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Multi-Level Feedback Queue (MLFQ)

* RLE
— Corbato, 1962, Compatible Time-Sharing
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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
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Multi-Level Feedback Queue (MLFQ)

* Workload Sh
HZ interactive short-running £5%, 83,
1J:|':|j CPU, Xt response time BX5

— —#h=E longer-running CPU-bound £%, X
response time XA5, 1BX turnaround time £
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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)
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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.

— BRI e)ER

* i Q2
* Workload 2Tk & i1 [N i
(EMEANNI=)
Q1
r
Qo
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Multi-Level Feedback Queue (MLFQ)

* Attempt #2: The Priority Boost
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— XZKn)#7E Systems g AU{% voo-doo constants
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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).

© 5 CPU BECAZI—ER, MTFR— s

AR
wi, ewameren o (NLLELEDL
© LRATLENENBAR, FESH O LI

U
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Multi-Level Feedback Queue (MLFQ)

* MLFQ =AM
— Queue #HE. 1M QMW
time slice X/\. FiE1ES
o| 3l fR =2k B9 E HR O2I
— a0, 4RV Q /e
time slice, &R Q AKX

Q1
HY time slice l
* Interactive job: /)
response time Qo
* CPU-bound job: w/ - ________ -
context switch BYF3H 0 50 fo 150 200
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Multi-Level Feedback Queue (MLFQ)

* MLFQ Z=#UAN
— Solaris MLFQ 3E¥— Time-Sharing scheduling
class (TS)
* —RYSEAT LA
* FlaNpATIERZEEIAE 60 1
* B[iEl/F M 20ms BlJTBE ms , EZE 1s
— FreeBSD scheduler XA ATVITERESZBIM AR
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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,
* But avoiding disaster
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Proportional Share

* Proportional share scheduler

* {0 Fair-share scheduler

* REBX{A turnaround time Ef response
ti_JLrpje , MmeFREENMESFEI—ELHBY CPU
NE

« —NHABIEEZ lottery scheduling
(Waldspurger and Weihl, 1994)
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Lottery Scheduling

_I\

ERNMESSRUSEEN, WA,

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

SMMESFHFE—EW tickets , ERFBHEL, BT

EWMESS

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
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Lottery Scheduling
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Lottery Scheduling

* N aRNERREEIIRAERE?
— 4] stride scheduling (1995)
- 5MEFZRE—RE, E—EIK, BRERET K
INNESEE
— f5Ig0 A, B, C BY stride 43%9 100, 200, 40 (NELt
BlrezL, 275

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

0 0 0 A
&8 A RE 2 100 0 0 B
;5-(, B1®, C 100 200 0 C
il — 100 200 40 C
5X, 5% 100 200 80 C
S 100 200 120 A
200 200 120 ®
200 200 160 C
200 200 200




Lottery Scheduling

’ 7]1‘|‘A/M§ IR E SRR RA?
A7 stride scheduling FEE 44 global state (A,
B, CHEAIFZK)

— WMRFSIA—T job , AXT job NELIET KIRNZ

DEE?

— 1M lottery scheduling REE 4 global state , X
FE1 job #@ £ RFENVIENEE
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Lottery Scheduling

* FENEERVEFAL
— R — LRI R (5190 LRU 7£ cyclic-
sequential workloads T &pZ/ERYR)L)
- e, BER
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* %1% CPU RYHfria)a:
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-tz 1. 1% 2 #B cache [E—1%
SR
— 1% 1 12E0E0E
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* bus snooping ( 84is
IF) , £ bus ¥1%F cache 17

7, (HARRI LI
* JEINTEREFFH

CPU CPU
Cache Cache
I I Bus
Memory
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%1% CPU iAE

* bus snooping ( B £ )

— MESI 5% (5t cacheline)
M (modified): cl 238K, B&

SME—IEMBhRZS, Eh CPU cache
EPiZ%&TE?E?‘ﬁZ (->[11) , MXH CPU CPU
cache j%EY
* E (exclusive): cache i—53 Cache Cache
77— BIM9EKIE, Eft CPU cache 0 | | Bus

ZEARRL (->[1]) , Mi% cache/ F
F1%EY; BiRE [E]->[M]

* S (share): %1 cache —%,
BREN write through , 244 [E]

* | (invalidate): &3, H{E&E

Memory
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%1% CPU iAE

* Cache Affinity ( ZY]x&, ¥if)
- — P HEESFEES|IR—1 CPU #% L, cache #1 TLB
B, HeESLLiRYF
— ﬂﬂ%lﬂj IJTHE/J*;-J: )ﬂlJ Cache J\/ /E%
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Z¥% CPU AE

* Single-Queue Multiprocessor
Scheduling or SQMS
- —1PKRBAY, BMENE, MEAE—MES
- . Load balance
- fRe: LOCK H$8K; cache affinity &, 148

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

... (repeat) ...
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Z¥% CPU AE

* Single-Queue Multiprocessor
Scheduling or SQMS

— DO#H !

* RERFEEE— CPU %L

* DRESTITR

_EI:}LJ

iz

CPUO
CPU 1
CPU 2
CPU3

0 DoE

C

C

C

& c

D D D D

... (repeat) ...
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... (repeat) ...
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%1% CPU iAE

* Multi-Queue Multiprocessor
Scheduling (or MQMS)
— 8§ CPU #&Z— M RAZRYPAT ]
- i MEEWF (Lock Az, cache affinity 4F)

- k= load balance
* f2;R: work stealing

Q—> A — C Qil— B — D

CPUO AJA|C|C|A|A|C|IC | A|A|C|C
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%1% CPU iAE

* Multi-Queue Multiprocessor
Schedullng (or MQMS)
- FHFER = load imbalance

Q0 — A Q1— B — D .
Job C #1175

cPUo |A|A|AlA|A|AlAlA|AlA]lA|A]. BT,DEA’J%IQ%E

Qo —» Qi— B — D

cPuo Job A #1758

|
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%1% CPU iAE

y ﬁ’q’:ﬁi load imbalance B971%: migration

Qo — A

Q1— B — D

XMIER T, BT — job F

A HR R AR

CPUO | A

A

A

A

A

A

A

A

A

CPU 1

o o

— Work stealing

B--B

* NEMBATIMEMATIZER—FE job ; BIRRESHEHE
] &
CPUO |A|A|A|A A A

CPU 1
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%1% CPU iAE
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* Linux B9%#% CPU ﬂEAH%
/RE i EﬁﬁEEIJTU_ j__ i= 1’&

- CFS (Completely Fair Scheduler) : ZBA%
* ZE{MTF stride scheduler

— BFS (BF Scheduler) : EpA%l

— O(1) Scheduler : ZB\5
* EAF MLFQ
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memory — unit 1/  memory
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F7 CPU RREE
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ARM REEZ izl

* T2, FIadiafa, Fie@EdiginiziinynUREA
% 8E;

* SHEYERST BRG], AETTIRGIRIIEM;
* ARM E’\JM*%;%FEU?PFWIEWT%EHM

Cortex-A72: |deal for dense compute environments

B4 X86 %M
Single Cortex-A72 core *

~|.15mm?

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

with 8x L2 cache RAM is
3 the same size
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ARM ABIFENERA

* ARM HEITTLIXIRE AL 1000 MENSIEE. 320 %
£, BEMWEZEMIFNN RXAEE 20K, FEFLE
N, CHEIRTE T RN

R * BRFISAEITAIESE (4 ARMVS )
BITREHRE. @itEH.

ghEsEIEy o {R{ RTL X85, MBI, ErFalE
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%iiéligﬁ.ét*g é R © DIEEHRER ARM i@iHIFAOSMBERAEY, FEIERE

(POP) BRI #HITE,
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8EH5 916

ZIFZ AN ARM &
B33

32 1%, 2.4 GHz 47

SPECint f4sELEC L R his, IHEEE
75 W

4% 4 1&i5 DDR4 #5523

5245 PCl-e 3.0 #1 SAS/SATA 3.0
SERiiRE GE/10 GE 4

1% 2 BREEE

M 920

7nm Hi2, #HiEFO ARM &

HEEHRA 15, S 6a 1%

SPECint t$EEIRH T 2 {5
RfFEESRA 1 (&, ¥ 8iEiE DDR4
A Frd
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SERkiRE 100 GE RSN, E4ahniEs|

8%
5

32§52 HREk 4 IR EEX
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FE5

* 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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