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Virtual

P1 base = 5000
P2 base + bound

Addresses Physical
P1 bound N Addresses:
z P3 base + bound
Process 1
of
P2 bound I P3 base = 7000
P1 base + bound
0 Process 1

P3 bound - -

0 P2 base = 2000

0
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Context switchi ng Mem(5100]=88 P1.pch { -
rax=??
CPU: MMU: rbx, etc.....

base=5000;

ER }’\)kbt mem(es valves,
P2.pcb {

rax=777;
rbx, efc.....
base=2000;

Running P1
Read Meﬁ1[100] base=5000 |Mem[???] 5100

to rax (rax=2?2)

Timer interrupt (10ms) —

must save P1’s context to P1’s PCB! }
Base=X Mem[?2?] C001
?pvv}cb VMJ@ praess momoy
(reschedule processes, give CPU to P2) sz
must load P2’s context from P2’s PCB!! P1 :ase = b:,w \/\A@WKDY\( W +€[;H m
rax= 777
Process 2
Running P2 =
Mo 200] Base2000 | Mem[?27] 2200 onyeioa 0 H uu o Z V\’ﬂ\xbsﬂﬁ
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Physical
Memory

0 Divide address space ;
into logical segments
Ex: Code, stack, heap

1 Goals
Remove internal
fragmentation
More sharing

- Per-segment base&bound
allows sharing

A
(| Excel Code
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e.g. 32 bit lLogical address (e.g. mov %ebx mem[0x48001000])

P1

Heap (01) 8000 2MB

L 2
Physical address (e.g. 0x88001000)

4 8 001 0 00
01}00 1000 0000 0000 0001 0000 0000 0000

Sea#=01 Seq offset = 0x8001000
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P1's segment table MMU emory
Seg Base Bound fwwm(u:
Stack (10) 9000 3MB
0000

O0x 4&\00 | OO

01,00
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Logical View Physical View

2" Physical
Addresses:

0x 9000 0000 +
3 MB

“inMMU:
Virtual Seginent table
Addresses S 0x 9000 0000
i E——— 0x 8000 0000 +
No internal i ’ 2 MB
Fragmentatio P1’s Heap P1’s Heap
Ol (2 MB)
qunaffocated) | LT - _Ox 8000 000
iy S 0x 2000 0000 +
Code 1 MB
(1 MB) Code
o External (e.g. Excel)
Fragmﬁntatlon B 0x 2000 0000
>
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int main() £
Logical View int size = 4;
2Mn
- int *p = malloc(size);
int *q = malloc(size);
int *r = malloc(size);
printf("p points to %08x \n", p); ﬂc)lb\\/\ﬂ ‘()V\/ 4 hﬁ +6'S
printf("q points to %08x \n", q); A
printf(’r points to %08x \n", r);
}
(unused) ; " f T
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Heap F— R =0160f050
Q = 0160f030
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PORTANT!!

Memory is word addressed
Abox = aword = integer size = 4 bytes
In lecture: malloc(X) means malloc (X words), i.e., malloc (X * 4 bytes)
In actual C code: malloc(Y) means Y bytes

A block = a sequence of words allocated by malloc() 1 word
(4 bytes)
\ﬂ_l ;Y_l
An alloca A free block
(4 word (3 words) | Freeword
16 bytes 12bytes [ Avocated word

malloe@) [ [ [ [ [[[[ITTI[TTTT] WZ[UL/‘{'woM@

An allocated block

malloe(®) [ [ [ [ [T [ [[[[[T]]

Another allocated block

IS =NmaIce®) [ [ [ [ [ [ [ ] [ [ | ]

free(p2) EEEEEEEEE = =R
—— "

A free block Another

pi

p2

free block /[DMTLC/ M@n‘[&{ W éQXzs
lpai=malioc) [ | [ [l [ | I | momj eerm Friquecetron
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pl=mallocd) W [TTTTTTTTTTTITTIT]

Payload

p1 1word

Anallocated block a=1: Allocated block %\‘ Vﬂ wéfo s 74’/ / é /.)7"{‘& '\’£ /}4?%

a=0:Free block
F tof Payload size: block size (in bytes)
‘ormat ol
allocated and Payload: application data

free blocks: (in allocated blocks only)

Start U"“SE“/\ /\/\/\
o el el [P el [T ][] ke TP
heap

Word#:0 1234567891011 13 15 16 17

“Implicit”
Listof — / Pos: w0 Pos: w6
Free blocks Sz:8 Sz:32

bytes bytes

Does malloc() management suffer from internal or external
fragmentation? K}:,Q%
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Allows us to traverse the “list” backwards
Vo o heodv b e bhbte

sl | la sl | [ | [elall[]al
WNow ‘Qv fwwi v hetder 9@ r/w?wp 4 m

Format of
allocated and
free blocks

REAL
EXAMPLES /

NUMBERS

(in “words” Header Boundary tag
Not bytes) (footer)



Case 1 Case 2 Case 3 Cased

Free Free

Blockbeing P
freed

free(p)
Free

Free

Twflcit allows bloc b Fravere |

[;—X‘)[IZH— [{\SZZ - /’5"’ a@ a»ﬂﬁ/ /)VB( é/D(fg'
SIML g5 iwr;Wf' Wy Ly Zblaks of free POML fo prev 3 ued  Pee blosk poites

BIOCk format Payload is unused
anyway.
Allocated block (same as before) Free block Let’s add it with

more info

Next free addr
Prev free addr

Important note:

Not size (implicit)

Itis pointer to
next free block
(explicit)

Maintain list(s) of freeblocks, not allblocks
Goal of malloc() is to manage free space, so it’s about the free list

Luckily we track only free blocks, so we can use payload area

Forward (next) links

Back (prev) links

what™ bt ﬂw'w/?
cop e Lo fest ot 799/0/

Freeing With a LIFO Policy (Case 1)

Before | Points to
fre? Conloesence  ba)

||h||\lo

Insert the freed block at the root of the list

After
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