1 Lecture13

Page 1 CS 239, Fall 1997

Predictive Methods in Operating

Systems

CS 239, Fall 1997

N ovember 24, 1997

Peter Reiher

2 Lecture 13

Page 2 CS 239, Fall 1997

Outline

¯ What are pred ictive methods ?

¯ Why are they important?

¯ Where can they be used?

¯ How do you use th em successfully?

¯ Case studies in prediction

¯ Research areas in prediction

3 Lecture13

Page 3 CS 239, Fall 1997

O perating Sy st ems and

Prediction

¯ Norm ally, operating systems work on command

¯ In some cases, an OS can improve situations by doing things befo re it´s been asked

¯ Th e OS can predict what action to take

4 Lecture 13

Page 4 CS 239, Fall 1997

Benefits of Predictive Methods

¯ Performance, especially decreasing latency

¯ Prep aration for changing circumstances

¯ Cost minim ization

¯ Using s ystems resources when th ey´re plentiful, rather than when th ey´re in demand

5 Lecture13

Page 5 CS 239, Fall 1997

The Ongoing Speed Crisis

¯ C PU s peeds double every 18 months

¯ Disk speeds don´t

¯ Neither do network speeds

¯ Applications of tomorrow m ust make effective use of the increased CPU speed

¯ So more and more work must be done witho ut going to disk

˘ Or waiting on the network

6 Lecture 13

Page 6 CS 239, Fall 1997

How To H andle Speed

Mismatches

¯ Don´t use the slow device

˘ But we can´t buy enough RAM to hold everything we want to store

˘ And RAM isn´t persistent

˘ Besides, networked reso urces are increasingly im portant

¯ So use the slow device when it won´t slow us down

7 Lecture13

Page 7 CS 239, Fall 1997

Preven ting Latency Disast ers

¯ Effectively, we can´t use the s low d ev ices when the applications as k fo r them

˘ B ecaus e the latency will kill fast applications

¯ So we´ve got to use the slow devices bef ore the applications ask

¯ Which implies prediction

8 Lecture 13

Page 8 CS 239, Fall 1997

Can Prediction Sav e Us?

¯ Yes!

˘ Most computers have lots of idle cycles

˘ Most devices are idle most of the time

¯ So if we can ask for device service predictively, we can u se th e idle resources

˘ While m eeting the requests in time

¯ IF -

˘ We can predict well enough

9 Lecture13

Page 9 CS 239, Fall 1997

O ther Benefits of Predictio n

¯ Use a resource before it becomes unavailable

¯ Use a resource before it becomes more expensive

¯ Use a resource during its idle periods , rather than its peak periods

10 Lecture 13

Page 10 CS 239, Fall 1997

Where Can Predictio n Help?

¯ Disk acces s

˘ Both virtual memo ry and file acces s

¯ Network acces s

˘ Both incom ing and outgoing

¯ Scheduling of op erating system res ources

11 Lecture13

Page 11 CS 239, Fall 1997

Prediction an d Virtual Memory

¯ Virtual memory systems need to lower amount of paging

˘ As speed differential increases, hit ratio mus t increase to match

¯ How to lower page misses?

˘ Add more RAM

˘ B etter identify next page required

12 Lecture 13

Page 12 CS 239, Fall 1997

Prediction and Working Set Size

¯ A job´s working set is the s et of p ages in current us e

¯ VM sy stem should allocate a job as many page fram es as it needs for its working set

˘ But no m ore, s o other jobs can get their frames

¯ Working set s izes chang e o ver time

¯ Current VMs watch page faults and adjust working s et accor dingly

13 Lecture13

Page 13 CS 239, Fall 1997

Can We Predict Working Set

Sizes?

¯ Maybe

¯ Markatos [OS Review Oct 9 7] shows many proces ses have predictable patterns of work ing set size

¯ Predictive method s could r ecognize job and use these patterns to allocate page frames

14 Lecture 13

Page 14 CS 239, Fall 1997

File Access and Prediction

¯ Two important ques tions :

˘ What files will you access?

˘ What order will the blocks be read?

¯ For certain special cases, the first q uestion is answerable

˘ Is it for m ore general cases?

¯ For many cases , the second question is answerable

15 Lecture13

Page 15 CS 239, Fall 1997

Prediction an d Netwo rks

¯ Web browsing is on e obvious application

¯ Others are possible

˘ File d ownloading

˘ Predictive send ing of high bandwidth data

˘ Predictive use o f the network before a disconnection

16 Lecture 13

Page 16 CS 239, Fall 1997

Predicting Use of Operating

Sy stem Resources

¯ Pred ictive management of buffers

¯ Pred ictive creation and allocatio n of processes and threads

¯ Pred ictive handling of various cached res ources

˘ E.g., NFS caches

17 Lecture13

Page 17 CS 239, Fall 1997

Predictive Mechani sms

¯ C ach ing

¯ Pre-fetching an d pre-s ending

¯ Hoarding

¯ Optim is tic methods

18 Lecture 13

Page 18 CS 239, Fall 1997

Caching

¯ Caching is essentially predictive

¯ Pred ict that inform ation used in the recent past will be needed in th e n ear futur e

¯ Allows virtual memo ry s ystems to operate closer to mem ory speeds th an disk speeds

¯ And allo ws other fast devices to mask slow devices

19 Lecture13

Page 19 CS 239, Fall 1997

Cache H andlin g

¯ Store everythin g that´s been used recently

˘ On the ass umption we might need it again

¯ B ut cache space is usually limited

¯ If you can´t save it all, wh at should you s ave?

¯ Obviou sly , save what´s really going to b e needed soon

20 Lecture 13

Page 20 CS 239, Fall 1997

Least Recently Used Metho ds

¯ A primitive, but highly success ful, prediction method

¯ If something mu st be thrown ou t from the cach e, throw out the least recently used

¯ Pred icting that m ore recently used s tuff will be us ed again soon

¯ Often right, bu t . . .

21 Lecture13

Page 21 CS 239, Fall 1997

When Does LRU Fail?

¯ When cached data is mixed

˘ Some is reused, some isn´t

¯ When more com plex pattern s of usage are occurr ing

¯ When none of the data is reused

˘ B ut we can predict what will be needed next

22 Lecture 13

Page 22 CS 239, Fall 1997

Pre-F etching

¯ Figure out what the program will need

˘ Fetch or send it before the request

¯ File prefetching

˘ OS predicts a particular file will be needed soon

˘ So open and read the file before requested

¯ Web pre-fetching an obvious winner

23 Lecture13

Page 23 CS 239, Fall 1997

Pre-Sending

¯ Push, rather than pull

¯ Someone else figures out I´ll as k for s omething

¯ And they send it to me before I ask

¯ Possible technique for network file servers

¯ Or Web s ervers

24 Lecture 13

Page 24 CS 239, Fall 1997

Hoar ding

¯ Get everything you need before it´s too late

¯ Typically important for mobile computers

˘ They are frequently disconnected

¯ Also imp ortant for economic r eas ons

˘ If the network is ch eap now, expens ive later, get wh at you need now

¯ Related to pre-fetching

˘ But s ome different characteristics

25 Lecture13

Page 25 CS 239, Fall 1997

O ptimist ic Methods

¯ Actually perform calculations before the s ystem is sure of them

¯ Assume or gues s wh at´s going to happen

¯ Proceed accord ingly

¯ C heck if you were right

¯ Fix up pro blems if you were w rong

¯ Already successfu l in hardware and s pecialized s ystems

26 Lecture 13

Page 26 CS 239, Fall 1997

How To P redict?

¯ All these method s can only w ork if we predict successfu lly

¯ Begging th e question , how do we predict what will happen next?

¯ A very fruitful area fo r res earch

¯ But there´s on e time-honored answer

27 Lecture13

Page 27 CS 239, Fall 1997

Prediction Based on Past

Behav ior

¯ Th e core of almost all success ful prediction techniques in any f ield

¯ B ased on careful observation of the pas t, obtain insight into likely future behavior

¯ Obs erve ongoing activities and match them agains t the ins ight o f the pas t

¯ Take action accordingly

¯ And watch what h appens, to learn more

28 Lecture 13

Page 28 CS 239, Fall 1997

Mechanics of Prediction

¯ Observation of activities

¯ Data analysis

¯ Clustering and o ther similarity methods

¯ Mak ing predictions

¯ Applying prediction and handling errors

29 Lecture13

Page 29 CS 239, Fall 1997

O bservation and Prediction

¯ If you´re going to predict bas ed on the past, you need to know what happened

¯ Th us, y ou must observe system activity

¯ Non-trivial, since lo ts going on

¯ And the o bservation must not get in the way of the real work

30 Lecture 13

Page 30 CS 239, Fall 1997

Data Analysis

¯ Typically, you observe more than you can permanently store

¯ And th e observations are full of meaningless nois e

˘ Which is anythin g that won´t help prediction

¯ And you need to make predictive decisions quickly

31 Lecture13

Page 31 CS 239, Fall 1997

D ata Analysis Techniques

¯ Noise filtering

˘ Possibly requiring som e semantic knowledg e

¯ Data reduction

˘ Summarizing lots of data while keeping key predictive content

¯ Merging data

˘ Since the process is ongoing

32 Lecture 13

Page 32 CS 239, Fall 1997

Clustering and Similari ty

Recognition

¯ Pred iction is often aided by uncovering relationships

˘ Between files, pages, disk blocks, processes, Web pages, etc.

¯ How to reduce raw data into format that describes relationships?

¯ Clustering techniques offer o ne method

˘ Gather all ob servations into a few clusters

33 Lecture13

Page 33 CS 239, Fall 1997

Clustering Algorith ms

¯ Ty pically, clustering algorithms use some distance metric between data poin ts

¯ Algorithm s then either build n ew clusters fr om data or split off new clusters from old clus ters

¯ C hallenging to get good res ults with large numb ers of observations

34 Lecture 13

Page 34 CS 239, Fall 1997

Other Similarity Recog nitio n

Techniques

¯ Markov chain techniques

˘ Giving probability that some event will happen given others

¯ Pattern matching techniq ues

˘ Are tw o events similar or not?

35 Lecture13

Page 35 CS 239, Fall 1997

Making Predictions

¯ Sometimes trivial, once y ou have data

¯ Sometimes using specialized algorithm

¯ Analytic models sometimes h elpful

¯ R eal-tim e simu lation useful in so me cases

¯ Ex pert system s can be useful

36 Lecture 13

Page 36 CS 239, Fall 1997

Appl ying Prediction an d

Handling Errors

¯ Once a predictio n is m ad e, you mus t do something with it

¯ Typically issuing commands through norm al OS interfaces

¯ But what if the prediction is wrong?

1). Live with it

2). Don´t do any thing till you´re s ure

3). Be prepared to undo errors

37 Lecture13

Page 37 CS 239, Fall 1997

Liv ing Wi th Predictive Errors

¯ Acceptable for caching situations

¯ Or situations in which pre-computation was harm less ly dis carded

¯ Less acceptable if the results of prediction mus t be used

¯ Or if incorrect predictio n mean s the application canno t proceed

¯ Or if you wasted too m any resources

38 Lecture 13

Page 38 CS 239, Fall 1997

Waiting Until You ´re Sure

¯ If you pre- co mpute based on an assump tion, wait for confirmation before applying res ults

¯ You´ve still reduced latency by the computation time

¯ Not always fast enough

˘ Or even always possible

¯ May be wasteful of resources

39 Lecture13

Page 39 CS 239, Fall 1997

U ndoing Erro rs

¯ Save enough state to undo incorrect predictions

¯ Not always possible

¯ Usually not cheap

¯ Generally requires garbage collection

¯ B ut feasible for some cas es

40 Lecture 13

Page 40 CS 239, Fall 1997

Case studies in predicti on

¯ Seer

¯ Smiley

¯ Time Warp

¯ File pre-fetching

41 Lecture13

Page 41 CS 239, Fall 1997

Seer - A F ile Hoarder for Mo bile

Computers

¯ Mobile computers are o ften disconnected

¯ When dis connected, all file requirements mus t be m et from their local d isks

¯ A portable´s dis k can hold only a fraction of the files available on a LAN

¯ So, w hich files should be stored on the mobile computer?

¯ Ideally, exactly those required

42 Lecture 13

Page 42 CS 239, Fall 1997

Hoar ding Files for Mob ility

¯ Why not have users do it?

˘ File interr elationships are complex

¯ Why not use LRU?

˘ Takes up too m uch space

˘ Eas y to construct cas es where it fails

¯ Need s ome more automated prediction facility with greater ^intelligence~

43 Lecture13

Page 43 CS 239, Fall 1997

The Seer App roach

¯ Discover file relations hips

˘ B y watching file accesses

˘ R emove noise from the access data

¯ Form clusters of related files that represent projects

¯ Hoard only complete projects

44 Lecture 13

Page 44 CS 239, Fall 1997

Seer System Diagram

Observer Correlator

Reference

Stream

External

In fo

Replica tion

Substrate

45 Lecture13

Page 45 CS 239, Fall 1997

D iscovering Fi le Relationships

¯ Obs erve us er´s reference stream

¯ C alculate s ema ntic distance among files

˘ R epresents semantic relationship among files

˘ B ased on positional interval between references

˘ A per-file-p air metric

46 Lecture 13

Page 46 CS 239, Fall 1997

Calculating Semantic D istance

¯ Consider only position in the stream of references

˘ Not time of reference

¯ Consider references (o pens) as an ordered sequ ence

¯ Count th e opens between the tw o files in question

47 Lecture13

Page 47 CS 239, Fall 1997

Complications of Seman tic

D istance

¯ C onsidering multiple data points per file pair

¯ Inters persed activ ities

¯ Mean ingless activities

¯ Space and time co mplexity of calcu lation

48 Lecture 13

Page 48 CS 239, Fall 1997

Handling th e Complications

¯ Multiple data po ints per file pair

˘ Average over many runs

¯ Interspersed activities

˘ Average over many runs, us e process tree

¯ Meaningless activities

˘ Identify them an d filter them out

¯ Space/time complexities

˘ Only k eep dis tance for nearest n eighbors

49 Lecture13

Page 49 CS 239, Fall 1997

Forming Clusters in S eer

¯ So yo u´ve got a bunch of distances between file pairs

¯ Which files are part of a single project?

¯ Try to clu ster the most related files together

¯ Problem of overlapping clusters

50 Lecture 13

Page 50 CS 239, Fall 1997

Seer Clustering Algorit hm

¯ Based on Jarvis & Patrick, 1 973

¯ Similarity based on shared n eighbors

¯ Pass 1 (cluster fo rmation): combine cluster s when two mem bers have more than n

1 shared neighbors

¯ Pass 2 (generatin g overlaps): o verlap clusters when two files have more than n

2

(< n

1

) shared neigh bors

51 Lecture13

Page 51 CS 239, Fall 1997

Which P rojects to Hoard?

¯ Seer currently u ses Most-Recently-Used techniques to choose clusters

¯ B ut all files in a clus ter hoarded reg ardless of recency of access to any given file

¯ Only complete clusters are hoarded

¯ More complex predictive ans wers to this question are possible

¯ R eplication us ed to copy files

52 Lecture 13

Page 52 CS 239, Fall 1997

How Well Does Seer Work?

¯ Live use: 96% of all disconnections successful

˘ Remaining 4% were mostly minor prob lems

¯ Simulation : hoard size needed is with in 5-

73% of optimum

¯ LRU 1 80-1087% over optimum

53 Lecture13

Page 53 CS 239, Fall 1997

What Does Seer Teach UsAbout

Prediction?

¯ Soph isticated p rediction techn iques can work well

¯ Proper handling of large amounts of data is key, and tricky

¯ R eal systems have characteristics that don´t match theor y - plan to use s om e heuristics

54 Lecture 13

Page 54 CS 239, Fall 1997

Smiley

¯ A Web brows er pre-fetching tool

˘ Combined with a feedback-augmented browser

¯ Based on pas t behavior, when a user requests a pag e, start fetching other pages

¯ Balancing probability of needing them, size of the page, and characteristics of network links

55 Lecture13

Page 55 CS 239, Fall 1997

Time Warp

¯ A parallel discrete event sim ulation m ethod

¯ Ex tremely optimistic prediction of when it is safe to run an event

¯ R equires complete rollback mechanism

˘ Since it´s so happ y to guess wrong

¯ Successf ul in real use

¯ Im portant for prediction, as it´s been heavily studied

56 Lecture 13

Page 56 CS 239, Fall 1997

File Pre-Fet ching

¯ Man y machines fetch most files from a server, on dem an d

¯ Much faster if the file is locally stor ed

¯ Various researchers have investigated how to deter mine which file to pre-fetch

¯ Usually using meth ods based on analyzing past file access traces

¯ Som e systems very succes sful

57 Lecture13

Page 57 CS 239, Fall 1997

Possible Areas for Research in

Prediction

¯ File system layout

¯ Virtual memory handling

¯ Scheduling of reconciliation

¯ C ontrol of automatic remote p roces s execution

¯ Parallel processin g applications

¯ Many others

58 Lecture 13

Page 58 CS 239, Fall 1997

When Is Prediction a Likely

Winn er?

¯ When low latency is vital

¯ When s ystem capabilities are unbalanced

¯ When cycles and mem ory can be spared

¯ When tasks have a repetitive character

¯ When you can afford to be wrong

˘ But want b eing right to be cheap