data;

Matrix(size_t rows, size_t cols) : rows(rows), cols(cols) {
<EY std: :vector<std: :vector<float>>(rows, std::vector<float>(cols, 0.0f));

ref_count size t(1);

std::cout "HI from cons\n";

Matrix( Matrix& other) : rows(other.rows), cols(other.cols), data(other.data), ref_count(other.ref_count) {
(“ref_count)++;

std::cout "HI from copy\n";
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https://zhuanlan.zhihu.com/p/596039345
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~Matrix() {

(“ref_count)--;

(“ref_count 0) {

data;

ref_count;

:cout "Delete!\n";

std::cout "De\n";

Matrix& operator=( Matrix& other) {

(this other) {

(“ref_count)--;

(“ref_count o) {

data;

ref_count;

other.rows;

cols other.cols;

data other.data;

ref_count = other.ref_count;

(“ref_count)++;

Matrix operator*( Matrix& other) {

(cols other.rows) {

"Error: Matrix dimensions are incompatible for multiplication.”

Matrix(0, ©);

Matrix result(rows, other.cols);

(size_t i 0; 1 rows; i) {

(size_t j =0; j other.cols; ) {

(size_t k = @; k < cols; k) {

result.data->at(i).at(j) data->at(i).at(k) * other.data->at(k).at(j);

result;

void print() {

(size_t i = @; 1 < rows; i) {

std




(size_t j =0; j cols; 3) {

std::cout data->at(i).at(3)

}

std: :cout std::endl;

int main() {

Matrix A(2, 3);

(*A.data)

Matrix B(3, 2);

(*B.data)

{11, 12}};

std::cout "Matrix A:" std::endl;

A.print();

std::cout "\nMatrix B:" std::endl;

B.print();

Matrix C

Matrix D

std::cout "\nMatrix C (Result of A * B):" std::endl;

C.print();

A PR S

D A OSBRI AR . IRAEINT malloc PRAECSEIFEEE 5HLE] — %1 (zhihu. com)
i CUDA ZmFE N\ 1 MbFE Device SBAFEFI =" CUDA API cuda f5MFLE api—CSDN [H%
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