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2 Marks questions with answers

1. Defineprocess.(Nov/Dec2013)
A process is defined as a single execution of a program. A running of the same

programtwo differenttimes leads tocreationoftwo differentprocesses. Eachprocess has its
ownstate that includes its register andmemory.

2. Whatarethestatesofaprocess?
Thestatesofaprocessare
a. Running
b. Ready
c. Waiting

3. What isthefunctioninreadystate?
Processes whichare readytorunbut are not currently usingthe processoraresaid to

be in the 'ready’ state.

4. Definescheduling.
Scheduling isdefinedas theworkofchoosingthe orderofrunningprocess. It isaprocess
ofselection whichsays that a process has the right to use the processor at giventime.

5. Whatisschedulingpolicy?
Schedulingpolicydescribesthewayinwhichprocessesarechosentogetpromotion from ready

state toru nning state.

6. Definehyperperiod.
Hyperperiod is the least-commonmultipleoftheperiodsofalltheprocesses.It isa finite period

that covers all possible combinations of process executions.

7. Whatisschedulability?
Schedulabilityindicates,anyexecutionschedule is there foracollectionofprocess inthe system's

functionality.

8. Whatarethetypesofscheduling?(May/June2013)

Thetypesofschedulingare
1. Timedivisionmultipleaccessscheduling.

2. Roundrobinscheduling.
3. Cyclostaticscheduling.

9. Whatiscyclostaticscheduling?
Cyclostatic scheduling is a type of scheduling in whichschedules are separated into

equal sized time slots.
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10. Defineroundrobinscheduling.
Roundrobinschedulingisatypeofschedulingwhichemploysthehyperperiodasan interval.In this
scheduling, the processes run in the givenorder.

11. Whatisschedulingoverhead?
Schedulingoverheadisthetimeofexecutionneededtoselectthenextexecutionprocess.

12. Whatismeantbycontextswitching?(April2014),(Nov/Dec2013),(Nov/Dec 2012)(April
2018)
 Acontext switchisthecomputingprocessofstoringandrestoringofaCPU, where
executioncanbe resumed from the same point at a later time.
* Thecontextswitchingisanessentialfeatureofmultitaskingoperationsystem.

13. Definepriorityscheduling.
Priorityschedulingisdefinedasaschedulingwhichmaintainsapriorityqueueof processes that
are in the runnable state.

14. Whatisratemonotonicscheduling?

Rate monotonicscheduling isanapproachthat is usedtoassigntaskpriorityforapreemptive
System.

15. Whatis criticalinstant?
Criticalinstantisthesituationinwhichtheprocessortaskposses highestresponsetime.

16. What iscriticalinstantanalysis?

Critical instant analysis is used to knowabout the schedule ofa system. It*s says that, based
onthe periods given, the priorities to the processes has to be assigned.

17. Defineearliestdeadlinefirstscheduling.
Earliest deadlinefirst schedulingisatype of schedulingwhichappliestaskprioritypolicy that uses the
nearest deadline as the criterion for assigning the task priority.

18. WhatisuseofIDCmechanism?

IDC(InterDomainCommunication)mechanismisnecessaryfora'processtoget communicate withother

process' inorder to attain a specific application inanoperating system.

19. Whatarethetwotypesofcommunication?
Thetwotypesofcommunicationare
1. Blockingcommunication
2. Non-blockingcommunication

20. Givethedifferentstylesofinterprocesscommunication.(April2014)
Thedifferentstylesofinterprocesscommunicationare
1. Sharedmemorycommunication.
2. Messagepassing.




21. WhatisISR?(Nov2013)
An interrupt handler, also knownas an interruptservice routine (ISR). It is a callback

subroutineinanoperating system.lt isa device driverwhose executionistriggered by the
reception of an interrupt.

22. Listtheusesofinterruptsserviceroutines?(May/June2012)
Theuseofinterruptsserviceroutinesare

1 Input/outputdatatransferforperipheraldevices.

1 Inputsignalstobeusedfortimingpurpose.

1 Realtimeexecutives/multitasking.

1 Eventdrivenprogram.

23. Whatismeantbymasking?(Nov2013)
The priority mechanism must ensure that a lower-priority interrupt does not occur, when a
higher-priority interrupt is being handled. The decisionprocess is knownas masking.

24. Writeaboutnon-maskableinterrupt.
Thehighest-priority interruptisnormally called as Non-Maskable Interrupt (NMI).The NMI
cannot be turned off. It is usually reserved for interrupts caused bypower failures. The NMI
can be used to save critical state in nonvolatile memory. It turns off 1/O devices to eliminate
spurious device operation during power down.

25. Whatare the three conditions that must be satisfiedby the re-entrantfunction?
(May/June 2012, NOV 2017)
Afunctioniscalledasre-entrantfunction,whenthefollowingthreeconditionsaresatisfied,

1 Alltheargumentspass the valuesandsome oftheargument is apointerwhenever a
calling function calls it.

1 Whenanoperation is not atomic, the functionshould not operate onany variable,
whichisdeclaredbutpassedbyreference notpassed byarguments inthe function.

1 Thatfunctiondoesnotcallanyotherfunctionthatisnotitsel fre-entrant.

26. Defineoperatingsystem.

An operating systemsis defined as a program responsiblefor scheduling the CPU and controlling
access to devices. Operating system is interface between user of a computer and computer
hardware.




27. Listoutthecommontasksofoperatingsystem.

Thecommontasksofoperatingsystemare
1 Process management
1 Memory management
1 Devicemanagement
1 Applicationmanagement
1 Userinterface

28. Whatisthepoweroptimizationstrategiesusedforprocesses?(May/June2013)
Thepoweroptimizationstrategiesusedforprocesses are

o Predictiveshutdown
1 Advanced ConfigurationandpowerInterface.

29. Whatdoesascheduler doinanoperatingsystemenvironment?(Nov/Dec 2012)

30.

31

32.

33.

34.

Inanoperatingsystem,theschedulingprocessiscarried outbysoftwarecalledscheduler.

Listoutthetypesofscheduler.
The typesofschedulerare:

1 Shorttermscheduler

1 Mid-termscheduler

o Longtermscheduler.

WhatisTask?
A task is an independent process that takes control of the CPU, when scheduled at an OS.

Every task has a TCB (Task Control Block).

WhatisTaskState?
A state of a task that changeson scheduler directions. Atask at an instance can bein one of the
four states suchas idle, ready, blocked and running. It is controlled by the scheduler.

Defineinterprocesscommunication.
An output from one task (or process) passed to another task through the scheduler.It uses

signals, exceptions, semaphores, queues, mailboxes, pipes, sockets and remote procedure call.
Thisis knownas inter process communication.

DefineSemaphore.
Semaphore is a special variable or function that is used to take note of certain actions to

prevent another task or process fromproceeding.




35. Whatis shareddataproblem?
Ifa variable is used in two differentprocesses(tasks)and anothertask, if it interrupts

withoutbeforetheoperationonthat iscompleted,thentheshareddataproblemarises.

36. What ispriorityinversionproblem?How itcanbesolved?

Aprobleminwhicha lowprioritytaskdoes notrelease theprocess fora higherprioritytask. An
operating systemcan take care ofthis by appropriate provisions.

This problem canbe solvedtemporarilybyboosting the low prioritytasktohigher priority task.
This is called as priority inheritance.

37. BrieflydiscussaboutDeadlocksituation.

Deadlockis a situation in whichthe processes wait for the other resource which is occupied
byanother process ina loop. For example take processes P1 and P2 and resources
R1andR2 inthedeadlockcondition. P1 -

R1 waits for R2
P2-R2waitsforR1sobothprocesseswaitsfortheotherresourcetogetfreefortheir complete
operation.

38. WhatisMessageQueue?
AtasksendingthemultipleFIFOorprioritymessageintoaqueueforuse

byanothertaskusingqueuemessageasaninputissaidtobemessagequeue.

39. WhatisSocket?
Socket providesthelogical link. It isusing a protocol betweenthe tasksina client server or peer-

to-peer environment.

40. WhatisRemoteProcedureCall?

Remote Procedure Call (RPC)isa protocol that one program can use torequest a service froma
program located in another computer on a network without having to understand the
network's details. A procedurecall is also sometimesknownasa functioncallora subroutine call.

41. DefineThread.
Thread is a minimum unit for a schedulerto schedule theCPUand othersystemresources. A

process may consist of multiple threads. A thread has an independent process control block
like a task controlblock. A thread also executes codes under the control ofa scheduler.

42. GivetheusesofTaskControlBlock(TCB).
Task controlblockis a memoryblockwhich holdsinformationofprogramcounter,memory map,

the signal (message) dispatchtable, signal mask, task ID,CPUstate (registers etc.) and
akernelstack(forexecutingsystemcalls,etc.).




43. Whataretheproblemsthat mayarisewhileusingsemaphores?
Theproblemsthatmayarisewhileusingsemaphoresare,
() Sharing oftwosemaphorescreatesa deadlockproblem.
(i) Withoutatimeoutanl SRworst-caselatencymayexceedthedeadline.
(i) Asemaphorenottaken,andanothertaskuseasharedvariable.
(v) Whenusingmultiple semaphores, ifanunintendedtasktakes the
semaphore, it creates a problem.
(V) Itmayintroducepriorityinversionproblem.

44, Whataremulti ratesystems?andgivetwoexamples(April/May2023)
Multirate embedded computing systems are verycommon,includingautomobile engines,
printersandcellphones.Inallthesesystems,certainoperationsmustbe executed periodically,
and each operation is executed at its own rate. Examples are automobile engines, printers
and cell phones.

45. Whatisreleasetimeanddeadlineofaprocess?
The release time is the time atwhichthe process becomes readyto execute. Adeadline
specifies whena computation must be finished. The deadline for anaperiodic process is
generallymeasured fromthe releasetime,since that istheonlyreasonable timereference.

46. Whatistheperiodandrateofaprocess?
Theperiodofaprocess isthe timebetweensuccessiveexecutions. Theprocess™s rate isthe Inverse
of its period.

47. Whatisataskgraph?
Asetofprocesseswithdatadependenciesiscalledataskgraph.

48. DefineCPUutilization.
Utilization is the ratio ofthe CPU time that is being used for usefulcomputations to the total

available CPU time.Thisratio rangesbetween 0 andl,with 1meaning thatall of the available
CPU time is being used for system purposes.

49. What istheresponsetimeofaprocess?
Theresponsetimeofaprocessisthetimeatwhichtheprocessfinishesitsexecution.

50. Definepreemption.
Preemptionisthe actofforcingaprocessoutofexecution i.e.making acontextswitch.
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51. Ifyoursetofprocessesisun-schedulableandyouneedtoguaranteethatthey complete their
deadlines, give possibleways to solve this problem?

Thetechniquesavailableareasfollows

a. GetafasterCPU.

b. Redesigntheprocessestotakelessexecutiontime
c. Rewritethespecificationtochangethedeadlines

52. Whatarethebenefitsof multithreadedprogramming?
Thebenefits ofmultithreaded programmingcanbebrokendowninto four major categories:
1 Responsiveness

1 Resourcesharing
o Economy
1 Utilizationofmultiprocessorarchitectures

53. WhatisaDispatcher?
ThedispatcheristhemodulethatgivescontroloftheCPUtotheprocessselectedby the short-term
scheduler. This function involves:

1 Switchingcontext
1 Switchingtousermode
1 Jumpingtotheproperlocationin theuserprogramtorestartthatprogram.

54. Whatisdispatchlatency?
Thetime takenbythedispatcher tostopone process andstartanother runningisknownas dispatch
latency.

55. Whatarethevariousschedulingcriteriafor CPUscheduling?
Thevariousschedulingcriteriaare

1 CPUutilization

1 Throughput

1 Turnaroundtime
o Waitingtime

1 Responsetime

56. Definethroughput.

Throughput in CPU scheduling is the number of processes that are completed per unit time.
For longprocesses, this rate maybe one process per hour. For short transactions, throughput
might be 10 processes per second.




57. Whatisturnaroundtime?

Turnaround time is the interval from the time of submission to the time of completion of a
process. It is the sum of the periods spent waiting to get into memory, waiting in the ready
queue, executing on the CPU, and doing 1/0.

58. What ismailbox?
A message or messagepointer froma task that is addressed toanother task is said to be mail
box.

59. StatethemodelofRateMonotonicSchedulingorWhatisRateMonotonic
Scheduling?(NOV/DEC 2018)

Thesimplemodelofthesystemisasfollows,

1 AllprocessesrunperiodicallyonasingleCPU.

1 Contextswitchingtimeisignored.

1 Therearenodatadependenciesbetweenprocesses.

1 Theexecutiontimeforaprocessisconstant.

1 Alldeadlines areattheends oftheirperiods.

1 Thehighest-priorityreadyprocessisalwaysselectedforexecution.

60. WriteaboutPOSIX(NOV2017)
1 ItisaversionofUNIX

1 ServesasagoodmodelforRTOS

1 Ithas lessoptions

61. Writeadvantagesandlimitationsofpriorityscheduling.
Advantage: Veryefficientindifferentsituations Limitation:

Very static scheduling

62. What is the concept of multitasking? What does it signify?(NOV/DEC

2018)(April/May 2019)
Multitasking,inanoperatingsystemisallowingusertoperformmorethanonecomputer
taskatatime.TheOSisabletotrackofwhereyou arein thesetasksandgofrom oneto other without
losing information.

63. What ispriorityinheritanceandpriorityinversion?( April/May2019)
Inoneline,Prioritylnversion isa problemwhilePrioritylnheritance isasolution.
Literally,Prioritylnversion meansthatpriorityoftasksgetsinvertedandPriority Inheritance means
that priority of tasks get inherited. Both of these phenomena happen in priorityscheduling.




64. Mentionthe powersavingstrategyadoptedforrealtime systems(April/May2019)
There are so many methodsavailable to save the power in realtime systems. However the
mainpower saving is achieved throughdynamic voltage scaling.

65. Defineaudioplayer.
Audio player are defined as any media player which can only play audio files.
Players capable of video playback are included under comparisonofvideoplayer software,

even if theyare primarily well known for audio playback.

66. What are thebasicfunctions ofaudio players?OrListoutthemajorcomponents of
audio player (April/May 2019) (Dec2022/Jan2023)
AnMP3playerperformsthreebasicfunctionssuchas
1. Audiostorage
2. Audiodecompression

3. Userlnterface

67. Definevideoacceleratororneedforvideoaccelerator(NOV2017)(April/May2019)
Video accelerator is a hardware circuits on a display adapter that speed up full

motion video, whichalso frees the CPULto take care of other tasks.

68. Define enginecontrolunit.
An engine control unit is a type of electronic control unit that controls a series of
accelerators onan internalcombustionengine to ensure optimal engine performance.
69. GiveonechallengeindevelopingofcodesforMPSoCs(Dec2022/Jan2023)

MPSoCs present unique challenges for software development due to the change from
uniprocessor to many or multiprocessors (implying parallelism) and non-uniform memory
structures.

The programming model ofall languages suchas C, C++ etc. assumes a homogeneous
implementation architecture witha uniform, shared memoryspace. This model is incompatible
with the application-specific, heterogeneous architectures of MPSoCs. This results in a

mismatchbetweenthe programmer*s conceptual modeland the underlying implementation.




70. Howdoesthe ARM SAPinstructionprovides atomicexecutions?

(Dec 2022/ Jan 2023)
To support the atomic instructions addedin the Armv8.1 architecture, CHI-B provides Atomic
Transactions. Aninterconnect usesAtomic Transactionsto transportanatomicoperationand its
operands from one device to another. Using atomics instead of exclusive access reduces the
amount of time during which data is inaccessible to other agents. Atomic Transactions can

execute several atomic operations and can be performedinternally or externallyto the processor.

71. Whatis meantby requirementanalysis ifdoing memoryscaling foravideo
accelerator? (Dec 2022/Jan 2023)
The arithmetic oneachpixel is simple, but we have to process a lot ofpixels. If MBSIZEis
16and SEARCHSIZE is8,andrememberingthatthesearchdistanceineachdimensionis 8 + 1 + 8,
thenwe must performN ops = (16x16)x(17%x17)=73,984 .

72. Whataretheschedulingstatusconsideredinaprocess?(April/May2023)
Theoperatingsystemconsidersaprocesstobeinoneofthreebasic ~ scheduling  states:waiting,
ready, orexecuting. At most, there is one process executing onthe CPU at anytime.Ifthere is
no useful work tobedone,an idlingprocess maybe usedtoperform null operations. Any process
that could be executed is in the ready state; the operating system chooses among the
readyprocesses to select the next executing process.

73. Whatisthesignificanceofsharedmemorymultiprocessors?(Nov/Dec2023)

A shared memory multiprocessor is an architecture consisting of a modest member of
processes, allof which have direct access to allthe main memory in the system.

74. What is dynamic priority algorithm? State its advantages and applications( Nov/Dec
2023)

Theprioritiesoftheprocess ischangedonthe fly ifneededso that it meets thedeadline. This
kindofpriorityveryusefulinrealtimeapplicationssuchas missile,Aircraft, Bullet trainetc.

75. Whataresporadicandaperiodictasks? Giveexamples(Nov/Dec 2023)

The real time task that reoccur at anyrandom instant and have hard deadlines are knownas

sporadic real time task. Example fire handling task.




Thedynamic tasks that reoccuratanyrandomtimeandhavesoftdeadlinesareknownas

aperiodic, examples keyboard, mouse.

76. Definescheduling.(DEC20,APR21)
ThefirstjoboftheOSistodeterminethatprocessrunsnext. Theworkofchoosing ~ the  order

ofrunningprocesses is known asscheduling.

77. Whataretheperformancemeasuresofrealtimesystem?(DEC20,APR21)
The followingcharacteristicsofrealtimeoperatingsystemscanbe measured: average
task switch time, average pre-emption time, average interrupt latency, semaphore shuffle

time, deadlock break time, and inter-task.

78. MentionthelimitationsofRMalgorithm.(Dec21)
Deadlines must be similar to the time periods. Deadlines are deterministic. Process running

with highest prioritythat needs to run, will preempt all the other processes.

79. State the controlofabortingof illegal memoryaccesses helpinfaulttolerance
(Dec 2022/Jan 2023)
The control of aborting of illegal memory accesses helps in fault tolerance. Each and
everyredundant memoryblocksprotectedsuchthat there is noillegal memoryaccess for
program and data. Because keeping the redundant blocks secured is very essential in
achieving fault tolerance. More over the memoryis veryimportant unit next toprocessor in

an embedded systems for overall performance.

80. Whataretheessentialfactorstobeconsideredinestimatingprogramrun
times?(April/May 2023)

1) Algorithmtimecomplexity.

2) Inputsize.

3) CPUspeed.

4) 1/Owaitingtime.

5) Amountofrunningprocesses.




6) Amountofavailablememory.

7) Programminglanguageused.

81. Mentionthemethodofdealingwithsporadictasks(April/May 2023)

The real-time tasks that reoccur at any random instant and have hard deadline are known

as sporadic real-time tasks. Basically all the high critical tasks are sporadic tasks. For

example, fire handling task in industry or emergency message arrival in system are

sporadic real-time tasks. It goes through acceptance test, executed only when sufficient

slacktime is available andincludes commands given bythesystem.
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Whether each application can meet its timingrequirements is determined by
aglobalschedulability analysisbased onparametersofeverytaskinthesystem.

The necessity of detailed timing and resource usage information of all applications
thatmay run together often forces the applications to be developed together and, thus,
keepsthesystemclosed.

Hard real-time applications can run with soft real-time and non- real-time applications
inthisenvironment.ltmakesuseofthetwo-levelscheduling scheme.

This scheme enables each real- time application to be scheduled in a way best suited
forthe application and the schedulability of the application to be determined independent
ofotherapplicationsthatmayrunwith iton thesamehardwareplatform.

StructureofaRealTimeSystem

Q1.Discussabouttaskandprocesses.Tas

ksandProcesses

]

Many (if not most) embedded computing systems do more than one thing—that is,
theenvironment can cause mode changes that in turn cause the embedded system to
behavequitedifferently.

For example, when designing a telephone answering machine, one can define recording
aphone call and operating the user's control panel as distinct tasks, because they
performlogicallydistinctoperationsandthey mustbeperformedatverydifferentrates.

Thesedifferent  tasksarepart of  thesystem‘sfunctionality,but  that  application-
levelorganizationoffunctionality isoftenreflectedinthestructureoftheprogramaswell.



A processis asingleexecution of aprogram.If auser runs thesameprogram twodifferent
times, then two different processes are created.Each process has its own
statethatincludesnotonlyitsregistersbutallofitsmemory.

In some OSs, the memory management unit is used to keep each process in a
separateaddress space. In others, particularly lightweight RTOSs, the processes run in the
sameaddressspace. Processesthatshare the same addressspace are often called threads.
The terms tasks and processes somewhat interchangeably, as do many people in the field.
To be more precise, task can be composed of several processes or threads; it is also
truethatataskisprimarilyanimplementationconceptandprocessesmoreofanimplementation
concept.

To understandwhy the separation of an application into tasks may be reflectedin
theprogram structure, consider how to build a stand-alone compression unit based on
thecompressionalgorithm.Thisdeviceisconnected toserialportsonbothends.

The input to the box is an uncompressed stream of bytes. The box emits a
compressedstringofbitsontheoutputserialline,basedonapredefinedcompressiontable.Suchab
oxmaybeused, forexample,tocompressdata beingsenttoamodem.

The program‘s need to receive and send data at different rates for example, the
programmay emit 2 bits for the first byte and then 7 bits for the second byte will
obviously finditselfreflectedinthestructureofthecode.

It is easy to create irregular,ungainly code to solve this problem; a more elegant solutionis
to create a queue of output bits, with those bits being removed from the queue and
senttotheserialportin 8-bitsets.

But beyond the need to create a clean data structure that simplifies the control structure
ofthe code, and it is necessary to ensure that input and output signals are to be processed
attheproperrates.

For example,if toomuch of time is spent in packaging and emitting output characters,then
input character can bedropped.Solving timing problemsis amorechallengingproblem.
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Figure4.1Anon-the-flycompressionbox.




Major States. Our subsequent discussion focuses primarily on priority-driven systems.
Therearefivemajorstatesofathread.

]

Sleeping: A periodic, aperiodic, or server thread is put in the sleeping state
immediatelyafter it is created and initialized. It is released and leaves the state upon the
occurrence ofaneventofthespecifiedtypes.

Upon the completion of a thread that is to execute again, it is reinitialized and put in
thesleepingstate. Athreadinthisstateisnoteligibleforexecution.

Ready: A thread enters the ready state after it is released or when it is
preempted.threadinthisstateisinthe readyqueue andeligibleforexecution.

Executing: Athreadistheexecutingstatewhenitexecutes.
Suspended (or Blocked): A thread that has been released and is yet to complete enters

thesuspended (or blocked) state when its execution cannot proceed for some
reason.Thekernelputsasuspendedthreadinthesuspendedqueue.

Terminated: A threadthat will not execute again enters the terminatedstate
whenitcompletes. Aterminatedthreadmaybe destroyed.

4.1.2. TheKernel

Q2. ExplainthestructureofMicrokernel.

Again, with a few exceptions, a real-time operating system consists of a microkernel
thatprovides

thebasicoperatingsystemfunctionsdescribedbel ow.Figure4.2showsageneralstructureofamic
rokernel.

There are three reasonsfor the kernel to take control from the executing thread andexecute
itself: to respond to a system call, do scheduling and service timers, and handleexternal
interrupts.Thekernel alsodeals with
recoveryfromhardwareandsoftwareexceptions,butactivitiesareignored.

System Calls. The kernel provides many functions which, when called, do some work
onbehalf of the calling thread. An application can access kernel data and codevia
thesefunctions.TheyarecalledApplicationProgramlinterface(API)functions.

A system call is a call to one of the APl functions.In a system that provides
memoryprotection,userandkernelthreadsexecuteinseparatememoryspaces.

Upon receiving a system call,thekernel saves thecontext of thecallingthreadandswitches
from the user mode to the kernel mode. It then picks up the function name andarguments
of the call from the thread‘s stack and executes the function on behalf of thethread.

When the system call completes, the kernel executes a return from exception. As a
result,the system returns to the user mode. The calling thread resumes if it still has the
highestpriority. If the system call causes some other thread to have the highest priority,
then thatthreadexecutes.

The calling thread is blocked until the kernel completes the called function. When the
callisasynchronous(e.g.,inthecaseofanasynchronousl/Orequest),thecallingthread




continuesto execute aftermaking the call. The kernel provides a separate thread
toexecutethecalledfunction.

1 Many embeddedoperatingsystems donot providememory protection; the kernel
anduserexecutein thesamespace.

1 Reasonsfor this choice are the relative trustworthiness of embedded applicationsand theneed
to keep overhead small. (The extramemory spaceneededto providefullmemoryprotection is on
the order of a few kilobytes per process. This overhead is more serious forsmall embedded
applications than the higher context-switch overhead that also incurs withmemoryprotection.)

1 Insuchasystem,asystemcallisjustlike
aprocedureorfunctioncallwithintheapplication.Figure4.2showsexamplesof
threadmanagementfunctions: createthread,suspendthread,resumethreadand destroythread.

1 Thetimerfunctionslistedbelowthemexemplifythetimeservicesareal-
timeoperatingsystemprovides.
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Q3. Explainthebasicmodelofrealtimesystems(DEC20,APR21)

1 Theoutputinterface,outputconditioning,andtheactuatorareinterfacedinacomplementaryman
ner.In thefollowing,content briefly describetherolesof thedifferentfunctionalblocksofareal -
timesystem.

1 Sensor: A sensor converts some physical characteristic of its environment into
electricalsignals. An example of a sensor is a photo- voltaic cell which converts light
energy intoelectricalenergy.Awidevarietyoftemperature and pressuresensorsarealso used.

1 Atemperaturesensortypicallyoperatesbasedontheprincipleofathermocouple.

Temperature sensorsbasedonmanyotherphysicalprinciplesalsoexist.

1 Forexample,onetypeoftemperaturesensoremploystheprincipleofvariationofelectrical
resistancewith temperature(calledavaristor). Apressuresensortypicallyoperates based on the
piezoelectricity principle. Pressure sensors based on other physicalprinciplesalsoexist.

1 Actuator: An actuator is any device that takes its inputs from the output interface of
acomputerandconvertstheseelectricalsignalsintosomephysicalactionsonitsenvironment.

1 Thephysicalactionsmay beintheformofmotion,changeofthermal,electrical,pneumatic, or
physical characteristics of some objects. A popular actuator is amotor.Heaters are also
very commonly used. Besides, several hydraulic and pneumatic actuatorsarealso popular.

1 Signal Conditioning Units: The electrical signals produced by a computer can rarely
beused to directly drive an actuator. The computer signals usually need conditioning
beforetheycanbeused bytheactuator.

1 This is termed output conditioning. Similarly, input conditioning is required to be
carriedouton sensorsignalsbeforetheycanbeacceptedbythecomputer.
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Figure4.3Amodelofrealtimeoperatingsystem
Forexample,analogsignalsgeneratedbyaphoto-voltaiccellarenormallyinthemilli-voltsrange
andneed to beconditioned beforetheycanbeprocessed byacomputer.

1 Thefollowingare someimportanttypesofconditioningcarriedoutonrawsignals

generatedbysensors anddigitalsignalsgeneratedbycomputers:




Voltage Amplification: Voltage amplification is normally required to be carried out
tomatch the full scale sensor voltage output with the full scale voltage input to the
interfaceofacomputer.

For example, a sensor might produce voltage in the millivolts range, whereas the
inputinterfaceofacomputermay requiretheinputsignallevelto beoftheorderofavolt.

Voltage Level Shifting: Voltage level shifting is often required to align the voltage
levelgeneratedbya sensorwiththatacceptabletothecomputer.

For example, a sensor may produce voltage in the range -0.5 to +0.5volt,whereas theinput
interface of the computer may accept voltage only in the range of 0 to 1 volt. In this
case,thesensorvoltagemustundergolevelshiftingbeforeitcanbeusedbythecomputer.

Frequency Range Shifting and Filtering: Frequency range shifting is often used to
reducethe noise components in a signal. Many types of noise occurin narrow bands and
thesignalmustbeshiftedfromthenoisebandssothatnoisecanbefilteredout.

Signal Mode Conversion: A type of signal mode conversion that is frequently carried
outduring signal conditioning involves changing direct current into alternating current
andvice-versa.

Anothertype signal mode conversion thatisfrequently usedis conversion of analogsignals
toa constant amplitude pulse train such that the pulse rate or pulse width
isproportionaltothevoltagelevel.

Conversion of analog signals to a pulse trainis often necessary for input to systems
suchastransformercoupledcircuitsthatdonotpassdirectcurrent.D/A

D/A D/A To output
Processor register converter signal
B conditioning
us unit

Figure4.4Anoutputinterface.

InterfaceUnit:NormallycommandsfromtheCPUaredeliveredtotheactuatorthroughan output
interface. An output interface converts the stored voltage into analog form
andthenoutputsthistotheactuatorcircuitry.

4.1.4. Estimatingprogramruntimes

Q4. Discuss about estimatingprogram run times /Enumerate the need for host

basedsystemsforstagesofsimulation,porting
kernelsandestimatingprogramruntimesinembeddedapplicationdeployment(DEC2022/JA
N2023)




Processes canhave several different types of timing requirementsimposed on them bythe
application. The timing requirements on a set of processes strongly influence the
typeofscheduling thatisappropriate.

Aschedulingpolicy  mustdefinethetimingrequirementsthatitusestodeterminewhether  a
schedule is wvalid. Before studying scheduling proper, some outline of the
typesofprocesstimingrequirementsthatareusefulinembeddedsystemdesign.

Figure 4.5illustrates different ways in which twoimportant requirements on
processescanbedefined:releasetimeanddeadline.

The release time is the time at which the process becomes ready to execute; this is
notnecessarilythetimeatwhich itactuallytakescontroloftheCPUandstartstorun.

An aperiodic process is by definition initiated by an event, such as external data
arrivingordatacomputed byanotherprocess.

The release time is generally measured from that event, although the system may want
tomake theprocessreadyatsomeintervalaftertheeventitself.

For a  periodicallyexecutedprocess,there  are  twocommon  possibilities.In
simplersystems,theprocessmaybecomereadyatthebeginningoftheperiod.Moresophisticated
systems, such as those with data dependencies between processes, may settherelease
timeatthearrivaltime ofcertaindata,ata time afterthe startoftheperiod.

A deadline specifies when a computation must be finished. The deadline for an
aperiodicprocessisgenerallymeasuredfromthereleasetime,sincethatistheonlyreasonabletime

reference. The deadline for a periodic process may in general occur at some time
otherthan the end of the period. Some scheduling policiesmake the simplifying
assumptionthatthedeadlineoccursattheend oftheperiod.
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Figure4.5Exampledefinitionsofreleasetimesanddeadlines.




Rate requirements are also fairly common. A rate requirement specifies how
quicklyprocessesmustbeinitiated.

Theperiod of a process is the time between successive executions. For example,
theperiodofadigitalfilterisdefinedbythetimeintervalbetweensuccessiveinputsamples.

The process‘srateistheinverse ofits period.In amultiratesystem, each
processexecutesatitsowndistinctrate.

The most common case for periodic processes is for the initiation interval to be equal
tothe period. However, pipelined execution of processes allows the initiation interval to
belessthantheperiod. Figure4.6illustratesprocessexecution in a systemwithfourCPUs.

The various execution instances of program P1 have been subscripted to distinguish
theirinitiationtimes.Inthiscase, theinitiationintervalisequalto onefourthoftheperiod.

Itis possible for a process to have an initiation rate less than the period even in single-
CPUsystems.

If the process execution time is significantly less than the period, it may be possible
toinitiatemultiplecopies of a program at slightly offset timesviolation depend on
theapplication—the results can be catastrophic in an automotive control system, whereas
amisseddeadlineinamultimediasystemmaycauseanaudioorvideoglitch.

Thesystem can be designedto take avariety of actions when a deadlineismissed.Safety-
critical systemsmay try to take compensatory measuressuch as approximatingdata or
switching into a special safety mode. Systems for which safety is not asimportantmay take
simple measures to avoid propagating bad data, such as inserting silence in
aphoneline,ormaycompletelyignorethefailure.

Evenifthemodulesarefunctionallycorrect,theirtimingimproperbehaviorcanintroduce major
execution errors. Application Example 4.6 describes a timing problem inspace

shuttlesoftwarethatcaused thedelayofthefirstlaunchoftheshuttle.

-:r-u1| Pl, | Plysy |
CPU 2 | Pl., | Pless |
CPU 3 | Pl,. . | Pl.e |
CPU 4 | Plyas | Plyer |
-
Time

Figure4.6Asequenceofprocesseswithahighinitiationrate.

The order of execution of processesmay be constrained when the processes pass
databetween each other. Figure 4.6 shows a set of processes with data dependencies
amongthem.Beforeaprocesscanbecomeready,alltheprocessesonwhichitdependsmust

completeandsendtheirdatatoit.




The data dependencies define a partial ordering on process execution—P1l and P2
canexecute in any order (or in interleaved fashion) but must both complete before P3, and

P3mustcompletebeforeP4. Allprocessesmustfinishbeforetheend ofthe period.

The data dependencies must form a directed acyclic graph (DAG)—a cycle in the
datadependenciesisdifficulttointerpretinaperiodicallyexecutedsystem.

A set of processeswith datadependenciesisknown as ataskgraph.Although
theterminologyfor  elements of ataskgraphvariesfrom author toauthor,someof
thecomponentofthetaskgraphisconsidered(asetofnodesconnectedbydatadependencies)asata
skandthe completegraphasthe taskset.

The figure also shows a second task with two processes. The two tasks ({P1, P2, P3,
P4}and{P5,P6})havenotimingrelationshipsbetweenthem.

Communication among processes that run at different rates cannot be represented by
datadependencies because there is no one-to-one relationship between data coming out of
thesourceprocessandgoingintothedestinationprocessNevertheless,communicationamongpr
ocessesofdifferentratesisverycommon.

Figure 4.7illustrates the communication required among three elements of an
MPEGaudio/videodecoder.

Data comeintothe decoder in the system format, which multiplexes audio andvideodata.
The system decoder process demultiplexes the audio andvideo data and
distributesittotheappropriateprocesses.

Multirate communication is necessarily one way—for example, the system process
writesdata to the video process, but a separate communication mechanism must be

provided forcommunicationfromthevideoprocessbacktothesystemprocess.
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Figure4.7Datadependenciesamongprocesses Figure4.8Communicationamongprocessesatdi

fferentrates.




CPUusagemetrics

AbasicmeasureoftheefficiencywithusageofCPU. Thesimplestandmostdirectmeasureisutilization: Utiliz
ationUisequalto

CPUtimeforusefulwork

TotalavailableCPUtime

Utilization is the ratio of the CPU time that is being used for useful computations to the
totalavailable CPU time. This ratio ranges between 0 and 1, with 1 meaning that all of the
availableCPUtimeisbeingusedforsystempurposes.Theutilizationisoftenexpressed asapercentage.

4.1.5. Task AssighmentandScheduling

Q5.ExplainTaskAssignmentandScheduling/Schedulingofrealtimesystems/whatisthepurpos
eofPrioritybasedscheduling?Discussindetailwithappropriatediagrams

(Dec2022/Jan2023,May2023,Dec2023)

Scheduling

1 The first job of the OS is to determine that process runs next. The work of choosing
theorderofrunningprocessesisknownasscheduling.

1 The OS considers a processto bein one of three basic scheduling states: waiting, ready,or
executing. There is at most one process executing on the CPU at any time. (If there isno
useful work to be done, an idling process may be used to perform a null operation.)Any
process that could execute is in the ready state; the OS chooses among the
readyprocessestoselectthenextexecutingprocess.

1 A process may not, however, always be ready to run. For instance, a process may
bewaiting for data from an I/O device or another process, or it may beset to run from
atimerthathasnotyetexpired.Suchprocessesarein thewaitingstate.

1 A process goes into the waiting state when it needs data that it has not yet received
orwhenithasfinishedallitsworkforthecurrentperiod.

1 A process goes into the ready state when it receives its required data and when it enters
anewperiod.

1 A process can go into the executing state only when it has all its data, is ready to run,
andtheschedulerselectstheprocessasthenextprocesstorun.

SchedulingPolicies

1 A scheduling policy defines how processes are selectedfor promotion from the readystate




to the running state. Every multitasking OS implements some type of schedulingpolicy.




1 Choosing the right scheduling policy not only ensures that the system will meet all
itstimingrequirements,butitalsohasa profoundinfluenceon
theCPUhorsepowerrequiredtoimplementthesystem‘sfunctionality.

1 Schedulability means whether there exists a schedule of execution for the processes in
asystem that satisfies all their timing requirements. In general, it is necessary to construct
ascheduletoshowschedulability,butinsomecasessomesetsofprocessesasunschedulableusing
someverysimpletestscan beeliminated.

1 Utilization is one of the key metrics in evaluating a scheduling policy. Our most
basicrequirement is that CPU utilization be no more than 100% since one can‘t use the
CPUmorethan100%ofthetime.
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Figure4.9Schedulingstatesofaprocess.

Priority-BasedScheduling

» Afterassigningpriorities,theOStakescareoftherestbychoosingthehighest-
priorityreadyprocess.

» Therearetwomajorwaystoassignpriorities:staticprioritiesthatdonotchangeduring
executionanddynamic prioritiesthatdochange.

Rate-MonotonicScheduling

» Rate-monotonic scheduling (RMS), introduced by Liu and Layland, was one of the
firstscheduling policies developedfor real- time systems andis still very widely used.
RMSisastaticscheduling policy.

» It turns out that these fixed priorities are sufficient to efficiently schedule the processes
inmanysituations.ThetheoryunderlyingRMSisknownasrate-monotonicanalysis(RMA).

» Thistheory,assummarizedbelow,usesarelativelysimplemodelofthesystem.

1 Allprocessesrunperiodicallyona singleCPU.

1 Contextswitchingtimeisignored.

1 Therearenodatadependenciesbetweenprocesses.
1 Theexecutiontimeforaprocessisconstant.




1 Alldeadlinesareattheendsoftheirperiods.
1 Thehighest-priorityreadyprocessisalwaysselectedforexecution.

» The major result of RMA is that a relatively simple scheduling policy is optimal
undercertainconditions.

» Priorities are assigned by rank order of period, with the process with the shortest
periodbeingassignedthehighestpriority.

» This fixed-priority scheduling policy is the optimum assignment of static priorities
toprocesses, in that it provides the highest CPU utilization while ensuring that all
processesmeettheirdeadlines.

4.1.6. Example:Rate-monotonicscheduling.

Hereisasimplesetofprocessesandtheircharacteristics.

Precess  Execution time  Penod

Fl 1 4
F2 2 7]
F3 3 1z

Applying the principles of RMA, P1 is provided with the highest priority, P2 the middle
priority,and P3 the lowest priority. To understand all the interactions between the periods, it is
needed toconstructatimelineequalin lengthtohyperperiod,whicharel2inthiscase.
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1 All three periods start at time zero. Pl°‘s data arrive first. Since P1 is the highest-
priorityprocess,itcanstarttoexecuteimmediately.

1 After one time unit, P1 finishes and goes out of the ready state until the start of its
nextperiod. At time 1, P2 starts executing as the highest-priority ready process. At time 3,
P2finishes and P3 starts executing. P1‘s next iteration starts at time 4, at which point
itinterrupts P3. P3 gets onemore time unit of execution between the seconditerations
ofPlandP2,butP3doesnotgettofinish untilafterthethirditerationofP1.

1 Consider the following different set of execution times for these processes, keeping
thesamedeadlines.

1 In this case, no feasible assignment of priorities that guarantees scheduling can be
shown.Even though each process alone has an execution time significantly less than its
period,combinationsofprocessescanrequiremore than100%oftheavailableCPUcycles.




1 For example, during one 12 time-unit interval, P1 was executed three times, requiring
6units of CPU time; P2 twice, costing 6 units of CPU time; and P3 one time, requiring
3units of CPU time. The total of 6 + 6 + 3 = 15 units of CPU time is more than the 12
timeunitsavailable, clearlyexceeding theavailableCPUcapacity.
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4.1.7. Earliest-Deadline-FirstScheduling

1 Earliest deadlinefirst(EDF)isanotherwell-known scheduling policy thatwasalsostudied by
Liu and Layland. It is a dynamic priority scheme—it changes process
prioritiesduringexecutionbasedoninitiationtimes.As aresult,it canachievehigher
CPUutilizationsthan RMS.

1 The EDF policy is also very simple: It assigns priorities in order of deadline. The highest-
priority process is the one whose deadline is nearestin time, and the lowest
priorityprocessistheonewhosedeadlineisfarthestaway.

1 Clearly, priorities must be recalculated at every completion of a process. However,
thefinal stepof the OSduringthe schedulingprocedureisthe same asforRMS—thehighest-
priorityreadyprocessischosenforexecution.

1 The implementation of EDF is more complex than the RMS code. The major problem
iskeeping the processes sorted by time to deadline—since the times to deadlines for
theprocesseschangeduringexecution.

1 To avoidresorting the entire set of records at every change, a binary tree to keep
thesortedrecordscanbebuiltandincrementallyupdatethesort.

1 At the end of each period, the records are moved to its new place in the sorted list
bydeletingitfromthetreeandthenaddingitbacktothetreeusingstandardtreemanipulationtechni
ques.

1 And process priorities by traversing them in sorted order needto
beupdated,sotheincremental sorting routines must alsoupdate the linked list pointers that
let us traversethe records in deadline order. (The linked list lets us avoid traversing the
tree to go fromonenodetoanother,whichwouldrequiremore time.)

1 After puttingintheefforttobuildingthesortedlist of records,selectingthenextexecuting
process is done in a manner similar to that of RMS. However, the
dynamicsortingaddscomplexitytotheentireschedulingprocess.

0 Eachupdateof the sortedlistrequiresO (logn) steps. TheEDF codeisalso significantlymore complex
thantheRM Scode.




RMSvs.EDF

]

Which scheduling policy is better: RMS or EDF? That depends on criteria of a user.
EDFcan extract higher utilization out of the CPU, but it may be difficult to
diagnosethepossibilityofanimminentoverload.

Because the scheduler does take some overhead to make scheduling decisions, a
factorthat is ignoredin the schedulability analysis of both EDF andRMS, running a
scheduleratvery highutilizationsissomewhatproblematic.

RMS achieves lower CPU utilization but is easier to ensure that all deadlines will
besatisfied.Insomeapplications,itmaybeacceptableforsomeprocessestooccasionally

miss deadlines. For example, a set-top box for video decoding is not a safety-
criticalapplication,andtheoccasional display artifacts causedby missing deadlinesmay
beacceptableinsomemarkets.

What if your set of processes is unschedulable and you need to guarantee that
theycompletetheirdeadlines?Thereareseveralpossiblewaystosolvethisproblem:

]

Get a faster CPU. That will reduce execution times without changing the periods,
givingyou lower utilization. This will require you to redesign the hardware, but this is
oftenfeasiblebecauseyouarerarelyusingthefastestCPUavailable.

Redesign the processes to take less execution time. This requires knowledge of the
codeandmayormaynotbepossible.

Rewrite the specification to change the deadlines. This is unlikely to be feasible, but
maybeinafewcaseswheresome ofthedeadlineswereinitiallymade tighterthannecessary.

MULTIPLETASKSAND MULTIPLEPROCESSES:

Writeshortnotesonmultipletasksandmultipleprocesses(May 2008)

5.1.1 TasksandProcesses
Mostofthe embeddedsystemsare
toocomplex.Henceprogrammingthesystemarealsocomplex. Toreducethecomplexityw
ebreakthesystemintoMultipletasks
Taskisnothing but different parts of functionality in asingle system.Thus
thevariousapplication ina systemandeach systemiscalledTask
Forexample,whendesigning atelephoneansweringmachine,wecan definerecording a
phonecallandoperatingtheuser’scontrolpanelasdistincttasks.
Aprocessisasingleexecutionofaprogram.
Ifwerunthesame programtwodifferenttimes,wehavecreatedtwodifferentprocesses.
Eachprocesshasitsownstatethatincludesnotonlyitsregistersbutallofitsmemory.
InsomeOSs,thememorymanagementunitisusedtokeepeachprocessinaseparateadd
ressspace.
Inothers,particularlylightweightRTOSs,theprocessesruninthesameaddressspace.
Processesthatsharethesameaddressspace areoftencalledthreads.




Example:

v Consider a standalone compressionunit, this deviceis connected toserial ports
onbothends.

v Theinputtotheboxisanuncompressed streamofbytes.

v Theboxemits
acompressedstringofbitsontheoutputserialline,basedonapredefinedcompressio
ntable.

v Suchaboxmaybeused,tocompressdata being sentto amodem.

v Theprogram’sneedtoreceiveandsenddataatdifferentrates.

v For example, the program may emit 2 bits for the first byte and then 7 bitsfor
thesecondbytewillobviouslyfinditselfreflectedinthestructureofthecode.2

v' ltis easy to create irregular code to solve this problem; a more elegant solution is to
createaqueue ofoutputbits,withthose bitsbeing removedfromthequeueandsentto theserial
portin8-bitsets.
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v Ensurethatprocessingoftheinputsandoutputsareattheproperrates.




5.12

Examp

v

Forexample,iftoomuchtimeisspendinpackagingandemittingoutputcharacters,wemaydropan
inputcharacter.Solvingtimingproblemsisamorechallenging problem.
Thetextcompressionboxprovidesasimpleexampleofratecontrolproblems.
Acontrolpanelonamachineprovidesanexampleofadifferenttypeofratecontrolproblem,the
asynchronousinput.
Thecontrolpanelofthecompressionboxmayincludeacompressionmodebuttonthat
disablesorenablescompression,sothattheinputtextispassedthroughunchangedwhencompressionisdi
sabled.

Multirate Systems

Brieflyexplainaboutmultiratesystemswithanexample.(May2011)

Thesystemswhichareembeddedwithmorethanoneapplicationarecalledmultiratesystem.

Implementingcodethatsatisfiestimingrequirementsisevenmorecomplexwhenmultiplerateso
fcomputationmustbehandled.
Multirateembeddedcomputingsystemsareverycommon,includingautomobileengines,printe
rs,and cellphones.
Inallthesesystems,certainoperationsmustbeexecutedperiodically,and
eachoperationisexecuted atitsownrate.

le:Automotiveenginecontroller:
The simplest automotive engine controllers, such as the ignition controller for a
basicmotorcycle engine, perform only one tasktiming thefiring of the
sparkplug,whichtakestheplace ofamechanicaldistributor.
The spark plug must befired at a certain point in the combustion cycle, but to obtainbetter
performance, the phase relationship between the piston’s movement and the
sparkshouldchangeasafunctionofenginespeed.
Using a microcontroller that senses the engine crankshaft position allows the spark
timingto varywithenginespeed.
FiringthesparkplugisaperiodicProcess.
The control algorithm for a modern automobile engine is much more complex,
makingtheneedformicroprocessorsthatmuchgreater.
Automobileenginesmustmeetstrictrequirementsonbothemissionsandfueleconomy.
Ontheotherhand,theenginesmuststillsatisfycustomersnotonlyintermsofperformance,easeofs
tartinginextreme coldandheatandlowmaintenance
Automobileenginecontrollersuseadditionalsensors,includingthegaspedalposition
andanoxygen sensorusedto controlemissions.
They also use a multimode control scheme. For example, one mode may be used
forenginewarm-up,anotherforcruise,andyetanotherforclimbingsteephills,andsoforth.
Thelargernumberofsensorsandmodesincreasestnenumberofdiscretetasksthatmust
beperformed.
Theenginecontrollertakesavarietyofinputsthatdeterminethestateofthe engine.
Itcontrolstwobasicengineparameters:thesparkplugfiringsandthefuel/airmixture.
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5.1.3 TimingRequirementsonProcesses

Explainindetailabouttimingrequirementonprocesses.

¢ Processes can have several different types of timing requirements imposed on them
bytheapplication.
¢ Thetimingrequirementsonasetofprocessesstronglyinfluencethetypeof
schedulingthatisappropriate.
¢+ A schedulingpolicymust definethetimingrequirementsthatituses
todeterminewhetherascheduleisvalid.
Therearetwoimportanttiming requirementsonprocesses:releasetimeanddeadline.

Releasetime:
v The releasetimeisthetimeatwhichtheprocessbecomesreadytoexecute.
v An aperiodicprocessisinitiatedbyan event,such
asexternaldataarrivingordatacomputedbyanotherprocess.
v’ Thereleasetimeisgenerallymeasuredfromthatevent.Foraperi
odicallyexecutedprocess,therearetwo commonpossibilities.
v Insimplersystems,the processmaybecome readyatthebeginningofthe period
v Moresophisticatedsystemsmaysetthereleasetimeatthearrivaltimeofcertaindata,atatim
eafterthestartoftheperiod.
Deadline:
1 Adeadlinespecifieswhenacomputationmustbefinished.
1 Thedeadlineforanaperiodicprocessisgenerallymeasuredfromthe releasetime

1 The deadline for a periodic process may occur at some time other than the end of
theperiod.

1 The period of a process is the time between successive executions. For example,
theperiod of a digital filteris  definedby thetimeinterval  between
successiveinputsamples.

1 The process’s rate is the inverse of its period. In amultirate system, each
processexecutesatitsowndistinctrate.
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Exampledefinitionsofreleasetimesanddeadlines.
v’ Forperiodicprocessestheinitiationintervaltobeequaltotheperiod. However, pipelinedexecuti
onofprocessesallowstheinitiationintervaltobelessthantheperiod.

CPU 1 F1; Pl;, 4
CPU 2 Pl; 4, Pl;. 5
CPU3 Pl; > Pl;.;
CPU4 Pl;. o Pl; .+
-
Time

Asequenceofprocesseswithahighinitiationrate.

5.1.4 CPUMetrics
WriteshortnotesonCPUMetrics.

CPUmetrics are describedbyinitiationtimeandcompletiontime

Initiationtime:
1 The initiationtimeisthetime atwhich aprocessactuallystartsexecutingontheCPU.
Completiontime:
1 The completiontimeisthe time atwhichthe processfinishesitswork.
% Themostbasicmeasure ofworkistheamountofCPUtimeexpended byaprocess.
% TheCPUtimeofprocessiiscalledCi.




% The CPUtimeisnotequalto
thecompletiontimeminusinitiationtime;severalotherprocessesmay interruptexecution.
% Thetotal CPUtimeconsumedbyasetofprocessesis
1= E T;.
| =i=n
s Tomeasure theefficiencyofCPU,the simplestandmostdirectmeasureisutilization:
U=

CPUtimeforusefulworkT
otalavailableCPUtime
U=T/t

¢ Utilization is the ratio of the CPU time that is being used for useful computations to the
totalavailableCPUtime.

¢+ Thisratiorangesbetween0 and 1, with1meaning thatalloftheavailableCPUtimeis
beingusedforsystempurposes.

» Theutilizationisoftenexpressedasapercentage.

5.2 OPERATINGSYSTEMS:

DiscussindetailaboutPreemptiverealtimeoperating
systems.(NOV/DEC2007,May2012,NOV2017,APRIL/MAY2019)

% An Operating system isaprogram that controls the execution of application
programsandactsasan interfacebetweentheuserofacomputerand thecomputerhardware.

s Amorecommondefinitionisthattheoperating systemistheoneprogramrunningatall
timesonthe computer(usually calledthekernel),withallapplicationprograms.

% An Operating system is concerned with the allocation of resources and services, such
asmemory,processors, devices andinformation.The Operating System
correspondinglyincludes programs to manage these resources, such as a traffic controller,
a scheduler,memorymanagementmodule,l/Oprograms,andafilesystem.

PREEMPTIVEREAL-TIMEOPERATINGSYSTEMS

1 A RTOS executes processes based upon timing constraints provided by the
systemdesigner.

1 ThemostreliablewaytomeettimingconstraintsaccuratelyistobuildapreemptiveOSandtousepr
ioritiestocontrolwhatprocessrunsatanygiventime.
Thisoperating systemrunsonmanydifferentplatforms.
Preemption

1 Preemptionisanalternativetothe Cfunctioncallasa way to controlexecution.
1 Tobeabletotakefulladvantageofthetimer,assumeprocessassomethingmorethanafunctioncall

1 Createnewroutinesthatallowustojumpfromonesubroutinetoanotheratanypointintheprogram.
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That,togetherwiththetimer,willallowmovingbetweenfunctionswhenevernecessarybasedup
onthesystem’stiming constraints.

The CPU is shared across two processes. The kernelis the part of the OS that
determineswhatprocessisrunning.
The kernelisactivatedperiodically bythetimer.

Thelengthofthetimerperiodisknownasthetimequantumbecauseitisthesmallestincrementinw
hichwecancontrolCPUactivity.

Thekerneldetermineswhatprocesswillrunnextandcausesthatprocesstorun.

On the next timer interrupt, the kernel may pick the same process or another
processtorun.
Before,usingthetimertocontrolloopiterations,withoneloopiterationincludingtheexecutionof
severalcompleteprocesses.

Here,thetimequantumisingeneralsmallerthanthe executiontimeofanyoftheprocesses.
Thetimerinterruptscausescontroltochangefromthecurrentlyexecutingprocesstothekernel;as
semblylanguage canbeusedtosave andrestore registers.
Similarlyuseassemblylanguagetorestoreregistersnot
fromtheprocessthatwasinterruptedbythetimerbuttouse registersfromanyprocesswewant.
The set of registers that define a process are known as its contextand switching from
oneprocess’ sregistersetto anotherisknownascontextswitching.
Thedatastructurethatholdsthestateoftheprocessisknownastheprocesscontrolblock.

PROCESSESAND CONTEXTSWITCHING:

v

Writeshortnotesoncontextswitching.

v’ ThefirstjoboftheOSistodeterminetheprocessthat runsnext.
v Theworkofchoosingtheorderofrunningprocessesisknownasscheduling.
v" The OS considers a process to be in one of three basic scheduling states: waiting,

ready,orexecuting.
Thebestwayto understandprocessesandcontext is todive intoanRTOS
implementation.

v Aprocessisknown inFreeRTOS.orgasatask.
v’ TaskprioritiesinFreeRTOS.orgarerankedoppositetotheconvention,highernumbersdenotehi

gherprioritiesandthepriorityOtaskistheidle task.
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SequencediagramforfreeRTOS.org contextswitch.
v Tounderstandthebasicsofacontextswitch,assumethatthesetoftasksisinsteadystate.

v’ Everythinghasbeeninitialized,theOSisrunning,andwearereadyforatimerinterrupt.
v' Thesequencediagramshowstheapplication

tasks,thehardwaretimer,andallthefunctionsinthekernelthatareinvolvedinthecontextswitch:
1 vPreemptiveTick()iscalledwhenthetimerticks.
1 PortSAVE_CONTEXT ()swapsoutthecurrenttaskcontext..
1 vTaskSwitchContext()choosesanew task.
1 PortRESTORE_CONTEXT ()swapsinthenewcontext.

5.4 SCHEDULINGPOLICIES:
Explainindetailaboutdifferenttypesofscheduling policies. (April2013)

A scheduling policy defines how processes are selected for promotion from the ready state to
therunningstate.

" Choosing the right scheduling policy not only ensures that the system will meet all
itstiming requirements, it also influence the CPU horsepower required to implement
thesystem’sfunctionality.

+ Schedulability means whether there exists a schedule of execution for the processes in
asystemthatsatisfiesalltheirtiming requirements.
Utilizationisoneofthekeymetricsinevaluatingaschedulingpolicy. Themostba
sic requirementisthatCPUutilizationbenomorethan100%
Forperiodicprocesses,thelengthoftimethatmustbeconsideredisthehyperperiod,
whichistheleast-commonmultipleoftheperiodsofalltheprocesses.

" Thecompleteschedulefortheleast-
commonmultipleoftheperiodsissometimescalledtheunrolled schedule.

¥+ #




Typesofscheduling:
CyclostaticScheduling:

Oneverysimpleschedulingpolicyisknownascyclostaticschedulingorsometimesas
" TimeDivisionMultipleAccessscheduling.

Acyclostaticscheduleisdividedintoequal-
+ sizedtimeslotsoveranintervalequaltothelengthofthehyperperiodH.
Processesalwaysruninthesametimeslot.

P P, | P3| By P, | Py

+ >4 >
H H

Cyclebtaticscheduling.
Twofactorsaffectutilizationincyclostaticscheduling
1 Thenumberoftimeslotsused
- 1 Thefractionofeach time slotthatisusedforusefulwork.

Dependingonthedeadlinesforsomeoftheprocesses,sometimeslotsmayneedtobeleaveempty.
+ Sincethetimeslotsareofequalsize,someshortprocessesmayhavetimeleftoverin
theirtimeslot
Round-robinscheduling:
¢+ Roundrobinusesthesamehyperperiodasincyclostatic.
% Italsoevaluatestheprocessesinorder.

Py P, | P | P | Py

H H

Round-robinscheduling.

¢+ But unlike cyclostatic scheduling, if a process does not have any useful work to do,
theround-robin scheduler moves on to the next process in order tofill the time slot
withusefulwork.

s In this example, all three processes execute during the first hyperperiod, but during

thesecondone,P1hasnousefulworkandisskipped.

Theprocessesarealwaysevaluatedinthesameorder.

The last time slot in the hyperperiod is left empty; if we have occasional, non-

periodictaskswithoutdeadlines.

% Round-robinschedulingisoftenusedinhardwaresuchasbusesbecauseitisverysimple

toimplementbutitprovidessomeamountofflexibility.




+ Inadditiontoutilization,alsoconsiderschedulingoverhead—theexecutiontimerequiredto
choosethenextexecution process, which isincurredin addition to
anycontextswitchingoverhead.

% In general, the more sophisticated the scheduling policy, the more CPU time it
takesduring systemoperationtoimplementit

s Thefinal decisiononaschedulingpolicymusttakeintoaccountboththeoreticalutilizationand
practicalscheduling overhead.

5.5 PRIORITY-BASEDSCHEDULING

Briefly explain about priority based scheduling and its types (NOV/DEC 2006,

2007,2009,May 2012,May 2023, Dec2023)

% To determine an algorithm to assign priorities to the processes, the OS takes care of
therest by choosing the highest-priority ready process. There are two major ways to
assignpriorities:

I) Static:Static prioritiesarethatdonotchange during execution

I1) Dynamic:Dynamic prioritiesthatdochange duringexecution.
Depending on the static and dynamic way of assigning priority there are two methods
toschedulethe process.Theyare

Rate-MonotonicScheduling
¢ Rate-monotonicscheduling(RMS),introducedbyLiuandLayland [Liu73],wasone of
the first scheduling policies developed for real-time systems and is still
verywidelyused.
RMSisastaticschedulingpolicy.
Itturnsoutthatthesefixed prioritiesaresufficienttoefficiently
scheduletheprocessesinmanysituations.
¢+ The theoryunderlyingRMSisknownasrate-monotonic
analysis(RMA).Thistheory,assummarized below.
v Allprocesses runperiodicallyonasingleCPU.
v’ Contextswitchingtimeisignored.Therearenodatadependenciesbetweenprocesses.
v Theexecutiontimefora processisconstant.
v Alldeadlinesareattheendsoftheirperiods.
v Thehighest-priorityreadyprocessisalwaysselectedforexecution.
% ThemajorresultofRMAisthatarelativelysimpleschedulingpolicyisoptimalundercertaincond
itions.
% Prioritiesareassignedbyrankorderofperiod,withtheprocesswiththeshortestperiodbeingassig
ned thehighestpriority.
¢+ This fixed-priority scheduling policy is the optimum assignment of static priorities
toprocesses, in thatit provides the highest CPU utilization while ensuring that all
processesmeettheirdeadlines.
¢ Hereisasimplesetofprocessesandtheircharacteristics.
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Process  Execution time  Period

F1 1 4
P2 2 &
F3 3 12

R/

% ApplyingtheprinciplesofRMA,wegiveP1thehighestpriority,P2themiddlepriority,andP3
thelowestpriority.

¢+ Tounderstandall theinteractionsbetween theperiods,construct a timeline

equalinlengthtohyperperiod, whichis12inthiscase.

P3 Il B ]
Pz [ L]
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0 2 4 6 8 10 12

Time

All three periods start at time zero. P1’°s data arrive first. Since P1 is the highest-
priorityprocess,itcanstartto executeimmediately.
Afteronetimeunit,P1finishesandgoesoutofthereadystateuntilthestartofitsnextperiod.Attime
1,P2startsexecutingasthehighest-priorityreadyprocess.

Attime3,P2 finishesandP3startsexecuting.P1’snextiterationstartsattime4,atwhichpointitint
erruptsP3.

P3 gets onemore timeunit of execution between the seconditerations of P1 and P2,
butP3doesnotgettofinishuntilafterthethirditerationofP1.
InthiscasetheCPUtimeexecutewithintheperiodofl2units.Eventhougheach
processalonehasanexecutiontimesignificantlylessthanitsperiod,combinationsofprocessescan
requiremorethan100%oftheavailableCPUcycles.

Response Time:Response timeofaprocessisthetimeatwhichtheprocessfinishes.

°
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Criticallnstant: The criticalinstantforaprocessisdefined
astheinstantduringexecutionatwhichthetaskhasthelargestresponsetime.
¢+ TheproofusingcriticalinstantsiseasywhileknowingtheRMAwhenitisreadyandall
higherpriorityprocessesarealsoready.
» Alsocriticalinstantisusedtodeterminewhetherthereisanyfeasiblescheduleforthesystem.
» Critical-instantanalysisalsoimpliesthatprioritiesshould beassignedinorderofperiods.
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Earliest—Deadline—Firstscheduling:

WriteshortnotesonEarliest-Deadline- Firstscheduling.
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Earliestdeadlinefirst(EDF)isanotherwell-knownschedulingpolicy
Itisadynamicpriorityscheme,itchangesprocessprioritiesduringexecutionbasedoninitiationti
mes.
Asaresult,itcanachievehigherCPUutilizationsthanRMS.
TheEDFpolicyisalsoverysimple.

Itassignsprioritiesinorderofdeadline.
Thehighest-
priorityprocessistheonewhosedeadlineisnearestintime,andthelowestpriorityprocessistheon
ewhosedeadlineisfarthestaway.
Clearly,prioritiesmustberecalculatedateverycompletionofaprocess.
ThefinalstepoftheOSduringtheschedulingprocedureisthesameasforRMSandthehighest-

priorityreadyprocessischosenforexecution.

Example:

ForEarliest-deadline-first schedulirg

Considerthefollowingprocesses:

Process Execution time  Period

Fl
P2
P3

Ml = =
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Thehyperperiodis30.AccordingtotheabovesystemtheP1hasthehighestpriority,P2isthemiddleprioritya
ndP3isthelowestpriority. Thenthedeadline tableiswrittenas

Time Runningprocess Deadline

0 P1

1 P2

2 P3

3 P3

4 P1 P1

5 P2 P2

6 P1 P3

7 P3 P1

8 P3

9 P1 P2
10 P2 PI
11 P3 P3
12 P1
13 P3 P1P2
14 P2 P2
15 P1 P2,P3
16 P2

17 P3 P1
18 P1 P2P3
19 Idle
20 P3 P1
21 P2
22 P1 P2,P3
23 P3 P1
24 P3 P2
25 P1 P3
26 P2 PI,P2
27 P2 P3
28 P1 P1
29 P3 P2,P3

The onetime slot is idle at t =19then the CPU utilization is 19/30. HencetheEDFis
achievednearlyto 100%utilizationofCPU.

CompareRMSversus
EDF(NOV/DEC2018)RMSvsEDF
CompareRate-MonotonicSchedulingandEarliest—Deadline-Firstscheduling

Whichscheduling policyisbetter:RMSorEDF?Thatdependsonthecriteria.
¢ EDF can extracthigher utilization out of the CPU, but itmay be difficult to diagnose
thepossibilityofanimminentoverload.

<+ RMSachieveslowerCPUutilizationbutitiseasiertoensurethatalldeadlines. Ableto
diagnosethepossibilityofanimminentoverload.




If aset of processesisunschedulableandweneed toguaranteethatthey completetheirdeadlines?There
areseveralpossiblewaystosolvethisproblem:

>

>

Get a faster CPU. That will reduce execution times without changing the periods,
givingyoulowerutilization.

Redesign the processes to take less execution time. This requires knowledge of the
codeandmayormaynotbepossible.

Rewrite the specification to change the deadlines. Thisisunlikely to befeasible, butmay
bein afew cases where someof the deadlines wereinitially madetighter thannecessary.

5.6. MULTIPROCESSOR:
WriteshortnotesonMultiprocessor(April2010)

A multiprocessor is,in  generalany computer system with twoor more
processorscoupledtogether.
Multiprocessorsusedforscientificorbusinessapplicationstendtohaveregular
architectures:severalidenticalprocessorsthatcanaccessauniformmemoryspace.
Embeddedsystemdesignersmusttakeamoregeneralviewofthenatureofmultiprocessors.
The first reason for using an embedded multiprocessor is that they offer
significantlybetter cost/performance that is, performance and functionality per dollar
spent on thesystem

The costofamicroprocessorincreasesgreatlyasthe clockspeedincreases.
Clock speeds are normally distributed by normal variations in VLS| processes;

becausethefastestchipsarerare,theynaturallycommandahighpriceinthemarketplace.
Becausethefastestprocessorsareverycostly,splittingtheapplicationsothatitcanbe
performedonseveralsmallerprocessorsisusuallymuchcheaper.
Evenwiththeaddedcostsofassemblingthosecomponents,thetotalsystemcomesouttobelessex
pensive.
Inadditiontoreducingcosts,usingmultipleprocessorscanalsohelpwithrealtimeperformance.
Itmaytakeanextremelylargeandpowerful CPUtoprovidethesameresponsivenessthatcanbeha
dfromadistributed system.
Manyofthetechnologytrendsencourageustousemultiprocessorsforperformancealsoleadusto
multiprocessingforlowpowerembeddedcomputing.
SomeProcessorsrunningatslowerclockratesconsumelesspowerthanasinglelarge

processor: performance scaleslinearlywith power supply voltage but power scaleswithV2.




Cost
(%, Euro, etc.)

Application performanjce +
scheduling overhead

Required application
performance

|
Performance

Schedulingoverheadispaidforatanonlinear rate

» Austin et al. [Aus04] shows that general-purpose computing platforms are
notkeepingupwiththestrictenergybudgetsofbattery-poweredembeddedcomputing.
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Powerconsumptiontﬁgndsfordesktopprocessors[AusO4].
» Desktopprocessorsrequirecloseto1000timesthatamountofpowertorun.
Thathugegapcannotbesolvedbytweakingprocessorarchitecturesorsoftware.

Multiprocessorsprovideawaytobreakthispowerbarrierandbuildsubstantiallymoreeff
icientembedded computingplatforms.
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5.7. INTERPROCESSCOMMUNICATIONMECHANISMS:Explainindet
ailaboutinterprocesscommunicationmechanisms.

(NOV/DEC2010,May 2014, NOV2017,April2018, NOV/DEC2018,APRIL/MAY

2019, APRIL/MAY2023)

v" Processesoften needtocommunicatewith each
other.Interprocesscommunicationmechanismsareprovided by theoperating
systemaspartoftheprocessabstraction.

v' The process can send a communication in one of two ways: blocking or non-
blocking.Blocking communication: The process goes into the waiting state until it
receives aresponseiscalled blockingcommunication.

v" Non-blocking communication: It allows the process to continue execution after
sendingthecommunication.Both typesofcommunicationare useful.

There are two major styles of interprocess communication: shared memory and

messagepassing.
3.6.1 ShafedMemoryCommunication:
Shared
CPU location 1/O device
|
| |
Memuo
b A
[
: [ T !
L |

o —_——_— - —

-

Bus

Sharedmemorycommunicationimplementedonabus.

Sharedmemorycommunication worksina bus-based system.
Twocomponents,suchasaCPUandanl/Odevice,communicatethroughasharedmemorylocation.
The softwareontheCPUhasbeendesignedto knowtheaddressofthesharedlocation.
Thesharedlocationhasalsobeenloadedintotheproperregisterofthel/O device.

Ifthe CPUwantstosenddatatothedevice,itwritestothesharedlocation.

Thel/Odevicethenreadsthedatafromthatlocation. Thereadandwriteoperationsarestandardandcan
beencapsulatedina proceduralinterface.

IftheCPUandthel/Odevicewantstocommunicatethroughasharedmemoryblock.Theremustbeafl
agthattellstheCPUwhenthedatafromthel/Odeviceisready.
Theflag,anadditionalshareddatalocation,hasavalue ofOwhenthe
dataarenotreadyandlwhenthedataareready.

If theflagisusedonlyby theCPU,thentheflag can beimplementedusing
astandardmemorywriteoperation.

If the sameflag is usedfor bidirectional signaling between the CPU and the 1/0 device,
caremustbetaken.




To caretheflagfollowingscenariomustbefollowed:
1. CPUreadstheflaglocationand seesthatitisO.
2. 1/OdevicereadstheflaglocationandseesthatitisO.
3. CPUsetstheflaglocationtolandwritesdatatothesharedlocation.
4. 1/Odevice erroneouslysetstheflagtolandoverwritesthedataleftbythe CPU.
By used the bidirectional flag a critical timing race between the two programs is caused.
Toavoidthis,themicroprocessorbusmustsupportanatomictestand setoperation.

TestandSetoperation:
1 The test-and-set operation first reads a location and then sets it to a specified value.
Itreturnsthe resultofthetest.
1 If the location was already set, then the additional set has no effect but the test-and-
setinstructionreturnsafalseresult.

1 If the location was not set, the instruction returns true and the location is in fact set.
Thebus supports this as anatomic operation that cannot be interrupted. A test-and-set can
beusedtoimplementasemaphore.

Semaphore:

v" Semaphoreis alanguage- level synchronization construct.Let’s assumethat
thesystemprovidesonesemaphorethatisusedtoguardaccesstoa blockofprotectedmemory.

v Anyprocessthatwantstoaccessthememorymustusethesemaphoretoensurethatnootherproc
essisactively usingit.

Test-and-setoperationexample:

v" The SWP (swap) instruction is used in the ARM to implement atomic test-and-
set:SWPRd,Rm,Rn
v' The SWPinstruction takesthreeoperands—thememorylocationpointedtobyRnis
loadedandsavedintoRd,andthevalueofRmisthen writtenintothelocationpointedtobyRn.
v" WhenRdandRnarethe sameregister,theinstructionswapstheregister’svalueand thevalue
stored at the address pointed to by Rd/Rn. For example, consider this codesequence:
ADRr0,SEMAPHORE:getsemaphoreaddressL
DRrl, #1
GETFLAG SWP r1,r1, [r0]: test-and-set the
flagBNZGETFLAG;noflag yet, tryagain

HASFLAG
v' The program first loads the constant 1 into rl and the address of the semaphore
FLAGL1lintoregister r2, then readsthe semaphoreintor0 andwritesthe

1valueintothesemaphore.

v' The code then tests whether the semaphore fetched from memory is zero; if it was,
thesemaphorewasnotbusy
andwecanenterthecriticalregionthatbeginswiththeHASFLAGIabel.




v Iftheflagwasnonzero,weloopbacktotrytogettheflagonce again.
5.7.1. MessagePassing:

% Messagepassingcommunicationcomplementsthesharedmemorymodeleachcommunicating

entityhasitsownmessagesend/receiveunit.
% Themessageisnotstoredon
thecommunicationslink,butratheratthesenders/receiversattheendpoints.
In contrast, shared memory communication can be seen as a memory block used as
acommunicationdevice,inwhichallthedataarestoredinthecommunicationlink/memory.

X/
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msg H msg

CPU 1 CPU 2
Vessagepassingcommunication:.

¢ Applicationsinwhichunits operaterelatively autonomously arenatural
candidatesformessagepassingcommunication.
% Forexample,ahomecontrolsystemhasonemicrocontrollerperhouseholddevice—
lamp,thermostat,faucet, appliance,andso on.
% Thedevicesmustcommunicaterelativelyinfrequently;furthermore,theirphysical
separationislargeenoughthatwewouldnotnaturallythinkofthemassharingacentralpoolofmemor
y.
¢+ Passingcommunicationpacketsamongthedevicesisanaturalwaytodescribecoordinationbetw
eenthesedevices.
s Messagepassingisthenaturalimplementationofcommunicationinmany8-
bitmicrocontrollersthatdonotnormallyoperatewithexternalmemory.
5.7.2. Signals
AnotherformofinterprocesscommunicationcommonlyusedinUNIXisthesignal.
Asignalissimplebecauseitdoesnotpassdatabeyondtheexistenceofthesignalitself. Asignalisa
nalogoustoaninterrupt,butitisentirelyasoftwarecreation.
Asignalisgeneratedbyaprocessandtransmittedtoanotherprocessbytheoperating
system.

-+ ¥

someClass

<<signal>:=
asig <=send==

—-f"/ 1 sighehavior()

p: integer




UseofaUMLsignal.

*
*

*

AUMLsignalisactually ageneralizationoftheUNIXsignal.

While a UNIX signal carries no parameters other than a condition code, a UML signal
isanobject.

Thesigbehavior()behavioroftheclassisresponsibleforthrowingthesignal,as
indicatedby<<send>>.The signalobjectisindicated bythe<<signal>>stereotype.

save and restore context and we must execute additional instructions to implement
theschedulingpolicy.
Ontheotherhand,contextswitchingcanbeimplementedefficientlycontext,switching
neednotkillperformance.

Theeffects of nonzero context switching time must be carefully analyzedin the contextof a
particular implementation to be sure that the predictions of an ideal scheduling
policyaresufficientlyaccurate.

Inmostreal-timeoperatingsystems,a contextswitchrequiresonly
afewhundredinstructions,withonlyslightlymoreoverheadforasimple real-
timeschedulerlikeRMS.

When the overhead time is very small relative to the task periods, then the zero-
timecontextswitchassumptionisoftenareasonableapproximation.

Problems are most likely to manifest themselves in the highest-rate processes, which
areoftenthemostcriticalin anycase.
Completelycheckingthatalldeadlineswillbemetwithnonzerocontextswitchingtime

requires checking all possible schedules for processes and including the context
switchtimeateachpreemptionorprocessinitiation




5.8.3. DISTRIBUTEDEMBEDDEDSYSTEMS

1. Discuss in detail about the distributed embedded architecture. (Nov/Dec

2014,April2018, NOV/DEC2018)

2. Explainaboutdistributedembeddedarchitecturewithsuitableexamples.

(Apr/May2015)(Dec2022/Jan2023)

1 Distributed system is more than two CPUs communicated in a tightly
coupledmanner.

1 The main reason to implementing distributed system in the embedded field is
itwill provide high performance to perform complicated task in an easy
manner,highprocessing rate.

SystemArchitecture
SoftwareArchitecture

A distributed embedded system can be organized in many different ways, but its
basicunits are PE and the network processing element (PE) is either microprocessors or
ASICusedto connectbyanetwork.

Processingelementallowsthenetworktocommunicate.
Adistributedembeddedsystemcanbeorganizedinmanydifferentways,

A PE may be an instruction set processor such as aDSP, CPU, or microcontroller,
aswellasanonprogrammableunitsuchasthe ASICsusedtoimplementPEA4.

An 1/0 device such as PE 1 (which we call here a sensor or actuator, depending
onwhether it provides input or output) may also be a PE, so long as it can speak the
network protocolto communicatewithotherPEs.
Thenetworkinthiscaseisabus,butothernetworktopologiesarealsopossible.

It is also possible that the system can use more than one network, such as when
relativelyindependentfunctionsrequirerelativelylittlecommunicationamongthem.

WeoftenrefertotheconnectionbetweenPEsprovidedbythenetworkasa
communicationlink.

The
systemofPEsandnetworksformsthehardwareplatformonwhichtheapplication
runs.

Inparticular,PEsdonotfetchinstructionsoverthenetworkastheydoonthemicroprocessorbus
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5.8.4.

ThespeedatwhichPEscancommunicateoverthebuswouldbedifficultifnotimpossible
predict if we allowed arbitrary instruction and data fetches as we
onmicroprocessorbuses.

Sensor/ 16-bit CPU
actuator
PE 1 PE 2
MNetwork
. | | -
; Microcontroller
DSP ASIC

AnexampleofDistributedEmbeddedSystem

REASONFORDISTRIBUTEDSYSTEMINEMBEDDEDSYSTEM

In distributedembeddedsystemhaving several PEs andnetworkitleads

tomorecomplicatedthan usingasinglelargemicroprocessortoperformthesame tasks.

No ok~ wbd e

IndistributedsystemsthePEscommunicateswithphysically separatedmanner.
Deadlinesforprocessingthedataareshort.
Ithasmorecost-effectiveperformance

One partofthesystemcanbeusedtohelpsolveproblemsinanother part.
Erroridentificationiseasier.

Several CPUsinvolvedintheprocessing
OneCPUusetogenerateinputsforanotherCPUandwatchitsoutput.

4.5.2. NETWORKABSTRACTIONS

Networksare complexsystems.Ideally, theyprovidehigh-
levelserviceswhilehidingmanyofthedetailsofdatatransmission
fromtheothercomponents.
Inordertohelpunderstand(anddesign)networks,the
InternationalStandardsOrganization has developed a seven- layermodel
fornetworks known asOpenSystemsinterconnection (OSI)models.

UnderstandingtheOSllayerswill helpustounderstandthedetailsofrealnetworks.

to
do

ThesevenlayersoftheOSImodel,areintendedtocoverabroadspectrumofnetworksandtheiruse

S.




1 Somenetworksmaynotneedtheservicesofone
ormorelayersbecausethehigherlayersmaybetotallymissingoran intermediatelayermay

notbenecessary.

1 However,anydatanetworkshouldfitintothe OSImodel.
Application End-use interface
Presentation Data format
Session Application dialog control
Transport Connections
Metwork End-to-end service
Data link Reliable data transport
Physical Mechamnical, electrical

The OSllayersfromlowesttohighestlevel ofabstractionaredescribed below.
PhysicallLayer

1 The physical layer defines the basic properties of theinterface between
systems,includingthephysicalconnections,electricalproperties,basicfunctionsoftheelec
tricalandphysicalcomponentsandthebasicproceduresforexchangingbits.

DatalinkLayer

1 The primarypurposeofthislayeriserrordetectionand controlacrossasinglelink.

1 If the network requires multiple hops over several data links, the data link layer
doesnot define the mechanism for data integrity between hops, but only within a
singlehop.

NetworklLayer

1 This layer defines the basic end-to-end data transmission service. The network layer
isparticularlyimportantin multihopnetworks.
1 Thislayerdividesthemessageintopacketform.

TransportlLayer

1 The transport layer defines connection oriented services that ensures that data
aredeliveredintheproperorderandwithouterrorsacrossmultiplelinks.

1 Thislayermayalsotrytooptimizenetworkresourceutilization.
PresentationLayer:
1 Presentation layer defines data exchange formats and provides
transformationutilitiesto applicationprograms.
SessionlLayer
1 A session provides mechanisms for controlling the interaction of end user
servicesacrossanetwork,suchasdatagroupingandcheckpointing.
ApplicationlLayer

1 The application layer provides the application interface between the network and end-
userprograms.




o Simple embedded networks provide internet service that will implement the full range
offunctionsinthe OSImodel.

NETWORKSFOREMBEDDEDSYSTEMS
1 Networksfor embeddedcomputing span a broadrangeof requirements;many of
thoserequirementsareverydifferentfromthoseforgeneral -purposenetworks.
1 Somenetworksareusedin safety-criticalapplications,suchasautomotivecontrol.
1 Somenetworks,suchasthoseusedinconsumerelectronicssystems, mustbeveryinexpen
sive.
1 Othernetworks,suchasindustrialcontrolnetworks,mustbeextremelyruggedandreliable.
Severalinterconnectnetworkshavebeendevelopedespeciallyfordistributedembeddedcomputing:

v' Thel?Cbusisusedinmicrocontroller-basedsystems.
v TheControllerAreaNetwork(CAN)buswasdevelopedforautomotiveelectronics.ltprovidesm

egabitratesandcan handlelargenumbersofdevices.
v’ EthernetandvariationsofstandardEthernetareusedforavarietyofcontrolapplications

MPSOCSANDSHAREDMEMORYMULTIPROCESSORS

5.9.5.WriteshortnotesonMPSoCsandSharedmemorymultiprocessors(NOV2017)(Dec2022/Jan2023)

1 Shared memory processors are well-suited to applications that require a large amount of data to
beprocessed.Signal processingsystemsstream dataandcanbewell- suited tosharedmemoryprocessing.

1 Most MPSoCsare shared memory systems. Shared memor y allows for processors to communicate
withvarying patterns.If thepattern of communicationisvery fixedandif theprocessingofdifferent
stepsis performedin different units, then a networkedmultiprocessormay bemostappropriate.

1 Ifthecommunicationpatternsbetweenstepscanvary,thensharedmemoryprovidesthatflexibility. If one
processing element is used for several different steps, then shared memory
alsoallowstherequiredflexibility incommunication.

Heterogeneoussharedmemorymultiprocessors

1 Manyhigh-performanceembeddedplatforms areheterogeneousmultiprocessors.

1 Differentprocessingelementsperformdifferentfunctions. ThePEsmaybeprogrammableprocessorswith
differentinstruction setsorspecializedacceleratorsthatprovidelittleornoprogrammability.
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In  both cases,themotivationforusingdifferenttypesof  PEsisefficiency.Processorswithdifferent
instruction  sets can  perform  different tasks faster andusing less  energy.
Acceleratorsprovideevenfasterandlower-poweroperationforanarrowrangeoffunctions.

Example:TITMS320DM816xDaVinci

1 TheDaVinci816xisdesignedforhigh-performancevideoapplications.

1 Itincludes both a CPU, a DSP, and several specialized units: The 816x has
twomainprogrammableprocessors.

0 The ARM Cortex A8 includes the Neon multimedia instructions. It is an in-
orderdual-issuemachine.

TheC674xisaVLIWDSP.IthassixALUsand64general -purposeregisters.

1 TheHDvideocoprocessorsubsystem(HDVICP2)providesimageandvideoaccel
eration.

1 Itnativelysupportsseveralstandards, such asH.264(usedin BluRay), MPEG-
4 MPEG-2and JPEG.

. - HD video HD video
ARM Cortex C674x VLIW ) . S i )
3 processing | |Graphics| |coprocessor
A8 DSE
subsystem subsystem

170 devices RAM




Itincludesspecializedhardware for major image and video operations,including
transform and quantization, motion estimation, and entropy coding. It also
hasitsownDMAengine.

Itcanoperateatresolutionsupto1080P/meat60frames/sec. TheHDvideoprocessing

subsystem  (HDVPSS)  providesadditional  video  processing  capabilities.
Itcanprocessuptothreehigh-definition andonestandard-
definitionvideostreamssimultaneously.

It can perform operations such asscan rate conversion, Chroma key,andvideo
security.Thegraphicsunitisdesignedfor3Dgraphicsoperationsthatcanprocessupto30Mtriang
les/sec.

AUDIOPLAYER

5.9a.1.DesignanAudioPlayer(NOV2017)
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Audio playersaredefined asanymediaplayerwhichcanonlyplayaudiofiles.
Playerscapableofvideoplaybackareincludedundercomparisonofvideoplayersoftware

, eveniftheyareprimarily wellknownforaudio playback.

Theory ofoperationandreguirements:

X/
°

AudioplayersareoftencalledMP3players.
Afterthepopularaudiodataformat,anumberofaudiocompressionformatshavebeendevelopedan
dareinregularuse.
TheearliestportableMP3playerswerebasedoncompactdiscmechanismsandmodern MP3players
use eitherflash memoryordiskdriverstostoremusic.
Functions:

AnMP3 playerperformsthreebasicfunctionssuchas

1. Audiostorage

2. Audiocompression

3. Userlnterface
Audio decompression: It is relatively light weight. The incoming bit stream has
beenencoded using a Huffmann style code, which must be encoded. The audio data itself
isappliedtoreconstruction filter, along withanewotherparameters.

Audiocompression:It  isalossyprocessthatreliesonperceptualcoding. Thecoder eliminates
certain features of the audio stream so that the result can be encoded

infewerbits. Ittriestoeliminatefeaturesthatarenoteasilyperceivedbyhumanaudiosystem.




X/

% Masking: Itis one perceptual phenomenon thatis exploited by perceptual coding. Onetone
can be masked by another if the tones are sufficiently close in frequency. Some

audiofeaturescanalsobemaskediftheyoccurtoocloseintime afteranotherfeature.

MPEGIlayerlencoder
Filterbank:Itsplitsthesignalintosetof32subbandsthatareequallyspacedinthefrequencydom

ainandtogethercovertheentirefrequencyrangeoftheaudio.

RISC processor Osp . audia -
interface

.:.D - O interface SRAM
drive

memory controller

: ] RiOM
--.-—| Lo

¥
flash, DRAM, SEAM

FIGURE T7.22
Architachure of a Cirrus audic processor for COMP3 players.

s Encoder: Audio signals tend to be more correlated within a narrower band, so
splittingintosubbandshelptheencoderreducethebitrate.

% Quantizer: It scales each sub band so that it fits within 6 bits of dynamic range,
thenquantizesbaseduponthecurrentscalefactorforthatsubband.

s Maskingmodel:ltselectsthescalefactors.ItdrivenbyaseparateFastFourierTransform (FFT),
the filter bank could be used for masking; a separate FFT providesbetterresults.

s Multiplexer: The multiplexer at the output of the encoder passes along all the

requireddata.
MPEGLayerldecoder:
1 MPEGaudiodecodingisastraightforwardprocess.

1 Afterdisassemblingthedataframe,thedataareunscaledandinversequantizedtoproducesamples
treamsforthesub band.

1 Aninversefilterbankreassemblesthesubbandsintotheuncompresseddata.




FigMPEGlayerlencoder
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Fig.MPEGlayerldecoder

User interface: The user interface of an MP3 player is usually kept simple to minimize
bothphysical size andpower consumption of thedevice.Many playersprovide only
asimpledisplayand afewbuttons.

File system: The file system of the player must be compatible with PCs. The CD/MP3

playersused compact discs that had been created on PCs.Today’s players can be

pluggedintoUSBportsandtreatedasdisk driversonthehostprocessor.

Specification:
v' The file ID class is an abstraction of a file in the flash file system. The controller

classprovidesthemethodthatoperatestheplayer.




v Thefilemanagementisperformedonahostdevice,thenthebasicoperationstobespecifi

ed aresimple.

Audio file

Audio directory

Controller

String: Name
Int: Size
FileID: Handle

FileID: Files[]

Mainc)

Display

FileID

String: Text
Boolean: Play

Audio out

Buttons

Boolean: power,
play, menu up,
menu down

amforfiledisplay/Selection:

Thisspecificationassumesthatallfilesarein therootdirectoryandthefilesareplayableaudio.

Fig.ClassesintheaudioplayerStatediagr

MQ

displ = 0;

Y

Send Files[displl.name

to display

down

>

up

Play

displ = wraparound(i-1)

displ = wraparound(i+1)

Play Files[displ]

Fig.Statedia

sramforfiledisplay&selection

Statediagramforaudioplayback:

v" Thedetailsofthisoperationdepend ontheformatofthe audiofile.




v’ This state diagram refers tosendthe samples tothe audiosystem rather thanexplicitly
sending them because playback and reading the next data frame must

beoverlappedto ensurecontinuousoperation.

Start m

Open file

-—

Read frame

'

Parse frame

:

Decode frame

!

Send samples to audio
systern

Statediagramforaudioplayback

SystemArchitecture:

ThecirrusCS7410isanaudiocontrollerdesignedforCD/MP3players.Theaudiocontrollerincludes
twoprocessors.
1. The 32bitRISCprocessorisusedto performsystemcontrolandaudio decoding.
2. The 16bitDSPisusedtoperformaudioeffectssuchasequalization.
Thememorycontrollercanbeinterfacedtopseveraldifferenttypesofmemorysuchas
1. Flash
2. DRAM
3. SRAM
++ Flash memory can beusedfor data or code storage and DRAM can beused as a
buffertohandletemporarydisruptionsofthe CDdatastream.
+¢ Theaudiointerfaceunits putsoutvideoinformatsthatcanbeusedbyA/Dconverters.
+» Generalpurposel/Opinscanbeusedto decode buttons,rundisplays, etc.,

+¢ CirrusprovidesReferencedesignforaCD/MP3player.




ComponentsdesignandTesting:

% Theaudiodecompressionobjectcanbeimplementedfromexistingcodeorcreatedasnewsoftw
are.

% In caseof an audiosystem that does not confirm to astandard,itmay benecessary
tocreateanaudiocompressionprogramto acreatetestfiles.

Systemintegrationanddebugging:
% Systemintegrationanddebuggingprocessensuringthataudioplayssmoothlyandwithoutinterr
uption.

s Anyfileaccessandaudiooutputoperationsaretestedseparatelyusingrecognizabletestsignal.

5.9a.4.ENGINECONTROLUNIT(ECU)

Explain in detail the design of engine control unit (NOV 2017, NOV/DEC
2018,APRIL/MAY2019)/Multitaskingcapacity
ofRTOShelpsinenginecontrolautomation(DEC2022/JAN2023)
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EngineControlUnit(ECU)isagenerictermforanyembedded
systemthatcontrolsoneormoreofthe
electricalsystemorsubsystemsinamotorvehicle.

% AnEngineControlUnit(ECU)isatypeofelectriccontrolunitthatcontrolsaseries of
actuator on an internal combustion engine to ensure optimal
engineperformance.

¢ Itdoesthis byreadingvaluesfromamultitude
ofsensorswithintheenginebody,interpreting the data using multidimensional
performance maps called Lockuptablesand
adjustingtheengineactuatorsaccordingly.

¢+ Engine controlunitcontrolstheoperationofafuelinjected enginebased

onseveralmeasurestakenfromtherunning engine.
THEORYOFOPERATION ANREQUIREMENTS

¢ Designabasicengine controllerforasimpleFuelinjected
engine.Theblockdiagramofengineisshowninbelowfigure.
% The Throttle is the command input. The engine measures throttle. RPM intake

airvolume,and othervariables.




Throttle

L

Injector
Fuel pulse width
—
injection RPM
Engine >
Spark
—
Spark
advance
A

Intake air volume

Intake air temperature,
exhaust oxygen,
battery voltage

The engine controller computes injector pulse width and spark. This doesn’t compute

alltheoutputsrequired byarealengine.

Requirements

RequirementsfortheengineControlunitshowninthebelowfigure.

Name ECU

Purpose Engine controllerforfuel-injectedengine

Inputs Throttle,RPM,intakeairvolume,intakemanifoldpressure

Outputs Injectorpulsewidth,sparkadvanceangle.

Functions Computeinjectorpulsewidthand spark advanceangleasa
functionofthrottle, RPM,intake airvolume,intakemanifoldpressure.

Performance Injectorpulseupdatedat2-msperiod,sparkadvanceangleupdatedatl-

msperiod.

ManufacturingCost

Approximately$50

Power

Powerbyenginegenerator

Physicalsizeandweight

Approx.4inx4in,lessthanlpound

Fig.Requirementsfortheenginecontroller




SPECIFICATION

¢+ The engine controller must deal with processes that happen at different
rates.Belowfigureshowstheupdatesperiodsforthedifferentsignals.
s UseNEandTtorepresentthechangeinRPMandthrottleposition,respectively.Ourcontr

ollercomputestwooutputsignals,injectorpulsewidthPWand sparkadvanceangleS.

The Controllerthenappliescorrectionsto theseinitialvalues:

1 Asthe intake air temperature (THA) increases during the engine warm- up, the

controllerreducestheinjectionduration.

1 Asthethrottleopens,thecontrollertemporarilyincreasestheinjectionfrequency.

1 The Controller adjusts duration up or down based upon readings from the exhaust
oxygensensor(OX).

1 Theinjectionduration isincreasedasthebattery voltage(+B)drops.

Signal Variable
name
Throttle mput
mput
Intake air volume mnput
output
output
Intake air temperature mput
Exhaust oxygen mput
Battery voltage mmput

SYSTEMARCHITECTURE

Below figure shows the class diagram for the engine controller. The two major
process,pulse-widthandadvance-

angle,computethecontrolparametersforthesparkplugsandinjectors.
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Statediagram
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Classdiagramfortheenginecontroller

The Control Parameters rely on charges in some of the input signals. Use
thephysicalsensorclassesto computethesevalues.
Eachchangemustbeupdatedatthevariablessamplingrate.

Theupdateprocessesissimplifiedbyperformingitinataskrunsattherequiredupdaterate.

State diagram for throttle position sensing is shown in below figure. It saves
boththecurrentvalueandchangeinvalueofthethrottle.

Usesimilarcontrolflowtocomputechangestotheothervariables.
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Throttlepositionsensingstatediagram

Belowfigureshowsthestate diagramforinjectorpulse widthand
sparkadvanceangle.Ineachcase thevalueiscomputedintwostages,firstan

initialvaluefollowedbyacorrection.

o o

‘\
Compute Compute
initial PW initial S
S T
™ s N
Correct PW Correct S
N J

¢+ The pulse width and advance angle processes donot generate the waveforms

todrivethesparkandinjectorwaveforms.

R/

% Thesewaveformsmustbecarefullytimedtotheengine’scurrentstate.
+¢ Eachsparkplugandinjectormustfixatexactlytherighttimein
theenginecycle,takingintoaccounttheengine’scurrentspeed

aswellasthecontrolparameters.




% SomeenginecontrollerplatformsprovideHardwareunitsthatgeneratehighrate,chang
ingwaveforms.

s ForexampleconsiderMPC5602D.ThenmainprocessorisapowerPCprocessor. The

enhanced modular I/O subsystem provides 28input and output

channelscontrolledbyTimers.

X/
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Eachchannelcanperformavarietyoffunctions.

R/
*

The outputpulsewidthandfrequencymodulationbufferedmodewill
automaticallygenerate awaveformwhoseperiod
anddutycyclecanbevariedbywritingregistersintheenhancedmodularl/)subsystems.
¢+ The detailsofthewaveformtiming arehandled by theoutputchannelhardware.

¢ Becausetheseobjectsmustbeupdated
atdifferentrates,theirexecutionwillbecontrolled by an RTOS. Depending on the
RTOS Latency, separate the

I/Ofunctionsintointerruptservicehandlersandthreads.

COMPONENTDESIGNANDTESTING

%+ ThevarioustasksmustbecodedtosatisfytherequirementsofRTOSprocesses.

% Variablesthataremaintainedacrosstaskexecutionmustbeallocatedandsavedinappr
opriatememory locations.

% TheRTOSinitializationphaseisusedtosetupthetaskperiods.

¢+ Becausesomeofthe outputvariablesdepend onchangesinstates, thesetasksshould
be tested with multiple input variables sequences to ensure that both

thebasicandadjustmentcalculationsareperformedcorrectly.

SYSTEMINTEGRATIONANDTESTING

Enginegenerateshugeamountsofelectricalnoisethatcancripple digitalelectronics.

Theyalsooperate oververywidetemperatureranges.

1. Hotduringengine operation

2. Verycoldbeforethe engineisstarted.

Anytestingperformedonanactualenginemustbeconductedusinganenginecontrollerthathasbe

endesignedtowithstandtheharshenvironmentofthe engine compartment.




5.9a.5.VIDEOACCELERATOR

Discussindetailaboutembeddedconceptsinthedesignofvideoaccelerator

(8 Marks) Nov/Dec 2016 or |lllustrate the working of video player (NOV/DEC
2018)orlllustratevideoacceleratorusingUMLmethodology(NOV/DEC2018)(April/May
2019)(Dec2022/Jan2023)(April/May 2023)

A video accelerator is a hardware circuit on a display adapter that speed up full motion video,
which also frees the CPU to take care of other tasks. Motion estimation engines are used
inreal-time search engines; we may want to have one attached to our personal computer

toexperimentwithvideo processing techniques.

AlgorithmandRequirements

1 Blockmotion estimation isusedin digital video compression algorithms sothat oneframe in

the video can be described in terms of the differences between it and anotherframe.

1 Because objects in the frame often move relatively little, describing one frame in terms
ofanothergreatly reducesthenumberofbit

1 Thegoal is to perform a two-dimensional correlation tofindthe best match

betweenregionsinthetwoframes.
1 Wedividethecurrentframeintomacroblocks.

1 Wewanttofindtheregioninthepreviousframethatmostcloselymatchesthemacroblock.

1 Searchingovertheentirepreviousframewouldbetooexpensive,soweusuallylimitthesearchtoa
givenarea,centeredaroundthemacroblockandlargerthanthemacroblock.

1 Intensity ismeasured as an 8-bitluminancethatrepresents amonochrome pixel—

colorinformation isnotusedin motionestimation.

1 Wechoosethemacroblockpositionrelativetothesearchareathatgivesusthesmallestvalueforthi

smetric.




1 The offset at this chosen position describes a vector from the search area center to
themacroblock’scenterthatiscalledthemotion vector.

1 Forsimplicity,wewillbuildanengineforafullsearch,whichcomparesthemacroblockand
searchareaateverypossiblepoint.

Bent mmaich of suacrobiiock
omAd wearh arva

Requirements:

Name: Blockmotionestimator

Purpose: PerformblockmotionestimationwithinaPCsystem
Inputs: Macroblocksandsearchareas

Outputs: Motionvectors

Functions: Computemotion vectorsusingfullsearchalgorithms
Performance: Asfastaswecanget

Manufacturingcost:Hundredsofdollars
Power: PoweredbyPCpowersupply

Physicalsize: PackagedasPClcardforPC

Specification

1 The specification for the system is relatively straightforward because the algorithm
issimple.

1 Becausethebehaviorissimple,weneedtodefineonlytwoclassestodescribeit:theaccelerato
ritselfandthePC.




1 ThePCmakesitsmemoryaccessible totheaccelerator.

1 Theacceleratorprovidesa behaviorcompute-
mv()thatperformstheblockmotionestimationalgorithm.

1 Afterinitiatingthe
behavior,theacceleratorreadsthesearchareaandmacroblockfromthePC;aftercomputing
themotionvector,itreturnsittothePC.

Motion-estimator

compute-mv( )

memory] |

memoryl |

TR S
Y

Macroblock

Search
area

motion-vector

Sequencediagramofaccelerator

Architecture

1 The acceleratorwillbeimplementedinanFPG Aonacardconnectedto aPC’sPClslot.

1 Suchacceleratorscanbepurchasedortheycanbedesignedfromscratch.
1 If you design such a card from scratch, you have to decide early on whether the card
willbeusedonlyforthisvideoacceleratororifitshouldbemadegeneralenoughtosupport

otherapplicationsaswell.
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FIGURE 7.31
An architecture for the mation estimation accelerator [DutSs].

ComponentDesign

If we want to use a standard FPGA accelerator board to implement the accelerator,
wemustfirstmakesurethatitprovidesthepropermemoryrequiredforMands.

Once we have verified that the accelerator boardhas the required structure, we
canconcentrateondesigningtheFPGAlogic.

Designing an FPGA is, for themost part, a straightforward exercise in logic
design.Because the logic for the accelerator is very regular, we can improve the FPGA’s
clockratebyproperlyplacingthelogicin theFPG Atoreduce wirelengths.
Ifwearedesigningourownaccelerator board,wehave
todesignboththevideoacceleratordesignproperandtheinterfaceto thePClbus.

We can create and exercise the video accelerator architecture in a hardware
descriptionlanguagelikeVHDLorVerilogandsimulateitsoperation.

Designing the PCI interface requires somewhat different techniques since we may

nothaveasimulationmodelforaPCI

SystemTesting

Testingvideoalgorithmsrequiresalargeamountofdata.Luckily,the data
representsimagesandvideo,whichareplentiful.




Because we are designing only a motion estimation accelerator and not a complete
videocompressor,itisprobablyeasiesttouseimages,notvideo, fortestdata.

You can use standard video tools to extract a few frames from a digitized video and
storetheminJPEGformat.

Open sourceforJPEGencodersanddecodersis
available. TheseprogramscanbemodifiedtoreadJPEGimagesandputoutpixelsintheformatreq

uiredbyyouraccelerator.
With a little more cleverness, the resulting motion vector can be written back onto

theimagefor avisual confirmation of theresult. Ifyou want to be adventurous and

trymotionestimationonvideo,opensourceMPEGencodersanddecodersarealsoavailable
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