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Today

• Dynamic Memory Allocation

• No CodeLab this week
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Dynamic Memory Allocation
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!"##$%&' and friends



Automatic Allocation
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• We’ve been doing this since the first week

• Variables have a name and an address

()*+(,

(+-+.,

.

/ 0

(1

21

"1

()*+"304,

"354+-+/,

"364+-+0,

()*+72+-+8(,



Fixed Sizes

• Automatically allocated variables can’t change size

• Until C99, array sizes needed to be fixed at 
compile time
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"1

()*+"304,

()*+),

9%"):&;<=;>+8)',

()*+"3)4,

Pr
e-

C99
C99



6

()*+79?@"AB/&()*+72'

C

++()*+AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"AB/&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+79?@"AB/&()*+72'

C

++()*+AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"AB/&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1/

Wrong

GGGG
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Dynamic Memory Allocation

• Alternate way of allocating memory

• Obtained from a different pool of memory



!"##$%&'

• “Memory Allocator”

• H()%#@=B+I9*=#(JKLM
• You ask !"##$%&' for some memory, it finds 

some, and then gives it to you

• E$(=+7 pointer (“generic” pointer)

• Different pool of memory (called the heap)
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E$(=+7!"##$%&9(NBO*+9(NB',

for now think of it as ()*
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!"##$%&6',

E$(=+7}



9

!"##$%&6',

E$(=+7

%L"A+7%2+-+

}
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!"##$%&6',

E$(=+7

%L"A+7%2+-+

!"##$%&6',%L"A+%+-+

()*+(+-+.,

()*+F+-+8(,
}

Wrong
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!"##$%&6',

E$(=+7

%L"A+7%2+-+

!"##$%&6',%L"A+%+-+

()*+(+-+.,

()*+F+-+8(,

%21

Dotted border means 
“dynamically allocated”

}
Wrong
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!"##$%&6',

E$(=+7

%L"A+7%2+-+

!"##$%&6',%L"A+%+-+

()*+(+-+.,

()*+F+-+8(,

PQP

%21

Dotted border means 
“dynamically allocated”

7%2+-+PQP,

}
Wrong
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PQP PRP

!"##$%&S',%L"A+7%2+-+

%21
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PQP PRP

7&%2+T+6'+-+PQP,

!"##$%&S',%L"A+7%2+-+

%21
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PQP PRP

7&%2+T+6'+-+PQP,

%23/4+-+PRP,+

!"##$%&S',%L"A+7%2+-+

%21
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()*+7(2+-+!"##$%&S',

%21

!"##$%&S',%L"A+7%2+-+

(21
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()*+7(2+-+!"##$%&S',

%21

!"##$%&S',%L"A+7%2+-+

(21

(2354+-+.,

.
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()*+7(2+-+!"##$%&S',

%L"A is 6 byte (everywhere)
()* is 0 bytes (on ECF)

%21

!"##$%&S',%L"A+7%2+-+

(21

(2354+-+.,

.

Wrong
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()*+"34+-+C6>/>SD,

=$@J#B+J34+-+C6K5>+/K5>+SK5D

()*+72+-+8"354,

=$@J#B+7?+-+8J354,

Scaling

6 / S"1 6K5 /K5 SK5J1

21 ?1



12

()*+"34+-+C6>/>SD,

=$@J#B+J34+-+C6K5>+/K5>+SK5D

()*+72+-+8"354,

=$@J#B+7?+-+8J354,

2TT,

Scaling

6 / S"1 6K5 /K5 SK5J1

21 ?1
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()*+"34+-+C6>/>SD,

=$@J#B+J34+-+C6K5>+/K5>+SK5D

()*+72+-+8"354,

=$@J#B+7?+-+8J354,

2TT,

?TT,

Scaling

6 / S"1 6K5 /K5 SK5J1

21 ?1
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()*+"34+-+C6>/>SD,

=$@J#B+J34+-+C6K5>+/K5>+SK5D

()*+72+-+8"354,

=$@J#B+7?+-+8J354,

2TT,

?TT,

6K5 /K5 SK5

()* is 4 bytes on ECF
=$@J#B is 8 bytes on ECF

Scaling

6 / S"1 6K5 /K5 SK5J1

21 ?1

J1
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()*+"34+-+C6>/>SD,

=$@J#B+J34+-+C6K5>+/K5>+SK5D

()*+72+-+8"354,

=$@J#B+7?+-+8J354,

2TT,

?TT,

6K5 /K5 SK5

()* is 4 bytes on ECF
=$@J#B is 8 bytes on ECF

Scaling

6 / S"1 6K5 /K5 SK5J1

21 ?1

J1
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()*+7(2+-+!"##$%&S++

%L"A is 6 byte (everywhere)
()* is 0 bytes (on ECF)

%21

!"##$%&S',%L"A+7%2+-+

(21

number of bytes

number of elements size of each element

',7+0



14

9(NB$:&'

• C operator that tells us how big something is

9(NB$:&%L"A', 6

9(NB$:&()*', 0 (on ECF)

()*+(+-+0/,

9(NB$:&(', 0

()*+9(NB+-+9(NB$:&(',

(not 100% correct)

(on ECF)



9(NB$:&' and !"##$%&'
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()*+7(2+-+!"##$%&S+7+9(NB$:&()*'',

You should always use 9(NB$:&'

()*+7(2+-+!"##$%&S+7+0',

%L"A+7%2+-+!"##$%&S',

%L"A+7%2+-+!"##$%&S+7+9(NB$:&%L"A'',



9(NB$:&' and Arrays

• You can also use 9(NB$:&' on arrays
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()*+"34+-+C/>+0>+U>+6VD,

9(NB$:&"', 6V (on ECF)

0+7+9(NB$:&()*'

()*+#B)W*L+-+9(NB$:&"'+X+9(NB$:&()*',

But I’ve said arrays don’t know how big they are!

0

0+7+9(NB$:&()*'+X+9(NB$:&()*'
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()*+"34+-+C/>+0>+U>+6VD,

()*+72+-+",

9(NB$:&2', 9(NB$:&()*+7'0

()*+J34+-+C/>+0>+U>+6V>+S/>+V0>+6/UD,

()*+7?+-+J,

9(NB$:&?',

9(NB$:&"', 6V (on ECF)0+7+9(NB$:&()*'

Y+7+9(NB$:&()*'/U (on ECF)

9(NB$:&()*+7'0

(on ECF)

9(NB$:&J',

(on ECF)
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9(NB$:&' and Arrays

• If we have the array itself, we can figure out the length

• If we have a pointer to the array, we can’t

• And all arrays get passed to functions as pointers...
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()*+79?@"AB/&()*+72'

C

++()*+AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"AB/&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++()*+AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+8AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D

()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1

21

9?@"ABS&'

AB9@#*1

/

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1

21

9?@"ABS&'

AB9@#*1

/

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1

21

9?@"ABS&'

AB9@#*1

/

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1

21

9?@"ABS&'

AB9@#*1

/

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D

0
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',
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++AB*@A)+5,

D

!"()&'

(1 F1
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AB9@#*1
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()*+79?@"ABS&()*+72'
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++()*+(+-+/,
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++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1
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++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',
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!"()&'
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()*+!"()+&E$(='
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++()*+(+-+/,
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++2A()*:&;<=;>+7F',
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1/0

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,
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()*+!"()+&E$(='
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++()*+(+-+/,
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++2A()*:&;<=;>+7F',
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++AB*@A)+5,
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!"()&'

(1 F1/0

()*+79?@"ABS&()*+72'
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++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D
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0
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()*+!"()+&E$(='

C

++()*+(+-+/,

++()*+7F+-+9?@"ABS&8(',

++2A()*:&;<=;>+7F',

++

++AB*@A)+5,

D

!"()&'

(1 F1/0

()*+79?@"ABS&()*+72'

C

++()*+7AB9@#*+-+!"##$%&9(NB$:&()*'',

++7AB9@#*+-+72+7+72,

++AB*@A)+AB9@#*,

D

Stack

Heap 0
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%L"A+79+-+%$)%"*&;ZB##$;>+;[$A#=;',

2A()*:&;II<9MM;>+9',

%L"A+7%$)%"*&%$)9*+%L"A+796>+%$)9*+%L"A+79/'

C

++()*+#B)W*L+-+9*A#B)&96'+T+9*A#B)&9/',

++++

++%L"A+AB9@#*3#B)W*L+T+64,

++++

++9*A)%2\&AB9@#*>+96>+#B)W*L+T+6',

++9*A)%"*&AB9@#*>+9/>+#B)W*L+]+9*A#B)&AB9@#*'',

+++

++AB*@A)+AB9@#*,

D
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%L"A+79+-+%$)%"*&;ZB##$;>+;[$A#=;',

2A()*:&;II<9MM;>+9',

%L"A+7%$)%"*&%$)9*+%L"A+796>+%$)9*+%L"A+79/'
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++()*+#B)W*L+-+9*A#B)&96'+T+9*A#B)&9/',

++++

++%L"A+AB9@#*3#B)W*L+T+64,

++++

++9*A)%2\&AB9@#*>+96>+#B)W*L+T+6',

++9*A)%"*&AB9@#*>+9/>+#B)W*L+]+9*A#B)&AB9@#*'',

+++

++AB*@A)+AB9@#*,

D

Wrong
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%L"A+7%$)%"*&%$)9*+%L"A+796>+%$)9*+%L"A+79/'

C

++()*+#B)W*L+-+9*A#B)&96'+T+9*A#B)&9/',

++++

++%L"A+7AB9@#*+-+!"##$%&&#B)W*L+T+6'+7+9(NB$:&%L"A'',

++++

++9*A)%2\&AB9@#*>+96>+#B)W*L+T+6',

++9*A)%"*&AB9@#*>+9/>+#B)W*L+]+9*A#B)&AB9@#*'',

+++

++AB*@A)+AB9@#*,

D

%L"A+79+-+%$)%"*&;ZB##$;>+;[$A#=;',

2A()*:&;II<9MM;>+9',
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Cleaning Up
()*+(+-+0,

()*+F+-+.,

()*+72+-+8(,

0(1

21

.F1

2+-+8F,
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Cleaning Up
()*+(+-+0,

()*+F+-+.,

()*+72+-+8(,

()*+7(2+-+!"##$%&9(NB$:&()*'',

()*+7F2+-+!"##$%&9(NB$:&()*'',

7(2+-+0,

7F2+-+.,

0(1

21

.F1

2+-+8F,

0 .

(21 F21
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Cleaning Up
()*+(+-+0,

()*+F+-+.,

()*+72+-+8(,

()*+7(2+-+!"##$%&9(NB$:&()*'',

()*+7F2+-+!"##$%&9(NB$:&()*'',

7(2+-+0,

7F2+-+.,

0(1

21

.F1

2+-+8F,

0 .

(21

(2+-+F2,

F21
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Cleaning Up
()*+(+-+0,

()*+F+-+.,

()*+72+-+8(,

()*+7(2+-+!"##$%&9(NB$:&()*'',

()*+7F2+-+!"##$%&9(NB$:&()*'',

7(2+-+0,

7F2+-+., This value is lost
This bit of memory is lost

0(1

21

.F1

2+-+8F,

0 .

(21

(2+-+F2,

F21


