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2D Arrays
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https://advancedmathclubsk.weebly.com/matrices.html

2D Arrays



https://hiveminer.com/Tags/desert,isfahan/Recent
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2D Arrays



https://hiveminer.com/Tags/desert,isfahan/Recent

2D Arrays

int a[3][4] = {{1, 3, 5, 7},
{21 4/ 6/ 8}1
{41111_117}};

printf ("%d\n", al[l][2]);




2D Arrays

int a[3][4] = {{1, 3, 5, 7},
{21 4/ 6/ 8}1
{41111_117}};

printf ("$d\n", al[i]l[3j]);
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How to implement 2D arrays?
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row by row
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column by column
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2088
2092
2096
2100

Row Major
(C,C++,Pascal, Python-numpy)

0 1 2 | 3
10 | 11 |12 | 13
201 21| 22 | 23
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2100

Memory

Column Major
(Fortran, Matlab, R, ...)
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Memory

2088
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2096
2100

Row Major
(C,C++,Pascal, Python-numpy)

o1 0 1 2 3

1110 | 11 | 12 | 13

212012122 23
Assembly?
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Row Major
(C,C++,Pascal, numpy)
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i
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4%3
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Row Major
(C,C++,Pascal, numpy)

a[i][0] : 4*i

af[i][1l] : ?
0 1 2 3
0 1 2 3
10| 11 | 12 | 13
201 21| 22 | 23
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2100

Row Major
(C,C++,Pascal, numpy)

a[i][0] : 4*i
a[i] [1] : 4*i+1
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2088
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2100

Row Major
(C,C++,Pascal, numpy)

a[i][0] : 4*i

afi][3] : 2
0 1 p 3
0o|1]2]3
10 | 11 | 12 | 13
20 | 21 | 22 | 23
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2088
2092
2096
2100

Row Major
(C,C++,Pascal, numpy)

a[i][0] : 4*i
afi][j] : 4*i+j]

0 1 2 3
10| 11|12 | 13
201 21| 22 | 23

pAC;
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Memory

m-1

Row Major
(C,C++,Pascal, numpy)
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int a[m] [n];

a[1][3J]

n*i + j
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2088
2092
2096
2100

Memory

m-1

Row Major
(C,C++,Pascal, numpy)

1] 1 n-1
0 1 )
10 11 19
80 81 89

int a[m] [n];

a[1][3J]

offset = (n*i+j) *sizeof (int)
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2088
2092
2096
2100

Memory

m-1

Row Major
(C,C++,Pascal, numpy)

1] 1 n-1
0 1 )
10 11 19
80 81 89

int a[m] [n];
afi]l[j] : n*i + j

tofind a[i] [j] we need to
know

e element size?

e m (no. of rows of a)?

e n (no. of columns of a)?
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Other standards?

Column major?

(@)

a[1][3J]

7
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Other standards?

Column major?

(@)

a[1][3J]

: 1i43*j

0 1 2 3
10| 11|12 | 13
201 21| 22 | 23
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Other standards?

Column major?

(@)

a[1][3J]

: 1i43*j

Index starting at 1

(@)

afi] []]

: ?

0 1 2 3
10| 11|12 | 13
201 21| 22 | 23

pAS



Other standards?

Column major?

(@)

a[1][3J]

: 1i43*j

Index starting at 1

(@)

@)

afi] []]
afi] []]

4% (i-1)+5-1
A% (i-1)+7

0 1 2 3
10| 11|12 | 13
201 21| 22 | 23
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Example: Print a 2D Array

#include <stdio.h>
int print2Darray(int a[][6], int,int);

int a[4][6] = {{10, 20, 30, 40, 50, 60},
{1121, 31, 41, 51, 61},
{12, 22, 32, 42, 52, 62},
{14, 24, 34, 44, 54,
int main() {
print2Darray(a, 4, 6);
}

int print2Darray(int a[][6], int m
for (int 1 = 0; 1L < m; i++) {
for (int j 0; j < n; j++)

printf("

"%d,", a[t1[31);

putchar('\n');
}
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Example: Print a 2D Array

#include <stdio.h> _ _

nasihatkon@kntu:code$ écc brintZDArra}.c && ./a.out

int print2Darray(int a[][6], int,int); 10,20,30,40,50,60,

11,21,31,41,51,61,

int a[4][6] = {{10, 20, 30, 40, 50, 60}, |EEECIECERLIELIALY
{11, 21, 31, 41, 51, 61}, IniEAIEATRAIEATAALE
{12, 22, 32, 42, 52, 62},
{14, 24, 34, 44, 54,

int main() {

print2Darray(a, 4, 6);
}

int print2Darray(int a[][6], int m
for (int 1 = 0; 1 < m; 1++) {
for (int j = 0; j < n; j++)
printf("%d,", a[i][jl);

putchar('\n');
}
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Example: Print a 2D Array

#include <stdio.h>
_ _ %include "asm _io.inc"
int print2Darray(int a[][6], int,int); segment .data

int a[4][6] = {{10, 20, 30, 40, 50, 60}, S
f11, 21, 31, 41, 51, 61}, ArEay: 33
12, 22, 32, 42, 52, 62},
{14, 24, 34, 44, 54, 64}}; dd
int main() { dd
print2Darray(a, 4, 6);
}

segment .text
int print2Darray(int a[][6], int m, int n global asm_main
for (int 1 =0; 1 < m; i++) {
for (int j = 0; j < n; j++)
printf("%d,", a[i][3i]);

putchar('\n');
}




Example: Print a 2D Array

segment .data print2DArray1.asm

#include <stdio.h> array: dd 10,20,30, 40,50, 60

dd 11,21,31,41,51, 61

dd 12,22,32,42,52,62

int a[4][6] = {{10, 20, 30, dd 14,24,34,44 54,64
11 21, 31

£12, 22, 32, segment .text
14, 24, 34,

int print2Darray(int a[][6],

nt main() { :
print2Darray(a, 4, 6); ; print2DArray (array, m, n)
push 6 ; no of columns
push 4 ; no of rows

push array ; address of array

call print2DArray

int print2Darray(int a[][6], int m,
or (int i = 0; 1< m Li+) {
for (int j = 0; j < n; j++)

printf("%d,", a[i]1[j]); add esp, 12

putchar('\n');




Example: Print a 2D Array

segment .data print2DArray3.asm

#include <stdio.h> array: dd 10,20,30, 40,50, 60

dd 11,21,31,41,51, 61

dd 12,22,32,42,52,62

int a[4][6] = {{10, 20, 30, dd 14,24,34,44 54,64
11 21, 31

£12, 22, 32, segment .text
14, 24, 34,

int print2Darray(int a[][6],

nt main() { :
print2Darray(a, 4, 6); ; print2DArray (array, m, n)
push 6 ; no of columns
push 4 ; no of rows

push array ; address of array

call print2DArray

int print2Darray(int a[][6], int m,
or (int i = 0; 1< m Li+) {
for (int j = 0; j < n; j++)

printf("%d,", a[i]1[j]); add esp, 12

putchar('\n');




Example: Print a 2D Array

delim:db ", ",

%define ARRAY [
%define M [
%define N

print2Darray( [1[6],
(inti=0;i<m;i++){

(int]=0; ] <n; j++) [
printf("%d,", a[il[il); : print2DArray(ARRAY, M, N)

print2DArray:
putchar('\n‘); push

} mov

mov

loop1:
cmp esi, M
jge endloop1
inc
jmp loop1
endloop1:
mov
pPop
ret print2DArray3.asm




Example: Print a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

print2Darray( [1[6],
(inti=0;i<m;ji++){
(int]=0;j<n;j++)
printf(“%d,", a[il[j]); ; print2DArray(ARRAY, M, N)
print2DArray:
putchar('\n‘); push

} mov
} inc
mov :
jmp loop2

loop1: endloop2:

cmp esi, M
jge endloop1
inc
jmp loop1
endloop1:
mov
pPop
ret print2DArray3.asm

mov edi,
loop2:
cmp , N
jge endloop2




Example: Print a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

print2Darray( [1[6],
(inti=0;i<m;ji++){
(int]=0;j<n;j++)
printf(“%d,", a[il[j]); ; print2DArray(ARRAY, M, N)
print2DArray:
putchar('\n‘); push

} mov
} inc
mov '
jmp loop2
endloop2:
mov al,
call print_char

loop1:
cmp esi, M
jge endloop1
inc
jmp loop1
endloop1:
mov
pPop
ret print2DArray3.asm 2

mov edi,
loop2:
cmp , N
jge endloop2




Example: Print

}

print2Darray(int a[][6],
(inti=0;i<m;ji++){
(intj=0;j<n;j++)
printf("%d.,", a[illjl);

putchar('\n‘);

}

a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

; print2DArray(ARRAY, M, N)
print2DArray:

push

mov

mov

loop1:
cmp esi, M
jge endloop1

mov edi,
loop2:
cmp , N
jge endloop2

; index = esi*N+edi
mov , N

mul

add

inc

jmp loop2
endloop2:

mov al,

call print_char

inc
jmp loop1
endloop1:
mov
Pop
ret print2DArray3.asm




Example: Print

}

print2Darray(int a[][6],
(inti=0;i<m;ji++){
(intj=0;j<n;j++)
printf("%d.,", a[illjl);

putchar('\n‘);

}

a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

; print2DArray(ARRAY, M, N)
print2DArray:

push

mov

mov

loop1:
cmp esi, M
jge endloop1

mov edi,
loop2:
cmp , N
jge endloop2

; index = esi*N+edi
mov , N

mul

add ,

mov , [ebx+
call print_int

mov , delim
call print_string

inc
jmp loop2

endloop2:

mov al,

call print_char
inc

jmp loop1

endloop1:

mov

Pop
ret print2DArray3.asm




Example: Print

}

print2Darray(int a[][6],
(inti=0;i<m;ji++){
(intj=0;j<n;j++)
printf("%d.,", a[illjl);

putchar('\n‘);

}

a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

; print2DArray(ARRAY, M, N)
print2DArray:

push

mov

mov

loop1:
cmp esi, M
jge endloop1

mov edi,
loop2:
cmp , N
jge endloop2

; index = esi*N+edi
mov , N

mul

add ,

mov , [ebx+
call print_int

mov , delim
call print_string

inc
jmp loop2

endloop2:

mov al,

call print_char
inc

jmp loop1

endloop1:

mov

Pop
ret print2DArray3.asm




Example: Print

print2Darray(int a[][6],
(inti=0;i<m;ji++){
(intj=0;j<n;j++)
printf("%d.,", a[illjl);

putchar('\n‘);
}
}

a 2D Array

delim:db ", ",

%define ARRAY [
%defineM [
%defineN [

; print2DArray(ARRAY, M, N)
print2DArray:

push

mov

mov

; index = esi*N+edi
mov , N

mul

add ,

mov , [ebx+
call print_int

mov , delim
call print_string

inc

jmp loop2
endloop2:

mov al,

call print_char

loop1:
cmp esi, M

ige endloop
nasihatkon@kntu:code$ ./run print2DArray3

10, 20, 30, 40, 50, 60,
14097 3041 K10 6T
12°.-22. 3242, 5262
14, 24, 34, 44, 54, 64,

inc
jmp loop1
endloop1:
mov
Pop
ret print2DArray3.asm




Example: Print a 2D Array

delim:db ", ",0

%define ARRAY [ebp+8]
%define M  [ebp+12]
%define N  [ebp+16]

int print2Darray(int a[][6], int m, int n) {
for (inti=0; i <m;i++) {

for (int ] = 0; j < n; j++)
printf("%d.,", a[il[j]);

; print2DArray(ARRAY, M, N)

putchar('\n’);

) Make it faster?

}

endloop2:
mov al, 10
call print_char

nasihatkon@kntu:code$ ./run print2DArray3
10, 20, 30, 40, 50, 60,
11,21, 31,41, 51, 61,
12,722, 32, 42, 52,62,
14, 24, 34, 44, 54, 64,

inc
jmp loop1
endloop1:
mov
pop
ret print2DArray3.asm




print2DArray3.asm
mov

loop1:
cmp esi, M
jge endloop1

mov edi,
loop2:
cmp , N
jge endloop2

; index = esi*N+edi
mov , N

mul

add ,

mov , [ebx+
call print_int

mov , delim
call print_string

Example: Print a 2D Array

print2DArray4.asm
mov

loop1:
cmp esi, M
jge endloop1

mov edi,
loop2:
cmp , N
jge endloop2

mov , [ebx]
call print_int
mov , delim
call print_string

add

K. N. Toosi
University of Technology
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3D Arrays

e 2D array
o M>N

e 3D array
o MM NP

[ [ [ /[

L /S [/ ]
/

N\

NN
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3D Arrays

e 2D array
o M>N

e 3D array
o MNP

Cui, Lu-Bin, et al. "An eigenvalue problem for even order tensors with its applications."
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3D Arrays

e 2D array
o M\IN M

= Ice Age - II (Tamil).avi - VLC media player

Media Playback Audio Video Tools View Hel

e 3D array
o M\IN\IP

LB [sse][m]ons] (mR][e=tMt) (<)) B 100 —

Ice Age - II (Tamil).avi 1.00x | 01:30/1:25:36




ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major

mean?
o Matlab vs Numpy ND-arrays

dimension 2

dimension 1
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?
o  Matlab vs Numpy ND-arrays / / / /
dimension 3 /L dimension 2 /
/ // 4

NN

dimension 1




ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /
dimension 3 /L dimension 2 /
/ // 4

e Row-major: last index moves fastest
e Column-major: first index moves fastest

NN

dimension 1
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ ) [/
/

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ ) [/
/

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ ) [/
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ [ [ [
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / /

avi
[ [ [ [
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / /

/
[ [ [/
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Row-major: last index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ ]
/

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/ [
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ ) [/
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o  Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Column-major: first index moves fastest

NN
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ND Arrays: Row-major vs. Column-major

e What does row-major and column-major
mean?

o Matlab vs Numpy ND-arrays / / / /

[ [ [/
avi

N

e Column-major: first index moves fastest

NN
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3D Arrays

2D array (row-major)

(@)

(@)

(@)

M

M 1D arrays (rows) of size N
Array([i, j] = Array[N*i + j]

N M

3D array (row-major)

(@)

O

M

N P

M 2D arrays of dimension N > P

Arrayl[i, j, k] = Array[ i, j*P + k] = Array[ i *N*P +j* P + k ]

[ [ )/

LS S/
[/

NN

NN
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3D Arrays

e 2D array (row-major)

(@)

(@)

(@)

M

M 1D arrays (rows) of size N
Array([i, j] = Array[N*i + j]

N M

e 3D array (row-major)

(@)

O

(@)

M

N P

M 2D arrays of dimension N > P

Arrayli, j, k] = Array[ i, j*P + k] = Array[ i *N*P +j * P + k

An M > N 2D array of 1D arrays of size P

Array[i, j, K] = Array[i, j ][ k] M
=Array[i*N +j][k]=Array[(i*N+j) P + k]

[ [ [ /[

P /S [/
/

NN

NN
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3D Arrays

e 2D array (row-major)
o MYMN M
o M 1D arrays (rows) of size N
O Array[i, j] = Array[N*i + j]

e 3D array (row-major) [ [ [ ]
o MY NP P/ [ [/
o M 2D arrays of dimension N > P /

m Array[i, j, k] =Array[i, j*P + k] =Array[i *N*P +j* P + k]

o AnM > N 2D array of 1D arrays of size P

N\

NN

= Arrayli, j, k] =Array[i,j][k] M
=Array[i*N+j][k]=Array[(i*N+j) P + k]
number of + and * operations? N
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ND Arrays

e 2D array (row-major)

o M>N
o M 1D arrays (rows) of size N
O Array[i, j] = Array[N*i + j]
e 3D array (row-major) [ [ [ /
v A [T 77,

o M 2D arrays of dimension N > P

m Array[i, j, k] =Array[i, j*P + k] =Array[i *N*P +j* P + k]
o AnM > N 2D array of 1D arrays of size P

m Arrayli, j, k] =Array[i*N + j, k] =Array[ (i *N +j) P + k]

e ND array (row-major)
o M MM, UMM
o Array[i i 1=Array[M,* ... *M *i + M, * ... *M *i,+...+M*i +i]
79
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ND Arrays

e ND array (row-major)
o Ml\’MZ\’“.\’Mn

o Arrayli,, i, ..,i 1= Array[M,* . *M > i + M, * . *M>i,+ +M*i +i]

M, MMM i+ MMM i+ M, M i+ M i, + g
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ND Arrays

e ND array (row-major)
o MI\IMZ\I.“\IMH

o Arrayli,, i, ..,i 1= Array[M,* . *M > i + M, * . *M>i,+ +M*i +i]

MMM, M i+ M, MM i+ M, M i+ M i, + g
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ND Arrays

e ND array (row-major)
o Ml"M MMM

2 n

o Arrayli,, i, ..,i 1= Array[M,* . *M > i + M, * . *M>i,+ +M*i +i]

M, MMM i+ MMM i+ M, M i+ M i, + g
Mo (MMM, i+ MM, i+ M, i+ i, )+ g
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ND Arrays

e ND array (row-major)
o M1 \ WV 4 M2 \N/ \N/ M

n

o Arrayli,, i,, ..,i 1= Array[ M, > . *M > i + M, > *M*i,+ .

M, MMM i+ MMM i+ M, M i+ M i, + g
Mo (MMM, i+ MM, i+ M, i+ i, )+ g
Mo (M, (MM, i+ M+ i)+ i )+

+M *i

n1’ 'n:|
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ND Arrays

e ND array (row-major)
o M \ V' 4 M LV 4 \ V' 4 M
1 2 n
o Arrayli,, i,, ..,i 1= Array[ M,* . * M *i + M, * . FM*i, +

M, MMM i+ MMM i+ M, M i+ M i, + g
Mo (MMM, i+ MM, i+ M, i+ i, )+ g

Mo (M, (MM, i+ M+ i)+ i )+
M5(M4(M3(M2 i1"'i2)+i3)+ Iy )+i5

ot M X

n1’ ln]
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ND Arrays

+ |

147 15

M2M3M4M5 I.1+N\3 M4M5 i2+N\4 M5 i3+N\5

Mo (M, (M (M, 0+ i)+ i)+ i, )+

® jl = i1

¢ jz =M, j *i,

® j3 = M3 Jz * i3

e JaEM, g3t

. J5= Mg j *is

o Arrayli, i,, 15,1, 15] = Array[j;]



ND Arrays

e ND array (row-major)
o MI\IMZ\I.“\IM

n

o Array[i, i,, .., i ]=Array[ M,

]
° jl - i1
° j,= /\/\2 * jl + i2
1 J3 = M3 * \]2 * i3
° jn:Mn*‘in-1+i”
o Array[i,i,, .., i,]= Array[]j ]

XXME LM MK MK

n 2 n n-1

number of + and * operations?
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