





Binding of Instructions and Data to Memory

Address binding of instructions and data to memory addresses can
happen at three different stages.

m Compile time: If memory location known a priori,
absolute code can be generated; must recompile code if
starting location changes.

B | oad time: Must generate relocatable code if memory
location is not known at compile time.

B Execution time: Binding delayed until run time if the
process can be moved during its execution from one
memory segment to another. Need hardware support for
address maps (e.g., base and limit registers).
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Overlays for a Two-Pass Assembler

symbol 20K
table
com_mon 30K
routines
overlay 10K
driver

70K 80K
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Swapping

A process can be swapped temporarily out of memory to a
backing store, and then brought back into memory for continued
execution.

Backing store — fast disk large enough to accommodate copies
of all memory images for all users; must provide direct access to
these memory images.

Roll out, roll in — swapping variant used for priority-based
scheduling algorithms; lower-priority process is swapped out So
higher-priority process can be loaded and executed.

Major part of swap time is transfer time; total transfer time is
directly proportional to the amount of memory swapped.

Modified versions of swapping are found on many systems, i.e.,
UNIX, Linux, and Windows.
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Schematic View of Swapping
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Hardware Support for Relocation and Limit Registers

limit relocation
register register
logical 1 physical
address yes address
CPU < + > memory
no
trap; addressing error
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B Multiple-partition allocation

Contiguous Allocation (Cont.)

Hole — block of available memory; holes of various size are
scattered throughout memory.
When a process arrives, it is allocated memory from a hole
large enough to accommodate it.
Operating system maintains information about:
a) allocated partitions b) free partitions (hole)

(ON]

(ON]

process 5

process 5

process 9

process 9

process 10

process 2

process 2

0S oS
process 5 process 5
process 8 [C— —>
process 2 process 2
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Fragmentation

B External Fragmentation — total memory space exists to
satisfy a request, but it is not contiguous.
B Internal Fragmentation — allocated memory may be
slightly larger than requested memory; this size difference
IS memory internal to a partition, but not being used.
B Reduce external fragmentation by compaction
- Shuffle memory contents to place all free memory together
in one large block.
- Compaction is possible only if relocation is dynamic, and is
done at execution time.
= 1/0O problem
| Latch job in memory while it is involved in 1/O.
- Do I/0 only into OS buffers.
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Address Translation Architecture

Operating System Concepts
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Free Frames

free-frame list

new process 18
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Implementation of Page Table

B Page table is kept in main memory.
B Page-table base register (PTBR) points to the page table.

B Page-table length register (PRLR) indicates size of the
page table.

B In this scheme every data/instruction access requires two
memory accesses. One for the page table and one for
the data/instruction.

B The two memory access problem can be solved by the
use of a special fast-lookup hardware cache called
associative memory or translation look-aside buffers
(TLBS)
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Paging Hardware With TLB
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Operating System Concepts

Valid (v) or Invalid (i) Bit In A Page Table

0
1
2| pageO
00000 frame number valid—invalid bit
page 0 \ / 3| page 1
0|2 v
page 1 1lslv 4| page 2
page 2 SRy 5
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page 3 48| v 6
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page 4 6l o] 7| page3
70|
10,468 page 5 8| page 4
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Operating System Concepts

Two-Level Page-Table Scheme
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Address-Translation Scheme

B Address-translation scheme for a two-level 32-bit paging
architecture

logical address
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Hashed Page Table
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Shared Pages Example

0
1| datai
2| data3
page table 3| edt
for P1 ed 1
4 ed 2
ed?2
5
ed 3
6 ed3
data 2 page table
for PZ 7| data2
process P,
8
9
10
page table
for P3
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Operating System Concepts

User’s View of a Program

subroutine
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Segmentation Architecture

Logical address consists of a two tuple:

<segment-number, offset>,
Segment table — maps two-dimensional physical
addresses; each table entry has:

- base — contains the starting physical address where the
segments reside in memory.

~ limit — specifies the length of the segment.

Segment-table base register (STBR) points to the
segment table’s location in memory.

Segment-table length register (STLR) indicates number of
segments used by a program;

segment number s is legal if s < STLR.
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Segmentation Hardware
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Example of Segmentation

subroutine stack
1400
segment 3 segment 0
2400
symbol
segment 0 table
limit | base
Sqrt segment 4 0| 1000 | 1400
1| 400 | 6300 3200
main 2| 400 | 4300
program 3| 1100 | 3200 segment 3
4| 1000 | 4700

segment table 4300

segment 2

segment 2
4700

logical address space segment 4

5700

6300

segment 1
6700
physical memory ‘]9
Operating System Concepts 9.49 Silberschatz, Galvin and Gagne 02002 8 A
-




segment 0

segment 1

logical memory
process P,

editor

segment 0

segment 1

logical memory
process P,

limit | base

25286 | 43062
4425 | 68348

segment table
process P,

limit base

25286 | 43062
8850 | 90003

segment table
process P,

editor

physical memory

50



51



MULTICS Address Translation Scheme
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Intel 30386 Address Translation

logical address ‘ selector ‘ offset ‘
descriptor table
segment descriptor +
linear address ‘ directory ‘ page ‘ offset ‘ page frame
physical address
page directory page table i
directory entry — page table entry
A A
page directory
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