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INTRODUCTION

Both programs are implemented in C++-. Source code can be
obtained from:

e https://github.com/qq1024407215/SparseMatLib

e https://github.com/poemonsense/MultiKeySort

- Used modern C++ features (templates, smart pointers, classes,

operator overloading)...
- Usefulness:

e Sparse matrices: for compressed sensing, high-dimensional data,
data forecasts and sparse graphs...

® Multi-key sort: databases (ORDER BY)
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PROBLEM DESCRIPTION
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NEEDS ANALYSIS

e Operations: addition, subtraction, multiplication
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NEEDS ANALYSIS

e Operations: addition, subtraction, multiplication
e Extra credit: inverse, transpose, linear equation system solver...

e BLAS, basic linear algebra subprograms
A specification for common linear algebra operations such as
vector addition, scalar multiplication, dot products, linear
combinations, and matrix multiplication.

Some widely used implementations: NVIDIA® cuSPARSE &
cuBLAS, OpenBLAS, Intel® Math Kernel Library (MKL) / Sparse
BLAS, etc.
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NEEDS ANALYSIS

e Operations: addition, subtraction, multiplication
e Extra credit: inverse, transpose, linear equation system solver...
e BLAS, basic linear algebra subprograms
A specification for common linear algebra operations such as

vector addition, scalar multiplication, dot products, linear
combinations, and matrix multiplication.

o Level 1 vector-vector: y<+ ax+ y

Some widely used implementations: NVIDIA® cuSPARSE &
cuBLAS, OpenBLAS, Intel® Math Kernel Library (MKL) / Sparse
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e BLAS, basic linear algebra subprograms
A specification for common linear algebra operations such as
vector addition, scalar multiplication, dot products, linear
combinations, and matrix multiplication.

o Level 1 vector-vector: y<+ ax+ y
o Level 2 vector-matrix: y + aAx+ By

Some widely used implementations: NVIDIA® cuSPARSE &
cuBLAS, OpenBLAS, Intel® Math Kernel Library (MKL) / Sparse
BLAS, etc.
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NEEDS ANALYSIS

e Operations: addition, subtraction, multiplication
e Extra credit: inverse, transpose, linear equation system solver...

e BLAS, basic linear algebra subprograms
A specification for common linear algebra operations such as
vector addition, scalar multiplication, dot products, linear
combinations, and matrix multiplication.

o Level 1 vector-vector: y<+ ax+ y
o Level 2 vector-matrix: y + aAx+ By
o Level 3 matrix-matrix: C<« c«AB+ C

Some widely used implementations: NVIDIA® cuSPARSE &
cuBLAS, OpenBLAS, Intel® Math Kernel Library (MKL) / Sparse
BLAS, etc.
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OUR IMPLEMENTATION

e Storage structures
o ArrayiD: 1-D vector

o Array2D: <vector<vector<int>>
o CrossList : row-linked, column-linked nodes
o Triplet: naive 3-tuples
o RowLinkTriMat: row-linked 3-tuples
o CSRStore: Compressed Sparse Row
e Methods
o Overloaded operators: +, X, =...
o Inversion

e Determinant (co-factor expansion) + classical adjoint
e lterative solvers: CG (conjugate gradient)
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CSR: COMPRESSED SPARSE Row

row offsets

0@@®@ o 2 3 1 3| columnindices

1V@D@® 5 3 9 6 4|values

e Entries from a row required to be consecutively located in this data
structure
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row offsets

0@@®@ o 2 3 1 3| columnindices

1V@D@® 5 3 9 6 4|values

e Entries from a row required to be consecutively located in this data
structure

e Reduced number of memory accesses
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CSR: COMPRESSED SPARSE Row

row offsets
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e Entries from a row required to be consecutively located in this data
structure

e Reduced number of memory accesses

e More vectorization-oriented optimizations
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CSR: COMPRESSED SPARSE Row

0 2 4 7 9 row offsets
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e Entries from a row required to be consecutively located in this data
structure

e Reduced number of memory accesses

e More vectorization-oriented optimizations
o CSRL [ISCAS 2014]: —FEE SpMV [EEM IR B ETENT
fEt&IC. XUFSF | % | 2014.
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CSR: COMPRESSED SPARSE Row

0 2 47 9 row offsets
0@@®@ o 2 3 1 3| columnindices

values

e Entries from a row required to be consecutively located in this data
structure

e Reduced number of memory accesses
e More vectorization-oriented optimizations
o CSRL [ISCAS 2014]: —FEE SpMV [EEM IR B ETENT
&I XUFSF | %R | 2014.

° ?C::_FSR(r) [NUDT 2016]: —MiE&EEWIHEEERFFESI. BHRE
£, 2016.
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COMMAND-LINE INTERFACE

2: C:\Windows\system32\cmd.exe [=]E [

rams >SHL "
SHL [-formats] [-options]
Formats Options Descriptions

Cla:

dot product of two arra

addition of of two arrays

array transpose: print the transpose of the uector

Class Array2d:
output the multiplication of two matrices
addition of of two matrices

subtraction of of two matrices

matrix transpose: print the transpose of the matrix
Class TripletMatrix

matrix transpose: print the transpose of the matrix
output the multiplication of two matrices

addition of of two matrice

subtraction of of two matrices

Class RouLinkTriMat:
matrix transpose: print the transpose of the matrix
output the multiplication of two matrices

addition of of two matrices

subtraction of of two matrices

Class CLMatrix

output the multiplication of two matrices
addition of of two matrices

subtraction of of two matrices

calculate the determinant of a matrix

-inu  output the inversion of a matrix

Class CSRMatrix

-mmult output the multiplication of two matrices
addition of of two matrice:
subtraction of of two matrices

[outhors: Li Xie Yuanhang, Xu Yinan -
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INVERSE OF A MATRIX

F:\Programs>SHML -clm -inv
input the row and col number of the matrix:

input the non-zero number of the matrix:
It

input the non-zero elements the matrix (in the format ‘row col val'):
1th:

Inversion result:
CLMatrix Print:
©

¢]
-2 1
: Li Xie, Zhang Yuwanhang, Xu Yinan
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A RETROSPECTIVE

o WFtHRARIEITHY ( A shared_pointer)
o KTEMER

o Git

o KIFIEEXER
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PROBLEM DESCRIPTION

BRAPGLENHTHIFRIXBFINERR | BHHRER.
#I%E1R LSD [ EHTEREFAIHEF. XSO REFHITHIFR
RAEFMRE - E—EFRRElASHRE , E—2FA "ok
M WEE" H973E | AR HRIXFFRRER.

[EARE]
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OUR IMPLEMENTATION

o {HF vector IFMERZICH |, ICRABIEURREIEFER vector 7
fig , BURSEEA [0,99]

o LV Merge Sort 5 Radix Sort BT EIEZE
e LVEE LSD &5 MSD &Mt IS v E
o MBI B SXEFHE. IEREENXRA

* A Python BET—/MEERY GUI , FELEEA. BWHEdE I
IFERBEMEFHSH
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IMPLEMENTATIONS

o LSD: MEMFARFEZTHE |, R TEF5IRHEF

o MSD: M\BIMARFEFZTAHTHER | BF#T , T—RidT
HEFRS e IR — R =B ERTEE

o JAFHERS ( Merge Sort ), BHEIEZEA O(nlog n)

o HEHEF (Radix Sort ), 3BC. WERIGIE , IMESRER
O(d(n + rd))
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DEMO

ZXREFH
R [sooo0 ]
HFLER: 01,234

radixLSD, radixMSD, mergelSD, mergeMSD

0.171, 0.218, 1.187, 0.39 ~
0.172, 0.234, 1.125, 0.39
0.187, 0.218, 1.093, 0.422 ;
0.172, 0.218, 1.109, 0.39 ® Analysis X
0.156, 0.234, 1,093, 0.39
0.187, 0.218, 1.093, 0.39
LSD Radix Sort Average Time: 0.174s
MSD Radix Sort Average Time: 0.2235
LSD Merge Sort Average Time: 1.117s
MSD Merge Sort Average Time: 0.395s
v
AL Eel i
73 By

Finished!
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RESULTS

e 10000 £KiEHE , 5 MEEFHBERT

LSD Radix Sort | 0.027s
MSD Radix Sort | 0.066s
LSD Merge Sort | 0.211s
MSD Merge Sort | 0.075s

%= AEHFEEIIARTEER

o XEFHETNMFICRE , WHESGHIFLIFHIFR
o EHGHERFH , LSD tb MSD REZiBIFRIRIEIHFEIERAT , LSD 2

AEEBHY
o |3 HEFS , LSD L MSD 18, [REIZ R THEFFRIREL | iR
D TIBIFRYIREL
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RESULTS

o ICFREEYES {2000, 5000, 10000, 12000, 15000, 18000, 20000,
25000, 30000, 50000 }

El: BHHRT R EN HE AR

— LSD —— MSD
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RESULTS

40 50

El: I3F T | R E X HERERIsE

LSD MSD
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RESULTS

El: XEHEXHEREEE ( LEY LSD )
— —— EHHF 3
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RESULTS

uuuuuuuuuuuuuuu 40000 50000

El: ICRESHFERE8YSIm ( LB LSD )
— —— EHHE — I3HHEE
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THANK YOU!

Q&A time
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