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Let's use LC3

--- 16-bit words (2B)

--- 2B-addressable memory
--- 16-bit physical addresses

VirTva| Space

Add:

--- 16-bit virtual address space

--- 4k word pages

--- page number = 1st hex digit of Virtual Address
--- frame number = 1st hex digit of Physical Address

Physiea| Mew
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x0002: €XISls here
Virtual Space \
--- does not exist
--- we "imagine" it exists x3000:
JotS Y\o (5002
of Virtual Space X :
--- exists physicalls x5000: <no data> QXIS'\'
’ x5001: <no data> h
or am,w ere
--- does not exist at all ’j 0 (a.‘f'l'on P
Content's Name is ij(;eS’S ! r
——- Virtual Address phy3ical Memo
_1_5 word
Name is used to find XEEEE exis l’\QX‘C
--- Content's location X :

Processor uses Names
--- which are mapped
to locations

Location is used
--- to get

Aside: General Extended Names,
--- Process ID
--- Thread ID

--- Physical Disk Address (Head, Cylinder, Sector)

--- Logical Disk Sector

--- File System Name (e.g., "/bin/rm" )

--- User/Owner Name

--- Network address

--- Host/Domain name

--- Distributed OS object name
etc.
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Disk block = 2"8 words = 256 words

Page =2M2 words = 4k words
= 2" blocks = 16 blocks

Memory =216 words = 64k words
= 2"8 blocks = 256 blocks
= 2" Pages =16 Pages

Page Table = 16 entries (PTES)

Disk size =2"8 pages =256 pages

=512B

= 8kB

= 128kB

=2MB



Le ° veod Process

PROC

IR

LDR R1, R2, x5

R1

RZ2

x1000

VMAR

Processor generates a Name

MDR
ma PPinj II Da.+a. Store
TLB evry PMAR |
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b Disk Addr
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--- a Virtual Address
--- sent to VMAR, e.g., Name is translated to location:
--- physical memory address
LDR R1, R2, x5 caches: yet another name --- via Disk
memory: a physical location - via Memory
generates the VAddress x1000 + x5 OR hvsical dlsk add --- via Cache
--- physical disk address _—via MDR
Pk\,s\'cal Process PROC :
m
. Reg |gs
===> .
===> MAR ===> Map F\‘C Rz X 1000
===> ADDR_BUS y ovt
===> Mem.ADDR (address decode) &
Mem([x3001] ===> I
===> x1005] MAR (VMAR)
===> %
===> RegFile.in ===> ADDR in Mo. (TLB)
ADDR ool P
Mem-I/0 Bus | }——Fossible cache
ADDR BUS I T
ConTROL BUS l f l/ F 51{“\ \
Conlro
AR eTL ADR ere | Mem
i Note:
x 2008:[x 2345 | Communicating w/ Disk is more
complex.
O‘“k ctL Page Fault Exception handler

code manages it.



Page T..L\es

TLB is a small cache.

[ P# :F#] notin TLB? ===> TLB miss exception
--- Jump to TLB Exception Handler code

--- Exeception Handler code:
map (PT) is in memory
--- get PTE, i.e., [ P# : F#]

--- load TLB

--- restart instruction

PA"S&{:&I Mem

x0000:

%1000:
use(
space

x2000:
x3000:
x4000:

x8000:
x8001:
x8002:
x8003:
x8004:
x8005:
x8006:

Poge Table /27

<data area>

LDR RO, R2, x5

X0 x4 x0 x1
x1 x2 x0 x1
X2 x2 XA x6

1] x8 x8 x0 x1
x8009:1 x9 x9 x0 x1
x800A:
x800B:
x800C:
x800D:
x800E:
x800F:§ xF xF x0 x1

EXCeP“’\b“ x9000: | LDR R1, R3, x1
hand\er {
xF000:
Memoru] Mapped
I/o {
Page Table Entry, page in memory

1101 0011 0000 0001
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Page Table Entry, page not in memory
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1101 0110 1011 0000
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R3 [E2] (PTBR)

!
y
MDR [xi201 x8001 | MAR (VMAR)
¥ £~ valid
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CRCEE
TLB kosaoh
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ADDR BUS

User Program: PC[ x0000] R2[ x1000 ]

fetch ===> MAR[ x0000 ] ===> x0 to TLB
===> TLB[ x0 x4 ] ===> x4000

IR[ LDR RO, R2, x5 ]
===> MAR[ x1005] ===> x1 to TLB
===> TLB miss

PC[ x9000 ]
fetch ===> MAR[x9000] ===> x9 to TLB
TLB[ x9 x9 ] ===> x9000

IR[ LDR R1, R3, x1]
===> MAR[ x8001 ] ===> x8 to TLB
===>TLB[ X8 x8] ===>x8001

MDRJ[ x1 x2 x0 x1] ===> R1
TLB[ x3 x7 ] <=== x1x2]

PC[ x0000 ] (restart instruction)

kbisk pagt (TrM\s‘d"eA to Heaé,cyln‘mler/ seEILor disk aJJmses)



Better use 010 PTE \o\'\'s; Dont y\ee(l PX w ’PTE PX 1
P @ PT imdex . (STill vxeeée,é n TLB)

in VMAR

The Physf«] View

. . PT
The Vifyal View Wapng
x 0000 -
R2 user code
a—xlooot s data
xZ.000: vsey STQCk
(PTBR) .
x3000: -
PT
x9000:
05 code
xR |
x QA | vser glack
NOTE

--- OS can move OS pages around, or to disk.
Just change PT.

--- Multiple processes?
multiple PTs;
PTs in OS data area;
switch PTBR to point to current PT.
OS part of both PTs is the same.
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x 0000 :
x1006:
X 2000: USer (;fd'a,
x 3000 g‘i‘;e
x Y040: P
user cade
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PT %Ja‘m
x9000:
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XFEFE: "
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R3
(PTBR)
[ PT1 0s
}
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VMew cache, T/0

R1 RZ SYS_BUS
R2[ xFEOO ] |:| 3 500:
|
poll.IbR R1, R2, x0 ch cgk }
BRzp poll reaoy
bit MDR :“j MAR
LDR R1, R2, x2 (36_].
char TLR
KBSRRJ 1 I MCM'IO Bus
xFE0Q |:r| f?&‘i Mem
et |
d
Keybod.fd

Device address decode recognizes xFE00 and xFE02.
Keyboard data moved to R1.

Suppose TLB[ xF x4 ] xFEOO ===> x4E00 (references a word in memory!)

Solution: TLBJ[ xF xF ] xFEOO ===> xFEOO (accesses KBSR)

1staccess: cache miss MDR 1 | MAR
x0000 into cache via Mem-10-bus ? {
N-th access: cache hit
x0000 from cache ===> MDR cache TLB
===> hever see Ready Bit! K
| ]
/"—\j
- \
k] t t MCM _.[0 Bus
RBPR Mem
’l‘ xFE02 cache
e | Tag Dala
FEO00 [x0000
Solution: Keyboaxd enfazé on ]/ : :
Add Do-Not-Cache bit to PTE )T access
===> causes cache miss every access







