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<Insert & T8 U segmentation fault 29!
" lab2_node_insert_cg "&t4=2t " lab2_node_insert_fg " &S F8SH7| 2510
gt=E HAN AAHSIYULCE siY &8 37K 7|s2E Li+H O3 20}

Insert &

1. TreeQ| REO0| OFFH LETJt Qle7t &olst AR

in

2. new nodeE 92 EZ|Q X[} LEE XE= HIER

new_nodeE %[5} LE9| left / rightS E2X| Hole ZUE

w

O|2{gt =MO| %30 3Tt  lab2_node_insert * 2| Y N2|F2 0|5t Z Lt

—

ja->right

[—1 root=root->left

root=root->right]

<Insert g9 ¥12E >

O|EA insertet+E HIAIZCE siY &+E “lab2_node_insert_cg “&5=2} " lab2_node_insert_fg"

=T
Ol= SYSHAH &0 segmentation faultZt Y E[=X| 2QI5t= ES AHRMECE
dku-o0s-2020@dkuos2020-VirtualBox:- cS ./lab2z_bst -t 1600000 -c 10000000

Multi thread coarse-grained BST 1insert exparlment =

Experiment info
test node : 100600000
test threads : 1000000
execution time : 4.363387 seconds

BST inorder iteration result :
total node count : 10000000

Segmentation fault (core dumped)
dku-os-2020@dkuos2020-VirtualBox:

< insert 2| segemenation fault >



insertgt =2 52E 255 YMAIZ|7| f6t0 threadES 1,000,0007, nodeES 10,000,000 % %}
of dlsh 20 fluk 22 ZUE oL + AUCE O|F A Segmentation faulte LE=S =0

o
)
SHALE JZOE o= BE0AM g EH7F 25t ALt

< 0| B20|M segmentation faultZ} 'LAMEt7}t >

HE|AME Z2IMO0| 7HX|= EMAEL Lol AYHEJ 'BROOIE'E 10 ZHE oA =
Ct= ZAO|Ct R2|= Olst 2HE dHZSH7| 8N critical section® atomicStA BHES7Lt lockS

20 SHEA 7=t AIZIE

AF7| R Lh= e MMM E (1) critical sectionS &1, S critical section®| &K |0

HE QL 22E=7 ZHEE oX|7t A=A ooty 27t AT Y25t

parent
(t

temp = temp->right;

%rax, 0!38(1rbp}
—0x4@(nrbp),
Ox38(%rax) . %
-Ox50(%rbp
Ox38(%rax),%eax
cmp %eax ,%edx
: jne 340 <lab2_node_insert_fg+0xe6f>
i mov SOXFFFfffff,%eax
1. Tempst imp 3a4 _<lab2 node insert fg+0xd3>

nows nadaOl LauZt G mov -0x40(%rbp) ,%rax
: mov Ox38(%rax) ,%edx
mov -0x50(%rbp) ,%rax
mov Ox38(%rax).%eax
cmp meax %edx

—0x4@(%rbp) %rax
mov @xzs(«rax) #rax

40 30
45 c@
7d co 08

< bst.o I (insert&=2| 2H I'.PE;) >

1o AEI2 insertgfsof LRI 2 POl O] E2|0fE 72 AO|Ch
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< Insert_fine_grained >

< insert_fine_grained >

nlock

‘Parent_node-skey
new_node->kay.

parent_node->right

[ root=root->left = new_node

root=root->right parent_node->left
= new_nade

]|
——ICK

END

< lab2_node_insert_fgo| &¢1nz2|&F >
Q= "lab2_node_insert_fg" ¥1n2|F2| lock| & 1HYO|Ct
fOIM =&3t AES2 0|83t

"

root=root->left / root=root->right / parent_node->right=new_node / parent_node-

>left=new_node / tree->root=new_node * IO lockO] ERsICtT LHCHS0 7|38 EE S|

. QUCt AZ20| %A critical sectionS O
S| 2E2|5tH EFol ARt 22

o =
X2 FHES B0F XD lockl]

=
>
o

unlock®| 7H==7} pairg& O|FX|

SX7t M2 +E UCHD ZHEHS

EP | |parent_node-sright

root->key >
Y = new_node

new_node_key

—{ root=root->left

4 o
Ot
mo rg@

A
=]

ol =7 =l pairg O|F4 ot 2t
o ™ -
- ze FxE THHACL
—— WTiCK

END




< Insert_coarse_grained>

< insert_coarse_grained >

root-skey ==
new_noda_kay

narent. node-sright

—1 root=root->left new_node->key = new_node

root=root->right| parent_node->left
= new_node

unlock

< lab2_node_insert cg®| ¥12|&F >

ToAIEOICE 7|3t ZH7F WIX| UEF

HNEEH lockg &7t 2|8 & I unlocke 3t= LA 2E coarse graing TFSHRACE AMA

|%—71| coarse graing 7Y Al single thread2 MU S Mt & Xt0o|7t AUS & HE, 235|H
7

o
A=
lockdt unlocke 2 Qs ZEDR O S0l AHAIZI0]  50{d AO|2tar 2ot

-?-l% “lab2_node_insert_cg” ¥12|E2| locke]
.I
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|0 20| coarse grained?| &%, NSFH E7tA| HBLEES EFSIYU7| WZ0, single thread
tCOHE Al 8leM 23|23 code?t O ZOX HEA[ZHO]

[ARALE. Fine grained?| AL, =E9| 7t = =
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I 100,000,000 ME AMAGE
X2t single / cg / fg 742 2 O= HO{E ZO|2tn M ZfstC}

>
Mo

Multi thread single thread BST 1insert experiment

Experiment info
test node : 10000000
test threads : 4
execution time : 19.924189 seconds

BST inorder iteration result :
total node count : 10660000

Multi thread coarse-grained BST 1insert experiment

Experiment info
test node : 10000000
test threads HE |
execution time 1 27.433291 seconds

BST inorder iteration result :
total node count : 10000080

Multi thread fine-grained BST insert experiment

Experiment info
test node : 10000080
test threads : 4
execution time : B8.504079 seconds

BST inorder iteration result :
total node count : 10000000

< ¥ oA

< Discussion >
- Segmentation EMFT

Segmentaiton fault7t YOjLt= A Z=9| HEXHCZ YojLtz 2F UM, delete®t=0i H|5}0]
SHOOIEQl &EIF =7t MojAM A7X| insertZt =25 E segementation faultE LMA|I7| =0
Of2{ 20| UARUCE (HYst= 2 ELQ 2 LEO| #5 W5 sE8Al Z2MATL killed?t &Y
St =0 “ dmesg | grep -E -1 -B100 ‘killed process’ "B@HAHE S5t0] ZEZ A A9 FLHIQIS mel

b ASE €A EIRUALCH

-

mot

==

- ojdEalof sy

o 289 ALY Xt BREZF 2dEH2E 2dsts 82 o2 22 + A7 ME0 o



| ofd=2[07} Of% X4
got=H RHE 0{HF0|

UALE. AHUXZ S O 6F7|°I AMABZ20d AESS 105t siMqotRALt. o E2of
o

T
)
i=]
i
m
2t
ie]
T
1]
[n
g
_l_
Mo
=
N
utn
>
30
rir
Pl
ot
>
>
Ok
N
H>
3Q
rir
i

or
m[n
mjo
1

| [
S 2O =7 "2 ofdS2oo M EeEa =HE 50| THESY| &7 WE jne S 2
EE 7|E2= Topof LIOH7HH W7t mopstinkt st £ g4 #E2 + UAt= A OIRALE

Ngez ZsEE AT A7l Mo 2 o430 AUJULCE ASHES commit H
branch®| 7HEE O[sHst=2} CtA O]HZ20| AJU2H, commitE CHEH XS 2 %3'7(17é*i01|
XMEO| &l= Z0| OtL M local MEALL AAXNYAI FEE= AMMI O 22 H{EA &
Exloﬂ CHBH A ot Ofsfiet == RUA ZIRUALCE jys 2h= branchE Mot =, CHA| Y Z2E clone2

HAAED jys branche ZHH2X| &2 %H, master branchZt cloneS t0] L7} 28I E I =
23 7}7(19_ A LO{SHRAUCH EDH commitS St E EF timelineO| SEX| g0t 0|8 11
X2 ull% MG RACH7L ZHEStE FEI 25 HOM Hels Y £ YUSHAUCE Cin

Udsh=0 ofe Eottte AE =ZCh

_?l

n

<
i)
Ho
ruln
o
39
Ral
g
om
o
k4
my
o
[El
Hu
Jé
ru|ru



1. MutexES AE5HX| = 322 X &4
- gMsE oF

double free or corruption

Segmentation fault

Figure 1. Without mutex

- double free or corruption2| 04|
=]
T2 @
“ qARIzES] ¥8

P: xtajo] gie k£

Q AEE XA0] Q= CHULEZ AMXSt= AEO|CH o2 S0 {9 E2[M3H 7| Zto| 3¢l
AHAOl gl Y =EE AMASiCtn 7HYSHH, @ ZEQF Z0| A™MECH A T1 AL ifFE
of B LLE(q)2 |Z0| A =E(p) QA =2elstn FHL-EQ| AFZ & ECh d2[1 Ofj
20| LiMAZ T10] MEEID 1271 ZIMECHD 7PESHH if20lM F2 (g2l |Z0| 44X =E(p)
7b Ol =HQISHA EICH A= QEZRO =7t HAL0 JAZL2=E QX|stn AdS A =t

2| ofmf AHHZhA FHECHH T2 F EQo] A

R O iMANES B2
2 BAS0 T lab2_node_delete(p)ofl 2lsll, p7t Zt2|7]& 39|

22 E gtastA Eloh AL AZHO| 28] T10| CHA| 27|&
Z|0f lab2_node_delete(p)E & SHCHH 0|0| HHHEl Xj2I0l pE
CHAl ot o gtgdteis A0 2|8 double free or corruption

P: xtajo] gl v
ol 2|7 L MstA ElCh.

Figure 3. 3C $¥<
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- Segmentation fault2| G|A|
T2
« P xtajo] gol X

(2 ()
ONO)

2 ZEQ Z0| XA O] 20 EO| ANE THISHEAL. HX FIHO| AYHE F T10] AHE
AHE SEQ 100 CHAIE 7442l F MEE
e CiME g2l 128 &1 FIHNQ ZHAZ ol 7t2I7|EH ming AHK|ISHO Of2ff Figure 5

o #2 E2| ¢Ef7t = AL

min: CHA|E 2t

2lof #|aztel 128 #3 MYEQUCH 1 0 T27t

CHAl T10] AHEEZY &SHA ECHH A min2 AR o HEE ojze 3248 &Xsta
AL, min->right, min->key 52| A4t2 tA E ZS Segmentation faultZ7t ‘&850 T2 120|
TEL[A EC

« P: xtajo] 9 AY| L E

ONO

T
min: CHA|E 2
Figure 5. 4H g 0|



2. MutexE A28 42
Ao A Zelst EXS0| 2lsi Multi thread &2H0AME=

At&dHofetet. of2f OfO|X|= locks O|&dt

of &= HiX7I 285 = OfTl M E2[o Zd Zif
Ot o7} glo] SNz 4d s e + ALY

Multi thread coarse-grained BST delete experiment

Experiment info
test node : 100000
test threads 1 4

; XFoi
execution time : 0.013671 seconds Remove Xg

BST inorder iteration result :
total node count : 100000

Figure 6. With Mutex. Coarse-grained Lock2 5% concurrent BST

remove 24 ¥ 0| lock/unlocke BHiX|SI AZE T10| removesS A FO|2tH CHE A
E= dA Gl ol A Eglof M2 = UA =Ch T10] Y2 0K unlockS SHA &
42 1271 EClof E2g = /UA =Lt

: a8
S

5 |« qiadrcce ge

Figure 7. coarse-grained lock2| =As}

3. Fine-grained lock1} Coarse-grained lock?| ‘d& H|&

- M5 HE W

=E 1077001 CHSHA 25 APK|SEH

-8

or

=
2y

i

M

1) coarse grained lockd} fine grained lock =& A| &

HI

2) =71 24, VirtualBox Core 7= Bi3t0f| [E fine grained lock?| &5 H|W

3) F7I &4, MultithreadedO| A coarse-grained lockO| fine-grained-lock ®Ct &

rlo
N




1) coarse grained lockd} fine grained lock 4|
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50
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sec 35 e
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25 —
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e cOarse-grained fine-grained

* Coarse-grained lock?| £

Coarse-grained locke| A MY E It ZT7rof et Mt =A|ZH0] S0{%tCt Coarse-
grained2| B2 AMEY lockO| remove 24 TH|O| HEE|O] HBHo=Z +HECE MatA Az

=2 1— [
E 7} 37V 5 context switchOf| CHSH 25171 ™ HZE A2 EOQICE

i

* Fine-grained lock2| &4

Fine-grained lock®| 8¢ MY E 7t S7r0f Wet +HAZH0] SOSLH7F 48 7|[H2E 54
5 450| AotE|ct 24 F+HAZ0] FEOE O|FE lockO] ERoH £ Z2{ U0 lock
N

contention0| X 7| 20| MXt M50| Z0tXl ZHoZ HOlIC}

J2|3, 4 0|32 F20| 450| MotE 0|RE 4% BH(HYOIMY 2
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ro
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* Coarse-grained lock3} Fine-grained lock2| H|it

M MY E 7t 1Y Of coarse-grained lock2| H&0| 1089 A|ZH0A
coarse-grained lock?| A% lab2_cg_remove_node &0|A lock/unlockO| Tt ot &8t EXY3}7|
20f lockOll olgt B8t7F X X[ fine-grained?| ALY M E=7F 174 LW &
of =AM 3 E|7| I{E0|2t1 MAUBICL F, lockS Fot7F 27| HEof LMst Zntz FHst
Ct.

MY E £7F HA S7H6IEH lock/unlockl] HESHECE lock contentionO] O F
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2) 7 4. VirtualBox Core 7l H3}0] [ME fine grained lock| ‘45 Hlt

UM ol ADO|M thread 47t 4L fine grained locke| 4&0| X|/H0| Tj1 1 0|22 H&

O] 243| LiR=06 1 /S 7t il core 0N &S = AUCL

O : Coarse-grained lockOl Al A& £=3A|ZHOl MEE £ O : Fine-grained lockOll A %[z =RUA|ZHOl M E 2=

2 cores : : =
e threads fine-grained  coarse-grained

25 1 27.156488 23.156487

20 2 17.954887 28.545412

©) ® 3 . 3 23.667506 26.945012
4

25.585008 26.889652

— fine-grained

coarse-grained

threads fine-grained coarse-grained

3 cores

. 1 29.816515 23.448973
3 2 24661112 25.456771
28 >§/: 3 20.751385 24.342862
ol . O . i 4 28.621171 26.17454

S == S—— 5 27.621616 25.408336

4 cores threads fine-grained coarse-grained

% 1 39.867728 25.166432
. 2 25.382731 28.189205
- 3 24.90219 25.845125
25 4 23.631353 28654881
N O @ ¢ 8 41.150175 33.90343

S RE—— 16 47.681591 36.275095

Figure 8. 30| = Hs}of| 2 HEA|ZH #S}

o] mot J2jmE EM coarse-grained lockl| 2<% A0 0| A Q0| MY E 7 1Y M}
XHNol M52 ERLCtE Ol MY E 7t HOLE == |ock contention S context switch?| F£5}7t

S7rot0] LtEfH Zatz =Holct

|_

fine-grained locke| @9 TOl =2} My E £It ZZ M %X d52 ERCL Ol A E
7t 30] O|MCZ HOIE =E context switchO| 2|8t £38}7F HX|1 cache affinitydl| 2|t ZX|

= S Aol2t FHEL



3) F7I M. Multithreadedd| A coarse-grained lockO| fine-grained-lock 2Ct 2 AL

oM A

mn

= oM5te WEOM FIHHo=z EO0[oh Al S ZHY & U/ULL XY E 7t 2
2 [ 7t= coarse-grained lockO| fine-grained lock2Ct £2 42 E Lt Single-thread?t Of Ll
Multi-threaded 40|l M & fine-grained lockO| &4 d50| 2 A0|2} O FL[Y=0| 0|t CHE

2Lt

et 22 AWVt 42 Olfgs IA FHXE 2 = UAS A 20 HEWE 4o =HE2
context switch7t A& Ldlste &I lab2_bst T2 M A 0]2[0f CHE T2 A A7F BHO| 7|
0] =8 Ao IS & 42 FHMZ lock/unlock® £37F multi-threaded2 21+ A
ShAMELC O 2 427t 2 5 Ch HHEZ UNLV(University of Nevada, Las Vegas)2| Edward R.
Jorgensen w==7F 2ot =31 O 119W|0|X| LHEO| =D, fine-grained lock2| B% AEE
7t M2 M coarse-grained lockd| H|3§ d&0| Lt I O|f= fine-grained lock2|
lock/unlockOf 2let QHFHEZ O 27| EO0[RUCE D22 A2 E 7 BOPY HA =
42, fine-grained lockZt coarse-grained lockOfl H|d &0 ZOIX|A ElCte ZME E&E
O|Ct. HIE 9 =229 E% XEFZE7} Self-balancing binary search treeO| 11, search, insert, remove
7t A0 HESH HE2 $dE= ZRE 7PEJX[C YLt binary search treed| M= Fol0/g A

o= F=grh

olr

N

F

[ial
L)
Ho md Ho >

i

Discussion

- Binary Search Tree T3

P 7IZH2 2 BSTZF T#RIE[0 ACOF H7| ME0f A Xtz AlZHO| 0|8t AEE £
1 CiA| O|EStRICt. ofX|2F CRA| 2o 2L O Zdot I =T 2tHot IEJF OfLRA, O]
Fgot=Ho < otF S5 XA E[ACE E2HE2 rootdf CHe KIS L2{5HX| REOtA Aot
=X ACt.

- Coarse grained remove T3

O Teldt=Hol= AA OEX LACL Z20M HIZ2 A HME remove o 250

lock/unlock= HiXIA|Z| 2 HES| ZEE =75t lock/unlockO| pair?t Z|A 340 Bk 2HX|S}

ALt

1 “Coarse-Grained, Fine-Grained, and Lock-Free Concurrency Approaches for Self-Balancing B-Tree”

https://digitalscholarship.unlv.edu/cgi/viewcontent.cgi?article=4733&context=thesesdissertations




- Fine grained remove 8

Z7|0l= treeTH|Of THSH lockes T= HALE 2EHAst IE FE0 mutexES AFESHR| AU
Cf &M =" 2L coarse-grained lockat Ch A O|=™E OfAtst Za}

t =
ALt 95 HRE PN =E TRl mutex/t X020 420 S UL,

Ol =E EHR9| lockS HHEHSHA=

= o[} REL of27 B0l 7| A
3§oz +¥E7|T Wt

CHSolle 23S HH0l EE EMSi= 280 CHs{AMTE E2| T2 lockS ZRUALCE O 7|A
OrFEst E0|H™0| oF 1002t S £MMdlE SO segmentation fault7t $HHE SHAMSIX] UQtctE
O|Ch CFEH SEVHO| YR L= AMH| E|X| 40 HOFJURULCE 1000072 LE AHE +HSIH H
o 99987H2| L E7F AMMED 274 HEIH HRUACE O|F FIIE AN E FAE B+ R0k

AE AT MLt 2= HIHUCE (o2 LY 2 FHESHE A7t S E ‘search’ branch?0f|

= OFRUL)

- Coarse grained remove?} Fine grained remove2| H|ul

Fine grained removel ZX7t AX|Z F 7 LHSHA| pfa HE MM E 2T FSoH0

Coarse-grained remove?t H|m7} 7tSsHRCE.

4 HEY LE 5 f= Ho 22US otRALE 10722 ZFoHA & OlFE context switch
7b 10msOtCh 2ASHA E=0 =& 7t 107 LM 28 +YAIZH0] 20~50= 9|2 Lttt 0|
=

HNHME A E =71 10[2 LE7F 1077HY ER2 27350 H Lotk o7 d2fst ALt
o JHtCho] Zu7t LtEtLEA E|&=0, fine-grained remove?t 23|82 H&0| QtEA Lt2 ZO|Ct
7|Z£0]= fine-grained lockO| coarse-grained lockOf H|sH Hs0| £2 Z=2 a&37[0| 0|2 Qld|
SOl WEX|A E|RACE A Of2fet Zut7t LIEtH =X HE sadM 45 =22 HotEC 9 o
s BM0M AZTH “Coarse-Grained, Fine-Grained, and Lock-Free Concurrency Approaches for

Self-Balancing B-Tree"O| A 2f7to| SIEE 2E = URULCL

2 https://github.com/Gongcu/lab2_sync/tree/search
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