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HE A 2| AlUH (parallelism)

o P=2ZRH=ZEEA:CPU, HEZ2,I/0=2= A0 HE

o cf. “latency hiding”: CPU2t 1/102t EE & 0| &
o =AMl (2005): LiLt=2 AHEH E= (€2 HE-Z0HE EAL
o =1+ ZHEIDO HE AAHE

S Wl (20187): 2012 BIXl =2 (S| HIEC ERHXAL 4 2
o SIS MY AAH (BISYUN JI2T|, AllloTE |8t



= A& 2] AlTH (concurrency)

o HEAMH:(HH A
o N4 BH7E =&IIsst &
o 0:CPU, GPU, H 22!, GIOIEtH Ol A, HIOIEIAIE, ...

o HEAMH::AlM =2

20| AZ0I2HE PO10F 2 b

o O: @AHH 410t cache At 1JH, DBAI B 1JH
o ZAZ1:0d K37

o HR20E ZRE +TIIsE A2
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SsAd Ak sAld AdEs Fo4E

o HE:SAE A& AIESH)| HAS
o Ol7:0d &2 MOI0l 22=E2X80 8284

o (O: Al HIE2 (UHE AdEJ SAIN HIEZ2I0 &0 M.

o SAHRNERE U2 YZILS 52
o II: AL Uoh & ST &M ALE Jts

e 0l: =Ald queue, B-tree, hash table, LSM tree, ...



S MEAXl L2 =& =X

Ml Xl = -
1. Thread A pops 42 by detaching it

f_l

Head® ® — 37 — 1L

, 2. Thread A frees 427
3. Thread B may deref 42, causing use-after-free

thread B

ﬂJIO

Lesson: should wait for the other threads before freeing




HZ2c2 =& M2 JIE ol 2

o
oH:

OIHE 2 free 0| = JI (pointer-based reclamaation, PBR)
Thread BJt 42E freedt Xl Z0tZ 2t

==
T T/

o ANUE =2 free 0| =] (epoch-based reclamation, EBR)
o Thread B2 HANAN E2et E= 25 freeot Xl 202t F&

QSBR, QSense, HPMB, Free Access, Snowflake
o B5 freedotAl Z0t&ctl) 2

o SEZI A2 S0t free

ol

o dEoi= dEM=0 =X WX RIS
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Figure 8. Throughput (million operations per second) for varying number of threads
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Figure 9. Peak memory usage for varying number of threads (Note: we will buy extra pages and enlarge figures, if allowed)
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PBR: L OIH & £ free 0| 2|

EBR: AILHE 2 free 0| 27|
PEBR: ZQIEH/AICHE £ free 0| =)

Head —

42

&iot= MIJHAl &85

— 37

—> 1



LOIHE Z free 0| =] (Pointer-based reclamation)

e OIOICIOI1: =0 &Z20ot)| &0l == freeotk| 22t 22| €&
e // “ptr points to the block to access.

protect(ptr); // (simplified)

next = ptr.next; // dereferencing "ptr’

e OlOICIN 2: freedct= CHA! freelisttl € 0 LIS Ol free
e // 'node’ is detached and to be freed.
reclaim(node); // freeing node’ when not protected

o =Xl: protectE THOICH HIM 2{D[-MJ| S|t



MU E 2 free 0| = | (Epoch-based reclamation)

o OH&E: 0 EZ2= otLtel =l (critical section)Z SHA =13t HlE 2
o Ct2[0ICH AlCH(epoch) £, et AMILHUHIAM &2et 2= === freeot Al 2t
Ol-al

B(0) — R(b) —— E(0)  B(2) — —D(b) — E(2)

/ N/ \

G(0) > G(1) > G(3) > G(4)

\ /\

B(1) — D(b) — E(1)  B(3) — F(b)
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LOIH/ANUE 2 free 0| =] (PEBR)

e EBRXE =
e PBRXE &2
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B(0) — R(b) —— E(0) B(2) — —=P(b) — E(2)

/ \/ \

G(0) —— G(1) ——— G(2

) —— G(3) ———— G(4) ———— G(5)

G(10) — G(11)

-

B(1) — | P(b) | — | E(1) B(3) — | =F(b) | — E(3) P(b)|— |E(8)| B(10) — [F(b)
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=2: M CHOIR S okl IULL..

o (2014-3TH) AMAY 2=0f A

e (2015)SAIHd T2 ] 0f 24
o (2015-2016) SAl4 Als8o|0|0F 2. M2|... (POPL 2017)

o (2016-71H) D22l =& Mol 4. ct0lEH el &2l... (Crossbeam)
e (2017-2018) 2&5t RetE ==2 MOtst=dl...
e (2018-M)PEBR Z12|& 1, ot ), al&ot, AEel A&

e Lesson: ¢i71= XIS U HI2=1 GHAL
Research is what I'm doing when | don't know what I'm doing---Wernher von Braun



=3: SEH M2 AL

o SANd Z= 182 UHF BIZ2EE50[ck ZH =

o H_l..BH_1.. BH_].
A, B, C O1AI0I& & =l=0l D HAIOIA B D

o 1008 ScM 18 H L=
o HE =0 = A= AW HIAE 2221 XNE0| US

o Lesson: AFH 20A XaIS
system. Practically, to get confidence in our implementation

we performed stress testing using harsh parameters (e.g
ejecting the other threads for every 8 critical sections) and

LLVM AddressSanitizer [45].
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A 2A.






