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* Viewing an array as a pointer

* Viewing a pointer as an array
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* Viewing an array as a pointer * Viewing a pointer as an array

int a[4] ; an array a int (*a) ; a pointer a
generalization a specific instance
S int(*a) : view aas a pointer inta[N] : viewaas an array
virtual pointer N is not fixed
- no real memory location
- constraints : sizeof(a) is
value(&a) = value(a) not the size of the array

but of a pointer variable
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Array a and pointer a

int a[4] ; an array a
a a[0]
afl]
a[2]
a[3]
- int (*a) { aas a pointer
* inimal
a —{@o]
*(atl)
* ded
@2 | ictnces
*(at+3)
[ ]
[ ]
[

int (*a) ; a pointer a
* inimal
a_ [ @0 | ience
“(a+1)
* ded
(a+2) S(;‘tee;nies
“(a+3)
[ ]
[ ]
[ ]
- inta[N] : aas anarray
........ s
af1]
a[2]
a[3]
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Array a and pointer a

int a[4] ; an array a int (*a) ; a pointer a
* type(a) = int [4] e type(a) =int (*)
e sizeof(a) = an array size * sizeof(a) = a poainter size
* value(&a) =value(a) * value(&a) # value(a)
 fixed number of elements  variable number of elements
- int (*a)  a as a pointer - inta[N] : aasanarray
a is not a real pointer ais not a real array
e sizeof(a) = an array size * sizeof(a) # an array size
= a pointer size
e value(&a) =value(a) e value(&a) #value(a)
= assigned address
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Relationship between array and array pointer types

int b[4][2] ; | declare a 2-d array b int (*b)[2] ; | declare a 1-d array pointer b

generalization a specific instance

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|nt (*b) [2] b as a 1-d array pointer : int b[N][2] b as a 2-d array

int a[4] ; declare a 1-d array a int (*a) ; declare a 0-d array pointer a

generalization a specific instance

: int (*a) a as a 0-d array pointer . int a[N] a as a 1-d array

SsEmmsEEEREEERRRERRERRRRRRRRRRRRd SsEmmsEEEREEERREEREERRRERRRRERRRE
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Array b and array pointer b

int b[4][2] ; 2-d array b int (*b) [2] ;| 1-d array pointer b
* type(b) =int [4] * type(b) =int (*)
* sizeof(b) =an array size * sizeof(b) = a pointer size
* value(&b) = value(b) e value(&b) # value(b)
» fixed number of elements  variable number of elements
int (*) [2] b asa1-d array pointer int[N][2] | bas a2-d array
b is not a real pointer b is not a real array
* sizeof(b) = an array size * sizeof(b) # an array size
= a pointer size
e value(&b) =value(b) e value(&b) #value(b)
= assigned address
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Array b and array pointer b

int b[4][2] -

2-d array b

b

b[0] | b[O][0]

b[O][1]

b[1] | b[1][O]

b[1][1]

b[2] | bI2][0]

b[2][1]

b[3] | bI3]O]

b[3][1]

b > *(b+0) [(b+0)[0]
(*(b+0))[1]

*(b+1) |(*(b+1))[0]

virtual pointer (*(b+1))[1]
-no rgal memory | *(0+2) | ((b+2))[0]
location S
- constraints : (*(b+2))[1]
& =b *(b+3) |(*(b+3))[0]
(*(b+3))[1]

minimal
reference

extended
references

int (*b) [2] ;

1-d array pointer b

minimal
reference

extended
references

N is not fixed
to4

sizeof(b) is not

the size of the array
but the size of a
pointer variable

b —{ *b+0) |¢C+o)W]
(*(b+0))[1]
*(b+1) |((b+1))[0]
| (*(b+1))[1]
*(b+2) | (*(b+2))[0]
(*(b+2))[1]
*(b+3) | (*(b+3))[0]
(*(b+3))[1]
int[N][2] : basa2-darray
b b[0] | b[O][0]
b[O][1]
b[1] | b[1][0]
b[1][1]
b[2] | b[2][0]
b[2][1]
b[3] | bI3][0]
b[3][1]
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Dual type - relaxing the 1% dimension of an array

int [4][2] 2-d array

more constrained type

relaxing the a specific instance
1%t dimension

generalization

int [4] 1-d array

more constrained type

int (*)[2] 1-d array pointer
more general type

relaxing the a specific instance
1%t dimension

generalization

int (*) 0-d array pointer
more general type
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Subarray types in a 2-d array

int b[2][4];| 2-d array b

b Type b[i] Type b[il[j] Type
int b[2][4] int b[2][4] int b[2][4]
\ 1 1
int [2][4] .+ int[4] ——> int Array Type
Dual Types l l

int V4] ity Array Pointer Type
Series 2App : 11 Young Won Lim
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Dual types in a 2-d array

int b[2][4];| 2-d array b

{ int[2][4] > int[4] int
Dual Types I
int [2][4] int (*)[4] — int (*
b b[0] b[0][0] b b[0] b[0][0]
b[O][1] b[O][1]
b[0][2] b[0][2]
b[0][3] b[0][3]
b[1] b[1][0] b[1] b[1][0]
bl1][1] b[1][1]
b[1][2] b[1][2]
b[1](3] b[1][3]
int (*)[4] int [4] int (*) int int
b b[0] b[0]{0] b[0] — b[0][0] b[0][0]
b[o][1] - b[o][a] b[o][1]
b[0][2] - blo][2] bl0][2]
b[0][3] - b[O][3] b[0][3]
b[1] b[1][0] b[1] —»{ b[1][0] b[1][0]
b[1][1] Cb[[] b[1][1]
b[1][2] ~b[][2] b[1][2]
b[1][3] - b[a][E] b[1][3]
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Subarray type examples

int a[4];

relaxed type virtual
a int [4] 1-d array type int (*) 0-d array pointer type
ali] int 0-d array type
int b[2][4];

relaxed type virtual
b int [2][4] 2-d array type int (*)[4] 1-d array pointer type
b[i] int [4] 1-d array type int (*) 0-d array pointer type
b[i][j] int 0-d array type
int c[4][2][3];

relaxed type virtual
C int [4][2][3] 3-d array type int ()[2][3] 2-d array pointer type
cl[i] int [4][2] 2-d array type int (*)[2] 1-d array pointer type
c[i][j] int [4] 1-d array type int (*) 0-d array pointer type
c[il[j][K] int 0-d array type
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Types of a, b, c arrays

&a a A a[0] &b b o b[0] | b[O][O] &c c[0] c[O][0] [c[O][O][0]
a[l] b[O][1] c[O][O][1]
a[2] b[1] | b[1][0] c[0][0][2]
a[3] b[1][1] c[O][1] [c[O][1][O]
b[2] | b[2][0] c[O][1][1]
b[2][1] c[O][1][2]
int a[4]; b[3] | bI3][0] c[1] c[1][0] |c[1][0][O]
: : b[3][1] c[1][0][1]
int bi2][4]; C[1][0)2]
int c[4][2][3]; cl][1] |c[1][1][O]
c[1][1][1]
c[1][1][2]
c[2] c[2][0] |cl2][0][O]
dual types 21011
_ : c[2][0][2]
int [4] 1-d array a a[i] c2I] |c[21[0]
int (*) 0-d array pointer a (virtual) *(a+i) CI2I[1[1]
int [4][2]; 2-d array b b[i] c[2][1][2]
int (*)[2]; 1-d array pointer b (virtual) *(b+i) c[3] c[3][0] |c[3]1[0][0]
nt[4]2]3;  3-darray c c[i] <OIIg
int (*)[2][3]; 2-d array pointer ¢ (virtual) *(c+i) ciBlloli2]
c[3I[A] [c[31[1][O]
c[3][1][1]
c[3][1][2]
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Types of b[i], c[i] subarrays

&b b 0 b[0] b[0][0] C . c[0] c[0][0] |c[O][0][0]

b[O][1] c[O][0][1]

b[1] b[1][0] c[O][0][2]

: b[1][1] | clol[1] |clo][a][o]
int al4] bi2] D210 clo][1]1]
int b[2][4]; b[2][1] | cl0][1][2]
int c[4][2][3]; b3] b[3][0] cl1] c[1][0] |c[1][0][0]
b[3][1] c[1][O][1]

c[1][0][2]

 cla[] |c[]i[o]

| c[1][1][1]

| c[1][1][2]

c[2] c[2][0] |c[2][0][O]

c[2][0][1]

c[2][0][2]

c[2][1] [c[2][1][0]

dual types c[2][1][1]

| c[2][1][2]

int [2] 1-d array bJ[i] b[i][i] c[3] c[3][0] |c[3][0][0]
int (*) 0-d array pointer b[i] (virtual) *(b[i]+j) c[3][0][1]
int [2][3];  2-d array cfi] | elillil — zg{ﬂi}
int (*)[3]; 1-d array pointer c[i] (virtual) (c[i]+)) | ST
c[3][1][2]
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Types of c[i][j] subarrays

C clo] c[o][o] c[o][o][0]
_ c[O][0][1]
int a[4]; c[o][0][2]
int b[2][4]; clo][1] - |{clo][L][0]
int clalr2113]: c[o][1][1]

[41[2][3]; SOl[[2]
c[1] c[1][0] c[1][0][0]
c[1][0][1]
c[1][0][2]
dual types c[L][1] c[4][1][0]
_ o o c[1][1][1]
int [3] 1-d array cfi][] c[ilf1k] c[1][2][2]
int (*) 0-d array pointer c[i][j] (virtual)  *(c[i][i]+k) c[2] c[2][0] c[2][0][0]
c[2][0][1]
c[2][0][2]
c[2][1] c[2][1][0]
c[2][1][1]
c[2][1][2]
c[3] c[3][0] c[3][0][0]
c[3][0][1]
c[3][0][2]
c[3][1] c[3][1][9]
c[3][1][1]
c[3][1][2]
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Types of a 4-d array and its subarrays

int d[4][2][3][4];
types
d consider d[4][2][3][4] int [4][2][3][4] — 4-d array
relax the 1% dimension int (*[2][3][4] ©— 3-d array pointer (virtual)
d[i] consider d[i][2][3][4] int [2][3][4] —— 3-d array
relax the 1% dimension int (*)[3][4] ~—  2-d array pointer (virtual)
d[il[j] consider d[i][j][3][4] int [3][4] ~—  2-d array
relax the 1% dimension int (*)[4] — 1-d array pointer (virtual)
d[i][jl[k] consider d[i][j][k][4] int [4] ~— 1-d array
relax the 1% dimension int (*) ~—0-d array pointer (virtual)
I,],k are specific index values I=[0..3], j=[0..1], k=[0..2]
Series 2App : i
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Initializing n-d array pointers with n-d subarrays

int d[4][2][3][4];

4-d array
4-d array pointer

d[i] 3-d array
p 3-d array pointer

d[il[j] 2-d array

p 2-d array pointer
diilfjl[k] 1-d array
p 1-d array pointer

d[a][2]3]i4]
Cp)[41[2][3][4]

dlilf2](31[4]
Cp)2][3][4]

dlilns]4]
("p)3B][4]

dli]0ilrk](4]
("p)I4]

&d d LT
&dl[i] d[i] d[il[o]
&d[i][j] d[i][j] d[il[i1ro]
&d[i][]K] di]G1k] dilplkifo]
p=&d abstract data

int ("p)[41[2][3][4] = &d;
Cp)IGIIK]L] = difG]IK]L]

p = &d[i]

int (*p)[3][4] = &d[il;
(*p)LILKIM] = dIIolkI[] giveni
p = &d[i][j]

int (*p)[4] = &d[i][il;

(*p)[KI[] = d[il0]K]]  giventi, |

p = &d[i][j1[K] abstract data
int (*p) = &d[i][j1lk];
Cp)I] = di]GIkI]

abstract data

abstract data

given i, |, k
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Initializing (n-1)-d array pointers with n-d subarrays

int d[4][2][3][4];

4-d array
3-d array pointer

d[i] 3-d array
q 2-d array pointer

d[il[j] 2-d array
q 1-d array pointer

d[i][j]k]
q 0-d array pointer

1-d array

d[4][2][3][4]
Ca)[2][3][4]

dlilf2][31[4]
(“a)[3][4]

d[ijisli4l
(fa)[4]

d[i][i]k][4]
("a)

d[il]
d[i]EiIK]

q=d

int (*q)[2][3][4] = d;
qliiIk] = dinlk
q = dfi]

int ("q)[3][4] = d[il;
qfil[k]M = dink]
q = d[il[]

int (*q)[4] = d[i][i];
alk][ll = d[ilG1kI
q = d[i]G]K]

int (*q) = diGIK];
q(l] = d[i]GIKI[]

d[o]
d[ij[o]
d[iiio]
drijikro]

virtual pointer

virtual pointer

given i
virtual pointer

giveni, j
virtual pointer

giveni, J, k
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Aggregate Data Types
Abstract Data Types
Virtual Array Pointers
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Aggregate data type

an aggregate type

consists of N elements

a virtual pointer

the address and value of
a virtual pointer

Applications of Arrays

each element are the same
e starting address
* size
int [4][4] dual type int ("[4]
an abstract type
Is considered as one unit  starting address
e size
Series 2App : 21
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Abstract data ¢

int [3][4] int [4]

A an abstract data C
&(_; = - start address &c
starting - size sizeof(c)
address
size(c)
v

Series 2App : 29 Young Won Lim
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Aggregate data c

int[3][4] int [4]

&c C [0] ) A an aggregate type data ¢
c
size(*c) - 1%t element c[O]
- 2" element c[1]
v
c[1] - 3" element c[2]
c[2]
v

size(c)7=73 * size(*c)
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Virtual pointer c

&c = ¢ = &c[0]
int (*) [4] int [4]
BB a virtual pointer c
c_2i™ elol - pointer address &c
size(*c) - pointer value c = &c[0]
with the constraint
c=&c
c[1] |
\
an abstract data c[0] =*c
- start address &cl[0] =c
c[2] - size sizeof(c[0])
virtual pointer ¢ points
to abstract data c[0]
virtual pointers
* no physical memory
locations are allocated
* address and data have
the same value
Series 2App : Young Won Lim
24 5/31/24
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Abstract data cfi]

int [4] B
&c[0] c[0] A
starting
address -
size(0) onsberactoetn o0
I - size sizeof(c[0])
&c[1] c[1] Y - an abstract data c[1]
s:ja(;ting - start address &c[1]
- an abstract data c[2]
v - start address &cl[2]
&c[2] c[2] A - size sizeof(c[2])
starting
address
size(c[2])
|
——— 0 00v0v0909mm 0 0m0m0m0m0m© 0 0©m OO ©©©m 0  ;;vvvvv09nmnmnm© Bm©©© ©m©m©m©m©m©m©m©m©m©m©m©mBmBmBmBmBmBmBmBmBm
Serie_s ZAPP : 25 Young Won Lim
Applications of Arrays 5/31/24



Aggregate data cJi]

int [4] int

&c[0]| ¢[0] c[0][0] RA
c[O][1] || size(*c[O])
c[0][2]
c[0][3] v - 2" element cli][1]

aeltl) el iﬁﬂ{ﬂ seetelh =areele® g clement clili2]

c[1]]2] - 4" element cfi](3]
c[1](3]

&c[2]| c[2] c[2][0]
c[2](1]
c[2](?]
c[2](3]

|

N

“‘
‘7‘

an aggregate type data  ci]

- 1% element c[i][O]
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Virtual pointer cfi]

int () int
c c[0] > ¢[0][0] a virtual pointer c[i]
- pointer address &cfi]
- pointer value c+i = &ci]
/ with the constraint
c+l | 1] * ™ c[1]o] | cfi] = &cfi]
\\
\ an primitive data c[i][0] = *c]i]
- start address  &c[i][0] = ¢]i]
c+2 | c[2]* ™ c[2][0] - size sizeof(c[i][0])
virtual pointer cJi]
points to primitive data cfi]|0]

virtual pointers

— no physical memory
locations are
allocated

— address and data
have the same value
—— 9090920z 0090909090909090909090B9B>BOBOBmBmBmBmBmm 0B ———————————0V0VV/————DMWDWm4/4————————————————————0———0—0000n0n00—0——————
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A 2-d array and its 1-d sub-arrays — a size view

int c[3][4];
int (*) [3][4 int (*)[4] \ int (*)
int [3][4] int [4]
&e | ¢ c[O] c[0][0] A A } sizeof(c[0][0])
o sy~ SeeoiloL)
c[O](3] Y sizeof(c[0][3])
c[1] c[1]0] A } sizeof(c[1][0])
s I S
C S1Zeor(C
c[1]2! v } sizeof(c[1][3])
c[2] c[2]/0] A sizeof(c[2][0])
] sy | Sl
C
22| b . } sizeof(c[2]3])
Series 2App : 28 Young Won Lim
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A 2-d array and its 1-d sub-arrays — a virtual pointer view

int c[3][4];

int (*) [3][4 int (*)[4] int (*)
int [3][4] \ int [4]

& | ¢ e c[o] > c[0][0] value( c) =value( c[0]) —value(&c[O][O])q
c[0][1] value(&c) =value(&c[0]) = value(&c[0][0])=
c[0]/2] value( c[1]) —value(&c[l][O]ﬂ
c[0](3] value(&c[l]) = value(&c[1][0])
c[1] *> c[1]0] value(c[2]) = value(&c[2][0]) ]
c[1][1] value(&c[2]) = value(&c[2][0])
c[1][2]
clL][3] address(c) = address(c[0]) = address(c[0][0])
c[2]* > c[2][0] address(c[1]) = address(c[1][0])
c[2][1] address(c[2]) = address(c[2][0])
c[2][?]
c[2][3]

Series 2App : 29 Young Won Lim
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A 2-d array and its 1-d sub-arrays — size relation

int c[3][4];

int (*) [3][4

&c

int (*)[4 int (*

int %3)][[4% \A int E4?|

c ® > c[0] > c[O]0O]
clo]+1®>| ¢c[0][1]
cloj-2®->| ¢c[0][2]
cloj+3®1> c[0] 3]
c[1] *> c[1][0]
cla~1®i»  c[1][1]
cli]+2®> c[1][2]
cl1+3® > ¢c[1]/3]
c[2]*-~|_c[2][0]
c2]+1®>  ¢[2][1]
clel-2®>  c[2][2]
cl2l+3® > ¢c[2][3]

sizeof(c) = sizeof(c[0]) * 3 ... leading element
sizeof(c+1) = pointer size (4/8 bytes)
sizeof(c+2) = pointer size (4/8 bytes)

sizeof(c[0]) = sizeof(c[0][O]) * 4 ... leading element
sizeof(c[0]+1) = pointer size (4/8 bytes)
sizeof(c[0]+2) = pointer size (4/8 bytes)
sizeof(c[0]+3) = pointer size (4/8 bytes)

sizeof(c[1l]) = sizeof(c[1][0]) * 4 ... leading element
sizeof(c[1]+1) = pointer size (4/8 bytes)
sizeof(c[1]+2) = pointer size (4/8 bytes)
sizeof(c[1]+3) = pointer size (4/8 bytes)

sizeof(c[2]) sizeof(c[2][0]) * 4 ... leading element
sizeof(c[2]+1) = pointer size (4/8 bytes)
sizeof(c[2]+2) = pointer size (4/8 bytes)
sizeof(c[2]+3) = pointer size (4/8 bytes)

Series 2App :
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Sub-array types in a 2-d array

int c[3][4];| 2-d array c

c type c[i] type clili] type
int c[3][4] int ¢[3][4] int c[3][4]
“ | |
- Array Type int [3][4] int [4] int
relaxing the
1%t dimension
- Array Pointer Type int (*)[4] int (*)
Dual Types
Series 2App : 31 Young Won Lim
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 Identifying nested arrays

In a 2-d array declaration
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Nested arrays in a 2-d array declaration

Int c[3] | [4];

c[3]

c : a 3 element array c[i]'s type 1 :int [4]
c[i] : each element an array of 4 integers
relaxed
-y dimension
Int 4] ;

c[i]’'s type 2: int (*)
a pointer to an integer

Series 2App : 33 Young Won Lim
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Nested arrays

c . a 3 element array : : cl[i]'s type 1 : int [4]
C[S] c[i] : each element Int [4] : cl[i]'s type 2 : int (*)
int [3][4] in;;]- Size n Ef)] n Address
el i) oy ° o1+ co)o]] i &c[o][0] mc[0] =c
c .:, C[O][l] :
| e c[0][2]
c[1] 1 | [l |
“He[d] e+ c[d]0] | ! &c[1][0] mc[1]
c[2] c[a][1] |
R c[L][2]
_________ _| c[1][3] ]
------- oy Plel2lsitcl2l0]] G &c[2][0] =[]
: : c[2][2]
int | c[3]] [4]; cl2][3]
Serie_s 2App : 34 Young Won Lim
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c : 3-element array

int [3][4]
C

(e 2-d array int [3][4]
c[i] 1-d array int  [4]

Int |c ﬂ:B] [4] ; 1 sizeof(c)

3-element array ¢

abstract data element cf[i]

each element c[i] has the

1-d array type int [4]

v

Series 2App : 35
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C . pointer to a 4-element array

e/ .
¢ e—— ¢[0]

sizeof(c[0])

C 1-d array pointer int (*)[4]

cli] 1-d array int  [4] &

_ B
relaxed / int [4] *r

| dimension | i // C[l] |
Int |c| |3 [4] : | sizeof(c[1]) (

. | /
pointer c — v
| / Cint[4] %\ﬁw |

abstract data element c[0] w2 C[2] \\

each element c[i] has the ( sizeof(c[2]) |

1-d array type int [4] \ |

| /

Series 2App : 36

- " Young Won Lim
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c[i] : 4-element array

c[i] 1-d array int [4]
c[ilil 0-d array int

Int c[3]| [4];

4-element array c[i]

primitive data element c[i][j]

each element c[i][j] has
the primitive type int

Series 2App :
Applications of Arrays

/W -
c[0] A

c [0] [9]

c [0] [1]

(\ sizeof(c[0])

c[0] [2]

c[0][3]

c [1] [0]

vy

c [1] [1]

c1][2] |

int[4i -

c21[0] |

c[2] [1]

( c[2] A
|

sizeof(c[2])

c[2][2]

»
»

c (2] [3]

Young Won Lim
5/31/24



c[i] : pointer to a primitive data

— o

—

-_—

//

—

. c[0)] e—— clo[o]

| c [0] [1]

clil 0-d array pointer int (%) \\ c [0] [2]

c[ilil  0-d array int \\ ¢ [0] [3]

e e m

. B 0 c[l] e c[[o]

Int c[3]] [4]; \ ¢ [1] [1]

| c [1] [2]

] - ‘\ c [1] [3]
pointer cJi] - )
Sy .

primitive data element c[i][0] | . c [2]0—> c [2] [0]

|

each element c[i][j] has \ ¢ lelli]

the primitive type int | c[2][2]
_ c[2][3] iy

Series 2App :
Applications of Arrays
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Recursive data view

int[3][4] A / int [4i]i - int
c 2-d array ' int [3][4] C | C[O] A c [0] [O] v
c 1-d array pointer int (*)[4]
CH él).g array - int (4] ( c[O][1] ,
ClI -a alra onter int * \
c[illil  o-d arrazp int Y L c{g} E 1
 / C
/ e
. _ / c[1] A ¢ [1] [0]
int c[3]| [4]; | c[1[] |
| c[1][2] |,
3-element array ¢ v cup
4-element array c[i oo
- cf2] 4 cl2[0]
\ cl2][] |
| cl22] ||
! \‘ gy L. [f] 3 ]
Series 2App : 39 Young V\E/Sc;gllylzn;
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Pointer view

int (*) [4] o int (*) int

c 2.daray  m@EM 0 C  e—  c[0] ez c0[O
c 1-d array pointer int ()[4] = e R e - M
cli] 1-darray int (4] o C[OI[1] |
T POl . e clO1R] ]
qows  c[O1[3] |
) int
. | c[l] e—mw  c[i[] |
Int c[3]| [4]; e €[] ]
| C[1]+2 c[1][2] ,
v(e)= v(c[o]) = v(&c[o][0]) apa - CQIBL
ve[l]) = v(&elto]) I3 N— in
v(c[2]) = v(&c[2][0]) - c[2] e —  c[2][0]

c[2]+1 c [2] [1]
c[2]+2 c [2] [2]
c[2]+3 c [2] [3]

|

v = value -
Series 2App : 40 Young Won Lim
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1-d array pointer

int (*) [4] | | int (*) int

nt  (p) [4l5 ¢ oo c0] e—mw cO ]

| c[0]+1 c[O][1] |

int (%) [4] | p=c; qo2 C[01[2]

p o] c[0]+3 c [O] [3] v
e int

. | c[l] e—mr cQl[o] ,

Int C[3] [4] . cl1]+1 c[i][1] ,

‘j‘ C[1]+2 c[i][2] |,

v(e)= v(c[o]) = v(&e[o][o]) wpa B,
vel1) = v(&efa][o) O i

v(c[2]) = v(&c[2][0]) _Cc[2] e——@®  c[2][0]

c[2]+1 c [2] [1]
c[2]+2 c [2] [2]
c[2]+3 C [2] [3]

| g

v = value -
Series 2App : 41 Young Won Lim
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Pointer c[i] and integer c[i][0]

int c[3] [4];

non-real pointer c[i] : value(c[i])= &c[i][0]

0-d array pointer

non-real memory real memory locations
Starts at
777777777777777777777777777 c[0] = &c[0][0]
ffffffff c [0] clofo] | cofi] | c[of2] | c[o]3]
777777777777777777777777777 | cl1] = &c[1][0]
77777777 c[i] c [1][0] c [1][1] c [1][2] c [1][3]
777777777777777777777777777 c[2] = &c[2][0]
ffffffff cl2]* ¢ [2][0] c [2][1] c [2][2] ¢ [2][3]
- -
sizeof( c[i][0] )
virtual pointgr cli] _ integer c[i][0] c[i] points to the 1% element c[i][0]
0-d array pointer : int (*) 0-d array : int
Series 2App : oung Won Lim
Applications of Arrays 42 Youns %/31524



Pointer ¢ and abstract data cfi]

int c [3] [4];

non-real pointer ¢ . value(c) = &c[0] = &c[0][0] 1-d array pointer
abstract data c[i] : sizeof(c[i]) = 4 * sizeof(int) 1-d array
non-real memory gﬂsﬂ real memory locations
c = &c[0] = &c[0][0]
cC °* c [O]
c [1]
c [2]
% -
sizeof( c[i])
virtual pointer ¢ abstract data cfi] ¢ points to the 1 element c[0]
1-d array pointer : int (*)[4] 1-d array : int [4]
Series 2App : 43 Young Won Lim
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Abstract data ¢

Int c [3] [4];

abstract data c:

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

m real memory locations
&c =c = &c[0] = &c[0][0]
&c C ‘
F sizeof( ¢ ) = sizeof( c[0] ) + sizeof( c[1] ) + sizeof( c[2] )
abstract data c
2-d array : int [3][4]
Series 2App : Young Won Lim

Applications of Arrays

44

2-d array




Rows and columns of a 2-d array c

int c[3] [4];

1t dim : rows - 2" dim : columns

c * c[0] - ¢ [O][O ¢ [O][1. ¢ [0][2] ¢ [O][3!

c [1] ¢ [1][0 c [1][1 [1][2] c [1]3

c[2] ¢ [2][0 c [2][1 c [2][2 c [2][3

non-real memory real memory locations

-« L | > >
2-d array name  1-d array names array elements

Series 2App : Young Won Lim
45 5/31/24
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The name of a 2-d array

Int a [4];

int ¢ [4] [4],

1. the name of the nested array (recursive definition)
2. a double pointer

3. a pointer to an array

Series 2App : 46 Young Won Lim
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2-d array ¢ and 1-d array q

int c [3] [4];

Int g [3*4];

c c[o] coro | c[0][0] q a+0 q[0*4+0]
co+1 | c[0][1] a+1 q[0*4+1]
co+2 | c[0][2] q+2 q[0*4+2]
o3 | c[0][3] @3 | q0*4+3]

cl1] cli+0 | c[1][0] q+4 q[1*4+0]

cl+l | c[1][1] a+5 q[1*4+1]

cw+2 | c[1][2] q+6 q[1*4+2]

c1l+3 | c[1][3] q+7 q[1*4+3]

cf2] &0 | ¢2][0] q+8 q[2*4+0]
c2+1 | c[2][1] a+9 q[2*4+1]

c2+2 | c[2][2] a*10)  qg[2*4+2]

c2+3 | c[2][3] arili  g[2*4+3]

Series 2App : Young Won Lim
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2-d and 1-d interpretations of linear memories

Physical
. i . . Linear
2-d interpretation 1-d interpretation Memory
c @ o] oo q a0
c[o]+1 ! g+l
c[0]+2 g+2
c[0]+3 gq+3
RTINS q+a
c[a]+1 | q+5
c[1]+2 g+6
c[1]+3 q+7
o o[21+0 | q+8
c[2]+1 | g+9
c[2]+2 g+10
c[2]+3 g+11
Series 2App : 48 Young Won Lim
Applications of Arrays 5/31/24



A 2-d array stored as a 1-d array (row major order)

int c [3] [4]; c[i]lj] [1*4+]] [K]
index values

c c[0] clo1+o c[0][0] 0 =[0*4+0] q+0 q[0]
c[o]+1 c[O][1] 1 =[0*4+1] g+l q[1]
c[0]+2 c[0][2] 2 =[0*4+2] q+2 q[2]
o odoes | c[0][3] 3 =[0*4+3] q+3 q[3]
c[1] c[1]+0 c[1][0] 4 =[1*4+0] q+4 q[4]
e+t c[1][1] S =[1*4+1] q+5 q[5]
c[i]+2 c[1][2] 6 =[1*4+2] q+6 q[6]
c1]+3 c[1][3] 7 =[1*4+3] q+7 q[7]
cf2] 20| ¢[2][0] 8 =[2*4+0] @8 | q[8]
c[2]+1 c[2][1] 9 =[2*4+1] q+9 g[9]

c[2}+2 c[2][2] 10 =[2*4+2] q+10 g[10]

c[2]+3 c[2][3] 11 =[2*4+3] q+11 g[11]

Series 2App : Young Won Lim
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2-d array access via a single pointer

int *p=c[0]: int ¢ [3][4];
o[ i*4 +j ] c[i][)]
*(pt+ "4 +)) *(*(CH)+ )
*(p+k)  i=k/4
] = k% 4;
Series 2App : 50 Young V%?é‘b'zni
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View a 2-d array as a 1-d array

I . I *n — . c, c[0],
int c [3][4]; Int *p = c[O]; S [OT[0]
0-d array pointer int (*) 0-d array pointer int (*)
_p L p e
int [3][4] int [ int int
int (M)[4] int (*)
c c[0] cor0 | c[0][0] p+0 p[O]
clol+1 | c[0][1] p+1 p[1]
clo+2 c[0][2] p+2 p[2]
o] c[O][38] p+3 p[3]
1] cli+o | c[1][0] p+4 p[4]
‘ ikl c[1]1] s plo]
2 | c[a][2] p+6 p[6]
s C[1][3] p+7 p[7]
c[2] c[2]+0 c[2][0] 0+8 o[8l
el c[2][1] p+9 p[9]
L2 c[2][2] p+10 p[10]
cla+s c[2][3] p+i1 p[11]
2-d array c[3][4] 1-d array view p[12]

Series 2App : 51 Young Won Lim
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View a 2-d array as another 2-d array

: . - —_ . c, c[0],
int c [3][4]; int (*q) [3] = (int (*) [3]) C; Cerollo]
1-d array pointer int (*) [3] 1-d array pointer  int (*) [3]
g o g o
int [3][4] int [4] int int [3] int
int (*)[4] int (*) int™
c c[0] clo1+0 c[O][0] - q[0] a[o1+0 q[o][q]
o1 | c[o][1] a[o]+1 q[o][1]
cor2 | c[0][2] . dor2 ] g[o][2]
o dors ] c[O][3] 1] qro | g[1][O]
c[1] c[1]+0 c[1][0] qri+1 q[1][1]
‘ ot | c[1][1] a2l g[[2]
w2 | c[1][2] ' al2] a2ro | g[2][0]
s 13 ae | g2][]
c[2] 210 | c[2][0] g2 q[2][2]
@t cf2][1] g3l w0 | q[3][0]
cl2ir2 c[2][2] aB+l | g[3][]
23 | c[2)[3] ! asr2 | g[3][2]
2-d array c[3][4] 2-d array view q[4][3]

Series 2App : 52 Young Won Lim
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A 2-d array stored as a 1-d array (row major order)

int ¢ [3] [4]; int (*r) [2][2] = (nt ) 202D ¢; | S

2-d array pointer int (*) [2][2] 2-d array pointer int (*) [2][2]
| ¢ | [ & ]
(_/vét [3][4] int [4] int int [2][2] int [2] int
int (*)[4] int (*) o nt(™[2]  int(*)
- o[0] c[0]+0 c[0][0] 1[0] - r[o][0] f01+0 r[O][0][0]
clo+1 | c[0][1] o o1 | r[0][0][1]
o2 | c[o][2] oj[a]  om2 r[0][1][0]
e Com3 ) c[O][3] 11+0 r[O][][4]
cf1] o0 | c[1][0] 4] fajo] et p r[1][0][0]
| cli+l | c[a][1] L 2 | r[[o][]
w2 | c[1][2] [y o | r{a)[a[o]
s 18] D e ]
c[2] cl21+0 c[2][0] 12] r[2][0] ez | 1[2][0][0]
o2+l | c[2][1] om0 b (f2)[0][1]
cl2]+2 c[2][2] e B r[2][1][0]
23| c[2)[3] S B2 | 2]
2-d array c[3][4] 3-d array view r[3][2][2]

Series 2App : 53 Young Won Lim
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2-d array access via pointers

Int c [3][4]; int *p=c[O0];

1. recursive pointers 2. linear array pointers

Cclillil pLi*4+]
(*(c+))[ 1] int (*p)[4]; L
*(pt 14 +])
*cli]+))
*(*(cti)t ) int **q;
Series 2App : 54 Young V\g?glbén;
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Static Allocation of a 2-d Array

int A [3][4];
A In Y%eax,
I 1IN %edx,
j in %ecx c[0]+0 *(c [0]+0)
c[0]+1 *(c [0]+1)
is,allI $5 fg)ec(; B 2), e N *g c[0]+2 *(c [0]+2)
ea oedXx, %edx, 2), Yoeax o .
leal g%ecx, %edx, 4), %edx S)*F4A+i*12 clol+3 (¢ [0]+3)
movl (%eax, %edx), Y%eax - read M[ Xa+4(3i +j) ] SO *(c [1]+0)
c[1]+1 *(c [1]+1)
c[1]+2 *(c [1]+2)
e : c[1]+3 *(c [1]+3)
. c[0] AN c[2]+0 *(c [2]+0)
!..__C_[_l_]_ffh The pointer array : c[2]+1 *(c [2]+1)
2] .—ﬁ not allocated c[2]+2 “(c [2]+2)
:L c[3] ’—h In the memory (243 “(c [2]+3)
Series 2App : 55 Young V%?;‘b;”;

Applications of Arrays



Pointers, arrays,
and operator precedence

Series 2App : 56 Young Won Lim
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Address-of & and dereference * operators

4 N
Address-of operation
rvalue Ivalue
&X = V&'UG(&X) rvalue &X <X> &X evaluates the address value
- of a variable X
C Expressions Mixed Expressions
& is a mathematical operator (the inverse operator of *)
value(&X) = value(value(&X)) = value(&X) = &X
4 N
Dereference operation
rvalue Ivalue
*X = *value(X) | Ivalue @ *¥ X must be evaluated to an address
before de-referencing
Ivalue must
be evaluated
C Expressions Mixed Expressions to rvalue
\_ /
Serie_s ZApp : 57 Young Won Lim
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Equivalences in address replications

. . ] ] N
Eqivalences in Address Replications
a pointer variable X rvalue Ivalue
= &X and X have different types
Value(&X) Value(X) &X <X> ® but have the same value
at the pointed address X
rvalue Ivalue
value(X) = *value(X) . |
X and *X have different types
I<)ID t X but have the same value
b\/eag\fazgtsed
L to rvalue )
value(&X) =value(X) = *value(X)
Series 2App : Young Won Lim
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Equivalences in array notations

X[n] &X[N] e

math operator &
= inverse of *

value(&X[n])
*(X+n) value (X+RN) e

math operator &
= inverse of *

X|[O &X[()K v

o (X 4 O) value (X 4 O) \;a\lllc’jlleu(g(x&[’(‘)(]))(+0))

= value(X+0)

Series 2App : 59 Young Won Lim
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Pointer Arithmetic

* increment / decrement ++X, ——X, X++, X—
 addition of an integer X+i
e subtraction of an integer X-1i

* subtracting two pointers of the same type X-Y

* comparison of pointers ==, 1=, >, >3, <, <=

* adding two pointers are not allowed ><

pointer variables: X, Y
integer variables : i

(int, short, char, ...)

Series 2App : 60 Young Won Lim
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Pointer Addition / Subtraction

value(X) is used to avoid confusion

pointer variables: X, Y : i
between pointer additions

primitive variables : A, B and arithmetic additions
X+ A the variable A must have value(A) = A primitive variable A
X - A Qfﬁf&igggﬁﬁ'b'e types, value(X) # X  pointer variable X

X : may involved in
X+Y  error! pointer additions + or
X-Y o.k. pointer subtractions —

value(X) :may involved in
arithmetic additions +;
value(X + A) = value(X) +a A * sizeof(*X) arithmetic subtractions —

value(X = A) = value(X) —a A * sizeof(*X)

value(X +Y) error!
value(X =Y) = value(X) —a value(Y)

Series 2App : 61 Young Won Lim
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Pointer Addition / Subtraction

pointer variables: X, Y value(A) = A  primitive variable A

orimitive variables : A, B value(X) # X pointer variable X
. ’

X C expression + pointer additions
- pointer subtractions

value(X) Math expression + arithmetic additions +a
- arithmetic subtractions —;

A C expression + arithmetic additions +,

- arithmetic subtractions —,

value(A) Math expression + arithmetic additions +4
- arithmetic subtractions —,

Series 2App : 62 Young Won Lim
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Pointer Addition / Subtraction

X + A : pointer addition

X — A : pointer subtraction

value(X + A) = value(X) + A * sizeof(*X)

value(X = A) = value(X) = A * sizeof(*X)

X o
va&>

byte addresses

value(X-A)

0, > 0, >
ER- 2 g
*(x+1) E *(x-A+1) X
. .
® [ J
*(x+A-1) *(x-1)
value(X+A) value(X)
*(x+A) *X
byte addresses X
——— 0 00v0v0909mm 0 0m0m0m0m0m© 0 0©m OO ©©©m 0  ;;vvvvv09nmnmnm© Bm©©© ©m©m©m©m©m©m©m©m©m©m©m©mBmBmBmBmBmBmBmBmBm
Serie_s ZApp : 63 Young Won Lim
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Subscript [ ] and dereference * notations (1a)

value(A + B) = value(A) +. value(B) valuel(A+B)=A +, B
value(X + B) # value(X) +, value(B) value(X + B) = value(X) +. B * sizeof(*X)
value(A +, B) = value(A) +, value(B) value(A+,.B)=A +, B
value(X +, B) = value(X) +, value(B) value(X +, A) = value(X) +, B
value(A) = A primitive variable
value(X) # X pointer variable
Series 2App : Young Won Lim
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Subscript [ ] and dereference * notations (1a)

value(value(A)) = value(A) = A
value(value(X)) = value(X) # X

value(value(X + i))

= value(value(X) +a i * sizeof(*X))

= value(value(X)) +a value(i * sizeof(*X))
= value(X) +a i * sizeof(*X)

= value(X) + i * sizeof(*X) in math expression

Series 2App : 65 Young Won Lim
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Operator Precedence of * and [ ]

*x[m] = *(x[m]) [ ] has a higher priority than *
>
x[m] [n] = (x[m]) [n] [ ] has left-to-right associativity
<«
**X = *(*X) * has right-to-left associativity
* * red parentheses () must not be removed
( X) [m] [n] (( X) [m]) [n] gray parentheses () can be removed

Cx[m])[n] (*(x[m])[n]

Series 2App : 66 Young Won Lim
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Operator Precedence of * and [ ]

int
int * [4] int * int int [3][4] int [4] int

X X[0] *x[1] X x x[0] |_x[0][0] |
x[(1] | int x[O][1] |
X[2] | = x[0]

x[3] - 1*x[2] x[0]3] |
int X[1] X[1]

*x[3] x[1]/1] |
| X[1][2] |
*ky * ky X[1][3] |
X[2] x[2][0] |

*X[m] — *x[m] x[m][n] = (x[m])[n]

°
Y

A 4

int ** X[2]
X X & X[2]
int * x[2]

int

*X **X

Series 2App : 67 Young Won Lim
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Abstract Data x and X]i]

X[B] x has 3 elements (X[B]) [4] each x[i] has 4 elements

int [3][4] int [4] int [4] int

el ox X[0] x| x x0] [_x[0]0]
x[O][1]
x[0][2]
x[01]3]

X[1] X[1] X[1][O]
X[1][1]
X[1][2]
X[1][3]

X[2] X[2] X[2][0]
X[2][1]
X[2][2]
X[2][3]

array element X{i] array name X[i][j]

Series 2App : 68 Young Won Lim
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Virtual Pointers x and X|i]

x[3] (X[3])[4

int (*) [4] int[4] int (*) int

&X X o> X[O] &X X X[O] o > X[O][O]
X[O][1]
x[0]2]
X[0][3]

X[1] X[1] e > x[1][0]
X[1][1]
X[1][2]
X[1][3]

x[2] X[2] * i ™ x[2][0]
X[2][1]
X[2][2]
X[2][3]

array name X ............ virtual pointer array name X[i] ......... virtual pointer
array element x[i] ...... abstract data array element x[i][j] .... primitive data

Series 2App : 69 Young Won Lim
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Virtual Pointers x and X|i]

Pointer Array Approach Array Pointer Approach
int
X[0] *(*x+0) int (*) [4] int [4]
“("x+1) &X X o-i»
2 x[0]
*(*x+3)
Int **
X o X1 |*(*(x+1)+0)
\ Int . *(*(x+1)+1) X[l]
= (7 *(5(x+1)+2)
St D) o] *(5(x+1)+3)
(x+2) *(X+2) o—\
X[2]  [#(¢(x+2)+0) X+2| x[2]
*(*(x+2)+1)
*(5(x+2)+2)
*(*(x+2)+3)
value(X +1i) value(X +1)
= value(X) i * sizeof(*X) = value(X) +a i* sizeof(X[0])
Serie_s 2App : 70 Young Won Lim
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Base and offset in byte addresses

pointer variable X array variable X
value(X +1i) pointer addition + value(X + i) pointer addition +
= value(X) I * sizeof(*X) arithmetic addition +s = value(X) I * sizeof(X[0])  arithmetic addition +.
int ** —value() | x_* 1 o]
X o
\ |nt * , . f
value(X) X *X sizeof(X{0] x[1]
2 * sizeof(*X) I *(x+1)
value(X +2)  (x+2) | *(x+2)
— ¥V value(X+2)  x+2[ x[2]
byte addresses

byte addresses

Series 2App :

Young Won Lim
Applications of Arrays 71
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Base and offset in byte addresses

pointer variable X array variable X

value(X +1i) pointer addition + value(X +1) pointer addition +

= value(X) | * sizeof(*X) arithmetic addition +, = value(X) I * sizeof(X[0])  arithmetic addition +.
= value(X) + i * sizeof(*X) in math expression = value(X) + i * sizeof(X[0]) in math expression

arithmetic addition +. notation

can be replaced with the ordinary + notation
when there is no possible misunderstanding
e.g. in math expressions

Series 2App : 72 Young Won Lim
Applications of Arrays 5/31/24



Subscript [ ] and dereference * notations (1a)

pointer variable X array variable X

value(*(X +1) +j) value(X[i] +J)

= *value(X + i) +a j * sizeof(**X) = value(X[i]) +a j *sizeof(X[i][j])

= *value(X) +, i * sizeof(*X) +, j * sizeof(**X) = *value(X) +a i*sizeof(X[0]) +a j*sizeof(X[0][0])

= value(X) +a i *sizeof(X[0]) +a j *sizeof(X[0][0])

= *value(X) + i * sizeof(*X) + j * sizeof(**X) = value(X) + i * sizeof(X[0]) + j * sizeof(X[0][0])

in math expressions in math expressions

Series 2App : 73 Young Won Lim
Applications of Arrays 5/31/24



Subscript [ ] and dereference * notations (1a)

value(X + i)z value(X) +i

value((X +i)+j) #zvalueX)+i+j

value(value(X +1) ) = value(X) + 1 * sizeof(*X)

value(X +1)=value(X) + i * sizeof(*X)

value(X+1)+j) =value(X+1) + ] * sizeof(**X)
= value(X) + 1 * sizeof(*X) + J * sizeof(**X)

Series 2App : 74 Young Won Lim
Applications of Arrays 5/31/24



* Into [ ] notations — Pointer Array Approach

Pointer Array
Approach

C expression *(*(X+ i) + )

Math expression *(*(X+ i) 14+ )14

Series 2App :
Applications of Arrays

75

x[1]{]

*(x[0]+1)

*(x[0]+3)

“(x[1]+0)
*(x[1]+1)

*(x[1]+3)

“(x[2]+0)
*(x[2]+1)

*(x[2]+3)

= x[0][0]
= x[0][1]
=x[0][2]
=x[0][3]

= x[1][0]
= x[1][1]
= x[1][2]
= x[1][2]

= x[2][0]
=x[2][1]
=x[2][2]
=x[2][3]

Young Won Lim

5/31/24



* and [ ] notations — Array Pointer Approach

int (*) [4] int () int int [3][4]  int [4] int \
&X X o > x[0] »  *[ x]O] 0] &x X x[0] X[0][0] |
x[0][1] | | x[O][1] |
| x[0][2] | x[0]
x[0] | X[O][3] |
x[1] e > x[1]/0] | X[1] X[1]
x[1][1] | | x[1][1] |
x[1][2] | | x[1][2] |
x[1][3] | | x[1][3] |
X[2] ® i*  x[2][0] | x(2] | x[2]]0] |
x[2][1] | | x[2][1] |
x[2] | X[2][2] |
x[2]3] | X[2][3] |
L Array Pointer Approach
expression *(* 1 1
co (*(x+1)+]) x[1][1]
Math expression *(*(X+i)44+ )14
Series 2A : oung Won Lim
ents cobb 76 Y gV\é/31524
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Virtual pointers vs. real pointers (1)

&X

int **

int (*) [4] int [4]
A o]
x[1]
X[2]

Series 2App :
Applications of Arrays

value(&x) = value(x)
sizeof(x) = 3 * sizeof(*x)

value(x+i) = value(x) + i * sizeof(*x)
=value(x) +i*4 *4

int *
X[0]
X[1]
X[2]

value(&x) # value(x)

X[1]

x[2]

sizeof(x) = sizeof(*x) = 4

int **

x[ol0] |
XoI1] |

x[o][3] |

x[1][0] |
X111 |

x[1][3] |

x[2[0] |
X211 |

x[2][3] |

value(x+i) = value(x) + i * sizeof(*x)

=value(x) +i* 4

Young Won Lim




Virtual pointers vs. real pointers (2)

int (*) int x[0] x[0][0]
&x[0] X[O] °o > X[O][O] X[0][1]

x[O][1] x[0][3]

x[0]/ 2]

x[0]]3]

x[1][0]
&x[1] [ X[1] ® > x[1]]0] x[1][1]

X[1][1]

x[1][2] x[1][3]

X[1][3]

&xi2] | X[2] ® i > x[2][0] x[2][0]

x[2][1] X[2][1]

x[2][2]

x[2][3] x[2][3]
value(&x]i]) = value(x[i]) value(&x[i]) # value(x]i])
sizeof(X[i]) = 4 * sizeof(*X[i]) sizeof(x[i]) = sizeof(*x[i]) = 4
value(x[i]+j) = value(x[i]) + J * sizeof(*x[i]) value(x[i]+j) = value(x[i]) + J * sizeof(*x[i])

=value(x[i]) +j*4 = value(x[i]) +j* 4

Series 2App : 78 Young Won Lim
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Left-to-right and right-to-left associative operators

pli = p[iL *(p;ri)

plijyl = (plD)i] i *(*(pti)t))

plilillk] =  ((pIDLDIKI *(*(*(p+i)+)+K)

*p = jﬂo) p[OL

“p = *(*p) (pOD[O]

W = (%)) (p[OD[OD[O]
Series 2App : 79 Young V\E/S?gllylzn;
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Relaxing the outermost dimension

P[] = *pti) &pli] = value(pti)
O[] = *plil+) &pli][] = value(p[i]+))
phllllkl = *(phll+k) &plilillk] = value(p[ili]l+k)
P[0 = 'p &p|0] = value(p)
p[[O] = *pli] &pli][0] = value(p[i])
pOIlIol = *plil] &plijblo] = value(pli]lil)
valid for proper i, j, k values
Series 2App : Young Won Lim

Applications of Arrays
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Relaxing all the dimensions

pli] = [*(pH) *(P+i)
P[] = *(pli]+) *(*(p+1)+))
pililkl = *(phlbl+k) **(*(p+1)+))+k)
*
*X+n) = X[n] (<+ &
o X[n]
Series 2App : 31 Young V\Elsc;gllylzn;
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Equivalences on relaxing all the dimensions

p[i = *(p+i) &pli = value(p+i)

pli]0] = *(*(pti)t) &plillil = value(*(p+i)+))

plillllk] = *(*(*(p+i)+))+k) &pli]lillk] = value(*(*(p+i)+)+k)
alle(X) = X

p[O] = *p &p|0 = value(p)

p[O][C] = &p[0][0] = value(*p)

p[O][O0]l0] = **p &p[O][O][0] = value(**p)

valid for proper i, j, k values

Series 2App : g2 Young Won Lim
Applications of Arrays 5/31/24



Address Calculation (1) Array Pointer Approach

int [2][3][4] int[3][4]  int[4] int
. &) elo] ~efolfo] -~ c[Olo][0]
int ¢ [2][3][4] ; clol[0]i1]
c[O][0][2]
clil = *(c + i) g&cli = value(c + i) ——— zﬂﬂa
clilil ~ =*clil+i)  &clill] = value(clil +J) R
clilj]lk] =*(clili] +k)  &clillil[k] = value(c[i]lj] + k)
c[O][1][2]
c[O][1][3]
address replication e c[o][2] -~| c[0][2][0]
value(cli][jlik]) # value(&ecli][jl[k]) ~ primitive data & address C X N c[O][2][1]
value(c[i]l[j]) = value(&cli][j]) = value(&cli][j][0]) \ c[0][2][2]
value(cli]) = value(&cli]) = value(&c[i][0][0]) c[0][2][3]
el =it - el aelblolt) COlE SIMEIEE
\CX\\X i[{]if ;‘2\]\"&
. L
skip i elements of ¢ skip i*3*4 primitive elements of ¢ &0 \}‘\[\1][0][3]
skip j elements of cfi] skip j*4  primitive elements of ¢ :
skip k elements of cfi][j] skip k primitive elements of ¢ c[l][l] """ [1][1][0]
mp | c[1][1][1]
c[1][1][2]
I R
c1](2]: -+ clA2I[0]
c[1][2][1]
c[1][2][2]
c[1][2][3]
0 00 0v0v0v0v0v0____—_—_0uv0v0v;;vu;u0nm0v0vvv0nm Vv 000000 0909090909090
Serie_s 2App : 83 Young Won Lim
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Address Calculation (2) Pointer Array Approach

int [24] int

_ =] a[o] | clillillk]
int** ¢ [2]; c[i] = &b[3*i] (= b + 3*) a[1]
nt* b (23] ; blj] = &a[44]] (= a+ 4%)) &
int a [2*3*4]; a[4]
a[5]
) . . — a[6]
IR A SN By A Sl al7]
“(bliltk)  ="*(atj*4+k); skip k elements of a skip k elements of a b a[8]
blijk] = afj*4+k] /M a[9]
c[illj] a[10]
. O 11
o, e SN
o A . [ b s> b[0]*] a[13]

cfilil = b[i*3+]] b[1]e] —
SRR = g I O 03
Clilll = (a+(3+i)4) : ,1 oo A LTCIEH i IR TS
i =eEsiak [ c[1] g EE}» a[g]
CUIDID] = al(I3+j)y4+K (c +i)is (cli] + {)s BN :{19}
\b[rsr> a[20]
a[21]
a[22]
a[23]
Series 2App : 84 Young Won Lim
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Address Calculation (3)

value(c +i)  =value(c) +i *3*4 value(e +i)  =value(c)  +i *sizeof(*c)
value(cfi] +j) =value(cfi) +j *4 value(c[i] +j) = value(c[i]) +j *sizeof(*c[i])
value(c[i]j] + k) = value(e[i][il) +k* value(c[i][j] + k) = value(cli][j]) + k * sizeof(*c[i][j])
: cli] =*c+1) &cli] = value(C + i)
rray Ponter ] =*(cll+)  &cfi] = vale(el] + )
pproac clilillk] =*(clilli] +k)  &c[il[i][k] = value(c[i][j] + k)
TR value(c + i) = value(c) +i * /
L — value(c[i] +j) =value(c[i]) +j *
(C+ 1)sas ,H value(clilj] + k) = value(c[il[j) + k *
(C[i] + j)as SR €+ (cfil +()as (clii] +Kpas WA=
il + ke | | | R L ¥ T BT
Pointer Array Approach
Series 2App : Young Won Lim
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Subscript [ ] and dereference * notations (1a)

= e - f . ski &pli] = val )IVE

P[] = *(p+i) i A e P
- - — *(* - 0 f il ski 1 | . D

auill = "Cp+)*) g™ Gy

p]U]IK]

*(*(% 1 1 f 1][j], ski &p[i][jl[k] = val 1J]+K)14
CCP+H)H)+K) | EEe = e

address replications
Int p[L][M][N] value(p[i]) = &p[i] = value(p + i)
value(p[i][j]) = &p[i][j] = value(pli] + j)
value(p[i][jl[k]) # &p[i][il[k] = value(p[i][i] + k)

int [2][3][4] int [3][4] int [4 int

= &p[illil[k] = value(p + i *M-N-4 + j *N-4 + Kk * 4)

Array Pointer
Approach =

Pli][jl[k] = *value(p + i *M:N-4 + j *N-4 + k * 4)

Series 2App : 36 Young Won Lim
Applications of Arrays 5/31/24



Subscript [ ] and dereference * notations (1b)

P[]

Julil

p]U]IK]

*(p+i)
*(*(p+i)+))

**(*(p+1)+))+k)

int**p [L] ;
s int * q [L-M] ;
=78 iInt r [L-M-N]J ;
= Pointer Array
Approach
Series 2App :

Applications of Arrays
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skip i pointers &p[i] = value(p + i)14
from p =value(p + i *4)

skip j pointers &pli][j] = value(pli] + j)14
from pJi] = value(p[i] + j *4)

skip k integers &pli][il[k] = value(p[i][j] + K)1.4
from pli][j] = value(p[il[j] + k *4)

address dereferences

value(p[i]) = *(&p[i]) = *value(p + 1)
value(p[i][j]) = *(&p[i][i]) = *value(p[i] + j)
value(p[i][jl[k]) = *(&p[i][1[k]) = *value(p[i][i] + k)

&p[i][jl[k] = value(*value(*value(p+i*4)+j*4)+k*4)

Young Won Lim
5/31/24



Subscript [ ] and dereference * notations (1a)

pli][jlI[k] = *value(*value(*value(p+i)+j)+k) ———» = value(value(value(p + i)s.44) + j)as + K)a

address — P -
replications value(value(value(p) + i *3:4-4) + j *4-4) + k *4)

value(X +1)=value(X) + i * sizeof(*X)

value((X +1) +j) =value(X +1) + j * sizeof(**X)
= value(X) + 1 * sizeof(*X) + J * sizeof(**X)

Series 2App : 38 Young Won Lim
Applications of Arrays 5/31/24



Subscript [ ] and dereference * notations (1a)

address replications

int p[L] [M] [N] value(pli]) = &p[i] = value(p + i)

value(p[i][i]) = &pli][i] = value(p[i] + j)
value(p[il[il[k]) # &p[i][j][k] = value(pi][i] + k)

int [2[3][4] int [3][4] int[4] int

Array Pointer | | | T &p[i][jl[k] = value(p + i *M-N-4 + j *N-4 + k * 4)
Approach pllIK] = *value(p + i *M:N-4 + j *N-4 + k * 4)
abstract data  int [3][4] value(pli]) = &p|i] =|value(p + i) | int (*)[3][4] virtual pointer
abstract data  int [4] value(p[i]lj) = &p[illil =|value(pli] +j) | int (*)[4] virtual pointer
primitive data  int value(p[illillk]) # &plilljlk]=|value(p[illj] + k)] int (*) virtual pointer
p[i][il[K] = *value(*value(*value(p+i)+j)+k) ———» = value(value(value(p + i)s.4.4) + j)as + K)a

fg’;j{gg;ons =value(p + i *3-4-4 + j *4-4 + k *4)

Series 2App : 39 Young Won Lim
Applications of Arrays 5/31/24



Subscript [ ] and dereference * notations (2)

pli] = *(pt) &pli] = value(p+i)

p[i][] = *(*(pti)t) &pli][i] = value(*(p+i)+))

plilillk] = *C(*(p+i)+)+k) &plilillk] = value(*(*(p+i)+i)+k)

int p [L][M][N] ; value(&X) = value(X) (address replication)
pli] — > X(pti)wna &pli] — > value(p+i)mnas

p[']“] B *(*(p+i)M-N-4+j)N.4
plliIk] — > *C**(P*+D)mnat)natk)rs

&plilil  —* value((p+i)mnatIns
&pli]iilk] — value(((P+)mnatinatK)1a

Math Expressions

Math Expressions

int ** p[L], * g[L-M], r[L-M-N] ;

*value(X) = *X

pli] > *(p+i)s
p[i][] — > **(p+i)i1at))1a
plIUIk] — > *(*(*(p+1)24t])2atK)1s

&pli] — > value(pHi)i4
&plili] —* value(*(p+i)iat)ra
&pliJD]k] —>  value(*(*(P+i)1at))1atk)1s

Math Expressions

Series 2App :
Applications of Arrays

Math Expressions

Young Won Lim
5/31/24




Subscript [ ] and dereference * notations (3)

int p [LI[M][N] ;

value(&X) = value(X) (address replication)

&plil = value((p + ijuns) =[value(p +i* M:N-4) |
&pli][i]
&plil[illk] = value((p[i][j]+k)4)

=value(p+i*M:N-4+]j*N4 +Kk*4)

= value((p[i] + j)n.+) =[value(p[i] + j * N-4) |
\ /

=/value(p[il[jl + k* 1-4

—»  value(pt+i)mna

&pl(i]
&pl(i][i]

&plii]lk] —»

’ Value((p+i)M.N.4+j)N_4

value(((P+i)mna*j)natk)1

Math Expressions

int ** p[L], * q[L-M], r[L-M-N] ;

*value(X) = *X

&pli] =value(p + I)1s =|value(p +i*1-4) |
* &
&plili] = value(pli] + j)1« 5 value(p[i] +j* 1-4) |

*
&p[i][jl[k] = value(p[i][j] + k):.4 =|value(pli][j] + k * 1-4)

= value(*value(*value(p +i*4) +j*4) +k*4)

Series 2App : 91

Applications of Arrays

&pli]  — value(p+i)is
&pli][i]

&p[i][il[k] — value(*(*(p+i)1.4t])14+K)14

— > value(*(p+i)14t])14

Math Expressions

Young Won Lim
5/31/24




Operator Precedence

Precedence Operator Description Associativity
1 ++ -- Suffix/postfix increment and decrement Left-to-right
0 Function call
1 Array subscripting X[m])[n])[p]
: Structure and union member access
_ —
-> 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)

Series 2App :
Applications of Arrays

https://en.cppreference.com/w/c/language/operator_precedence

92

Young Won Lim
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Limitations

No index Range Checking

Array Size must be a constant expression
Variable Array Size

Arrays cannot be Copied or Compared

Aggregate Initialization and Global Arrays

Precedence Rule

Index Type Must be Integral

Serie_s 2App : 03 Young Won Lim
Applications of Arrays 5/31/24
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