lecture 16

MIPS Memory

virtual vs. physical memory

- types of physical memory
- paging
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virtual memory
(program addresses)

physical memory
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next three lectures
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physical address

514 - 398 - 3740

cell tower

cell phone

virtual memory
(program addresses)

physical memory

s | KB (kibE)
o r RAM P LoMB ((meqabyk)
2z . 22 ¢« Ask (B ( \ ak;\ﬂ—c)

ol « Alsk Q‘\,Y)rcv l . . Dlash P Sj
y Lash /w[fcwkow “ x| TR Herg)
by L, . e be d
@'l‘c,__ ' S° o~ l \78 ( !ocf‘oLLnﬁcw
"process" (running program) Q()
How do multiple programs share the same Q ’ = ] t@ Z QXO\L)7FC>
(finite) address space?
How to reconcile different sizes of program (
vs. physical memory ? .
— r NS e A D
Hom disk  (1F ™) cD o~ 6 DUD  ~ie OB Hacd  Dusk D N
[ obselete )

W\D\jwﬁ ‘h C

TR

W\C(\(ﬁvxz'\ﬂ\b




HoD

— [DO

Q L Cess —Hma

\‘-OH\—} ons ,FO/ Second

seltd stk drteel)

Lt

Clesh (¢ 23D -

-b
Semi conductel GeeeSs D sec

~ \fErj

RA M

SRAM
\ < s - fask and expmsie
= m
Sec —
’/@ Crvesagr aeeen 2% 100 - access In 9N, >
clock  eycle (107" see
7
[0 &hee
7;) ;K\Qo’ clock eqdes —5-_'“? L °7L: DR/\M
Sec accass acce=s _ Slewer Lut  Jess
P r,y:»swa
[
| \ ‘ PECEEETE ~10
3 LJO W | — a:i’oc\( 0\101‘5
volatilc VS non ~volatile We would like to access Memory in one clock cycle. Memory Hierarchy
However, there is a tradeoff between the speed and size of
physical memory
2 AM o S lash (SSDS
SR At N J7$}< (. H:DD ) — ) ,\‘
( J IS fast and expensive <R AM Cathe |,
DRAM) BVD + (thus, smal) \velattie
) R AM ooty
( P wre ey \
\\
‘15 é‘g\’ﬁ—? | ’/“ n
Does 3+m-‘5&3 < 5’@'('3]” when  powes ' HPP, e \/ V\c;;s‘}o
' slow and theap s>b S e mdary ves
(thus, large) . /
~ S Tor age
YES ND |
virtual memory physical memory lecture 16 Paging
SRAM DRAM virtual vs. phySical memory
. . i e ff’J Tt OxRCREEE
processes ;'. ! st aElions =
‘ e
e =2 i
12752 b'}'tcs,-_ ) paglng MlPS (
Memory

size ~MB
number of 1
clock cycles /

access

~10 10”6

- how to translate (map) virtual to physical ?
- page tables
- page fault and page swap
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Q: How to translate a virtual address to a physical
address?
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Note that both the user part of Memory and (part of the)
kernel part of Memory is paged.

Example: suppose 1 page = 2"12 bytes

How many pages?

Virtual Memory Physical Memory

RAM

(4 GB = 2732 bhytes)
(e.g. 1 GB = 2730 bytes)

=> 2032/2M2= 2720 Hngp om0 = 2018 pages

HDD
(e.g. 1 TB = 2"0 bytes)

--> 270 /2712 = 2728 pages

How to translate (map) a virtual address to a physical
address ?

A virtual address is 32 bits. These are the program
addresses we have been talking about for the last few
weeks.
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physical address (RAM) e.g. 1GB=2"30 bytes

virtual address

3T . 12 11
Tvirtual page number ) page offsej
table lookup | lcopy
39 12 11 .. 0

physical address (HDD) e.g. 1TB =240 bytes

"Page table"

Data structure in kernel that translates a virtual page

number to a physical page number (

physical page

virtual page valid
number

number (VPN) bit

"Valid bit" says whether page is in RAM (1) or on HDD (0).

Where are the page tables ?
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Page tables are in a reserved data region in the kernel part
of MIPS Memory. Note that they have both a virtual and a
physical address.

Page Fault and Page Swap

- When a MIPS program tries to access an address whose physical
page is on disk (HDD), we say that a "page fault" occurs. The page
first must be brought into main memory (RAM) before the program can
access that address.

- If there is no page available in main memory, then some page first
must be moved out of main memory, and then the desired page can
be moved in main memory. This is called a page swap.

- The page table must be updated (regardless of whether a page is
swapped out).

Page swaps are done by a kernel program (OS) called the page fault
handler

Next week's lectures
- more on page tables (we need a cache for them too !)

- how do caches work ?

\ replace these virtual memory
boxes by caches




