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Operator Precedence of *and [ ]

*x[m] *(x[m]) [ ] has a higher priority 1 than *
X[m][n] (X[m])[n] Left-to-right associativity
**X *(*x) Right-to-left associativity
(™) [m][n] () [m])[n] () must be used

() can be removed
(*x[m])[n] (*(x[m]))[n]

g : ) 4 Young Won Lim
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Left to right associative [ ] — recursive indirection

p[i] p[i]

p[1]0] (p0DD]
PL]DLK] (LD DDIK]
*(X+n) = X[n]

Applications of Pointers

*(p+1)
*(*(p+1)+)
*C((pH)+)+k)

X|n]

/

*(X+n)
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Right to left associative *— recursive indirection

*p *(p)

**p *(*(p))
***p “(*(*(p)))
*(X+n) = X[n]

Applications of Pointers

p[O]
p[O][O]

p[O][O][O]

*(X+0)

\

X[0]
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Equivalences

p[i] *(p+i) &pli. (P+1)
Jiin *(*(pti)+) &p[i]i] (*(p+i)+))
pPID]IK] *(*(*(p+i)+))+k) &p[]DLk] (*(*(p+i)+))+k)
p[O] *p &p[0] p
p[iI[0] *pli] &p[i][0] pli]
p1DIIO] *pl]0] &p[i]0]io] gl

Series : 7. Young Won Lim
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Operator Precedence

Precedence Operator Description Associativity
1 ++ -- Suffix/postfix increment and decrement Left-to-right
0 Function call
[ Array subscripting [m])[n])[p]
: Structure and union member access
_ R
-> member access through pointer
(type){list} Compound literal(C99)
2 ++ -- Prefix increment and decrement Right-to-left
+ - Unary plus and minus
I~ Logical NOT and bitwise NOT
(type) Type cast
* Indirection (dereference) *(*(*(*x
& Address-of <
sizeof Size-of
_Alignof Alignment requirement(C11)
https://en.cppreference.com/w/c/language/operator_precedence
Series : 7. Young Won Lim
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Pointer Arrays for recursive indirections

1-d array of (int **) pointers
1-d array of (int *) pointers
1-d array of (int )

3-d access

Series : 7. 9
Applications of Pointers

Int** ¢ [2];

Int* b [2*3];

Int  a[2*3*4];
¢ [JD]Ek]

Young Won Lim
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Recursive indirections in a 3-d array

int ¢ [L][M][N]

¢ [1]DlIk]

left-to-right associativity equivalence relations

multiple indirections

ORIy

¢ [ Dllk] cl
10
10l[k]

S UNTINLY c i
S UNTINLY Ci

*(cH)
*(cli]+)
“(cp]ul+k)

*(cH)
*(*(c+)+))
*(F(*(c+)H))+k)

&cli]fi]
&clil

&clilijlk] = c[ilfj]+k
= c[i]+]
= C+Hi

Series : 7.
Applications of Pointers
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&c[i]ilio] = chifi]
&clil[0] =[]
&c[0] =C
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3-d access pattern c[i][jl[K]

General requirements Pointer array approach Array pointer approach
int** c[2]; int c[2][3][4];
int* b[2*3];

int  c[2*3*4];

clillIk] ~ ::int c[iIGIIK] ::int

c[illj] int* c[i][j] ;o int [4]

c[i] ;int ** cli] o int (%) [4]
&c[ii]k] = clilil+k cli] &b[i*3] ¢ = &c|0][0][O]
&cfilil - =clil+] : 8 c[i] = &c[i][0][0]
acfl = o+ ol &alj*4] [illi] = &C[O]

- - Hierarchical Pointer Array Virtual Array Pointer

&clinor = cli] Constraints Constraints
&clil[0] =]
&l0]  =c Abstract Data Type Abstract Data Type

Series : 7. 11 Young Won Lim
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3-d access pattern c[i][jl[k] — pointer array approach

General requirements Pointer array approach

int** c[2];
int* b[2*3];
int c[2*3*4];

clillIk] ~ ::int
c[illj] int*

c[i] ;int **

&l = clilll*k g  cf] -~ &b[*3]
&elilil  =cli  —Sem  p] o gaf]

&cli] = C+i

&clij{llo] = cfi]n]
&cli[0] = c[l]

&c[0] =C
—— 09090 = 0O0O9Omnm9O9m OB
Series : 7. 12 Young Won Lim
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Using pointer arrays

int
alk]

Int a[2*3*4];

Int* b [2*3];

Int** ¢ [2];

¢ [DIIkD: e
» / .
Ccli] e

conditions

c[i] = &b[i*3];

o[j] = &a[j*4],

iggtlaii;ti%ns of Pointers 13 Yo \%255'2%



Array of Pointers

int a [4];

int* | b[4]

No. of elements = 4

int a [4] ] it value

Type of each element

No. of elements = 4
nt* b [4] bl int pointer
int pointer
int pointer
int pointer

Type of each element

Series : 7. 14 Young Won Lim
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Array of Pointers — a type view

" . I * .
int a [4]; int b [4];
................ an imaginary pointer [ an imaginary pointer
-t % » : taking no actual ULk ! : taking no actual
(Int ) . \memory locations : (mt ) i \memory locations

(int) (int %) 1
I e
(int) (int *) o |

(int) (o) e | -
Integers Integer pointers _

Series : 7. 15 Young Won Lim
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Array of Pointers — a variable view

int a [4]; int * b [4];
TrTTTTrrvery S b ........
. b[0] *h[0] =11
a[0] =11 b[0] o
al[l] = 22 b[1] e b[1]| *b[1] =22
al2] = 33 n[2]
a[3] = 44 b[3] & = b[21 *H[2] =33
Integers Integer pointers \> b[3]. *b[3] =44
Series : 7. Young Won Lim
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Array of Pointers — assigning a 1-d array name

int * b [4]; int a [4];
------- b assignment | b[0] = &a[0] (b[0] = a)
b+0 b[0] o 2.2 .. ..
b+1 b[1] )
b+2 b[2]
b+3 b[3] b[o]+0 | a[0] = 11
b[ol+1 | a[l] = 22
b[oj+2 | a[2] = 33
h[oj+3 | al[3] = 44
Series : 7. 17 Young Won Lim
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Array of Pointers — extending a dimension

Int * b [4]; assignment  h[0] =
________________ equivalence
------ b— a[0] = b[0][0] = *(*(b+0)+0)
e b al[l] = b[0][1] = *(*(b+0)+1)
ullicbialio al2] = b[0][2] = *(*(b+0)+2)
b+0 b[O] 0\\ a[3] = b[0][3] = *(*(b+0)+3)
b+1 b:]_:
b+2 b[2] \ array name b[0]
b+3 b[3] b[0]+0 h[0] [O:
1 dim b[0]*+1 b[0] [1]
b[0]+2 n[0] [2]
b[0]+3 b[0] [3]
2" dim
Series : 7. 18 Young V\Z;SSI;lzrg
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2-d access of a 1-d array — assigning 1-d array names

Int * b [4]; array name b[3
—»p[3]+0
________________ b[3]+1
e tene I : array name D[1] P32
b[1]+0 b[3]+3
b[1]+1
b+0 b[0 ) b[1]+2
b+l b[1] e—] b[1]+3
b+2 b[2] e—
b+3 b[3] & array name b[2
—» p[2]+0
b[2]+1
b[2]+2
1st dlm 2nd dlm b[3]+3
Seri P 7 oung Won Lim
pplic 19 Y ° V\2/25|720
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2-d access of a 1-d array — pointer array assignments

int * b [4]; int a [4*4];

constraint : contiguous b[i]

Assignments 2-d access of a 1-d array

b[0] = &a[0*4]  (b[0] = a+ O) Oiffi] = *(*(b+i) +]
b[1] = &a[1*4] (b[1] = a+ 4) 0] (*(b+1) +))
b[2] = &a[274] (b[2] = a+ 8) t 1
b[3] = &a[3*4] (b[3] = a+12) a[*4+]] =*(@a+i*4 +j)

1-d access of a 1-d array

constraint : contiguous a[i]

*(b+) = a+f(j)

Serie_s : 7 ) 20 Young Won Lim
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3-d access of a 1-d array — using pointer arrays b, c

Int a [4*4*4],

e C a o T — 240 5[0
--------------------------------- a+l all]
L a+2 al2]
= o0 c[0] e b E a+3 al3]
c+1 c[1] .
C+2 c[2]
c+3 c[3] “=b+o [ B0]
b+1 b[1]
h+2 b[2]
arrays b & c take actual ——
memory locations b+3 b _3 |

Series : 7. 21 Young Won Lim
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3-d access of a 1-d array — assigning 1-d array names

Int ** c [4]; c[0] = b; (c[0] = &Db[0];)
Int * b [4*4]; b[0] = a; (b[0] = &al[0];)
Loe C cojoro I E[0][0][0;
array name c[0][0] c[0][0]+1 c[0][0][1]
\ c[0][0]+2 c[O][O0][2]
= o0 c[0] o clojol+3 ¥ €[O][O][3’
o+l c[1] array name c[O] 3" dim :
c+2 c[2]
3 cl3 0]+0 0] ] .
- El o C:O:[O] _ Int a [4*4*4],
1% dim c[0]+1 c[O][1]
c[0]+2 c[0][2]
c[0]+3 c[O0][3]
2" dim]| -
Series : 7. 29 Young V\Zr215I7|2r8
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3-d access of a 1-d array — pointer array assignment

int a [4*4*4); ali]  =*(a+i)
nt* b [4+4] lilli] = *(-(b+)+)
int** | c[4]; clibllk] = *(*(*(c+)+))+k)
: ) constraint : contiguous a[i], bl[i], c[i]
Assignments | 3-d access of a 1-d array
A 01K =
E['.] ~ zb['.*j]’ A[FM*N+*N+K] =
[J] - a[.l ] a:(i*M+j)*N +k]

Initialization of 1-d access of a 1-d array

~ pointerarraysbandc
-~ s *(c+i) = b+g(i)
*(bH) = a+f()

Young Won Lim

Series : 7.
23 4/25/20
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3-d access of a 1-d array — using pointer arrays

Int a [4*4*4]; ali] = *(a+1)
nt*  bl4%] DIIIG] = *(*(b+i)+)
int** ¢ [4]; c[JD]K] = *(*(*(c+)+))+K)
constraint : contiguous a[i], bl[i], c[i]
«(c+) = bg(i) cli] =b+4* clillil = b[g@)+]
“(b+j) = a+f() ofjl =a+4* b[illk] = a[ f(j)+k]
() +H)+K) CHlIK] ClJUIK] 4= a[ f(g(i)+))+k ]

=*(*(b+g() +)) + k) =*(*(b+4%1 +)) + k)
= *(a + f(gi)+) +k) = *(@+a*(4*i+])+k)

Series : 7. 24 Young Won Lim
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3-d access of a 1-d array — pointer array sizes

Int ** c [4];
Int * b [4*4];

sizeof(int **) =
sizeof(int *) =
4 bytes / 8 bytes

on a 32-bit on a 64-bit
machine machine

sizeof(c) =
4*sizeof(int **)

sizeof(b) =
4*4*sizeof(int *)

Series : 7.
Applications of Pointers

25

Int a [4*4*4];

sizeof(int) =
4 bytes

on a 32-bit on a 64-bit
machine machine

sizeof(a) =
4*4*4*sizeof(int)

Young Won Lim
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Integer array a and pointer arrays b, c

Int a[2*3*4];

Int* b [2*3];

Int** ¢ [2];

olil, j=0,1, ..., 5 [ = int
c[i], i=0,1 int ** @ int *

b[0] = &a[0*4];
b[1] = &a[1*4];
b[2] = &a[2*4];
b[3] = &a[3*4];
b[4] = &a[4*4];
b[5] = &a[5*4];

c[0] = &b[0*3];
c[1] = &b[1*3];

int b[2*3];
int a[2*3*4];

b[j] get the address of the
every 4" element of a

int c[2];
int b[2*3];

c[i] get the address of the
every 3 element of b

Series : 7.

Applications of Pointers
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Accessing an int array a as a 1-d array

a[0]
: _ a[l]
INt a [2*3*4], al2]
a[3]
a[4]
a[5]
a[6]
a[7]
a[8]
a[9]

a [K] a[10]

a[ll] 24=2*3*4

_ a[12]
k=0,1, ...,23 A[13]
a[14]
a[15]
a[16]
a[17]
H(((cH)H)R) int c[2I[3][4] ; i
*(*(b.+|)+j) int b[2*3][4] ; a[20]
*(a+i) int a[2*3*4] ; a[21]
a[22]
a[23]

clplik]
o[i]0]
ai]

Serie_s 7. 27 Young Won Lim
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Accessing an int array a as a 2-d array

using b

int a [2*3*4];

int a[2*3*4]; ol = &ali*af
Int* b [2*3];

b take actual
memory locations

int* b [2*3];

b[O][O]

b[O][1]

b[O][2]

b[O][3]

b[1][0]

b[1][1]

b[1][2]

b[1][3]

b[2][0]

b[2][1]

b [][K] 0]

b[2][2]

b[1]e

b[2][3]

j=0,12345 AT

b[3][0]

k=0,1,2,3 b[3]

b[3][1]

b[4] <

b[3][2]

b[3][3]

[ANS

b[5] o

CllfK
il
ali

*((*(cti)+j)tk)  int c[2][3][4] ;
*(*(b+i)+) int b[2*3][4] ;
*(a+i) Int a[2*3*4] ;

b[4][0]

b[4][1]

b[4][2]

b[4][3]

b[5][0]

b[5][1]

b[5][2]

b[5][3]

24=2*3*4

Series : 7. 28
Applications of Pointers
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Accessing an int array a as a 3-d array

int a [2*3*4]; C[0][0][0]
' ' : i] = &bli*3]; [0][0][1]
int  a[2*3*4]; cfil = &b[i*3]; :
s %1 ] b[i] = &a[*4]; c[0][0]2]
int* b [2*3]; c[0][0]3]
INt** cC 2], b, ¢ take actual 2{8}{1}{2}

memory locations c[0][1][2]

clO][1](3]
c[0][2][0]
clO][2][1]
c[0][2][2
clo][2]3] 24=273"
c[1][0][0]
C[1][O][1]
c[1][0][2
c[1][0][3]
c[1][1][O]
ClL][1][1]
(ORI int cl2I3IA] LT
*(*(b+i)+) int b[2*3][4] ; C[1][2][0]
*(a+i) int a[2*3*4] ; c[L][2][1]
c[1][2][2
c[1][2][3]

c (01 o

clo][1]
0,1 int* ¢ [2] c[0][2]
0,1

i
J , 2 - c[1][0]
k=0,1,2,3 ol - c[1][1]

c[1][2]

[ASS

ik
ol
ali]

Series : 7. 29 Young Won Lim
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Accessing non-contiguous 1-d arrays as a 3-d array

int  a[2*3*4]; cfi] = &bli*3];
int* b [2*3]; bli] = &a[j*4];
int~* ¢ [2]; b, ¢ take actual

memory locations

int a [2*3*4];

c[0][0][0]

c[O][O][1]

c[O][0][2]

c[O][0][3]

C[O][1][0

CO][1][1]

clO][1][]

c[0][2][0]

clO][2][1]

clO][2][2

clO][2][3]

C[1][0][0

CILI[O][1]

2

C[1][0][2

. int* b [2%3];
0[I o
_ c[O][1]
| B 8 i 5 int** ¢ [2]; c[0][2]
Jk -0,1,2,3 IO i
cl] ¢ cl]2]

CILI[0][3]

Because the physical allocation of array ¢ and b,
the contiguous constraints can be relaxed
contiguous c[i][j][K] only for k=0,1,2,3

c[1][2][2

c[1][2][3]
Series : 7. 30 Young Won Lim
Applications of Pointers 4/25/20

C[1][1][0]

CLLI[1][1]

CIL][1][2]

CLLI[1][3]

COI[1][3]

24=2%3%4

c[1][2][0

C[1][2][1]




Leading elements : c[i][0][0], c[i][j][0]

a[0]

: i i=0 *3%4 = 0 1
INt a [L*M*N]; L=2 1 a4 = 12 2{2}
Int* b [L*M]; - i o 2{2}
INnt** ¢ :L]; M=3 i=1 4= 4 al5]
j=2 j*4= 8 a[6]

a[7]

k=0 k*1= 0 a[8]
ik S s 0

= *1= all
C [1]0IK] = T
a[12]
| =0, 1 —— P
! ’ N\ - N\ a[13]
j=0,1,2 ‘coporol=af o] [ o 2[14]
k=0,1,2,3 el atay A 12 ) al15)
cojoo]=a[ 0 0+ a[16]
/clo]la]0]=a[ 4]  / 0+4 all7]
' c[o][2][0]=a[ 8] | O0+8 a[18]
| c[a][0][0] = a[12] | 12+0 a[19]
| c[1][1][0] = a[16] \12+4 a[20]
CL2I0] ~af20] w28 a[21]
o - a[22]
c[1][2] a[23]
Series : 7. 31 Young V\Z;SSI;lzrg
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Types and values of c[i] and c[i][j] for int c[2][3][4];

C DIk

&c[i]fjl[o] = cifi]
&c[i][0] = cfi]
&c[0] =C

&c[iilik] = cliil+k
&cfilil = clil+]
&cli] = C+i

int  c [2][3][4];

c[i] wvirtual array pointer of the type int (*) [4] ...
can also be viewed as the int** type

&c[0][0][0] = c[O][O] &c[0][0] = c[0]
&c[1][0][0] = c[1][0] &c[1][0] = c[1]

int* int**

c[i][j] virtual int pointer of the type int (*)
can also be viewed as the int* type

&c[0][0][0] = c[O][O]
&c[0][1][0] = c[O][1]
&c[0][2][0] = c[0][2]
&c[1][0][0] = c[1][O]
&c[1][1][0] = c[1][1]
&c[1][2][0] = c[1][2]

int*

a narrow sense

... awide sense

... anarrow sense
... awide sense

Series : 7.
Applications of Pointers
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int c[2][3][4];
&clijlo] = c[i]

&c[O][0] = c[0]
&c[1][0] = c[1]

int**

int** c[2];
cli] = &b[i*3]

int c[2][3][4];
&c[i]i][o] = cfilf]

c[0] = &b[0*3]
c[1] = &b[1*3]

int**

&c[0][0][0] = c[O][O]
&c[0][1][0] = c[O][1]
&c[0][2][0] = c[0][2]
&c[1][0][0] = c[1][O]
&c[1][1][0] = c[1][1]
&c[1][2][0] = c[1][2]

int*

General Requirements

Series : 7.
Applications of Pointers

int* b[2*3];
b[j] = &a[j*4]

b[0] = &a[0*4]
b[1] = &a[1*4]
b[2] = &a[2*4]
b[3] = &a[3*4]
b[4] = &a[4*4]
b[5] = &a[5*4]

int*

Using int** and int* pointer arrays for 3-d accesses

instead of using int c[2][3][4].
use these 1-d arrays of pointers
int** c[2] and int* b[2*3]

with proper initializations:

c[i] = &b[i*3] and b[j] = &a[j*4]

then c[i][jl[k] can be used
to access the 1-d array
int a[2*3*4]

Pointer Array Implementation

33
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Assignments and their Equivalent Relations

[i] &Dh[i*3] |
O[] &afj*4] e

[2][3][4]

)

assignments

] = (b+*3);
ol = (a+j*4);

extending a dimension

extending a dimension

chilil = b[i*3+]]
bQ][k] = aj*4+kK]

extending a dimension

substitute  j « (i*3+j)

CIHIK = bii*3+][k]
= a[(i*3+)4+K]

equivalences

(clil+) = (b+1r3+));
*(bOl+k) = *(atj*4+k);

“(clipl+k) = *(b[I*3+]]+k)
“(b[F3+]+k) = *(@a+(1*3+4))*4+k)

Series : 7.
Applications of Pointers

34
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The leading elements of pointer arrays

[i] &Dh[i*3] — cli] = (b+i*3):
b[j] &alj*4] bfi] = (atj*4);

assignments equivalence

— IR c[i0] = b[*3];

b[lk] = a[j*4+K] b[j][0] = a[j*4];
equivalence The 1* elements of c[i][j], b[il[j]
) c[iI[k] = b[*3+]][K] c[iiI[O] = bF3+j];
= a[(*3+))*4+K] c[i][0][O] = a[(1*3)*4];
equivalence The 1* elements of c[i][j][k]
Series : 7. 35 Young Won Lim
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c[i], c[illil, c[iljl[K] in terms of array a and b

[i] &Dh[i*3] — cli] = (b+i*3):
b[j] &alj*4] bfi] = (atj*4);

assignments equivalence

— chilil = b[i*3+]]
bQ][k] = aj*4+kK]

equivalence

Cllllk = b*3+{]IK
—

equivalence

c[i] = &b[i*3]
= &&a[(i*3)*4]

&& is not allowed

olll = b[i*3+]
= 2a[(i*3+)*4]

CHIGIN] = bfi3+][k]
= a[(i*3+j)"4+K

Series : 7. 36
Applications of Pointers
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Pointer Arrays — c[i] reaches c[i][0][0] via c[i][0]

C DIk

i valu d its add
Sellilol — el ff - oo s
&cli][o] = cJi] |

&cl0] =c &cli]fo] = cfi] = &b[i*3]

&cli[o][0] = c[i[6] ~ = b[i*3]

&c[i[]Ik] = cli][il+k ,H’ - - —
iﬁ{ﬂm _ ﬁ[l]i” &cfi] = c+i
int= c[2],
nt b[2*3]
Int a[2*3*4];
c[i] &b[i*3]
b[i] &alj*4]
Series : 7. e on L
Applications of Pointers 37 Young Won L
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Pointer Arrays — c[i][j] reaches c[i][j][0]

C DIk

&c[i][][0] = cli][i]
&c[i][0] = cfi]
&c[0] =C

&cipllo] = el =Db[3+]] = &al[(i*3+))*4]

&cl]i]k] = cli][]+k
&efill = clil+)

&cli] = C+i
Int** c[2];
Int* p[2*3];
int a[2*3*4];
cli] &b[i*3]
b[j] &alj*4]
i;gﬁz;tﬁns of Pointers 38 Y Y asizo
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Initialization of pointer arrays — a general case

int  a [L*M*N]; nt*  bjLAMI; i
int a[L*M*NI]; N
I * * .
e’ DIEal) o) = &
Int C [L]’ J=0,..., L*M-1 b[j] get the address of the
every N™ element of a
pointer arrays b, c
int ** C[L], int ** e > int* o
int * b[L*M];
c[i] = &b[i*M]; c[i] get the address of the
iNnt C [L][M][N], i=0, .... L-1 every M" element of b
Series : 7. -
39 R
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3-d and 1-d accesses (recursive pointers vs. brackets)

conditions

cli] = &b[I*M]; cliONK] = a[*M*N + *N + k]
ofi] = &a[*N]; = a[(i*M + )*N + K]

!nt = c[L];

int * b[L*M]; Sk

for (i=0; i<L; ++i) = *(*(*(c+i1)+))+k)

c[i] = &b[i*M]; = *(*(C[i]4)+K) o[i] =&b[i*M]
| = *(*(&b[*M]+j)+k) *(*(D+i*M+j)+k)
" SHJ. = *(b[*M+]+K) b[m] = &a[m*N]
- | = *(&a[(iI*M+])*N]+Kk) *(a+(i*M+))*N+k)
for (J;[?]’ J:<<'§La'\[’j';.+f1) = a[(i*M+)*N+K]
Series : 7. 40 Young V\ngblzrg
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Recursive Indirections — thinking pointer substitutions

NIk = [*(cli]li] +k)
(il +k) = *((clil +) +K)
*(elil +1) +k) = *(*(*(C i) +)) +K)

X=c[ill] int*

Y = c[i] int ** <ﬁ fora givenit,j, k
Z=C Int ***

X[K = *(X+k)

Y[1[K] = *("(Y+))+k)

Z|i0]IK] = *(("(Z+)H)+K)

Series : 7. 41 Young Won Lim
Applications of Pointers 4/25/20



Recursive Indirections — general cases of I, |, Kk

clilflk] = [*(c[iIL] +k)

"D+ = *E(el] +) +K)

"] ) +k) = *(E(C H) +) +K)
X = c[i][j] int * for general cases of

] | | (5 indices i, j, k,

Y. =c[i] Int ** | X and Y need to be
7 —c=Y T— arrays of pointers

X, [K] = *(X +K)

Yil][K] = (YK

Z{1D]IK] = (2 H) )

Series : 7. 42 Young V\Z;r215I7|2r8
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Recursive Indirections — Pointer array Initialization

NIk
*(clil] +k)
*(*(cfi +1) +k)

*(C] +K)
ECIEES
(E(CH) +) +k)

X, = clil[j] int *
Y. =c[i] int **
Z =c=Y  intx
X, [K] = *(X,+k)
Y [[K] = *((YH)+K)
Y[ D]IK] = FCC(YH)H)FK)
Series : 7.

Applications of Pointers

43

it c[L]IM][N];

X[*M+)] = c[i]i];
Y[i] = cli];

int W [L*M*N]
int* X [L*M]
int** Y [L]

Young Won Lim
4/25/20




Recursive Indirections — Substitution Analysis

*M+]]= c[i][)]

] =cli;
=*(Y0]+)

*(c[i]+) &[0 = | &cffo] = clilf] | = Yll]
clijl] o &Y[lo] = | &clilo] =c] | = VY[
Y[01K] = *(Y[II[]+k) o &Y(i] V4]
= *(c[i]]+k)
= c[i][IK]
int* X [2+3];
Wl int ¢ [2][3][4];
c[o][1] >c[0][0][0]
inte Y [2; clo][2] H0l0l 1]
C
o D CL00][3]
2] = c[1]2]
Seri - 7 oun on Lim
44 Young Won i

Applications of Pointers



Recursive Indirections — one continuous int array W

*M+]] = &W[(I*M+))*N];

1] = &X[I*M];
&[0l = | &W[imM+)™N+0]| = Y[i[] 1]0] =*(Ylil+)
= | X[(*M+)] = *(X+1"M+))
| | | = X[*M+]]
&Y[][0] = | &X[*M+0] = Y[i]
- v YOOIk =*(Yl0]+k)
&Y[i] = Y+i _ *(W+(i*|\/|+j)*N+k)
= W[(*M+})*N+k]
int* X [2*3]; | -
&W[(OM+O)N] @, Int W [273%4];
&W[(OM+1)N] T W[(OM+0)N+0]
int™* Y [2]; &W[(OM+2)N] xtgx:z::;
&X[OM] o—/> zxtimg:i W[(OM+0)N+3]
EXIMI_ e &W[(LM+2)N]
Series : 7. 45 Young Won Lim
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Recursive Indirections — non-contiguous 1-d arrays W_j

"M+ = &W_ij[0];

&X[*M];
&Y[IOIO] = | &W_ij = Y[i][i]
= | X[("M+))]
&Y[[0] = | &X[i*M+0] = Y]i]
| | Y [ 0][K] *(Y0I0]+k)
&Vl =T *(W(i*M+j)*N+K)
WI[(I*M+))*N+k]
int* X [2*3];
" &[vv 03[0] int W_00 [4];
&W:Ol[O] T W_00[0]
int** Y [2]; &W_02[0] x_zgg
&X[OM] o—/> Zajig W_00L3]
E&X[IM] o aW_120)
Series : 7. 46 Young Won Lim
Applications of Pointers 4/25/20



Recursive Indirections — contiguous V.s. hon-contiguous

int W [L*M*N] : int ~ W_00 [N] ;
int* X [L*M] int ~ W_O01[N] ;
int** Y [L] ; :

int* X [L*M]

int** Y O[]
WI[([i*M+j)*N+kK]; W _ij[K];
one contiguous 1-d array L*M non-contiguous 1-d arrays
with the size of L*M*N with the size of N
Series : 7. Y Won Li
47 R
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Contiguity Constraints

¢ [1DIIK]

Pointer Arrays and Contiguity

Series : 7. 48 Young Won Lim
Applications of Pointers 4/25/20



Using pointer arrays

Int * [N], int**[M], Int**][L], ...

Series : 7. 49 Young Won Lim
Applications of Pointers 4/25/20



Pointer array approach for 3-d access patterns

A programmer manually allocates
memory locations for pointer arrays

/ \,\\\

Pointer Array Approach
(array of pointers)

Series : 7. 50 Young Won Lim
Applications of Pointers 4/25/20



Pointer array approach — contiguity constraints

contiguity constraints
can be relaxed

o?\\
??\K’\‘\

r

Pointer Array Approach
(array of pointers)

Series : 7. 51 Young Won Lim
Applications of Pointers 4/25/20



Three contiguity constraints

clilik] = *(c[i][i] +k) sizeof(c[i][j][K]) = 4
“(clilf] +k) == x(c[i] +)) +k) sizeof(c[i][j]) = 4*4
(O] +)) +k) - *(5(5(C +i) +) +K) sizeof(c[i]) = 3*4*4
ci]bllk] @) “(*(*(ctHi)+))+k) c[2][3][4]

sizeof(*c[i][j]]) = 4
sizeof(*c[i]]) = 4*4
sizeof(*c]) = 3*4*4

c[2][3][4]

cljbltk]— *(clip] +k)
chijnl *(cli] +1)

clll *(c +)

cllillk] — *(*(*(c+i)+))+k)

sizeof(c[i][j][0]) = 4
sizeof(c[i][0]) = 4*4
sizeof(c[0]) = 3*4*4

c[2][3][4]

Series : 7. 59
Applications of Pointers

Young Won Lim
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Three contiguity constraints

Pointer Array Approach (array of pointers)

c[il1Ik] > *(c[i][j] +k) contiguous 1-d array elements int
*(clilfg] +k) m=p *(*(c[i] +)) +k) contiguous int pointers int *
*(*(c[i] +)) +k) wmp  *(*(*(C +i) +)) +k) contiguous int double pointers int **

The contiguity constraints are satisfied by
the allocated arrays of pointers

Array Pointer Approach (pointer to arrays)

c[il]Ik] > *(c[i][j] +k) contiguous 1-d array elements int
*(c[i][j] +k) mmp  *(*([i] +j) +K) contiguous 1-d arrays int [4]
*(*(c[i] 4)) +K) = *(*(*(c +i) +)) +K) contiguous 1-d array pointers int (*) [4]

The contiguity constraints are satisfied by
row major ordered linear data layout

Series : 7. 53 Young Won Lim
Applications of Pointers 4/25/20



clifD][K] = *(clii] +k)

c[0][0][0] = *(c[O][0] + O)
c[O][0][1] = *(c[O][0] + 1)
c[o][0][2] = *(c[O][0] + 2)
c[O][0][3] = *(c[O][O] + 3)
c[O][1][0] = *(c[O][1] + O)
c[Ol[1][1] = *(c[O][1] + 1)
clOl[1][2] = *(c[O][1] + 2)
c[O][1][3] = *(c[O][1] + 3)

contiguous 1-d
array elements

Series : 7.
Applications of Pointers

o4

clo1[]

clo][2]

c[1[]

cl12]

clo]]

c[1][a]

Young Won Lim
4/25/20



clifb] = *(clil +))

c[0][0] = *(c[0] + 0)
clO][1] = *(c[0] + 1)
c[0][2] = *(c[0] +2)
c[1][0] = *(c[1] + 0)
c[1][1] = *(c[2] + 1)
clili2] = *(c[3] +2)

Series : 7.
Applications of Pointers

c[o1[a]

/ o] ]

-

c[0] 1clOll0] o
Ec[olll] w//C[O][Z]/i
c[O][2] e
contiguous
int pointers

c[Lo]

c[1] E‘

CIL][A] &

—

c[1][0]—

c[i][2]

] ]

contiguous 1-d array pointers

allocating pointer arrays

satisfies this contiguity

constraints for scattered arrays

55

cl1]f2]

Young Won Lim
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clif = *(c +)

cl0] = *(c +0)
c[1] = *(c +1)

contiguous 1-d array pointers

Series : 7.
Applications of Pointers

c[o1[0]

cl0] »{clO][0] *~

. c[O][1] e
contiguous 012 ._/

int double pointers

c[1]—{c[1][0]

QL S -
] [T~

SE I T

allocating pointer arrays

satisfies this contiguity c[12]

constraints for scattered arrays

56

Young Won Lim
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