UNIVERSITY of WISCONSIN-MADISON Computer Sciences Department CS 537 A. Arpaci-Dusseau Intro to Operating Systems Spring 2000

Questions answered in these notes

• When does priority inversion occur?
• How can priority invervsion be fixed?
• How can fair scheduling be assured?
• How is scheduling performed on multiprocessors?

No reading for this topic

Advanced Topics in Scheduling

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.2

Priority Inversion

What happens when high priority process dependent on event in low priority process?

What happens if job C arrives with a priority of 1?

Higherpriorityprocess must waitfor lower priorityprocess to finish!

B pri 0 pri 2

acquires lock blocks, trying to acquire lock

time B releases lock

A A acquires lock

CS 537:Operating Systems lecture11.fm.3

Priority Inheritance

Solution: Inherit priority of highest process waiting for resource

• Job B temporarily given priority 2

Must be able to chain multiple inheritances Must ensure that priority reverts to original value pri 0 pri 2

acquires lock blocks, trying to acquire lock B releases lock A A acquires lock

B B C C

time

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.4

Motivation for Lottery Scheduling

Multilevel Feedback Queue: Not appropriate for all workloads

Disadvantages

• Little control provided to applications
• Parameters are difficult to understand
• Difficult to give fixed percentage to one job versus another
• Users running more jobs get more of CPU

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.5

Proportional-Share Scheduling

Each client gets resource in proportion to number oftickets

• Two clients: Client A has 100 tickets; Client B has 200 tickets

Client A: 100/(100 + 200) = 1/3 of resources Client B: 200/(100 + 200) = 2/3 of resources

Potential Clients: Users and/or Processes

Form hierarchy withcurrencies

• Users have fixed number of tickets in base currenc y
• Users distribute tickets to jobs in theiruser currenc y
• Example

User A: 400 tickets to Job 1A and 600 tickets to Job 2A User B: 50 tickets to Job 1B, 30 tickets to Job 2B, 10 tickets to Job 3

• What proportion of resources does each job receive?

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.6

Currencies

Convert tickets in user currency to tickets in base currency

• User A: 100 base tickets
• 400 tickets to Job 1A and 600 tickets to Job 2A -- 1000 user tickets

• User B: 200 base tickets
• 50 tickets to Job 1B, 30 to Job 2B, 10 to Job 3 -- 90 user tickets

400 1000

----------- x 100 --------

= x⇒ 40= 600 1000

----------- x 100 -------- x⇒ 60 = = Job 1A:

Job 2A:

50 90 ----- x 200 -------- x⇒ 111 = = 30 90 ----- x 200 -------- x⇒ 67 = = 10 90 ----- x 200 -------- x⇒ 22 = =

Job 1B:

Job 2B:

Job 3B:

CS 537:Operating Systems lecture11.fm.7

Lottery Scheduling

Implementation of Proportional-Share Scheduling

• Scheduling decision --> Hold a lottery with each job’s tickets
• Schedule winning job for a time-slice

Clients with more tickets expected to win more frequently

How do you implement lottery?

• Pick a random number, n, between 1 and GLOBAL_TICKETS
• Scan list of jobs, incrementcount by job’s base tickets
• Ifcount >= n, this is winning job

Deterministic version: Stride scheduling

1A 2A 1B 2B 3B 40 60 111 67 22

1..300 n=214 40 100 211 278 300 count

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.8

Lottery Scheduling Conclusion

Interesting Concept Advantages

• Apply to resources other than CPU (amount of memory)
• Can specify proportional-share
• Good for multimedia applications
• Provides hierarchical control
• Easy to donate tickets to others (when waiting on locks)
• Simple implementation (conceptually)

Disadvantages

• Not ready for general-purpose workloads with interactive jobs

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.9

Multiprocessor Scheduling Issues

So far in course: Uniprocessor scheduling Shared-memory Multiprocessor t

How do we allocate processes to CPUs?

CPU1 CPU2 CPU3 CPU4

Pool of CPUs

Pool of Processes

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.10

Symmetric Multiprocessor

Architectural Overview

• Small number of CPUs
• Same access time to all of main memory
• Cached accesses
• Single copy of operating system

CPU1 CPU2 CPU3 CPU4

Shared Main Memory

$ $ $ $

Memory Bus

CS 537:Operating Systems lecture11.fm.11

SMP: Local Queues of Processes

When process enters system, pick CPU to always execute

Advantages

• Very simple to implement
• No contention for shared resources
• Maintains locality of cache references

Disadvantages

• Load-imbalance (some CPUs have more ready processes)

--> Unfair to processes and lower utilization

• Losing power of SMP to easily share

CPU1 CPU2 CPU3 CPU4

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.12

SMP: Global Queue of Processes

Pick n jobs with highest priority in system

Advantages

• Good utilization of CPUs (always busy if a ready job)
• Fair to all processes

Disadvantages

• Contention for global queue (acquire locks!) --> Limits scalability
• No locality maintained in cache or memory subsystem

More important with Non-Uniform Memory Access (NUMA)

CPU1 CPU2 CPU3 CPU4

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.13

SMP: Hybrid Approach

Combination of Local and Global Queues

• Low contention for ready queues

Usually have ready job in local queue Peak in other queues occassionally

• Load-Balancing

If no local jobs, look for highest-priority ready job in remote queues Global queue for kernel priority threads

• Processor Affinity

Addjobto localready queue ifrun recently(infer cache state stillpresent) Else, add job to remote queue with lowest-priority running job

CPU1 CPU2 CPU3 CPU4

Global Queue

A.Arpaci-Dusseau

CS 537:Operating Systems lecture11.fm.14

SMP: Coordination Issues

Some processes are related to one another

• Processes in a par allel job
• Any cooperating processes (send + receive, synchronization)

Cooperating processes should be scheduled simultaneously

Dispatcher on each CPU does not act independently

• Coscheduling (gang-sc heduling) :

Pick set of processes to run simultaneously

• Global conte xt-switch across all CPUs

CPU1 CPU2 CPU3 CPU4

CS 537:Operating Systems lecture11.fm.15

SMP Scheduling Conclusions

Modifications to uniprocessor scheduling algorithms

Issues

• Avoid contention for shared resource
• Fair and efficient performance for all processes
• Maintain memory locality
• Coordinate communicating processes

Alternatives

• Global ready queue: Contention and no locality
• Local ready queues: Not fair to different processes
• Hybrid: Compromise between global and local queues