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s o2 Foll g & olsi7t 2 Aot} Iy =R|Fe2E 7MsH(dRE L R)
CPU 2AIEY (FA A 22) o UF Fio] T = 2ol o AFsitt, 183 A5
SAeE FERlel |4 eE AL ddH o] Beole Y F HA FiEol 3

Zrol "iol8 9] &, Lejal st=glo] A ARE WA (o], 1' 13.1) ol A 24
atol7h WAt 2= o] HAIE MNEH BT R = st FAIAQ W&
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Qato] A|eAEl7] Wlgo] AA AT §7 EAS DA B WET Let AR
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1 typedef struct __Node_t {

2 int value;

3 struct __Node_t *next;

4 } Node_t;

5

6 1int List_Pop () {

7 Node_t *tmp = head; // O|X headZ 7|Y. ..
8 int value = head—>value; // ... #z 7|Y

9 head = head—>next; // head ZC}2 HOIEIZ 0|=
10 free (tmp) ; // O|F head 3HA|

11 return value; // head?9| gt= dtst

(19 13.3) 743t 2| 2EQ| XA =

TE Qzte] B, ZE7F 1Y 13,30
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=& 232 Fock) & ARSI FHIEA FASHES e Aol o] B¢

Fst mutexE 51l (9, pthread_mutex_t m;) FE9] A|Z+of lock (&m),
utAgto] unlock (&m) < F7FotH FA1E S22 4= ot & AR, ol HT
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HE|Z2A|A FHA] 2AE oA o mhA]e) A2 7JA] F3HY (cache affinity) o]t}
Ad-e 7tdsict, CPUOA AdE o Z2A A sy CPU 7419 TLBo| Abgst
Fol e AEE &9 A Hrh o ¥lo] ZRAAV A¥E o) FA3 CPUA
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CPU 0 (ghs)
CPU 1 (ghe) |
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CPU 3 ﬂ ¢ (g
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o] Wjol K AXE D7HX o] 2hele Zhzt ApAle] LA AeA AR ©
Eyto] shife] maAl Aol ThE ZEAAR o|Fa 19A FomM frE
2helol 7] MBS HEshaL olrk, tholis ThE 2ele o] FAAA AFo] Ao
AR P U ek Aef olefT e ol BYHY 4 sl
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MQMS®IA 7)1 549 2% a9
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CPU 0
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Ay AE: gazs BRFel A WY
Ashe 27159 BAL o F DY S Q] stol, Pel F BZRAA 24
Pt YARE BRY BAS o9 AT 5 UL

of Aol Y FAT T AU ol AR o[ FAIE Rolek. felt o] 7]
£ o|F(migration) 21 22tk 292 3 CPUAA BE CPUR o] A Y024
YARE FYS T,

F o B o] 9fste] B b ol MEE A, thA| B, shte] CPUL

S Aol hE CPUL 9 219S 7b 3 gleka sk,
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o] A% ofgA| o] FA| Aok H=A| ol35y] Hth, LAMAL B £ D F shtE
CPU 0& o] 4171t} of gt o] 2ol o] %2 AR Er} g8 ol §x ukst
a7 e},

% © 7hthe A9 1 o] ool 4 WA, At B4 CPU 0o 91313 B} D
= CPU 104 zho} Alsa 1ol

0 —® «~@-@

S gk o] o] Fpto R EAVL AR A Gtk FAE dfoF A7 g
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< o]Fdt= Aotk ™A Aol A= CPU 09

=2} 913l B2} D= CPU 104 Wizho} Aaiw| a1 Qlek H W o] ElY] &elo]~ & B
0= o]F=sto] Aot FAgt}, 152t D= CPU 1914 9 7§ 9] Efel &efo]2 53t

a2 AE), web Yasce] #io] g Het

cuo A/AJAJA/B A/B/A/B/B/ BB

° ZAT 2eu Ao o e B
ol50] M o] oA AFEUTN? T 71X 7| RAQ) A WAL 2] FH7] (work
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7FA 2

B2 olugt Aol AN e BAVE Atk #E UR A5 dAsA He e
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13.6 Linux BE|ZZAA A2FA1EY

Linux AFH ¥ = DE| Z2AA AAIEHE 13 TrUdshe W2]o] 28R Aeith,
Al 7FA] 2A1EE7F 54T O(1) 2A1E8, Completely Fair Scheduler(CFS) ¥ BF
27|18 (BFS) 7P b2 azlolth Adgst AAE e AHT T T3t SFe
NeE HH Meehean 9] H9] =& [Meell] Fr25HA| 2, 7] ofo|t]o] o] o F
fopaT

o
jus

O(1) 7 CFS& e 72, BFSE &Y 78 ALg3h7] B F 44 wF 4
A2gol N 4BHOR AET & Urks AL Holw Yt BE, of 2AEHE
TR O B BF 7IEE] 24U o B, 0(1) 2AFHE $4EY
14k 2% 2] 24 (0] 3=SIH MLFQSE 514D A8l 44915 Azbol w2}

bol SA29I7k 7HY 2 %S Aejstol Gofet 84S WSAIT, 53, 45

>R

s ,
22 71 A A] gk, HhHo) CFS+ 2424 (deteministic) H]#H ¥l & (proportional
share) HfAlo|t} (Kol =93 H BE AAIEF ol 7H7hg). BFS+= Al FollA Fdgt
o F HWAlo|n E=5F vl e E HWAlo|th 18U Earliest Eligible Virtual Deadline
First(EEVDF) [SA96]2tx otejzl o Eagt WAlo] 7|ue o, o] e =S
QoA 2z Shash] sttt oldls AAEY dnelEel o gA Bk
olal|g 4=~ 9J-& Ao|t},

T OR=

13,7 K9F

Skt o] me A LAY S dringe, 9o 4 SOMS) & el

Folsky YaR=e] B BR7] FOISHAT B ARl ZRA Mol et 3

A Aspgol ) ey, e F w4 (MQMS)2 2ol F AN Wshe 2
ol

HelahAn YR BRG] BAE 9T TH| BT oW YL YIEX]
5% BE ST CPU AAFAE A4R 2 2402 A8l Shol 4L

=

7] af ol mE 9ol o & FAshs WE AAEEE T A - of
Holo] 5l 20| 71AL AFE AEs] ot QAL

W A =3 = uhsloh
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[And90] “The Performance of Spin Lock Alternatives for Shared-Memory
Multiprocessors”

Thomas E, Anderson

IEEE TPDS Volume 1:1, January 1990

o] 7Y Eo] Aup} P S Zeo] Bet RAH el =B, ALHD YEYDL HopolA
o> X F sk A722FQl Tom Anderson«] =, W EF SFAA wAY] AAeks AE
7] o2,

[Boy+10] “An Analysis of Linux Scalability to Many Cores”

Silas Boyd-Wickizer, Austin T, Clements, Yandong Mao, Aleksey Pesterev, Robert Morris
M. Frans Kaashoek, and Nickolai Zeldovich

0OSDI ’10, Vancouwver, Canada, October 2010

WEZO|E LinuaE SGA7E oleio] tiet 58 e =i,

[CSGY9] “Parallel Computer Architecture: A Hardware/Software Approach”
David E, Culler, Jaswinder Pal Singh, and Anoop Gupta

Morgan Kaufmann, 1999

Wel A AR} o 2| o) A4 g0l A A o wEZE F. Mark Hillo] EX0) o487
0140 ik gro] ofstite] Gt B g G e 2

[FLR88] “The Implementation of the Cilk-5 Multithreaded Language”

Matteo Frigo, Charles E, Leiserson, and Keith Randall

PLDI ’98, Montreal, Canada, June 1998

Cilk= g ¢1o]o|xF Wd Z 235 2Hgslr] ek elelelo]al, 2k F2|7] se]tpelo] F&
Atgo]dt,

[Goo83]  “Using Cache Memory To Reduce Processor-Memory Traffic”
James R, Goodman

ISCA ’83, Stockholm, Sweden, June 1983

H A AR AREo Bl 5 B0 YEL s 20 FE T]E A A dHY ZRES
F3l= W o #s A1l =&, Goodman©] Wisconsinof 4] &eF 2315 2ko] ¢4
Felgez 715 2 glon o] =itk Al g2 3fLf,

[Meell] “Towards Transparent CPU Scheduling”

Joseph T, Meehean

Doctoral Dissertation at University of Wisconsin-Madison, 2011

| Linuz 2] WE|Z2AJA XA Z7 0] ofBA FRSR=X]F AAISHA tFF= 9] = i+
teket] >el7F Joe o F& A Eilg=o]7] il ok HIFH S 7 Uk

[SHW11] “A Primer on Memory Consistency and Cache Coherence”

Daniel J, Sorin, Mark D, Hill, and David A, Wood

Synthests Lectures in Computer Architecture, Morgan and Claypool Publishers, May 2011
w2 e] g up W Z2AA Ao Hel Hare] g, oAgE FAo #aj 5 @o] ¢l
Hofdl= AFES 93 5 =7,

[SA96] “Earliest Eligible Virtual Deadline First: A Flexible and Accurate
Mechanism for Proportional Share Resource Allocation”

Ton Stoica and Hussein Abdel-Wahab

Technical Report TR-95-22, Old Dominion University, 1996
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