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Figure 9.1 A base and a limit register define a logical address space.
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Figure 9.2 Hardware address protection with base and limit registers.



3 separation & protection uaa usgsnaslidsunsunaa physical address

|d rl 101
|d r2 102
add r0 rl
st rO 100
J 50

r2

// data segment (variable A)
// data segment (variable B)

// data segment (variable C = A + B)
// code segment

This program assumes that base address is zero.
If not, the program may encounter illegal memory access.

0 Id
1 Id
2 add
3 st
4 j
100 C
101 A
102 B

=

S

S

Code segment

Data segment

Stack segment
(for recursive call)
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Logical Address vs. Physical Address

Logical address must begin from zero.
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14346
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Figure 9.5 Dynamic relocation using a relocation register.
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Figure 9.3 Multistep processing of a user program.

Address Binding

- Compile time

Id rl 101

Id r2 102
add rO rl1 r2
st rO 100

J 50

- Load time

d rl i address lirau
d r2 Hadinazlnanasiile
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J

inaan dynamic loading
- Execution time e swapping

1% logical address Guguan 0

Aasd relocation reg.
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address address .
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Dynamic Loading

1. Load main function into memory.
2. Load other functions on demand.

This method is particularly useful when large amounts of code
are needed to handle infrequently occurring cases, such as error
routines.

There may be multiple copies of the same routine in memory.




Dynamic Linking and Shared Libraries

1. Static linking exe = main.o + fl.o0 + f2.0
2. Dynamiclinking exe = main.o + stubl + stub2

Before calling After calling
main() { main() {
call stub1() call stub1()
call stub2() call stub2(
} }
stubl() { Jecate library } f1() {}
stub2() { locate library } f2(){}

There is only single copy of f1() and f2() in memory.




Swapping

operating p/
system
process P,
@ swap out
_ process P,
@ swap in
y e— ]

fewir address binding sinnass |
user

space backing store

main memory

Figure 9.19 Standard swapping of two processes using a disk as a backing store.



Memory Mapping & Protection

dgaflu Contiguous Memory Allocation

limit relocation
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Y
trap: addressing error

memory

Figure 9.6 Hardware support for relocation and limit registers.
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Fragmentation

External fragmentation

Holes in memory.
wisneas 1 vn compaction
wisneas 2 19 non-contiguous memory

50-percent rule (first fit), given n blocks allocated, 0.5n will be lost.
One-third of memory may be unusable.

Internal fragmentation
nnannnisaas memory u block usaldliwin block

1 block

data

} fragment




Non-Contiguous Memory Allocation

Paging

Frame fixed-size block on physical memory
Page fixed-size block on logical memory
Page number (p) left side of logical address

Page offset (d) right side of logical address

Windows 10 supports page sizes of 4KB (typical) and 2MB.

Page size = frame size Linux also supports two page sizes.

m number of bits (logical address space)
n number of bits (page size)
page number page offset

p d

m—n M
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1| page O
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4| page 1

7| page 3

physical
memory

Figure 9.9 Paging model of logical and physical memory.
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Page table is in memory, and it is indexed by PTBR (page-table
base register) na3wuda page table faglu memory e Mlinafsnlilsunss
az read/write memory fisasau page table neu v ldsesenuw memory 2 sau

CPU

logical address
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Figure 9.8 Paging hardware.
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Figure 9.10 Paging example for a 32-byte memory with 4-byte pages.
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Figure 9.11 Free frames (a) before allocation and (b) after allocation.
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Figure 9.12 Paging hardware with TLB.



Protection
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Figure 9.13 Valid (v) or invalid (i) bit in a page table.
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libc 2
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page table
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If the code is reentrant code,

however, it can be shared.
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Figure 9.14 Sharing of standard C library in a paging environment.

https://en.wikipedia.org/wiki/Reentrancy (computing)
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Hierarchical Paging (32-bit)
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Figure 9.15 A two-level page-table scheme.
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Hashed Page Tables (64-bit)
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Figure 9.17 Hashed page table.




Inverted Page Tables (64-bit)
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Figure 9.18 Inverted page table.
64-bit UltraSPARC, PowerPC, IBM RT



Segmentation

<segment-number, offset>.
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Figure 8.20 Exampie of segmentation.



Here, s designates the segment number, ¢ indicates whether the segment is
in the GDT or LDT, and p deals with protection. The offset is a 32-bit number

S g P .
.13 1 o 1 specifying the location of the byte within the segment in question.
\ ' GDT/LDT = Global/Local Descriptor Table (Intel)
logical address | selector offset

descriptor table

segment descriptor

32-bit linear address

Figure 9.22 |A-32 segmentation.
dulufile



IA-32 Architecture

32-bit processors generally compatible with the Intel Pentium® Il processor

CPU

logical

address
-

segmentation
unit

linear
address
-

Figure 9.21

paging
unit

physical

address
-

physical
memory

Logical to physical address translation in I1A-32.




Chapter 9 Main Memory

9.1 Background 349 9.6 Example: Intel 32- and 64-bit

9.2 Contiguous Memory Allocation 356 Architectures 379

9.3 Paging 360 9.7 Example: ARMv8 Architecture 383
9.4 Structure of the Page Table 371 9.8 Summary 384

9.5 Swapping 376 Practice Exercises 385

Further Reading 387

aasiuAds getconf PAGE_SIZE vu Linux an7ilgAessls?
Wired down 1u TLB Aaazls?

Effective access time 1as memory Aaazls? Anuandsla?
Reentrant code maazls?



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

