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3.c Linking & Loading
From object codes to executable

> Linkers and loaders

v alinker or “link editor” is a program that takes a collection of
object modules (created by compilers or assemblers) and
combines them into a single executable program

v aloader places the linked program in memory, possibly
translating (relocating) addresses on the way

Source Object ST

procedure 1 module 1
. Executable
Source Object ‘ : : program
—==| Translator —= — Linker binary
procedure 2 module 2 ‘ orogram | e
(Compiler Loader

Source or Assembler) Object

procedure 3 module 3

From source code to memory, via translating, linking and loading
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3.c Linking & Loading

Loading: binding logical references to physical addresses

» Loading involves binding instructions and data to
physical memory addresses

v

v
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once an executable Is finished compiling or is stored on disk, the
loader places it in memory

modern systems allow a user process image to reside in any part
of physical memory

three approaches to loading:

% absolute loading = binding can be done beforehand, at
compile time (writing once)

¥ relocatable loading = binding is done at load time (rewriting)

= dynamic runtime loading = binding is postponed until
execution time (not writing)
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3.c Linking & Loading
Loading: binding logical references to physical addresses

¢ Absolute loading

v" requires that a given module
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always be loaded into the
same location in memory

thus, the compiler can bind
symbolic addresses directly
to absolute addresses

this was the case of the
-.COM format programs in

MS-DOS

not acceptable: prevents
swapping and/or multi-
tasking, etc.

Syvmbolic
Addresses

Absolute

Addresses

PROGRAM

JUMPX

LOADY

1024

] 1424

{a) Object module

~N_——-

(b} Absolute load module

PROGRAM

JUMP 1424 e

LOAD 2224

Absolute load module

CS 446/646 - Principles of Operating Systems - 3. Memory Management

31




3.c Linking & Loading
Loading: binding logical references to physical addresses

¥ Relocatable loading

v
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we need modules that can
be located and relocated
anywhere in memory

for this, the compiler must
produce relative addresses

then the task of the loader
IS basically to add one or
several fixed offset(s) to all
address references

problem: swapping in and
out requires delocating and
relocating every time

Syvmbolic
Addresses

Relative

Addresses

PROGRAM 0
JUMPX e
] 400
LOAD Y
DATA
—l 1200
\_/V

{a) Object module

PROGRAM

JUMP 400

LOAD 1200

ic) Relative load module

Relocatable load module
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3.c Linking & Loading
Loading: binding logical references to physical addresses

< Dynamic runtime loading
v" physical address binding

Relative address

does not happen until the

very last moment, when :
the instruction is executed e

Absolute
address

Comparator

v' done by special processor |
hardware (combined with —
protection)

I
I |
' [
| I
|

v Data

|

|

|

[

: Interrupt to
| operating system
[

|

v' gives the most freedom

Stack

Process image in
main memory

Hardware support for relocation
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3.c Linking & Loading
Linking: weaving logical addresses together

» Static linking
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3.c Linking & Loading
Linking: weaving logical addresses together

» Dynamic load-time linking
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3.c Linking & Loading
Linking: weaving logical addresses together

» Dynamic runtime linking
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3.d Simple Paging & Segmentation
Paging

» (Sub)divide and conquer

v new idea: partition process images, too, so that their physical
domain doesn't have to be contiguous anymore

= memory is partitioned into small, equal-size chunks

= process images or also subdivided into the same size
chunks

v"the chunks of a process are called pages and chunks of
memory are called frames

v"the O/S maintains a page table for each process
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3.d Simple Paging & Segmentation
Paging

Frame

Main memory Main memory Main memory
number
0 0 AD 0 A0
1 1 Al 1 Al
2 2 A2 2 A2
3 3 A3 3 Al
4 4 R
5 5 BTN
6 6 NP
7 7 7
8 8 8
9 9 9
10 10 10
11 11 11
12 12 12
13 13 13
14 14 14
(a) Fifteen Available Frames (b) Load Process A (c) Load Process B
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3.d Simple Paging & Segmentation

Paging
Main memory Main memory Main memory
0 A0 0 A0 0 A0
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2 A l 2 A2 2 A2
3 3 Al 3 Al
4 NNNB \“\\\ 4 4 D.0
BTN 5 3 D.1
6 NNNNB 2NN 6 6 D.2
IR0, 1887 IR//557707,
s 0077 s 0077 s 0777
/44777 y y
10 77 C 30000 10 7770 C 30000 10 /// /7/
11 11 11
12 12 12 D.4
13 13 13
14 14 14
(d) Load Process C (e) Swap out B -« (f) Load Process D
A
o0 o[ = 0[ 7 0[ 4 RN
1] 1 1| — 1| 8 1| § 14
2 2 2 = 20 9 2 6 . .
33 — 310 3 .1}’ Fleeiif;ltame
Process A page table Process C 4 12
page table page table Process D
page table
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3.d Simple Paging & Segmentation
Paging

frame
number
page O 0
Of 1
page 1 114 1| pageO
page 2 213 2
37
page 3 page table 3| page?2
logical 4] page 1
memory
5
6
7| page3
physical
memory
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3.d Simple Paging & Segmentation
Paging

0 a 0
1 b
2 ¢
3 d
4 e 4 [
5 f j
6 g 015 k
7 h 116 |
8 i 2|1 8 m
9 n
10 k 312 o]
11 1 page table p
12 m 12
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15 p |
logical memory 16
20 a
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d
24 e
f
g
h
28

physical memory
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3.d Simple Paging & Segmentation
Paging

free-frame list free-frame list
14 15
13 13 13 | page 1
18
20 14 14 |page O
15 pag
15 15
16 16
17 17
New process 18 new process 18 |page 2
19 0|14 19
1113
20 2|18 20 | page 3
3|20
21 new-process page table 21
(a) (b)
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3.d Simple Paging & Segmentation
Hardware support for paging

Logical address = Logical address =
Relative address = 1502 Page# = 1, Offset =478 Segment# = 1, Offset = 752
[0000010111011110)] [000001/0111011110] [0001j001011110000)|
r
?27 ( 7
z = -
- ) P -
Z & 2 = =
— - = : _:u
; =
* —
L |
% <
> = \
(a) Partitioning }'é E (c) Segmentation
\ - =0

(b) Paging
(page size = 1K)
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3.d Simple Paging & Segmentation
Hardware support for paging

16-bit logical address

6-bit page # 10-bit offset
2

F Y
¥

B
0/0/0/0/0/110]/1]1/2/0/1]1]1]1|0
0[000101
»1|000110
21011001
Process
page table ‘ ‘
—e A
00/0/1/1/0/0]1]1]1/0/1/1]1]/1]0

-+

v

16-bit physical address
(a) Paging
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3.d Simple Paging & Segmentation
Hardware support for paging

CPU
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3.d Simple Paging & Segmentation
Segmentation

subroutine

symbol
table

Sqrt

main
program

logical address space
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3.d Simple Paging & Segmentation
Segmentation

Logical address space

-

Free { Address space
. Call - allocated to the
Currently used { S t call stack

tree
Constant
table A

Parse T

Source
text +

Symbol
table

Figure 6-7. In a one-dimensional address space with growing
tables, one table may bump into another.
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3.d Simple Paging & Segmentation

20K

16K

12K

8K

4K
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Segmentation
_Sym bol
table

Call

— _S?ur;:e — Parse — stack

ex Constant tree
table
Segment Segment Segment Segment Segment
4

Figure 6-8. A segmented memory allows each table to grow or

shrink independently of the other tables.

CS 446/646 - Principles of Operating Systems - 3. Memory Management

50



10/13/2005

3.d

Simple Paging & Segmentation

Segmentation
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3.d Simple Paging & Segmentation
Segmentation

) 16-bit logical address

4-bit segment # _
y 4 o 12 hf offset ) N

0/0/0/]1/0/0/1/0]|1]1/1]1|0/0|0|0 must also have: offset < length
k...___-—-\r-—-—-__JL.____ — -

C Length ) Base

0[{001011101110/0000010000000000] v
L 1 (011110011110{0010000000100000———p(+

Process segment table

— —-—'—""I"““— T
0/0[1/0/0/0]1]1[0|0|0]1]/0]|0[0]0
-+ g

16-bit physical address
(b) Segmentation
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3.d Simple Paging & Segmentation

Segmentation

CPU

o

limit | base
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3.d Simple Paging & Segmentation
Segmentation

editor
segment 0
43062
data 1 limit base
0| 25286 | 43062 _
segment 1 1| 4425 | 68348 editor
segment table
process P.
logical memory ! 68348 —
process P, 79773
90003
editor tata 2
98553
segment 0
limit base
data 2 0| 25286 | 43062 physical memory
segment 1 1| 8850 | 90003

segment table
process P,

logical memory
process P,
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