PIEU PHOI TIEN TRINH
CPU SCHEDULING

ThS. Nguyén Thj Hai Binh
Khoa CNTT, BDH Giao thong van tai

Email: calmseahn@gmail.com

Website: calmseahn.weebly.com



mailto:calmseahn@gmail.com

CONTENTS

* CPU Scheduling
* Basic concepts
* Scheduling criteria

* Scheduling algorithms



CPU SCHEDULING

* In a single-processor system, only one process can
be run at a time

e Simple computer system

* When a process is waiting, CPU just sits idle

* Multiprogramming system
e Several processes are keep in memory at one time

* When a process have to wait, the OS gives the CPU to
another process

* CPU scheduling is central to operating-system
design



BASIC CONCEPTS

* CPU —1/0O Burst Cycle

* |/O-bound and CPU-bound program

* CPU scheduler

* Non-preemptive and preemptive scheduling

e Dispatcher



CPU —1/0 BURST CYCLE

* A CPU burst is when CPU performs useful
computation

* An I/O burst consists of I/O operations being
performed

* CPU - 1/0 burst cycle

* Process execution consists of a series of cycles of CPU
execution and I/O waits
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Figure 6.2 Histogram of CPU-burst durations.



/O-BOUND AND CPU-BOUND
PROGRAM

* |/O-bound program
* Typically has many short CPU burst

* CPU-bound program
* Might have a few long CPU burst



38O DIEU PHOI CPU

* Thuat ngir:
 CPU scheduler

* Short-term scheduler (bd diéu phi ngan han)

* Nhiém vu

e Selects one of the processes in the ready queue and
allocates the CPU to that process




38O DIEU PHOI CPU

* B6 diéu phdi hoat dong khi

1.

Tién trinh chuyén tir trang thai running sang trang thai
waiting

Tién trinh chuyén tir trang thai running sang trang thai
ready

Tién trinh chuyén tir trang thai waiting sang trang thai
ready

Tién trinh két thuc
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ON-PREEMPTIVE SCHEDULING

* Thuat ngi¥
* Diéu phoi khéng tiém quyén
* Diéu phoéi dbc quyén

* Nguyén li

e Tién trinh gitr CPU cho t&i khi tién trinh chuyén sang
trang thai cho hoac két thic = Tién trinh tinh nguyén tur
bo CPU

e Vi du: Windows 3.x, Macintosh OS
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PREEMPTIVE SCHEDULING

* Thuat ngi¥

* Diéu phoi cd ti€m quyén

* Diéu phoi khdong déc quyén
* Nguyén li

 Khi tién trinh chuyé°n tu trang thai running hoac waiting
sang ready, b0 dieéu phoi sé quyét dinh tiép tuc cap phat
CPU cho tién trinh hay sé chuyén CPU cho tién trinh khac

* Vi du: Windows 95 1, Mac 0OS X

e Van dé:
 Tién trinh 1 dang cap nhat dit liéu va bi mat CPU
 Tién trinh 2 doc dit liéu dang cip nhat
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DISPATCHER

Thuat ngl¥
* BO phan phdi
e BO diéu van
Nhiém vu

* Cap quyén s dung CPU cho tién trinh d3 duoc lwa chon béi bd
diéu phoi ngan han (short-term scheduler)

Chirc nang
* Chuyén d6i ngit cdnh (context switch)
e Chuyén vé user mode
* Thuyec thi tién trinh theo trang thai d3 luu

Dispatch latency (dd tré diéu phdi)
 Thoi gian dirng mot tién trinh va bat dau mot tién trinh khac

Yéu cau: tdc d6 nhanh
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TIEU CHUAN DIEU PHOI
(SCHEDULING CRITERIA)

| ,
e CPU Utilization (Kha nang tan dung CPU)
* L3 mdt s6 nam trong doan [0%, 100%]

* Trén thyc t€, CPU utilization thudng nam trong khodng tir
40% (hé thong chju tai thap — lightly loaded system) dén 90%
(hé thong chiu tai cao — heavily loaded system)

* Throughput (thong luvong)
* SO luvgng tién trinh dugc hoan thanh trong mot don vi thoi
gian

e Turnaround time (thoi gian hoan thanh)
* La khodng thoi gian tlr khi tién trinh vao hé thong téi khi ra
khoi hé thong
* Bao gém: thoi gian tai vao bd nhd, thai gian cho trong ready
qye/ue, thoi gian thuc hién (running), thoi gian thyc hién
vao/ra
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TIEU CHUAN DIEU PHOI
(SCHEDULING CRITERIA)

* Waiting time (Thoi gian cho)
* Tong thoi gian tién trinh nam trong hang doi ready

* Response time (Thoi gian dap &ng)

L3 khoang thoi gian tir khi ti€n trinh nhan dwoc mot yéu
cau cho dén khi bat dadu dap &ng yéu cau dé
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CAC THUAT TOAN BIEU PHO!I
SCHEDULING ALGORITHMS

* First-Come, Fisrt-Server (FCFS) scheduling
* Shortest-Job-First (SJF) scheduling

* Priority scheduling

* Round-Robin scheduling

* Multilevel queue scheduling

* Multilevel feedback queue scheduling
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§ 4FIRST-COME FIRST-SERVER (FCFS)

* Tién trinh nao yéu cau s&r dung CPU trudc sé duoc
cap phat trudc

* Diéu phoi khdng tiém quyén (non-preemptive)
e Ju diém
* Thuat toan don gian

* Nhuoc diém

* Hiéu qua cua thuat toan phu thudc vao th ty cua cac
tién trinh trong hang doi

* Thong thuong, thoi gian cho doi trung binh cao

17



FCFS: Vi DU

e Gida st cd 3 tién trinh P1, P2, P3

Process Burst Time
P; 24
P> 3
P 3

* Gia slr 3 tién trinh nam trong hang doi theo thi tu
P., P,, P, > Biéu do Gantt (Gantt chart)

P4

* Thoi gian cho trung binh la:

(0+24+27)

24 27 30

= 17 (ms)
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FCFS: Vi DU

* Néu 3 tién trinh nam trong hang dgi theo thi ty P,
P;, Py

e Ta cd biéu do6 Gantt:

* Thoi gian cho trung binh la: 3ms
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FCFS: CONVEY EFFECT

* Thuat ngir: “Poan ho tong”

* Xay ra khi c6 mét tién trinh s& dung nhiéu thoi gian
CPU va vao ra nam & dau hang doi, va nhiéu tién
trinh s&* dung it thoi gian CPU va vao ra nam o phia
sau

 CPU va thiét bj vao ra cé nhiéu thoi gian roi

* Thoi gian ch® trung binh cda cac tién trinh cao
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* Tién trinh P c6 chu ky s& dung CPU trong 40ms, va I/O trong
50ms

 Tién trinh Q,, Q,, Q, cé chu ky st dung CPU trong 10ms va I/0
trong 10ms

 Thu ty hang doi: P, Q;, Q,, Qq
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SHORTEST-JOB-FIRST (SJF)

* Moi ti€n trinh lwu trit dd dai cda phién s dung
CPU (CPU burst) tiép theo

* Tién trinh nao yéu cau it thoi gian CPU nhat sé
dwoc cap phat CPU

* Néu 2 tién trinh c6 cung thaoi gian s&r dung CPU,
FCFS sé dugc st dung

e SJF la tdi wu
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SJF: Vi DU

Process Burst Time

Py 6
P 8
P, 7
P, 3 Gantt chart
P4 P1 PE PE
0 3 9 16

Thoi gian cho trung binh: (0+3 +9+ 16)/4=7 ms

24
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§"% SJF: NON-PREEMPTIVE VS. PREEMPTIVE

* Non-preemptive
* One CPU given to the process it cannot be preempted
until completes its CPU burst
* Preemptive

* If a new process arrives with CPU burst length less than
remaining time of current executing process, preempt

* Thuat ngir:
e Shortest-Remaining-Time-First (SRTF)
e Shortest-Remaining-Next (SRN)
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"% SRTF (PREEMPTIVE SJF): Vi DU

Process Arrival Time  Burst Time

P 0 8
P; 1 4
P, 3 9 Gantt chart
Py 3 5
P.| P, P, P, P,
0 1 - 10 17 26
Thoi gian cho trung binh:
j(10-1D)+(1-1)+17-2)+(5-3)]
= 6.5ms

4
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NON-PREEMPTIVE SJF: VI DU

Process Arrival Time Burst Time

P, 0 8
P, 1 4
P, 2 9
P, 3 5



7

VI DU

Process Arrival Time Burst Time

P, 0.0 7
P, 2.0 4
P, 4.0 1
P, 5.0 4

V& Gantt chart va tinh thoi gian cho trung binh déi voi:

1. FCFS
2. Non-preemptive SJF

3. Preemptive SJF (SRTF)
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 SIF: DETERMINING LENGTH OF NEXT
L CPU BURST

e VVan dé:
* Khéng biét chinh xac dd dai cha phién sir dung CPU tiép
theo

* Chicé thé dy dodn dua theo d6 dai clia cac phién st
dung CPU trudc

Tye1 = by, + (1 — )71y,
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CPU burst (t) & 4 6 4 13 13 13

"guess” (1) 10 8 6 6 5 g 11 12

Figure 6.3 Prediction of the length of the next CPU burst.
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PRIORITY SCHEDULING

* Thuat ngir: Diéu phdi cé wu tién
* Nguyén tac

* MOi tién trinh dwoc gan véi mot tham sé goi la dd wu tién p
(priority)

e CPU duoc phan phéi cho tién trinh cé d6 wu tién cao nhat
* Né&u 2 tién trinh cé cung d6 wu tién, FCFS dugc sir dung
 Chuy:
* D6 wu tiér] la mo6t so nguyé,n nam trong khoang nhat dinh, vi
du tir 0 dén 7 hoac tw 0 dén 4095
e Gia s, 0 twong &ng v&i do wu tién cao nhat
* SJF la mo6t trwong hop dac biét cua Priority Scheduling (p = ?)
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§'4 PRIORITY SCHEDULING: Vi DU

Process Burst Time Priority

P, 10 3
P, 1 1
Ps - 4 Gantt chart
P, 1 5
P. 5 2
PE PE P1 PE
0 1 6 16

Thoi gian cho trung binh:
6+0+16+18+1 41

. . = 8.2 ms




CACH XAC BDINH O UU TIEN

* PO vu tién trong
e Duoc tinh dya trén cac mot sé dai lwgng do dugce cla tién
trinh, vi du nhu:
* Gidi han thoi gian (time limits)
* Yéu ciu vé bd nhé (memory requirements)
* SO file dang mé (number of open files)

« Ty s0 gilra thoi gian vao/ra trung binh va thoi gian sir dung CPU
trung binh (ratio of average 1/0 burst to average CPU burst)

* PO vu tién ngoai
* Duoc thiét 1ap dwa trén mot soé tiéu chi ngoai HDH nhu:

* Tam quan trong cla tién trinh (importance of the process)

* Chi phi s&t dung may tinh (amount of funds being paid for
computer use)
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§"% PREEMPTIVE VS. NON-PREEMPTIVE

* Preemptive priority scheduling

* Néu tién trinh mdi xuat hién cé d6 wu tién cao hon tién
trinh dang thuc hién (currently running process), CPU
duwoc chuyén cho tién trinh mai

* Non-preemptive priority scheduling

* Néu tién trinh mdi xuat hién cé d6 wu tién cao hon tién
trinh dang thuc hién, tién trinh méi dugc dua vao dau
hang doi ready
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STARVATION PROBLEM

* Known as Indefinite blocking

* Thuat ngi¥
e “Nan doi”
* Cho khéng xac dinh
* Van dé
e Tién trinh c6 d6 wu tién thap cd thé nam trong hang doi

ready trong mot k,hoéng thoi gian dai néu trong hang
doi luon co cac tién trinh co do wu tién cao hon

* Vi du

* MOt tién trinh nam trong hang cho t¥ nam 1967 duoc
phat hién khi tat IBM 7094 (MIT) vao ndm 1973
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STARVATION PROBLEM

* Giai phap

e Tang dan d6 wu tién cua tién trinh theo thoi gian cho
trong hé thong

e Vi du

e Giai sir d6 wu tién nam trong khoang twr 0 (high) dén 127
(low)

e C&*r mOi 15’ ch®, d6 wu tién cda tién trinh duoc ting 1én
1

e Mat khodng 32 gi» dé mot tién trinh cd d6 wu tién 127
dat t&i do wu tién O
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ROUND-ROBIN SCHEDULING

* Thuat ngit: Iap lich quay vong

* Dugc thiét ké cho hé chia sé thoi gian (time-sharing
systems)

* Hoat dong theo ché dd preemptive

e Nguyén tac
* Tham so lvong tw thoi gian (time quantum/ time slice) t

* MOi ti€n trinh dugc st dung CPU trong mot khodng thoi
gian nho hon hoac bang t

* Khi hét thoi gian, tién trinh dwgc dwa vao cudi hang doi
ready

* Néu cd n tién trinh, thoi gian cho dogi nhiéu nhat la (n-1)t
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&4 ROUND-ROBIN SCHEDULING: VI DU

Process Burst Time

P 24

P, 3 Lwong ti thoi gian t =4 ms

P; 3

P, P, | P, P, P, P, P, P
0 4 7 10 14 18 22 26
Thoi gian cho trung binh:
(10—-4)+4+7 17
= = 5.66 ms

3 3

30
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LUONG TU THOI GIAN

* Hiéu qua cua thuat toan RR phu thubc vao kich thudc
cua luvgng tur thoi gian

* tlon : RR = FCFS

* t nhé: chuyén doi nglt canh (context switch) phai thuc
hién nhiéu lan

* Gid tri cua lugng tlr thoi gian anh huong tdi thoi gian
hoan thanh (turnaround time) cua tién trinh

* Théng thuong, t nam trong khoang tr 10 dé€n 100 ms

* Nguyén tdc thiét IGp gid tri cho lwong ti thdi gian:

* 80 percent of the CPU bursts should be shorter than the time
quantum
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process time = 10 quantum context

switches
12 0
10
6 1
6 10
1 9

1 2 3 4 5§ 6 7 8 9 10

Figure 6.4 How a smaller time quantum increases context switches.
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average turnaround time

12.5
12.0
11.5
11.0
10.5
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9.5

9.0

1 2 3 4 5 6 7
time gquantum

Figure 6.5 How turnaround time varies with the time quantum.
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RR: VI DU

Process Burst Time
P, 53
P, 17 —
P, 68 t 2 O
P, 24
P, | P, | Py | Py | Py | Py | Py | Py | Py | Py
20 37 &7 77 97 117 121 134 154 162
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RR: VI DU

Process

Arrival Time
0

1
2
3

Burst Time
8

Q1 \O W=
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MULTILEVEL QUEUE

* Thuat ngir: Diéu phdi vai hang chd da mirc

 Hang doi ready dugc chia thanh cac hang doi
* Foreground (interactive)
* Background (batch)

e Moi hang doi s dung thuat todn diéu phdi riéng
* Foreground — RR
* Background — FCFS
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MULTILEVEL QUEUE

 Diéu phoi gitta cac hang doi
 Fixed priority scheduling
e Server all from foreground then from background
* Possibility of starvation
* Preemptive
* Time slice

e Each queue gets a certain amount of CPU time
* j.e., 80% to foreground, 20% to background
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highest priority

batch processes

| |
|

student processes

lowest priority

Figure 6.6 Multilevel queue scheduling.
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MULTILEVEL FEEDBACK QUEUE
SCHEDULING

* Thuat ngit: Diéu phdi v&i hang cho da mirc cé phan
hoi

* Tién trinh cé thé di chuyén gitra cic hang doi

* Tién trinh dwgc phan chia dwa theo dac diém s

dung CPU

* Tién trinh dung qua nhiéu thoi gian CPU dugc chuyén
xuong hang dgi c6 do vu tién thap hon

* Tién trinh thién vé vao/ra (I/O-bound) va tién trinh
twong tac (interactive process) nam ¢ hang dgi cé do wu
tién cao

* Tién trinh doi qua lau trong hang doi cé do wu tién thap
dwoc chuyén |én hang doi cé do uvu tién cao hon
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MULTILEVEL FEEDBACK QUEUE
SCHEDULING

* Thuat todn MFQ can cé cic tham sd sau
* SO lwong hang doi
* Thuat toan diéu phdi cho moi hang doi
* Phuwong phdp tang/ giam d6 wu tién cho mot tién trinh

* Phwong phap xac dinh tién trinh mdi sé dwoc dua vao
hang dgi nao
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& MULTILEVEL FEEDBACK QUEUE

rd >
quantum = 8
e
quantum = 16
e
A’r e

Figure 6.7 Multilevel feedback queues.
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TU HOC

* Ludng va diéu phoi luéng (Thread & Thread
Scheduling) — chapter 4 & 6.4

* Diéu phoi da xt ly (Multiple-Processor Scheduling)
- 6.5

 Diéu phoi thoi gian thuc (Real-Time CPU
Scheduling) — 6.6

* Danh gid thuat toan diéu phoi (Algorithm
Evaluation) — 6.8
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