Main Memory

COS 450 - Fall 2018

whatis Main Memory

...fetch and store from CPU to memory

a process in memory...

When does a variable get an
address?

compile-time - absolute

load-time - relocatable a

. . ] ‘3‘?’: \ :
run-time - dynamic !' e
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Life of a Program

(source )

10— 1:2.: 6@ 30 —
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How is memory

organized...protected.

Simple Base + Limit
CPU register solution

0

operating

protection ot |, "

processes from each process
other 300040 —{ 300040 |
process base
420940 120900

limit
process

relocation o

code for execution

880000

024000
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Base + Limit Registers

—‘ address es es
GE z 4 S y—b

no no

trap to operating system
monitor—addressing error memory

Logical Address Space

address relocation defines a LOQ Ical address

Memory Management Unit

relocation
register

T R R hardware to
logical 'sical
U adgress m zd‘é{ress
+
346 &

14346 s map logical to

physical addresses
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Not enough RAM?

Dynamic Loading i
. Lo wa ou process P,

Dynamic Linking & Shared Dvapou

Libraries @ process P,
swapin

Swappin user .

ppIng SPace backing store
manm

11
Allocation Strategies
there are two basic strategies;
Contiguous
Non-Contiguous
12

Contiguous Allocation
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Finding Space

to determine where to place a process we can use;
First-Fit
Best-Fit

Worst-Fit

13

14
Processes that need
Memory...
P
P, 12K 200
212K
P P4 500RAM
417K 426K K
600
300|| K
K
15-1
First-Fit Allocation
P
P, 12K 220
212K
) P4 506"’“VI
417K 426K K
600
300]| K
K
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15-2

First-Fit Allocation

P3 200

112K
II :
212K
BRAM

P P4
417K 426K

288 600

300
K

15-3
First-Fit Allocation
||P23|< 200
K
P4 S ¥AY
426K H
288
300
K ||183
15-4
First-Fit Allocation
200
K
P mRA
422'( 4IP72K
176
300
K 183
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First-Fit Allocation

P4 does
not fit!

P4
426K

200
K
212K|
R
112K|
4|72K
176
300
K 183

15-5

Best-Fit Allocation (work)

P
212K

Ps

112K

P,
417K

P4

426K

200

50RAM

300

600

16-1

Ps
112K

417K

426K

Best-Fit Allocation (work)

200

50RAM

600

P
212K

16-2
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Best-Fit Allocation (work)

Ps
112K

P4
426K

2I2K

I

200

600

16-3

16-4
Best-Fit Allocation (work)
IIP23K
P4 “BAM
426K
600
] K
16-5

Best-Fit Allocation (work)

4I7

IIZK

426K
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Comparison
RAM RAM
200K
2 S
176K [ 83K |
300K | 1183k 174K
(88K |
18
Fragmentation
RAM
There is enough
memory for a 200K v
process...
(83K ]
...just not all together D
174K
19
Fragmentation
RAM
thtle chunks of memory
that cannot be used
(83K ]
174K
(88K |
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Worst-Fit Allocation (work)

20-1

P
212K

P2
417K

Ps
112K

P4
426K

200

5063AM

600
300]| K

20-2
Worst-Fit Allocation (work)
IIP23K 200
K
P2 P4 5067A
417K 426K K
388
300 | [ k
K
20-3

Worst-Fit Allocation (work)

P3
112K

426K
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Worst-Fit Allocation (work)

P4
426K

200
K

4:;; A

23K IIPZSK
300 | | 276
K K

20-4

20-5
Worst-Fit Allocation (work)
200
K
P4 does | ». 5 A
- 426K
not fit! e
300 | | 276
K K
21
Comparison
RAM RAM RAM
200K 200K
i H
176K (83K | rm
300K | [, 831 & [ 300K | [276K
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Contiguous Allocation

Which is the “best”?
First-Fit- incomplete allocation
Best-Fit - scems good... expensive

Worst'Fit - incomplete allocation

23-1
Compaction
RAM
200K
ZIPZIK
Shuffle allocations i3
around to remove small bits of
free space... expensive. 176K
300K 183K
23-2
Compaction
RAM
200K

\
212K

Shuffle allocations
around to remove small bits of

free space... expensive. ijg

P3
112K

380k 183K
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Non-Contiguous Allocation

Paged memory

Segmented memory

24

25-1
Paged Memory Allocation
Ps
P, 112K
212K
P, Py RAM
417K 426K 512K
25-2

Paged Memory Allocation

P 32K | [ 32K

Pi 12K 32K | | 32Kk

212K 32K | 32K
P P4 32K || 32K

417K 426K 30K | [32K

32K | [ 32K

32K | [ 32K

32K | [ 32K

COS450-F18-08-MainMemory - October 22, 2018



Paged Memory Allocation

DI

DI

DI

DI

DI

DI

]}

P2
417K

Ps
112K

P4
426K

32K

32K

32K

32K

32K,
[

32K

32K

2K

32K

32K

32K

32K

32K

32K

32K

32K

25-3

Paged Memory Allocation

DI

DI

DI

DI

o oo fo

=]}

DI

]}

afafafafafafefofofo(olo(

I (II[I[I[2 OO O O[O (o (o

32K

32K

32K

32K

32
32K |

N

32K

32K

32K

32K

32K

32K

32K

32K

25-4

Paged Memory Allocation

D1

DI

DI

DI

oo oo

DI

DI

D1

Logical
Pages

gfafafafafafelofofo|o oo

I (I [II[I[I O[O | O[O o o

Physical
Frames

32K

32K

32K

32K

32K

22K

32K |

2K

32K

32K

32K

32K

32K

32K

32K

32K

26-1
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Paged Memory Allocation

Does not all fit
(vet)

DI

DI

]}

Logical
Pages

afafafafa (o |o|o|e

Physical
Frames

II[I[I[A 2 (O[O |O

39K

32K

K

26-2

Paging Details

Page table per process (PCB pointer)

Global free frame list

Shared Pages

Page tables in main memory

27
Paging Hardware
logical physical J
address address ~ f0000 ... 0000
CPU —{p [ d] rfdp——
1111 ... 1111
’ {
f
physical
page fable memory
28
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Fragmentation

-
tht I e chunks of memory that cannot be used

External Fragmentation (earlier)

Internal Fragmentation

29

30
Internal Fragmentation
We can only allocate fixed size chunks of memory
(frames)
...on average 1/2 a page/frame per process is lost to
fragmentation (so far).
31

Effective Access Time

To access memory with paging...

we need to access memory thce!

EAT = 2 * memory speed

EAT = 2 * 100ns = 200ns = 200ns
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TLB (cache)

The_Translation Look-aside Buffer

A CaChe specifically for page table entries

Togical
address
CPU D
page frame
number number
TLB hit physical
address
f [ d—>
TLB
’ {
TLB miss
f
= physical
memory
page table

TLB Hit Time

When we have a TLB hit .

EAT = TLB-time + memory-speed
20ns + 100ns = 120ns
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TLB Miss Time

When we have a TLB mISS .

EAT = TLB-time + 2 * memory-
speed

20ns + 2 * 100ns = 220ns

35

36-1
Effective Access Time
The TLB hit ratio is key,
EAT = (hit * 120ns) + (miss * 220ns)
EAT = (0.8 * 120ns) + (0.2 * 220ns)
= 140ns
EAT = (0.98 * 120ns) + (0.02 * 220ns)
= 122ns
36-2

Effective Access Time

The TLB hit ratio is key,

EAT = (hit * 120ns) + (miss * 220ns)
EAT = (0.8 * 120ns) + (0.2 * 220ns)

= 140ns
EAT = (0.98 * 120ns) + (0.02 * 220ns)

= 122ns
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Effective Access Time

The TLB hit ratio is key,

EAT = (hit * 120ns) + (miss * 220ns)
EAT = (0.8 * 120ns) + (0.2 * 220ns)

= 140ns
EAT = (0.98 * 120ns) + (0.02 * 220ns)

= 122ns

36-3

Page Tables are Large

232 (4G) logical address
space with 212 (4K) pages...

over 1 million pages

4 bytes each = 4MiB page
table

37-1

over 1 million pages

table

Page Tables are Large

0

232 (4G) logical address

space with 212 (4K) pages...

1
/ : 100
500

) .

500

4 bytes each = 4MiB page

708

06— :

outer page \ 929

900

table

900

page of 926
page table

page table

37-2
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Page Tables are Large

Outer and Inner

pages & tables

500

100

708

pge\ 5

929

outer pa
table

NG

Outer always in memory

900

Inner when needed

page of
page table

page table

mmmmm

37-3

Segmentation

38

intel Example

39
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