CSI S0230A Principlesof Operating Systems(ClassA)
Notesfor Tutorial 8
Peeking into the scheduler

Schedulingdifferentthreadgo usethe CPU is animportantsystemfunction,too importantto
allow usermprogramso arbitrarilymanipulateandseedirectly. Thatis,in principle. In fact,users
sometimeknown morethanthe OSkernelabouthow a programbehaes,and canthusmake
betterdecisiononhow CPUtime shouldbeallocatedo them. Althoughwe cannotdirectly see
theworkingsof theschedulefi.e.,thekernelwill not“tell” athreadthatthe CPUistakenaway),
we canexaminehow it worksindirectly by watchingtheernvironmentof thecomputer We will
doit duringthetutorial,solet’'sseethetechniqueshatallowsthethreaddo affectthescheduler
andexaminetheeffects.

1. Scheduling policy

Schedulings a very communistsystemithe government(OS kernel) completelydecidesthe
amountof CPUtime enjoyedby eachthreadjn awaywhichis moreor lessfair. But theworld
isneverreallyfair, asisillustratedby thefiction “Animal Farm” of theBritish writer George Or -
well. Thelastrulein thesevencommandmentsf thecommunisfarmrun by animalsreads:

ALL ANIMALS ARE EQUAL
BUT SOMEANIMALS ARE MOREEQUAL THAN OTHERS

Taskschedulingn Linux hassimilarrules. All tasksareequalthey all usethesamescheduling
policy. Thatis,exceptaprivilegedsomewhichusesschedulingoliciesthatoverrideeverybody
else which canberequestedby callingthe sched_setscheduler systemcall. Its manpagehasa
completedescriptiornof all theschedulingooliciesavailableto Linux.

The privilegedtasksaresaidto bereal-time. They areevil: whenthey areready no normal
taskcanrun. They aresoevil thatnormaluserscannotcreatesuchtasksat all—only ther oot
usercan. By restrictingreal-timetasksto ther oot user anarbitraryusercannotlock up the
computerby runninga real-timetask. Eachsuchtask hasa priority: a real-timetask with a
higherpriority hasabsolutepriority over anothereal-timetaskwith lower priority. Whenmore
thanonetaskhasthe samepriority, thetaskwill give up the CPU aftera while if thetaskuses
the RR (Round-Robin)schedulingpolicy, andwill continueuntil it waitsif it usesthe FIFO
(First-In-First-Outlschedulingpolicy.

Normal tasksusenoneof theseevil schedulingpolicies. Instead,they usethe time-sharing
“SCHED_OTHER” policy, whichwe will examinenext.

2. Thetime-sharing scheduler

Let'sfirst seetheeconomic®f thetime-sharingschedulingsystem.Thecurreng of thesystem
is calledticks, eachof which canbuy around20 millisecondsof CPU time. Eachtaskhasa
certainamountof ticks (the “remainingtime quantum”)to getservicefrom the CPU. Whenit

isusedup,thetaskwill nolongerbescheduledtall. Whenataskis createdhalf of theticksof

theparents givenupto thechild sothatit canstartworking.

Whenall taskseitheruseduptheirticksor iswaitingfor eventsandthuscannotutilize itsticks,no
taskcanrun. At thistime,thegovernmen{OS)allocatesew ticksto all time-sharingasks.We
saya new epoch starts. Theamountof ticks availableto eachtaskdepend®nits “nice-value”.
Nice valuesvary from -20to 19, with largervaluesmeaningessticks perepoch(being“nice”,
thetaskdoesnt needasmuchCPUattentiorthanothertasks).Moreexactly,thenumberof ticks
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allocated to a task is caled its “base time quantum”, and is always 20—-nicevalue. E.g., a task
with nice value of 5 has base time quantum of 20-5=15, while atask with nice value of 19 has
base time quantum of 20-19=1. Most Linux systemsare set up so that when the user loginsthe
system, the resulting shell process has a nice value of 0. The nice and setpriority system calls
can be used to increase the niceness, and after that all children of that task will havetheincreased
niceness. If you have a command to run and you want to run it with lower priority, you can run
it like“nice -n 10 a. out”.However, in either cases, only r oot isallowed to decrease the
niceness of tasks.

There is a specia rule for waiting tasks: suppose an epoch starts when a task is waiting, with
non-zero remaining time quantum. Base time quantum will be added to the task. But if no
precaution is taken, the number of ticks owned by thistask will increase to a huge value after a
lot of epochs. When thetask finish waiting, it would own so many ticksthat all other taskscannot
run. To avoid this, the government takes away half of the ticksit has before allocating its base
time quantum, effectively limiting the number of ticksof atask to be lessthan twice of its base
time quantum.

This says about how much time a task can spend, but we still have the question about who to
schedulefirst. Whenever the scheduler isrun (e.g., atask needsto wait for an I/O operation or
used up itsticks, or a task become ready because the I/O it waitsfor is completed), a task with
positive number of ticks need to be chosen to use the CPU time. Linux usesavery unscientific
yet very effectiveway to select atask: to usethe sum of the basetime quantum and theremaining
time quantum of each task asits priority. E.g., if two tasks are available, one has base time
guantum of 10 and remaining time quantum of 1, and the other has base time quantum of
5 and remaining time quantum of 3, then the first one will be executed (since 10+1 is larger
than 5+3).

3. Tricksto know more about scheduling

All these are supposed to be invisible by the user. But as somebody |earning the OStheory, we
do need someway to peek at the scheduler. The information we want to know is(1) at any time,
which task is running; and (2) which tasks has used up their ticks, and when ticks are allocated
to tasks.

To find an answer to thefirst question, we need one simple thing: a counter global to the system
which allowsincrement and getting val ue to be done atomically, without affecting the scheduler.
Once we have thistool, different tasks can increment and get valuesfrom it. By inspecting the
counter values obtained by each task, we can deduce thetime (or at |east the ordering) when each
task executes. Luckily, we do have thisdevice ready: theresult of our tutorial 3.

Tofind an answer to the second question seemsmoredifficult. But actually the Linux scheduling
system already provides an answer toit. If atask has a base time quantum of 1, it will also has
a remaining time quantum of at most 1 (after the ticks given by its parent is used up). So this
task always has the lowest priority, and can be executed only when all other tasks had spent all
their ticks (or are waiting). Thusthe execution of thistask givesa clear mark that a new epoch
isabout to begin.



