6004 Spring 1998: L41

1

Virtual Machines and Timesharing

2

Recap: Memory Hierarchy

P registers

L1 L2^{Main}_{Memory} DISK

Virtual Memory: Main memory just a cache for disk

Have a large virtual address space of 2^{32} bytes. Advantages are:

� Removes programming burden of having a small, limited amount of main memory � Efficient sharing of Main memory among multiple programs which can be isolated

2

6004 Spring 1998: L41

3

Virtual Memory

Virtual addresses Physical addresses

Main

Memory

Physical addresses can be shared by two virtual addresses. across time

Program 1

Program 2

4

State of a Program

32 bits always 0

r0r1 r31 PC 00 next instrCODE

DATA

Virtual

Memory MainMemory

DISK

Page

Table

�high speed� state

6004 Spring 1998: L41 5

Virtual Memory Implementation

Wish to read a location. Steps are:

� Present a virtual address to Main Memory. � Determine if corresponding page is in Main Memory by accessing TLB/Page Table.

� If page is in Main Memory, access Main Memory again to obtain contents of location in page.

� If page is not in Main Memory, interrupt program and call a Page Fault Handler to bring in the page from disk.

� Repeat read; this time page is in Main Memory.

6

Virtual Memory and Cache Integration

Virtual Address

Virtual to Physical Page Map

Physical Address N M P TLB L1 Cache

Data = L1 HIT

PPN PPN (tag)

Fault (Address not present)

TLB miss 2P

6004 Spring 1998: L41 7

Pipelined β TLB Miss ALU

Instruction

Memory AD

A B Register

File RA1 RD1 RD2RA2 +4 PCIF 4 3 2 1 0

ALUFN

00 JT ILLOP

XAdr

PCRF IRRF

PCALU IRALU A B

PCMEM IRMEM YMEM

PCWB IRWB YWB TLB miss

0 1 2 AnnulIFNOP

BNE(r31, 0, XP) 1 0 1 0 AnnulALU

AnnulMEM NOP 1 0 AnnulRF NOP VIRTUAL

MEMORY

ADDRESS 2 TLB miss?

Stall (freeze) pipeline on a TLB miss until

Main Memory Page

Table is accessed

8

Pipelined β Page Faults ALU

Instruction

Memory AD

A B Register

File RA1 RD1 RD2RA2 +4 PCIF 4 3 2 1 0

ALUFN

00 JT ILLOP

XAdr

PCRF IRRF

PCALU IRALU A B

PCMEM IRMEM YMEM

PCWB IRWB YWB

Page

Fault

0 1 2 AnnulIFNOP

BNE(r31, 0, XP) 1 0 1 0 AnnulALU

AnnulMEM NOP 1 0 AnnulRF NOP VIRTUAL

MEMORY

ADDRESS 2 Fault?

6004 Spring 1998: L41 9

Page Fault Handler

Program � ADD(r1, r2, r3) LD( r3, 1000 , r4)

MUL(r4, r5, r6) � Page Fault Handler

f_h:

SUBC(XP, 4, XP) JMP(XP)

Suppose this address elicits a fault, i.e., page not present in Main Memory

Fault handler body

Return to program, retry instruction

Jump to fault handler, save

<PC> + 4 in XP

10

Waiting for Disk Access

Suppose page is on disk (page fault occurs) � Long access time of 100,000 processor cycles � Should processor wait (i.e., stall processor in fault handler code)?

Processor Disk

Pgm1 Fault handler Diskaccess

time

Pgm2

Pgm1

Fault handler

6004 Spring 1998: L41 11 Physical

Pages

A Process

r0r1 r30 PC 00^{next instr}

DISK

Pages Register

State

Page

Table + + + Many of these can coexist in memory.

ONE can be executing.

Assign each process a unique number (PID)

12 DISK

Process Isolation and Protection

Virtual addresses of each process begin from 0

Protection implies at each instant page tables are disjoint

Virtual

Memory

Main

Memory Process 0^{VirtualMemory}Process 1

Page Table for Process 0 Page Table for Process 1

01 0 1 VPN VPN

6004 Spring 1998: L41 13

Process Scheduling

Process 0 Scheduler Process 1

This period is called the time quantum

14 context switch

Context Switch

� Processor state corresponding to the execution of Process 0 is saved in memory � Processor state associated with the execution of Process 1 is installed in its place

Process 0 Scheduler Process 1

ADD(r1, r2, r3) LD( r3, 1000 , r4) � MUL(r4, r5, r6) ADD(r5, r21, r0) � SUB(r8, r9, r7)

6004 Spring 1998: L41 15

Virtual Machines

� Give each process its own virtual machine

� An Operating System supports the process abstraction by managing physical resources

� Maintaining disjoint page tables

� Reloading page table and TLB

� Allocating and reclaiming physical pages and scheduling processes

� Choice of time quantum

� Priorities of different processes

� Interrupts