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4. SIUGERE R RIEIZ S .

5. KL 4, T4EmE A RIZ SRR,

6. SCILIACHE BAEBE 1A 4580 2 — CSR (Compressed Sparse Row), FAHRIIANE . I
FAERIEIE S .

7. MRHE: 2RI BRI, DL 2R R ABORA P SR

2 it
2.1 FRIREEHRBIELREEX
I Ab g S ) B R A AT B = n LA T U R E
ADT SparseMatrix_RowLinkedTriple{
#FAEMNZ: D={ay|ay € ElemSet,i =1,2,...,n,n>0,j=1,2,...,m}, E#Fnfim
o Rl A R Tk B AT B B 4
BHEXZ: R ={{ai-1;,ai) | ai—1j,ai; € D,i=2,....n,j=1,2,....,m},
Ry = {{a; j-1,ai5) | ajj—1,a; € D,i=2,...,n,j =1,2,...,m}
AR
CreateMatrix(M, r, c, ne);
BEER: Q12— NHMEMEM, TN, 718 e, FETHne.
AssignMatrix (&M)
Me 5. TR Al
BAESR: AR AE MEMEy (W 4 2wl AE [
PrintMatrix (&M)
BAEER: oA FE AW B E M

3
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LR WRERABRERAS, KEAE, SUHE
+ (BE)
TSR EEF/ERE
* (ZHF)
BIELER: REIW/EMEHFRAMA
TransposeMatrix (&M)
BEER. REERMNEE
Determinant (&M)
M A FEIEA T (Blr=c)
BEER. EEEEMNATIIA
Inverse (&M)
M E A detM#£0
BUELER: REEMEMNE (WRFE)
DestroyMatrix ()
A WREMRFE
BIEER: MHmRAESE

}ADT SparseMatrix_RowLinkedTriple

3 FEHIEIT
3.1 —#i@E ArrayiD

1 class Arrayid

2 {

3 public:

4 Arrayld(unsigned int length, bool rowVector);
5 Array1d () ;

6 void resizeArray(unsigned arySize, T value);
7 void resizeArray(unsigned arySize);

8 void setZero();

9 void elemAssign(unsigned int pos, T value);
10 void transpose();

11 void arrayPrint() const;

12 unsigned int getSize() const;

13 T dotProduct(const Arrayld<T> &ary) const;
14

15 Arrayld operator+(const Arrayld<T> &A);

16 virtual ~Arrayld();

17 std: :vector<T> vec;

18 protected:

19 bool rowVec;

20 unsigned int arraySize;

21

22 private:

23 };
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3.2 Z#im@E Array2D

1 class Array2d

2

24
25
26

27 };

{

public:
Array2d () ;
Array2d(unsigned int wid, unsigned int hgt);
void printMatrix() const;
unsigned int getWidth() const;
unsigned int getHeight() const;
unsigned int getNonZeroNum() const;
Array2d getNegMatrix() const;

Array2d transpose() const;

void insertElem(unsigned int row, unsigned int col, T val);

void operator=(const Array2d &M);

bool operator==(const Array2d &M) const;
Array2d operator+(const Array2d &M);
Array2d operator-(const Array2d &M);
Array2d operator*(const Array2d &M);

virtual ~Array2d();
std::vector<std::vector<T>> data;
protected:
unsigned int matrixWidth; unsigned int matrixHeight;

private:

3.3 +TFHEREMIEME CLMatrix

FEREE (R

template <typename T>

class CLMatrix

{

public:
CLMatrix();
CLMatrix(unsigned int wid, unsigned int hgt, unsigned int nonZero) ;

virtual ~CLMatrix();

void insertNode(CLNode<T> ins);

void insertNode(unsigned int row, unsigned int col, T val);
void printMatrix() const;

void operator=(const CLMatrix &M);

bool operator==(const CLMatrix &M) const;

CLMatrix getNegMat() const;

CLMatrix operator+(const CLMatrix &M);

CLMatrix operator*(const CLMatrix &M);

CLMatrix operator-(const CLMatrix &M);

unsigned int getWidth() const;
unsigned int getHeight() const;
unsigned int getNonZero() const;

T getDeterminant();
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};

T naive_getCofactor(unsigned int row, unsigned int col);

CLMatrix getInverseMatrix();

std::vector<std::shared_ptr<CLNode<T>>> rowHead;
std::vector<std::shared_ptr<CLNode<T>>> colHead;
std::vector<int> used;

protected:
unsigned int width; unsigned int height;
unsigned int nonZeroNum;

private:

T deterCal(unsigned int colNow);

BT RUE AR

template <typename T>
class CLNode

{

};

public:
CLNode () ;
CLNode (unsigned int row, unsigned int col, T val);
virtual ~CLNode();
void modifyNode(unsigned int row, unsigned int col, T val);
void createDownNode(unsigned int row, unsigned int col, T val);
void createRightNode(unsigned int row, unsigned int col, T val);
void deleteDownNode();
void deleteRightNode();

void printNode() const;
void printRightList() const;
void printDownList() const;

void printRightListVal(unsigned int hgt) const;

unsigned int getRowNum() const;
unsigned int getColNum() const;

T getVal() const;

void operator=(const CLNode &N);

std: :shared_ptr<CLNode> down;

std::shared_ptr<CLNode> right;
protected:

unsigned int rowNum;

unsigned int colNum;

T value;

private:

3.4 Z=JTYHSEME TripletMatrix (RowLinkTriMat)

=JuE h

template <typename T>

class Triplet

{

public:
Triplet();
/* ATTENTION:
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* row number of first row is 1

* 0 means the end of the list.

*/

virtual ~Triplet();

// Methods that do no change to instance: add const qualifier.
unsigned int getRowNum() const;

unsigned int getColNum() const;

T getValue() const;

void displayTriplet() const;

void modifyTriplet(unsigned int newRow, unsigned int newCol, T newVal);
void operator=(const Triplet &t);
bool operator==(const Triplet &t) const;
Triplet operator+(const Triplet &t);
Triplet operator-(const Triplet &t);
protected:
unsigned int rowNum;
unsigned int colNum;
T value;
private:

};

2l = JuLA7 A IR R R S0 T

template <typename T>

class TripletMatrix

{

public:

TripletMatrix();

virtual ~TripletMatrix();

// Instance untouched

void printMatrix() const;

void displayTable() const;

unsigned int getMatrixWidth() const;

unsigned int getMatrixHeight() const;

unsigned int getMatrixNonZeroNum() const;
TripletMatrix getNegMatrix() const;

TripletMatrix transposeMatrix() const;

// Instance Modifying

void resizeMatrix(unsigned int width, unsigned int height, unsigned int nonZero);
void insertTripletToMatrix(Triplet<T> insertTriplet);
void nonZeroUpdate();

// Operators Overload

void operator=(const TripletMatrix &M);

bool operator==(const TripletMatrix &M) const;
TripletMatrix operator+(const TripletMatrix &M);
TripletMatrix operator-(const TripletMatrix &M);
TripletMatrix operator*(const TripletMatrix &M);
std::vector<Triplet<T>> data;

protected:

unsigned int matrixWidth; unsigned int matrixHeight;

unsigned int nonZeroNum;

private:

};

AT HER I = Je R € IR

template <typename T>



KI— HHIEEZHE

class RowLinkTriMat : public TripletMatrix<T>

{

public:

RowLinkTriMat () ;

virtual ~RowLinkTriMat();

void resizeMatrix(unsigned int width, unsigned int height, unsigned int nonZero);

void insertTripletToMatrix(Triplet<T> insertTriplet);

© 00 N O Ut W N

void displayTable() const;

10 void operator=(const RowLinkTriMat &M);

11 RowLinkTriMat operator+(const RowLinkTriMat &M);
12 RowLinkTriMat operator*(const RowLinkTriMat &M);
13 protected:

14 std::vector<unsigned int> rowPtr;

15 private:

16 };

3.5 CSR [E4577f% CSRStore
FEREE LR

1 template <typename T>

2 class CSRMatrix

34

4 public:

5 CSRMatrix(unsigned int width, unsigned int height);

6 virtual ~CSRMatrix();

7 void printMatrix() const;

8 void displayTable() const;

9

10 unsigned int getMatrixWidth() const;

11 unsigned int getMatrixHeight() const;

12 unsigned int getMatrixNonZeroNum() const;
13 CSRMatrix getNegMat() const;

14 //instance modifying

15 void clearCSRMatrix(unsigned int matWid, unsigned int matHgt);
16 void insertTupleToMatrix(unsigned int rowNum, CSRTuple<T> ins);
17 void insertElemToMat(unsigned int rowNum, unsigned int colNum, T value) ;
18 void addInsert(unsigned int rowNum, CSRTuple<T> ins);
19 //operator overload
20 void operator=(const CSRMatrix<T> &M);
21 bool operator==(const CSRMatrix<T> &M) const;
22 CSRMatrix operator+(const CSRMatrix<T> &M);
23 CSRMatrix operator-(const CSRMatrix<T> &M);
24 CSRMatrix operator*(const CSRMatrix<T> &M);
25 protected:
26 unsigned int matrixWidth;
27 unsigned int matrixHeight;
28 std: :vector<int>rowPtr;
29 std::vector<CSRTuple<T>> data;
30 private:
31 };

= T

1 template <typename T>
2 class CSRTuple
34
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public:
CSRTuple();
virtual ~CSRTuple();

void modifyTuple(unsigned int col, T val);

void destroyTuple();
void printTuple() const;
unsigned int getColNum() const;

T getVal() const;

void operator=(const CSRTuple &t);

bool operator!=(const CSRTuple &t) const;

bool operator==(const CSRTuple &t) const;

CSRTuple operator+(const CSRTuple &t);
CSRTuple operator-(const CSRTuple &t);

protected:
unsigned int colNum;
T value;

private:

3.6 KiFEFBITRLDAIBEL

/7 KIEEHATFIR, FlLaplace BT o LU 4 3 A JH 4 B 42 [ 4 &
template <typename T>

T CLMatrix<T>::deterCal(unsigned int colNow) {

= =
H O © 00 9 O Ut = W N
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/] BEgENH2x2 TR, FTUEERATHR
if (colNow == this->getHeight()-1) {

unsigned int detIndex[2] = {0, 0};

T subMat[2][2] = {0};

for(unsigned int i = 1; i < this->used.size(); i++) {

if (this->used[i]) {

if (!detIndex[0]) detIndex[0]

else detIndex[1] = i;

}
std: :shared_ptr<CLNode<T>> temp;

temp = this->colHead[colNow]->down;

while(temp) {
// PR REE A F A P AT

i;

if (this->used [temp->getRowNum()] ==

if (detIndex[0] == temp->getRowNum())

subMat [0] [0] = temp->getVal();

else

subMat [0] [1] = temp->getVal();

}
temp = temp->down;

Y

temp = this->colHead[colNow+1]->down;

while(temp) {

if (this->used [temp->getRowNum()] ==

if (detIndex[0] == temp->getRowNum())

subMat [1] [0] = temp->getVal();

else subMat[1][1] = temp->getVal();

}
temp = temp->down;

}

return (subMat[0] [0]*subMat[1][1] - subMat[1] [0]*subMat [0] [1]);
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36 }

37 else {

38 T det = 0;

39 std: :shared_ptr<CLNode<T>> temp = this->colHead[colNow]->down;
40 while(temp) {

41 if (this->used[temp->getRowNum()1) {

42 int parity = ((temp->getRowNum() + colNow) & 0x1)?7 -1: 1;
43 this->used[temp->getRowNum()] = 0;

44 /1 5% )3

45 det += parity * temp->getVal() * deterCal(colNow+1);

46 this->used[temp->getRowNum()] = 1;

47 }

48 temp = temp->down;

49 }

50 return det;

51 }

52 }

53

54 // KRH AL TAAMAF
55 template <typename T>

56 T CLMatrix<T>::naive_getCofactor(unsigned int row, unsigned int col) {

57 CLMatrix<T> Temp(this->getWidth()-1, this->getHeight()-1, 0);

58 for(unsigned int i = 1; i < row; i++) {

59 std: :shared_ptr<CLNode<T>> temp = rowHead[i]->right;
60 while(temp) {

61 if (temp->getColNum() < col)

62 Temp.insertNode (temp->getRowNum() ,

63 temp->getColNum(),

64 temp->getVal());

65 else {

66 if (temp->getColNum() == col){;}

67 else Temp.insertNode (temp->getRowNum(),
68 temp->getColNum()-1,

69 temp->getVal());

70 }

71 temp = temp->right;

72 }

73 }

74 for(unsigned int i = row+l; i <= this->getWidth(); i++) {
75 std: :shared_ptr<CLNode<T>> temp = rowHead[i]->right;
76 while(temp) {

7 if (temp->getColNum() < col)

78 Temp.insertNode (temp->getRowNum()-1,

79 temp->getColNum(),

80 temp->getVal());

81 else {

82 if (temp->getColNum() == col){;}

83 else{Temp.insertNode (temp->getRowNum()-1,
84 temp->getColNum()-1,

85 temp->getVal());}

86 }

87 temp = temp->right;

88 }

89 }

90 int parity = ((row + col) & O0x1)?7 -1: 1;
91 return parity * Temp.getDeterminant();

92 }
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93

94 // fElERKiE

95 template <class T>

96 CLMatrix<T> CLMatrix<T>::getInverseMatrix() {
97 CLMatrix<T> Temp(this->getHeight(),

98 this->getWidth(), 0);

99 T det = this->getDeterminant();

100 /1 AIBATHAREZE A0

101 if (!det)

102 {

103 std::cout << "CLMatrix not invertible." << '\n';

104 }

105 /] BREATA, BRHEMEER

106 for(unsigned int i = 1; i < this->rowHead.size(); i++) {

107 std: :shared_ptr<CLNode<T>> temp = this->rowHead[i]->right;
108 while(temp) {

109 double coef = (naive_getCofactor(i, temp->getColNum())/det);
110 Temp . insertNode (temp->getColNum(), i, coef);

111 temp = temp->right;

112 }

113 }

114 return Temp;

115 }

4 AR SHh
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2. M C++ [ shared_ptr #feiREHI, ASHIAFME.
3. P AL 451 CLI (Command Line Interface), &~ #/E.

4. ZERTTY VSR, REWEAI T OA RIS ERT B2k ISR, REMSARSHAINE 2 1)
B .

EFRERRYE
L IBEREAEEE.
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A
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3. RSN E G RATIMASEL W UBHATHN s, HPaRamANE.

4. FESR N\ A,

5. FEFFHAT e R 7

6 MIXLER

AT IR ST

A
H X

B3R B4 2 L A )

MEEE R

N EIES: C\Windows\system32\cmd.exe | =E X

F:\Programs>SHL

(WEET.T-H

-aryld

-dot
-add
-trs

“mmult
-add
-sub

Authors: Li Xie,

SHL [-formats] [-options]
Formats Options

Zhang Yuanhang, Xu Yinan

Descriptions

Class Arrayld:

dot product of two arrays.

addition of of tuwo arrays.

array transpose: print the transpose of the vector

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 matrices.

subtraction of of two matrices.

Class RowLinkTriMat:

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.

output the inversion of a matrix.

Class CSRMatrix:

output the multiplication of two matrices
addition of of two matrices.

subtraction of of two matrices.

vl

|:[

1. fﬁ'Hn

3 A AN HH 2 SR

77

A

PRI«

sml -tri -add, f#H =JCdAERESAT L. BN N EERE AT 2

AFE, WAFERERAER TR N EMIET TR W a R A,
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B CAWINDOWS\system32\cmd.exe

C:\UserssMy-PCuDesktopnTCSndatastructuresSparseMatLibs\SparseMatLibsbinsRelease>snl —tri —add

input the row and c
rou: 3
col: 3
input the row and c
rou: 3
col: 3
input the non—zero

input the non—zero
3

input the non—zero
ith: 1 1 18

2th: 2 3 9

3th: 31 1

input the non—zero
ith: 3 1 1

2th: 2 3 -1

3th: 3 3 -3
original matrices:
first:
TripletMatrix Print
18 a a

a a ?
-1 a a

second:
TripletMatrix Print
a a a

a a -1
i a -3

addition result:
TripletMatrix Print
a

a a 8
a a -3

Authors: Li Xie. Hu

ol number of the first matrix:

ol number of the second matrix:

number of the first matrix:

number of the second matrix:

elements of first matrix <(in the format ’'row col val’l:

elements of second matrix (in the format

Yinan, Zhang Yuwan—hang

‘row col val'l:

G:sUserssMy-PCuDesktopnTGSndatastructuresSparseMatLibsSparseMatLibsbhin~Release>

13

2. IR sml ~tri -sub, M =J04UEMFBEATIRE. AP HERE AT X
AFE, WAFERERAER TR AN BMIET TR, s R A,

= CAWINDOWS\system32\cmd.exe

C:xlserssMy—-PCrDesktopTCSxdatastructuresSparseMatLibsSparseMatLibsbinsRelease>smnl —tri —sub

input the row and col number of the first matrix:

row: 3
col: 2

input the row and col number of the second mateix:

rOowW:

col: 2

input the non—-zero
3

input the non—zero
3

input the non—zero

ith: 31 -1

2th: 1 1 18

3th: 2 2 9

input the non—zero
ith: 31 1

2th: 2 2 -1

3th: 3 2 -3
original matrices:
first:

number of the first matrix:
number of the second matrix:

elements of first matrix {in the format

‘row col val®l:

elements of second matrix {in the format ’‘row col wval’’:

TripletMatrix Print:
18 a

a ?
-1 a

second:

TripletMatrix Print:
a a

a -1
1 -3

subtraction result:

TripletMatrix Print:
i8 a

a 18
-2 3

Authors: Li Hie. Xu Yinan. Zhang Yuwan—hang

C=sUserssMy—PCr\Desktop~TCEsdatastructuresSparseMatLibs\SparseMatLibs\bin“Releasze>

3. MR MR . sml —trirl -sub f#HIFATIZMBEEH = o H AR MR AT, SN
PINERE AT HONIEL, AFE TR AR R . BT 4 R WA
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BN C:\WIND OWS\system32\cmd.exe

C:xlUsers \My—PC\Desktop~TC8hdatastructuresSparseMatLibsSparseMatLibsxbin\Release>sml —trirl —-mmult
input the row and col number of the first matrix:

row: 4

col: §

input the row and col number of the second matrix:

row: 5

col: 3

énput the non—=zero number of the first matrix:

input the non—zero numbher of the second mateix:
5

input the non—zero elements of first matrix Cin the format *row col val’d:

ith: 1 1 4

2th: 1 2 -3

3th: 1 51

4th: 2 4 8

Sth: 3 3 1

6th: 4 5 78

%nﬂut1t¥egnon—zero elements of second matrix <{in the format ’‘row col val'’:
th:

2th: 21 4

3th: 2 2 2

4th: 3 2 1

Sth: 41 1

original matrices:

first:

TripletMatrix Print:

4 -3 a a i

a a a ] a

] a 1 [} a

a a a ] 78

second:

TripletMatrix Print:

3 a a

4 2 ]

] 1 a

1 a a

a a a

multiplication result:
TripletMatrix Print:

a = a

8 a ]

a i a

a a a

Authors: Li Rie, Xu Yinan. Zhang Yuan-hang

C:slUsers My—PC\DesktopsIC8sdatastructuresSparseMatLibs8parseMatLib~bin\Release’

4. BRIERKIBEN: sml -clm -det X+ FHERAMHHIFERERATFIZL, HA P FEFE )
ITEANIEL, AFRITTRANBMAET LR, BT R

C:slserssMy—-PCDesktop~TCE \datastructuresSparseMatLibs\SparseMatLibsbin~Releasze>sml —clm —det
input the row and col number of the matrix:

row: 3

col: 3

%nput the non—zero number of the matrix:

input the non—zero elements the matrix (in the format ‘row col val’):
ith: 1 2 2

2th: 2 1 1

3th: 2 2 1

4th: 2 3 -1

Sth: 31 2

6th: 3 2 1

?th: 3 3 1
original matrix:
CLMatrix Print:
a 2 a
1 1 -1
2 1 -1
Determinant result:

Authors: Li Xie, Zhang Yuwanhang, Xu Yinan

5. RSN : sml -clm —inv X PRERAFAERIFERERIE, S AN FERE 4T £k
MINEL ARRTTRNBAAET TR BATE RN

C:sUserss\My-PCiDesktoprTCS~datastructuresSparseMatLib \SparseMatLibsbin~Release>snl —clm —inv
input the row and col number of the matrix:

rou: 3

col: 3

input the non—zero number of the matrix:

?

input the non—zero elements the matrix (in the format ‘row col val®>:
1th:

WM

LELRR R TR LY g ot

R | R
=

-1
original matrix:
CLMatrix Print:
a

2 a
1 i -1
2 i -1
Inversion result:
CLMatrix Print:
a -1 1
a.5 a -8
a -2

Authors: Li Hie, Zhang Yuwanhang. Hu Yinan
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FfsR

PELETALINE

| -——include

| ---MatLib

|

| | -—-ArrayStore

| I Arrayld.h
| | Array2d.h

| -——Cros

| ---src
| -—-MatLib
| -—-Arr
|
|
| -—--Cro
|
|

sListStore

| CLMatrix.h
I CLNode.h

| ---CSRStore

| CSRMatrix.h
| CSRTuple.h
| ---TripletStore

RowLinkTriMat.h
Triplet.h
TripletMatrix.h

ayStore
Arrayld.cpp
Array2d.cpp
ssListStore
CLMatrix.cpp
CLNode.cpp

| ---CSRStore

CSRMatrix.cpp
CSRTuple.cpp

| -—-TripletStore

---main.cpp

RowLinkTriMat.cpp
Triplet.cpp
TripletMatrix.cpp

15
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