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* Exception:Interrupt, Trap, Fault, Abort

* Process: States, Fork, Execve, Waitpid,

* Signal: 9%, #®=U/ %1%, handling...
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First In, First Out (FIFO)
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Shortest Job First (SJF)
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(STCF)

* LARIBBUHAIKE
- AER—MESHITRIRA YR
- RS S (HEkR / PerfEATIRS)
* LLEE: STCF
— 7 SJF LGN 5TneE, RIRHBI&RERESLT
— Preemptive Shortest Job First (PSJF)
— 1§ turnaround time = (120+10+20)/3 = 50

[B,C arrive]

AlB C A

0 20 40 60 80 100 120
Time




¥E1J Turnaround Time BYin)A

35 Turnaround Time BREE(K 4 BE

— {HEL Job #F1Y (BCCHHE, BREAEFIYEL, 5

NES)
EBE M@J’AT' ( Fairness)

- )%F"E’Z BEAUF

—1‘&Jﬁﬁ|ﬁxﬁt|:'|i)u “DNiEinEn”  (job RETEA, HLEob
—BEAIFEE)

WNRFIAE job BF—1F

R, BRI LUER

L -

— 31K jobs EFARAF (LEHZMERF) , XA

R

— WK

FEEAEEFRTS

KA




CPU ifAE

* it B1% 2 : Response time
- SN E—XHAENB| 5288l 2 &

T'respon.se — Tf'irst'run — Tarriwal

- ZRIIAEE R (WSJF) 8 H response time E
= (BfC)

A B C

0 5 10 15 20 25 30
Time




Round Robin ABCABCABCABCABC

© BFEEA R I_LL“ .

10 15 2I0 2I5 3I0
BZ{F response time Time

* ¥ context switch 755
— 18 KBS 8] /e R NFEERIER I, B K response

time

- FRAEEE & i8] tradeoff
* REALF (response time) : RR
* REEANF (turnaround time) : SJF, STCF
» Systems U ZEIE REBRTE tradeoff , A

HaL— ﬂy%ﬁﬁtf&ﬁ,\%b HYRI{EFR
»e.qg., CAP, RUM




ZIE1/0

* 1/0 #1Fixtt CPU FARRE (S

* HIZHIT /0 121ERY, E block £, BEI 1/0 5%

37
* STCF pyja]@n
— A1 B #82 50ms BYES

-B, A4

— 8/ interrupt , A FRHY CPU BY[g]&R/ N7
ANy AL JEIRF A A FEE /ANl O+l
Eﬁﬁ% A A A A A BBBBB

Disk l l l l

1 1 1
0 20 40 60 80 100 120 140
Time




ZIE1/0

* BRRFE
— 1/O B ESZ LR ZERA S

—- X AFIBI/OB, FEEERF B —1HE,

— 3 1/0 5ERkBY (interrupt) , A

O

2IFLZaRAS, )

0 20 40 60 80 100 120 140

HE B



IRELRS]

1 o EAE— S AR EHUT IR B FOR IR, EATTE 0 B X
LA L1, 2, 3, 4, S BYFPRNIE . 4 R T 518 B2 SR B FENUY
S35 JE I 8] (turnaround time ) F11-F- 347 Wi 37 15 [8] (response time)

(1) FCFS

(2) RR(BFIAJF A1, AHBRERER)

(3) HE#t 5 =2 SIF(shortest job first)

(=4 AT 8] Lo

10
1

wn W N =
b B = W

2
3
5



HIER

(1) FCFS: (243
P1 P2 P3 P4 P5
0 10 11 13 16

SE LM S ) = (0+10+11+13+16) /5= 10

SRR R R = (10+11+13+16+21) /5=14.2

21

(2> RR(TQ=1)
Pl (P2 |(P3(P4(P5|P1|P3|P4|(P5|P1|P4|P5|P1L|P5|P1|P5|P1|PI|PlI|PI|PI
o1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16 17 18 19

20 21

SEH N R = (0+1+2+3+4) /5=2

TR A= (214+2+7+11416) /5=11.4




HIER

(3> SJF
P2 P3 P4 P> Pl
0 1 3 6 11 21

PN Al = (114+0+1+3+6) /5=4

IR A= (21+1434+6+11) /5=84



IR EHR ]

* B 5 THILEFRI A ~E, ENLFRNELIR—

THEFC. ETEEITRIEIZ 32 10 .

6. 2. 4HM 83 ,JjEﬁH‘E’z (FraEfigE) 72
AlE3. 5. 2. 14, HP5 AmaEK. X
T RINSMEERE, TREFHAEREE, B2
BRI AE THRAY T $Ho

- BEK
— R E
— FeRIEARSS

— BAEIEAL L




Outline

a3

* CPU EEARES

°* Multi-Level Feedback Queue
* Proportional Share

° 57*2 CPU 'IELE




L EiRE R ER R )

1E ?ﬁflﬁﬁﬂl_ﬁ/l\ﬁﬁﬂ’]?}*ﬁ‘_lﬁ‘ﬂﬂj



Multi-Level Feedback Queue (MLFQ)

* RHE
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Multi-Level Feedback Queue (MLFQ)

* HRBMELET o
° %m)n\u [High Priority] gj _.®_’
— Rule 1: If Priority(A)

> Priority(B), A runs Q6
(B doesn’t). -

— Rule 2: If Priority(A) ot —(0)
= Priority(B), A & B o
run in RR. iy



Multi-Level Feedback Queue (MLFQ)

* Workload &3
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Multi-Level Feedback Queue (MLFQ)

* Attempt #1: How To Change Priority

— Rule 3: When a job enters the system, it is
placed at the highest priority (the topmost
gqueue).

— Rule 4a: If a job uses up an entire time slice
while running, its priority is reduced (i.e., it
moves down one queue). [$¥3xf CPU-bound £
%]

— Rule 4b: If a job gives up the CPU before the
time slice is up, it stays at the same priority
level. [$¥tXt interactive £53)
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Multi-Level Feedback Queue (MLFQ)
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Multi-Level Feedback Queue (MLFQ)
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Multi-Level Feedback Queue (MLFQ)

* Attempt #2: The Priority Boost

— Rule 5: After some time period S, move all the
jobs in the system to the topmost queue.
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Multi-Level Feedback Queue (MLFQ)

* Attempt #2: The Priority Boost
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Multi-Level Feedback Queue (MLFQ)

* Attempt #2: The Priority Boost
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Multi-Level Feedback Queue (MLFQ)

* Attempt #3: Better
Accounting

— Rule 4: Once a job uses up its
time allotment at a given level Q2
(regardless of how many times it
has given up the CPU), its
priority is reduced (i.e., it moves
down one queue).
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Multi-Level Feedback Queue (MLFQ)
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time slice, & Q AKX

_ _ Q1
HY time slice l
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Multi-Level Feedback Queue (MLFQ)

* MLFQ Z=#UAMN
— Solaris MLFQ 3E¥— Time-Sharing scheduling
class (TS)
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Multi-Level Feedback Queue (MLFQ)

* MLFQ Summary:

— Rule 1: If Priority(A) > Priority(B), A runs (B
doesn’t).

— Rule 2: If Priority(A) = Priority(B), A & B run in
RR.

— Rule 3: When a job enters the system, it is
placed at the highest priority (the topmost
queue).

— Rule 4: Once a job uses up its time allotment
at a given level (regardless of how many times
it has given up the CPU), its priority is reduced
(I.e., it moves down one queue).

— Rule 5: After some time period S, move all the
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* Not pursuing the best,
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Proportional Share

* Proportional share scheduler 80 Fair-share
scheduler

* REBX{MA turnaround time Ef response
time , MEFRESMESFEI—ELLHIBY CPU
iNiE]

« —NHAIEEZ lottery scheduling
(Waldspurger and Weihl, 1994)




Lottery Scheduling
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ERNMESSHUSEEIN, WA,

Tickets EEHIREM Tk
— B0 A&\ 75 19 ticket,

SMESFHFE—EW tickets , ERFBHEL, BT

EHMESS

B & 25 1 ticket

Here is an example output of a lottery scheduler’s winning tickets:

63 85 70 39 76 17 29 41 36 39 10 99 68 83 63 62 43 0 49 49

Here is the resulting schedule:

A B A A B A A A A AA B A B AA A A A A



Lottery Scheduling
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— stride = C / tickets, C @ — N EEERABIE %L, 90 10000
— {580 A, B, C B4 tickets 93%9 100, 50, 250 (2:1:5) , M
stride 43%!79 100, 200, 40

Pass(A) Pass(B) Pass(C) Who Runs?
(stride=100)  (stride=200) (stride=40)

£ AGRE 2 0 0 0 A
R, B1X&, C o 0 0 5
> 00 200 0 C
5, S55nHE— 100 200 40 ¢
=0 100 200 80 C
100 200 120 A

200 200 120 C

200 200 160 C

200 200 200




Lottery Scheduling
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A9 stride scheduling FEE 44 global state (A,
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Lottery Scheduling
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%1% CPU iAE

* bus snooping ( B £ )
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M (modified): cl Z23&k, B&
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cache #, #HS5 memory —Z

* S (share): cl %1 CPU B
cache A, #}B#5S memory —%

* 1 (invalidate): iZ CPU cache #1
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Bus
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M IREH cl %] memory , TR E ; E AESHY cl #HEHSM CPU 5%

BY, TS ;
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i, BxmR
ERIRZEZ, HREKR, EREMBE

typedef struct _ Node_t {

int

struct __ Node_

} Node_t;

int List_Pop() {

}

Node_t xtmp
int value
head

free (tmp);
return value;

value;
t *next;

head;
head->value;
head—->next;

//

/] ...

//
//
//

remember old head ...

and its wvalue

advance head to next pointer
free old head

return value at head

FsHEYE, MPMEIEFRNEE head , #EBEE, =

double free
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B, HeESLLiRYF
— ﬂﬂ%lﬂj IJTHE/J*;-J: )ﬂlJ Cache J\/ /E%




Z¥% CPU AE

* Single-Queue Multiprocessor
Scheduling or SQMS

_ J'l. *CPU E'Jﬂ R%Hga ,\zsimj(FNiU

- MERNE, BMBASIHIFAE—MESEHRIT
- {is5: Load balance

- g LOCK A$8K; cache affinity &, 148

CPUO I .. (repeat) ...
CPU 1 I .. (repeat) ...

.. (repeat) ...

CPU 3 n C A . - (repeat) ...




Z¥% CPU AE

* Single-Queue Multiprocessor
Scheduling or SQMS

— DO#H !

* RERFEEE— CPU %L
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* Multi-Queue Multiprocessor
Scheduling (or MQMS)
— 8§ CPU #&Z— M RAZRYPAT ]
- i MEEWF (Lock Az, cache affinity 4F)
- ks load balance
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* Multi-Queue Multiprocessor
Scheduling (or MQMS)
- FE5: load imbalance

Qo — A Ql— B — D

Job C #1175
cpuo [Alalalalalalalalalalalal. T, IEAHR

Qo0 —» Q— B — D

CPU 0 Job A 11175
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. ﬁ’q’:ﬁi load imbalance B971%:

Qo — A

CPUO
CPU 1

Q1— B — D

job migration
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A
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A
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A
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B--B

Work stealing

— ER;EM job migration :
* RNAFATIMEMAFTIEZELR—F1 job ; BMEXSHEE
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* Linux E’]yﬂ‘? CPU RBEFRBL
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— CFS (Completely Fair Scheduler) : %A%l
* ZE{MTF stride scheduler

— BFS (Brain-Fuck Scheduler) : EBAFI

— O(1) Scheduler : ZB\5
* EAF MLFQ
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ARM REEZ izl

* T2, FIadiafa, Fie@EdiginiziinynUREA
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Cortex-A72: |deal for dense compute environments

B4 X86 %M
Single Cortex-A72 core *

~|.15mm?

Cortex-A72 MP4 + 2MB L2} EP" g,*;: fk*;'-
~8mm?
ﬁ# . @
A quad core Cortex-A72

with 8x L2 cache RAM is
3 the same size
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SPECint t48ELAC L R rhifs, ThERE
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* TaiShan Core JMZ= L1 Cache # L2 Cache,
Core # 1 4~ L3 Cache tag ¢Ask—> Cluster , 6~8 1
Cluster £Hp—> CPU Die , &%3/589% 1> CPU Die £

Cluster-1

4 N

Cluster-2
ARM ARM ARM ARM ARM ARM ARM ARM ARM ARM ARM ARM
Core T Core 4 Core ACore 4 Core Core Core Core Core Core Core Core
v
L1l | L1D | L1l | L1D L1l | L1D L1l L1D L1l L1D | L1l L1D | L1l | L1D L1l L1D L1l | L1D | L1 | L1D | L1l | L1D L1l L1D
L2 L2 L2 L2 L2 L2 L2 L2 L2 L2 L2 L2
< rng l/ SHC Q\J ring >
LLC LLC LLC Y LLC LLC LLC LLC LLC LLC LLC LLC LLC

CPU Die
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