Ev olution in memory managemen t tec hniques

In early da ys a single program run on the mac hine. It used all the

main memory a v ailable.

Since there is alw a ys need for more memory the programmer could

plan overlays, i.e., static partitioning of program and data so that

sections that w ere not needed at the same time could share the same

ph ysical addresses.

Then it w as noticed that when a program w as doing I/O, the CPU

remained idle. Therefore, came multipr o gr amming whereb y sev eral

programs w ere loaded together and when one program w as stalled

b ecause of I/O another one could use the CPU.

The main questions to b e solv ed w ere:

� Ho w is one program protected from another

� Ho w do es one program ask for more memory

� When can a program b e loaded in main memory

Relo cation and length registers

Programs are compiled and link ed w.r.t address 0.

The addresses that are generated need to b e mo di�ed. In some sense

an address is a virtual addr ess that needs to b e translated in to a

physic al addr ess

Hardw are base and length registers delimit the ph ysical address space

ph ysical address = base register + virtual address

If (ph ysical address) > (base address + length register)

then exception

Program A

Program B unallocated space

Program C unallocated space

length register

Base register

Program B is currently running

Problems with relo cation

Memory tation (cf. unallo cated space in previous slide)

Gets orse as time go es on y small pieces)

Program ust b e allo cated tiguously

Still requires ys for large programs

3

Virtual memory: paging

Basic idea of p aging ted in early 60’s at hester Univ.) is

to divide a virtual address space in un ks of equal size, or p ages

Divide ysical memory in unks of the same size, or p age fr ames.

vide a general mapping b een virtual pages and page frames.

This is a relo cation hanism y y virtual page can b e

stored in y ysical frame (i.e., fully asso ciatie mapping).

Note that the division to pages is arbitrary and has nothing to do

with program tics. There e b een a few systems using se g-

mentation where the virtual ob jects are of v arious sizes. ys,

the term t connotes the idea of groups of pages.

4

P aging

ws virtual address spaces larger than ysical address spaces

(recall, e.g., that the k is in the high addresses of virtual space)

ws sharing of ysical space b een t programs w/o as

h tation

ws page sharing b een t programs (not ys simple;

cf. CSE 451)

Program A

Program B Main memory

v.p.0 v.p.1 v.p.2 v.p.m v.p.0 v.p.1 v.p.2

frame 0 frame 1 frame n

Note m can be greater than n

Programs A and B share frame 0

v.p.3 v.p.3 on program A has no corresponding frame but v.p.4 has.

v.p.4 frame 2

5

Mapping - P age tables

The mapping information for h program is ept in a p age table

A p age table entry PTE indicates the mapping of the virtual page

to the ysical page.

A valid bit indicates whether the information is t (i.e., whether

the virtual page is tly mapp ed to a ysical frame)

If there is a reference to a page with the v alid bit o�, e e a p age

fault (needs to go to secondary memory to h the page)

There are also a dirty bit (has the page b een mo di�ed) and bits for

protection (who is ed to read, write or execute the page)

Program A

Program B

v.p.0 v.p.1 v.p.2 v.p.m v.p.0 v.p.1 v.p.2

v.p.3 v.p.4

Main memory

frame 0 frame 1 frame n

frame 2

Page table for program A

Page table for program B

Valid bits

1 1 1 0

1

1 1 0

(0, invalid; 1, valid)

6

F rom virtual adress to memory lo cation (highly

abstracted)

ALU virtual address

Page table physical address

Main memory

7

Virtual address translation

age size is ys a p er of 2: so the virtual address is divided

to a virtual page b er and an o�set.

F or example for a page size of 4 KB

offset virtual page number 0 31 12 11

T o translate from Virtual to ysical address, index the page table

with the page b er. The ts of the PTE (if v alid) e the

frame b er.

offset virtual page number offset physical frame number

31 1211 0

31 12 11 0

Page table PTE 1

8

P aging systems

Recall that ery address issued y the CPU is a virtual addr ess

In order to access memory that virtual address ust b e translated

to (mapp ed to) a ysical address

That translation is done on a program y program basis. That is,

h program ust e its wn set of p age tables

The virtual address of program A and the same virtual address of

program B in gener al will map to o t ysical addresses.

9

P age faults and Con text-switc hing

When a virtual address has no corresp onding ysical address map-

ping (i.e., the v alid bit in the corresp onding PTE is o� ), e e a

p age fault

On a page fault, the missing page ust b e hed from secondary

memory (disk). It es of the order of milliseconds. Hence page sizes

ust b e a few KB’s to amortize the hing cost. Because the page

fault time is so large, the program (pro cess, thread) that incurs a

page fault is terrupted. The O.S. es er and hedules another

program. This is called c ontext-switching.

10

Ho w to c ho ose the page size

Small page

� Adv tage: es less time to h from disk but...as e’ll see

hing a page of size 2x es less than wice the time to h

a page of size x

� k: large page tables. But can use el page tasbles

Large page

� Adv tage: b etter throughput from disk; smaller page tables

� k: tation

t trends: page sizes 4K or 8K

Some O.S. w eral page sizes (e.g., one enormous one, and a

\normal" one)

11

Basic questions on ho w to handle page faults

and some \top lev el" answ ers

Questions:

1. When do e bring the ts of a page in main memory .?

2. Where do e put it?

3. w do e w it’s there?

4. What happ ens if main memory is full and e t to bring in

something new?

ers:

1. The �rst time there is a page fault for that page. This is called

demand p aging

2. The mapping is fully-asso ciativ e

3. There is a v alid bit in the PTE try

4. One page will b e ed out to lib erate a frame t

algorithms will b e studied in detail CSE 451)

12