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Learning goalsLearning goals

Themes:Themes:
OperatingOperating system’s general structure  and mainsystem’s general structure  and main
functionalitiesfunctionalities
Processes andProcesses and ThreadsThreads
Memory management and VirtualMemory management and Virtual memorymemory
File system andFile system and I/OI/O



Goal: Operating system’s generalGoal: Operating system’s general
structure  and main functionalitiesstructure  and main functionalities
Approaches  (just passable, when master all of these):Approaches  (just passable, when master all of these):

Can describe the main services offered by the OS (operating system) andCan describe the main services offered by the OS (operating system) and
their functionalitiestheir functionalities..
Can outline the common OS structure and interfaces.Can outline the common OS structure and interfaces.
Can position the services of an OS in modern computing environmentCan position the services of an OS in modern computing environment
andand explain theirexplain their benefitsbenefits

Reaches  (master the content):Reaches  (master the content):
Can explain in details the functionalities and services of an OS on oneCan explain in details the functionalities and services of an OS on one
computer and as part of a distributed system.computer and as part of a distributed system.
Can outline and explain structure and interfaces of one specific OSCan outline and explain structure and interfaces of one specific OS (such(such
asas Linux, Windows).Linux, Windows).



Goal:Goal: Processes and ThreadsProcesses and Threads

Approaches:Approaches:
Can describe the data structures and management functions used by OSCan describe the data structures and management functions used by OS
in controlling processes and threadsin controlling processes and threads..
Can describe the common scheduling mechanismsCan describe the common scheduling mechanisms..
Can distinguish user mode andCan distinguish user mode and kernelkernel mode and explain their mainmode and explain their main
features.features.
CanCan describe the process protection mechanismsdescribe the process protection mechanisms..
Can explain different ways of executing a thread.Can explain different ways of executing a thread.

Reaches:Reaches:
Can explain on algorithmic level the features used by a given OS.Can explain on algorithmic level the features used by a given OS.
Can compare different scheduling mechanisms.Can compare different scheduling mechanisms.
Can select the most feasible thread execution mechanism for a givenCan select the most feasible thread execution mechanism for a given
purpose and justify the selection.purpose and justify the selection.



Goal: Memory management andGoal: Memory management and
Virtual memoryVirtual memory

Approaches:Approaches:
Can explain the key concepts (paging, page table, address translation, pageCan explain the key concepts (paging, page table, address translation, page
fault) of a virtual memory and describe the basic features of it.fault) of a virtual memory and describe the basic features of it.
Can describe a multiCan describe a multi--level page table and how it is used.level page table and how it is used.
Can simulate, on algorithmic level, address translation of a system thatCan simulate, on algorithmic level, address translation of a system that
used virtual memory.used virtual memory.

Reaches:Reaches:
Can estimate the effect of the page size on page table size and processCan estimate the effect of the page size on page table size and process
functionality.functionality. Can justify the selection of a certain page size.Can justify the selection of a certain page size.
Can explain in details the advantages and disadvantages of  combiningCan explain in details the advantages and disadvantages of  combining
(multi(multi--level) paging andlevel) paging and segmentationsegmentation..
Can simulate, on algorithmic level, all key mechanisms of the virtualCan simulate, on algorithmic level, all key mechanisms of the virtual
memory, especially the page replacement and allocation.memory, especially the page replacement and allocation.



Goal:Goal: File system and I/OFile system and I/O

Approaches:Approaches:
Can outline the basic structure of a file system and explain how it worksCan outline the basic structure of a file system and explain how it works..
Can describe how the data is moved between the devices, the OS and theCan describe how the data is moved between the devices, the OS and the
applicationapplication..

Reaches:Reaches:
Can explain the principle of distributed file system (such as NFSCan explain the principle of distributed file system (such as NFS).).
Can explain and  compare the file systems of different OS, at least the fileCan explain and  compare the file systems of different OS, at least the file
systems of Linux and Windows.systems of Linux and Windows.



Example exams: Fall 2006Example exams: Fall 2006

Course lasted two periodsCourse lasted two periods –– two course examstwo course exams
Some extra material was includedSome extra material was included

Here only the questions relevant to this shorterHere only the questions relevant to this shorter
are shown:are shown:

Processes and threadsProcesses and threads
Memory managementMemory management
Virtual memoryVirtual memory
File systemsFile systems
SchedulingScheduling



Example exam:Example exam:
processes and threadsprocesses and threads

ObserveObserve Solaris processes and threads (see Fig 4.15 below).  ConsiderSolaris processes and threads (see Fig 4.15 below).  Consider twotwo
applicationsapplications: M and K. Each of them has 8 threads within the process.: M and K. Each of them has 8 threads within the process.
Application M is of type 3 (with 3 LApplication M is of type 3 (with 3 L--threads) and application K of type 4(with 8threads) and application K of type 4(with 8
LL--threads). Assume that the system has 4 processors. Assume also that only onethreads). Assume that the system has 4 processors. Assume also that only one
of the applications (either M or K) is executed in the system at any given time.of the applications (either M or K) is executed in the system at any given time.
That is the applications are not executed concurrently.That is the applications are not executed concurrently.

[3p] Explain briefly (with the help of the figure) what do the following terms mean:[3p] Explain briefly (with the help of the figure) what do the following terms mean:
ULT (User Level Thread)ULT (User Level Thread)
LWP (Light Weight Process)LWP (Light Weight Process)
KLT (Kernel Level Thread)KLT (Kernel Level Thread)

[3p] How many threads can in each case (application M[3p] How many threads can in each case (application M
andand K) be executing concurrently in machine languageK) be executing concurrently in machine language
levellevel? Justify. Give answers separately to applications? Justify. Give answers separately to applications
MM and K.and K.

[3p] If an executing thread will block because of I/O, will the application (M or K)[3p] If an executing thread will block because of I/O, will the application (M or K)
block or not? Justify. Give answers separately to applications M and K.block or not? Justify. Give answers separately to applications M and K.



Example exam:Example exam:
Memory managementMemory management

The memory configuration (of 512 megabytes of memory) at aThe memory configuration (of 512 megabytes of memory) at a
given point in time isgiven point in time is::

TheThe shaded areas are allocated; the white areas are free.shaded areas are allocated; the white areas are free.
Additionally, the free areas are marked with letters after theirAdditionally, the free areas are marked with letters after their
sizes. The next five memory requests are forsizes. The next five memory requests are for
50M, 24M, 10M, 60M, 30M50M, 24M, 10M, 60M, 30M
IndicateIndicate the location for each of the requests, when the memorythe location for each of the requests, when the memory
allocation is based onallocation is based on

aa dynamic partitioning scheme and firstdynamic partitioning scheme and first--fit placement algorithmfit placement algorithm,,
aa dynamic partitioning scheme and bestdynamic partitioning scheme and best--fit placement algorithmfit placement algorithm,,

32M 48M (A) 48M 128M (B) 16M 16M (C) 64M 160M (D)



Example exam:Example exam:
Virtual memoryVirtual memory

PleasePlease explain in details, what are the components of the Memoryexplain in details, what are the components of the Memory
Management Unit (MMU) and how does it do address translations, when theManagement Unit (MMU) and how does it do address translations, when the
system is based on paging virtual memory.system is based on paging virtual memory.
ExplainExplain how does the clockhow does the clock--algorithm operate. What will be the target pagealgorithm operate. What will be the target page
frame for a new page, if the clock algorithm is used in the situation given inframe for a new page, if the clock algorithm is used in the situation given in
the table below (the process has only 4 page frames). The times are clockthe table below (the process has only 4 page frames). The times are clock--
ticks from the beginning of the processticks from the beginning of the process..

TheThe execution of the process continues and generates the following pageexecution of the process continues and generates the following page
reference string:reference string:  44, 0, 0, 2, 1, 5, 4, 5, 0, 3,, 0, 0, 2, 1, 5, 4, 5, 0, 3, 22

HowHow many page faults would occur if the working set policy were usedmany page faults would occur if the working set policy were used
with a window size 4 instead of the fixed allocation? Show clearly which pageswith a window size 4 instead of the fixed allocation? Show clearly which pages
form the current working set and when each page fault would occur.form the current working set and when each page fault would occur.

Sivu#
(page number)

Sivutila#
(page frame)

Latausaika
(Time loaded)

Viittausaika
(Time
referenced)

R M

2 0 60 121 0 1
1 1 130 120 0 0
0 2 26 122 1 0
3 3 20 123 1 1



Example exam: SchedulingExample exam: Scheduling
Five jobs (processes) arrive to the system according the following table.Five jobs (processes) arrive to the system according the following table.
Determine the turnaround time for each job and the average turnaround timeDetermine the turnaround time for each job and the average turnaround time
for all jobs.for all jobs.

Priority. Pure priorityPriority. Pure priority--based (low number means high priority), one job at a time runs until itbased (low number means high priority), one job at a time runs until it
finishes.finishes.
SPN (Shortest Job First). Each job is completed before the next can start.SPN (Shortest Job First). Each job is completed before the next can start.
FCFS (First Come First Served). job is completed before the next can start.FCFS (First Come First Served). job is completed before the next can start.
Round Robin. Time quantum is 2.Round Robin. Time quantum is 2.

Remember to justify your answer! (Justification is more important thanRemember to justify your answer! (Justification is more important than
correct numerical result)correct numerical result)

Process Arrival time Priority ProcessingTime
A 0 1 9
B 1 3 15
C 2 5 6
D 3 4 3
E 4 2 12



Example exam: File systemsExample exam: File systems

Free disk blocksFree disk blocks. Explain two approaches to keep track of the free. Explain two approaches to keep track of the free
disk blocks available to allocation on a disk. Give the pros anddisk blocks available to allocation on a disk. Give the pros and
cons for each alternative.cons for each alternative.
ext2fsext2fs.. What isWhat is inodeinode and what information does it contain?and what information does it contain?
ext2fs.ext2fs. When the block size is 1 KB, how does the OS store a 30When the block size is 1 KB, how does the OS store a 30
MB file test.txt? How does it locate the file’s allocated diskMB file test.txt? How does it locate the file’s allocated disk
blocks?blocks?
NTFS.NTFS. What is Master File Table (MFT) in NTFS, where is itWhat is Master File Table (MFT) in NTFS, where is it
located, how is it used?located, how is it used?



Operating SystemOperating System
OverviewOverview
Selection of slidesSelection of slides

from previous lecturesfrom previous lectures



OS structureOS structure
User

Devices and device drivers

Applications System programsShell

I/O module
(Device controller)

Interrupt handling

Process management

I/O management

Memory
management

File system
blocks

System calls

protection

Resource management



Sta Fig 1.11

Return
from
interrupt

Start
interrupt
processing

Interrupt in detailsInterrupt in details



Memory hierarchyMemory hierarchy

Pentium 4 cache:
8 KB data, 12 KB code/text, external 256 KB

nano = 10-9, micro = 10-6, milli = 10-3



LLocality of referenceocality of reference
Spatial and temporal locality:Spatial and temporal locality:

For example in a loop a small set of instructions isFor example in a loop a small set of instructions is
executed several timesexecuted several times
Certain part of code only uses a small set ofCertain part of code only uses a small set of
variables (data)variables (data)

When program makes a memory reference (data orWhen program makes a memory reference (data or
instructions), it is likely to refer again to the sameinstructions), it is likely to refer again to the same
location or a location near bylocation or a location near by

This is the principle behind the usage of cachesThis is the principle behind the usage of caches



Systems callsSystems calls

IInterface between usernterface between user
programs and OSprograms and OS
dealing with abstractionsdealing with abstractions
Special kind ofSpecial kind of
procedure call: switchprocedure call: switch
between user and kernelbetween user and kernel
modemode
Trap into kernel andTrap into kernel and
invoke OSinvoke OS

System call

Interrupt



read(read(fdfd, buffer,, buffer, nbytesnbytes)) Tan08 1Tan08 1--1717



Operating system structuresOperating system structures

Monolithic SystemMonolithic System

MicrokernelMicrokernel

Virtual MachinesVirtual Machines



MonolithicMonolithic
SystemsSystems

Whole OS as one program in kernel modeWhole OS as one program in kernel mode
Collection of procedures, linked togetherCollection of procedures, linked together

Basic structure of a monolithic systemBasic structure of a monolithic system
Main program invokes requested service procedureMain program invokes requested service procedure
Service procedures carry out the system callsService procedures carry out the system calls
Utility procedures help service proceduresUtility procedures help service procedures

There might be loadable extensionsThere might be loadable extensions



MicroMicro--
kernelkernel

Split the OS to small, wellSplit the OS to small, well--defined modulesdefined modules
Only the microkernel module runs in kernel modeOnly the microkernel module runs in kernel mode
Other modules run in user modeOther modules run in user mode
Goal: increase availabilityGoal: increase availability

A buggy driver cannot crash the whole computerA buggy driver cannot crash the whole computer
MINIX has reincarnation server to automatically replaceMINIX has reincarnation server to automatically replace
failed modulefailed module

Disadvantage:Disadvantage:
A lot of mode switches within OS itselfA lot of mode switches within OS itself



Virtualization todayVirtualization today

Virtual machine monitorVirtual machine monitor calledcalled hypervisorhypervisor

(a) Type 1 hypervisor
on top of hardware
multiplex
all OS in parallel

(b) Type 2 hypervisor
on top of host OS
multiplex
only guest OSes



C and Metric UnitsC and Metric Units

Must be able to use:Must be able to use:
Reading CReading C--code examplescode examples
Unit conversionsUnit conversions



Processes and ThreadsProcesses and Threads

28



ProcessProcess

is an activity that has ais an activity that has a
program, input, outputprogram, input, output
and a state.and a state.
Some terms:Some terms:
Text/codeText/code = executable instructions= executable instructions
DataData = variables= variables
StackStack == workareaworkarea

Parameter passing to subroutines/system callsParameter passing to subroutines/system calls
Process Control Block, PCBProcess Control Block, PCB entry inentry in Process TableProcess Table

= management information= management information
29



Process States (1)Process States (1)

Possible process statesPossible process states
runningrunning
blockedblocked
readyready

Transitions between states shownTransitions between states shown
30



Process Control BlockProcess Control Block

Fields of a process table entryFields of a process table entry
31



Thread Model:Thread Model:
ProcessProcess vsvs threadthread

Items shared by all threads in a processItems shared by all threads in a process
Items private to eachItems private to each thread in threadthread in thread
Each thread has its own stack!Each thread has its own stack!

32



UserUser--levellevel vsvs kernelkernel--level threadslevel threads

Tan08
Fig 2-16

Kernel (or OS) is not aware ofKernel (or OS) is not aware of
threads, schedules processesthreads, schedules processes
User process must dispatchUser process must dispatch
threads itselfthreads itself

All thread control and dispatching
done by the kernel
No control on the user level

33



SolarisSolaris

34



SchedulingScheduling

35



Introduction to Scheduling (2)Introduction to Scheduling (2)

Scheduling Algorithm GoalsScheduling Algorithm Goals
36
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CPU Scheduling:CPU Scheduling:
Algorithms examplesAlgorithms examples

FirstFirst--ComeCome--FirstFirst--ServedServed FCFSFCFS
Round RobinRound Robin RRRR
Shortest Process NextShortest Process Next SPNSPN
Shortest Remaining TimeShortest Remaining Time SRTSRT
Multilevel FeedbackMultilevel Feedback feedbackfeedback



YhteenvetoYhteenveto Tbl 9.3 [Stal05]



MemoryMemory managementmanagement



Relocation and ProtectionRelocation and Protection

Cannot be sure whereCannot be sure where
program will be loaded inprogram will be loaded in
memorymemory

address locations of variables,address locations of variables,
code routines cannot becode routines cannot be
absoluteabsolute
must keep a program out ofmust keep a program out of
other processes’ partitionsother processes’ partitions

UseUse base and limitbase and limit valuesvalues
address locations added to baseaddress locations added to base
value to map to physicalvalue to map to physical addraddr
address locations larger thanaddress locations larger than
limit value is an errorlimit value is an error

Address translation by MMUAddress translation by MMU
40



Memory Management: bookkeepingMemory Management: bookkeeping
allocations and free areasallocations and free areas

Part of memory with 5 processes, 3 holesPart of memory with 5 processes, 3 holes
tick marks show allocation unitstick marks show allocation units
shaded regions are freeshaded regions are free

(b) Corresponding bit map(b) Corresponding bit map
(c) Same information as a list(c) Same information as a list 41



42

AllocationAllocation

Where to place the newWhere to place the new
process?process?
Goal: avoid externalGoal: avoid external
fragmentation andfragmentation and
compactioncompaction
Some alternatives:Some alternatives:
BestBest--fitfit
FirstFirst--fitfit
NextNext--fitfit
WorstWorst--fitfit
QuickQuick--fitfit

Sta Fig 7.5
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Virtual memoryVirtual memory
(using paging)(using paging)



Operating System Involvement with PagingOperating System Involvement with Paging

Process creationProcess creation
determine program sizedetermine program size
create page tablecreate page table

Process executionProcess execution
MMU reset for new processMMU reset for new process
TLB flushedTLB flushed

Page fault timePage fault time
determine virtual address causing faultdetermine virtual address causing fault
swap target page out, needed page inswap target page out, needed page in

Process termination timeProcess termination time
release page table, pagesrelease page table, pages 44



PagingPaging

Each process has ownEach process has own
page tablepage table

Contains the locationsContains the locations
(frame numbers) of(frame numbers) of
allocated framesallocated frames
Page table locationPage table location
stored in PCB, copiedstored in PCB, copied
to PTR for executionto PTR for execution

OS maintains a tableOS maintains a table
(or list) of page(or list) of page
frames, to knowframes, to know
which are unallocatedwhich are unallocated 45



Page tablePage table

Each process has its own page tableEach process has its own page table
Each entry has a present bit, since not all pages need to be in theEach entry has a present bit, since not all pages need to be in the
memory all the timememory all the time --> page faults> page faults
Remember the locality principleRemember the locality principle
Logical address space can be much larger than the physicalLogical address space can be much larger than the physical

46

Typical Page Table Entry, Fig. 3.11
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Page  TablesPage  Tables

InternalInternal
operation ofoperation of
MMU with 16MMU with 16
4 KB pages4 KB pages



TLBTLB –– TranslationTranslation LookasideLookaside BufferBuffer

Goal is to speed up pagingGoal is to speed up paging
TLB is a cache in MMU for page table entriesTLB is a cache in MMU for page table entries

48



Sta FigSta Fig
8.8.8.8.

OperationOperation
of Pagingof Paging
and TLBand TLB



Multilevel andMultilevel and
InvertedInverted

Page TablesPage Tables



51

TwoTwo--level hierarchical page tablelevel hierarchical page table
Top most level in one page and always in the memoryTop most level in one page and always in the memory

1 K entries (= 1024 = 210)

1K * 1K = 1M entries



AddressAddress
translationtranslation
with twowith two

levelslevels

52(Fig 4-12 [Tane01])

FA

Virtual
Address:

PCB



Inverted page tableInverted page table

53

j

Frame numberFrame number
Index of theIndex of the
tabletable
Not stored inNot stored in
the entrythe entry

Sta Fig 8.6



Page ReplacementPage Replacement



Page Fault HandlingPage Fault Handling

1.1. Hardware traps to kernelHardware traps to kernel
2.2. General registers savedGeneral registers saved
3.3. OS determines which virtual page neededOS determines which virtual page needed
4.4. OS checks validity of address, seeks page frameOS checks validity of address, seeks page frame
5.5. If selected frame is dirty, write it to diskIf selected frame is dirty, write it to disk
6.6. OS schedules disk operation to bring new page in from diskOS schedules disk operation to bring new page in from disk
7.7. Page tables updatedPage tables updated
8.8. Faulting instruction backed up to when it beganFaulting instruction backed up to when it began
9.9. Faulting process scheduledFaulting process scheduled
10.10. Registers restoredRegisters restored
11.11. Program continuesProgram continues

55



The Clock Page Replacement Alg.The Clock Page Replacement Alg.

Go trough all pages in circular fashionGo trough all pages in circular fashion
Try to locate unused page with the NRUTry to locate unused page with the NRU
classification, used page gets second chanceclassification, used page gets second chance

56



WorkingWorking SetSet

Pages used by the most recent k memoryPages used by the most recent k memory
references (window size)references (window size)
Common approximationCommon approximation

Pages used during the recent t msec of currentPages used during the recent t msec of current
virtual time, time that the process has been actuallyvirtual time, time that the process has been actually
executingexecuting

Pages not in the working set, can be evictedPages not in the working set, can be evicted
For page replacement:For page replacement:

Hardware set the R and M bitsHardware set the R and M bits
Each page entry has ’time of last use’Each page entry has ’time of last use’ 57

),(tW



TheThe WSClockWSClock
Page Replacement AlgorithmPage Replacement Algorithm

As clock, but onlyAs clock, but only
residence setresidence set
Evict unmodified pageEvict unmodified page
not in working set andnot in working set and
Schedule for disk writeSchedule for disk write
modified page not in  WSmodified page not in  WS
If no candidate pageIf no candidate page
found during one round,found during one round,
wait for writes or evictwait for writes or evict
any clean (=unmodified)any clean (=unmodified)
WS pageWS page

58



Review of Page ReplacementReview of Page Replacement
AlgorithmsAlgorithms

59



Sharing of pages:Sharing of pages: example editorexample editor

60



Sharing a memorySharing a memory--mapped filemapped file

Mapped file is an alternative of I/O, file is accessed as a bigMapped file is an alternative of I/O, file is accessed as a big
character array in memorycharacter array in memory
Can be used as shared memory between processesCan be used as shared memory between processes 61

Tan08 Fig 10-3



Backing Store / Swap areaBacking Store / Swap area

62

(a) Paging to static swap area(a) Paging to static swap area
(b) Backing up pages dynamically(b) Backing up pages dynamically



Segmentation with Paging:Segmentation with Paging:
MULTICSMULTICS

63

Each segment table element points to page tableEach segment table element points to page table
Segment table still contains segment lengthSegment table still contains segment length

PCB
Segment table

Segment table entry



64

FileFile systemssystems



File Attributes (or metadata)File Attributes (or metadata)

65



DirectoryDirectory

66

= File, that contains information about other files= File, that contains information about other files
Only OS is allowed directly to access these filesOnly OS is allowed directly to access these files

All changes throughAll changes through system calls onlysystem calls only

• Root directory,
home directories

• Processes can
create
subdirectories

• Fixed location
for root
directory on disk



File SystemFile System LayoutLayout

Master Boot Record (MBR) in fixed positionMaster Boot Record (MBR) in fixed position
Disk partition information in partition tableDisk partition information in partition table
(fixed loc)(fixed loc)
Each partition usually has boot blockEach partition usually has boot block
Everything else on partition depends on the fileEverything else on partition depends on the file
systemsystem

67



Allocating blocks for files:Allocating blocks for files:
contiguouscontiguous

File location info: start block, number of blocksFile location info: start block, number of blocks
Good read performance: only one seek for the whole fileGood read performance: only one seek for the whole file
Difficult (or impossible) to increment fileDifficult (or impossible) to increment file
Fragmentation: Holes from deleted files (see (b) )Fragmentation: Holes from deleted files (see (b) )
Used on CDUsed on CD--ROMsROMs 68



Allocating blocks for files:Allocating blocks for files:
linked list of disk blockslinked list of disk blocks

File location info: Start blockFile location info: Start block
No fragmentation: Each block has a pointer to next blockNo fragmentation: Each block has a pointer to next block
Reading performance: sequential fine, random access difficultReading performance: sequential fine, random access difficult

69



Implementing Files:Implementing Files:
File Allocation Table (FAT)File Allocation Table (FAT)

Link information in FATLink information in FAT
Read performance:Read performance:

Blocks of file in multipleBlocks of file in multiple
locations, more seekslocations, more seeks
Random access possibleRandom access possible

On disk when powerOn disk when power--downdown
In memory when runningIn memory when running

Does not scale for large disksDoes not scale for large disks

To improve readTo improve read
performance:performance:

Consolidation,Consolidation,
defragmentationdefragmentation

70



Directory structureDirectory structure

Directory entry containsDirectory entry contains
File nameFile name
File location information: block number,File location information: block number, ii--node numbernode number
File attributes (unless stored inFile attributes (unless stored in ii--node)node)

Specific structure depends on the file systemSpecific structure depends on the file system
71



Implementing Files: iImplementing Files: i--nodenode

Special data structure forSpecial data structure for
each file separatelyeach file separately
In memory only whenIn memory only when
this file accessedthis file accessed

Independent of disk sizeIndependent of disk size

II--node has fixed numbernode has fixed number
of block locationsof block locations

Reserve last for address toReserve last for address to
block which containsblock which contains
more block addressesmore block addresses

72



UNIX iUNIX i--nodenode [SGG07] Fig 11.9[SGG07] Fig 11.9
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UNIXUNIX Tan08 4Tan08 4--3535
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Sharing filesSharing files
Right to access:Right to access:

Usage rights collected to fileUsage rights collected to file
attributes (like UNIX:attributes (like UNIX: u,g,ou,g,o))

HardHard linklink
SoftSoft link (symbolic linklink (symbolic link))

Directory structure -
Directed Acyclic Graph



Logs and journalingLogs and journaling



LogLog--Structured File SystemsStructured File Systems

With CPUs faster, memory largerWith CPUs faster, memory larger
disk caches can also be largerdisk caches can also be larger
increasing number of read requests can come from cacheincreasing number of read requests can come from cache
thus, most disk accesses will be writesthus, most disk accesses will be writes

LFS Strategy structures entire disk as a logLFS Strategy structures entire disk as a log
have all writes initially buffered in memoryhave all writes initially buffered in memory
periodically write these to the end of the disk logperiodically write these to the end of the disk log
when file opened, locatewhen file opened, locate ii--node, then find blocksnode, then find blocks
To free no longer user blocks, cleaner thread compacts theTo free no longer user blocks, cleaner thread compacts the
contentcontent

77



Journaling File Systems:Journaling File Systems:
NTFS, ext3fs, ReiserFSNTFS, ext3fs, ReiserFS

Created to improve robustness and speed upCreated to improve robustness and speed up
crash recoverycrash recovery
Copies the log idea from the logging FSCopies the log idea from the logging FS
First write to log intentions, then do operationsFirst write to log intentions, then do operations
Log elements:Log elements:

IdempotentIdempotent –– can be repeated several timescan be repeated several times
Contain all structural changesContain all structural changes –– during recoveryduring recovery
processing the log is enoughprocessing the log is enough

78

CS Dept use ext3fs in all file servers



LINUX VFSLINUX VFS

Identical interfaceIdentical interface
from thefrom the
applicationsapplications
Supports severalSupports several
actual differentactual different
file systemsfile systems
All requests viaAll requests via
VFSVFS
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Free blocks      Tan08 4Free blocks      Tan08 4--2222

80Linked list of blocks Bit map



LogicalLogical BackupBackup
AlgorithmAlgorithm
Dump changed filesDump changed files
and full path to themand full path to them
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(a) First scan:(a) First scan:
mark changed filesmark changed files
and alland all dirsdirs

(b) Second scan:(b) Second scan:
unmarkunmark dirsdirs that dothat do
not have changes innot have changes in
subtreesubtree

(c)(c) DirsDirs to dumpto dump
(d) Files to dump(d) Files to dump



Block cache / Buffer cacheBlock cache / Buffer cache

Access to disk is much slower than access to memoryAccess to disk is much slower than access to memory
Keep recently used blocks in memory for future needKeep recently used blocks in memory for future need
Fast access using hash with collision chainFast access using hash with collision chain
Use writeUse write--through cachesthrough caches

To maintain content on disk also andTo maintain content on disk also and
keep disk consistency (ikeep disk consistency (i--nodes is essential on disk)nodes is essential on disk)
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NFSNFS
Network File SystemNetwork File System

Chapter 10.6.4.Chapter 10.6.4.

83



NFS layer structureNFS layer structure
Fig. 10-36  [Tane 08]
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I/O SoftwareI/O Software
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Sta Fig 1.19Sta Fig 1.19

I/O Communication TechniquesI/O Communication Techniques
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Layers of the I/O systemLayers of the I/O system
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DisksDisks
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RAIDRAID

0: strips,  no redundancy0: strips,  no redundancy
1: Mirroring  (with strips)1: Mirroring  (with strips)
2: bits,  uses Hamming2: bits,  uses Hamming codecode
3: bits, uses Parity bit3: bits, uses Parity bit
4: strips, with strip4: strips, with strip--forfor--strip parity on dedicated diskstrip parity on dedicated disk
5: strips, distributing parity strips uniformly5: strips, distributing parity strips uniformly 89



Disk Arm SchedulingDisk Arm Scheduling
Time required to read or write a disk blockTime required to read or write a disk block
determined by 3 factorsdetermined by 3 factors

1.1. Seek timeSeek time
2.2. Rotational delayRotational delay
3.3. Actual transfer timeActual transfer time

Seek time dominatesSeek time dominates
Error checking is done by controllersError checking is done by controllers
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Disk Arm Scheduling AlgorithmsDisk Arm Scheduling Algorithms

Goal: Reduce the mean seek timeGoal: Reduce the mean seek time
RandomRandom? FIFO? PRI? LIFO?? FIFO? PRI? LIFO?

Do not consider the current arm positionDo not consider the current arm position

Improvement: order the requestsImprovement: order the requests
SSFSSF -- shortest seek firstshortest seek first
SCAN, LOOKSCAN, LOOK –– elevator algorithmelevator algorithm

Assumption:Assumption:
The real disk geometry matches the virtual, assumed,The real disk geometry matches the virtual, assumed,
geometrygeometry –– this may not be true with disks where thethis may not be true with disks where the
controller can do error correction with replacements sectors.controller can do error correction with replacements sectors.
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RealReal--time schedulingtime scheduling

Section 7.5. Multimedia ProcessSection 7.5. Multimedia Process
SchedulingScheduling
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Real Time SchedulingReal Time Scheduling

Real Time Scheduling algorithmsReal Time Scheduling algorithms
RMSRMS
EDFEDF
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This wrapThis wrap--up did not cover:up did not cover:

MultiprocessorMultiprocessor

LinuxLinux

WindowsWindows



95

Important themes  1/2Important themes  1/2

Structure of OSStructure of OS
Process and threadProcess and thread

PCB, TCB, execution, mode and context switchPCB, TCB, execution, mode and context switch
Memory managementMemory management

MMU’s structureMMU’s structure
Different methodsDifferent methods

Memory allocation, address translationMemory allocation, address translation
Virtual memoryVirtual memory

Paging, address translationPaging, address translation
Page table, page fault, PTR, TLBPage table, page fault, PTR, TLB
Policies, methods and algorithmsPolicies, methods and algorithms
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Important themes 2/2Important themes 2/2

LocalityLocality
Interrupts and interrupt handling, executionInterrupts and interrupt handling, execution
cyclecycle
MultiprogrammingMultiprogramming
User mode, kernelUser mode, kernel modemode
File systems, I/O, multiprocessor schedulingFile systems, I/O, multiprocessor scheduling
Ext3fs, ntfs,Ext3fs, ntfs,
......
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