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X implies Conflueqt!y persistent



| et's look st this from an
a\\c)oriﬂ'\ms 2( aata gtructures pefSPec‘tive



‘Hﬂf QQ“WGY Yecursive mer 89_ [Git]

merge ([2], 1)




‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

T

*

¢

?
merge,(é:,v )




'Hf\( QQ“WQ_)L Yecursive mer SQ [Git]

lowest
‘ cCommon.
d | ancestor

merge (



‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

|0n3es’c COMMON lowest
§_\_)__Lseo6uence, | A Common.
\( (het Contisuous) ancestor

kes (3,_Ej> fes([3],
On
NH)

merge (

QN

)

’o'w >—o—




‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

|0n3es’c COMMON lowest
§_\_)__Lseo6uence, | A Common.
\( (het Contisuous) ancestor

tes ([13)) fes([3 ][5
3y

|

CONFLICT




‘Hﬂf ee—way Yecursive mer SQ [Git]
1

Al A2

corfluent
pers istence

M1 M2

Q
|
merge ([2], 1)



‘Hﬂf EQ“WGY Yecursive. mer SQ [Git]

e b

confluent merge (A, A2)
pers istence

[

makes this ‘Aefo\!

mege ([2], [2])




‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

requ'\res O(Y\\@ time 3nd the
entife h'\S’\’Oly 010 3 document

(where Kk is the number of
recursive Calls —usvally k=1)



‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

requ'\res O(Y\\@ time 3nd the
entife |’\'\S’\’01y 010 3 document

(where Kk is the number of
recursive Calls —usvally k=1)

not too badl in practice, but...



‘Hﬂf EQ“WGY Yecursive mer SQ [Git]

—it's not asymptolleally optimal
Should be cheaper when Aocunenls Similar

— can e a problem with large documedts
both Merge F' h'\s'lpry IS expensive

— may be inTlexible
m\/ Wa)’ (,ch) of the h\g\«\ uay.’



blame trees

Merge. Yequires O(2 " log|S| + conflicts)  Fipme

Se sharedms'\ ons

USmS) 3 Structured documedt repfesen'la’dof\

(wi‘tk ang vO upo\ate / delete / insert)



blame trees

Merge. Yequires O(Z'osslf\’rcmﬂic’%) time
USW\‘\") 3 (Structured. document rep@

"

(wi‘tk ang vO upo\ate / delete / insert)



Abstract the Problem

My
WADS 2013

Submissien

Alyssa P. Hacke
Bea Bitaiddle

sequence of characlers
model of VCS merge



Absteact the Problem
My
WADS 2013
i Q/)b

sequence of characters sorted associative map
model of VCS merge




Abstract the Problem
[Oietz '87]

My
\g/AES‘ 2013
VoM| 8810/
e | ™

be'LWee(\ (k1) kZ) = k12
st. Ky <kgp A Kga 2K,

sequence of characters sorted associative map
model of VCS merge keys: line “numbec”



Abstract the Problem

M — ,
WADS 2073 Bt
Submission ﬂ
- Sitivad
= My = |
WADS 2013 \
Submission |
sequence of characters sorted associative map
model of VCS merge keys: line “numbec”

valves: fragmenis of document



Abstract the Problem

M

WXDS 2013

Submissien

Alyssa P. Hacker
Bea Bitaiddle

-

sequence of characlers
model of VCS merge

LN

SUL)MlSs.I on Ben
~_ /

Z
WADS| [Ayss] [Baiadie
N

My

5 N\
20'3 R| |Hacker

sorted associative map

keys: word. “numbel”
valves: fragmenis of document



Abstract the Problem

fonctlena)
data shuctore
|/
conflveqtly
fQ(S\s{el\‘t
Aata Tree = Node Key
valve
left
v-‘lsh't

| Leaf



Our Result

ergel K{Kz m)

O CP[ (r\ot\—s\nareA hoo\es) + Zloﬂ IS\ )

SE ghaled regions




" sharea Our Resvlt

e &@ @Kk

Sha{‘ed Y2 \OI\S
(Samo_ keys and valves)

O (1 (ronshred nodes) )+ "logSI)

SE ghaled regions




" sharea Our Resvlt

no't Shareo\
Y‘ebalanced

— /ﬁg@ &KZ

skarea\ subtrees /r\oo\es
(poter equality)

O (1 (ronshred nodes) )+ "logSI)

SE ghaled regions




7 Shafed
71 unshafed, Our Resv H;

Non-shafed subtrees /nodes

O CP{ (norx—s‘hareo\ hoo\es) + Zloa IS\ )

SE ghaled regions



| /] sShated OM'(‘ RQSU ’«E
7 Unshafed

O CP{ (norx—s‘hareo\ hoo\es) + Zloa IS\ )

SE ghaled regions



7 Shafed
71 unshafed, Our Resv H;

optim
O CP{ (norx—s‘hareo\ hoo\es) + Zloa IS\ )

S€ shated regions



7 Shafed
71 unshafed, Our Resv H:

merge( i & |

R4 ReA) R D

N

O CP{ (r\ot\—s‘hareo\ hers) + Z]oﬂ IS\ )

SE ghaled regions

9



7 shaced 03U ’
73 unshafed, O(Ar R S {:

Q (no“’ShafeA (\OAQS)

O (% (norx—s‘hareo\ hoo\es) + Zloa S|

SE ghaled regions



blame trees

requ'\r e O(Z.|03|S\+coﬂﬂic‘ts) ‘time

Se sharedfeg'\ ons

USW\:) 3 Structured documedt repfesen'la’don

how !



The |<e>' ided 1s to anndtate all sustrees With
theic last update revision (blame). The
primary technical difficulty is Q:F‘PIC'leI\H)’

identifying Shared Subtrees.




d1a89f24
~1e00c69
d1a89f24
0178feba
fd01474f
~1e00c69
~1e00c69
d1a89f24
eb146b8a
4e1a0491
~1e00c69
d1a89f24
~1e00c69
7b24b512
7b24b512
7b24b512
38ec8c67
38ec8c67

38ec8c67
R rrcR7

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang
Yang
Yang

(Erik Demaine
(Erik Demaine

(Erik Demaine
(Frik Demaine

B\a me.

2012-11-30
2012-11-28
2012-11-30
2013-05-03
2013-02-24
2012-11-28
2012-11-28
2012-11-30
2013-01-15
2013-02-24
2012-11-28
2012-11-30
2012-11-28
2012-12-13
2012-12-13
2012-12-13
2013-02-24
2013-02-24

2013-02-24
2012-07 -4

12

10:
12:

14

21:
10:
10:
12:
20:
21:
10:
12:
10:
13:
13:
13:
22:
22:

22

7)) -

:16:
41 :
16:
:39:
04:
107
41:
16:
50:
22:
41:
16:
41:
04:
04:
04:
35:
35:
:35:
K -

41

35
07
35
26
55

07
35
55
45
07
35
07
13
13
13
40
40

40
40

-0800
-0800
-0800
-0700
-0500
-0800
-0800
-0800
-0800
-0500
-0800
-0800
-0800
-0800
-0800
-0800
-0500
-0500

-0500
-O500

[
CLOWooONOUTE, WN =

N N N N N N N N N N N N N N N N N N N

S R T o B e Sy Sy
S OVWoOoO~NdNOUTES, WN R

\documentcl

\title{Blam
\author{Eri
\institute{

\usepackage
\usepackage
\usepackage
\usepackage

\newcommand

%s\newcomman
%\algloopde

% Put figur
\def\textfr
\def\topfra
\def\dhl+on



d1a89f24
~1e00c69
d1a89f24
0178feba
fd01474f
~1e00c69
~1e00c69
d1a89f24
eb146b8a
4e1a0491
~1e00c69
d1a89f24
~1e00c69
7b24b512
7b24b512
7b24b512
38ec8c67
38ec8c67

38ec8c67
R rrcR7

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang
Yang
Yang

(Erik Demaine
(Erik Demaine

(Erik Demaine
(Frik Demaine

B\a me.

2012-11-30
2012-11-28
2012-11-30
2013-05-03
2013-02-24
2012-11-28
2012-11-28
2012-11-30
2013-01-15
2013-02-24
2012-11-28
2012-11-30
2012-11-28
2012-12-13
2012-12-13
2012-12-13
2013-02-24
2013-02-24

2013-02-24
2012-07 -4

12

10:
12:

14

21:
10:
10:
12:
20:
21:
10:
12:
10:
13:
13:
13:
22:
22:

22

7)) -

:16:
41 :
16:
:39:
04:
107
41:
16:
50:
22:
41:
16:
41:
04:
04:
04:
35:
35:
:35:
K -

41

35
07
35
26
55

07
35
55
45
07
35
07
13
13
13
40
40

40
40

CLMTteﬂt

-0800
-0800
-0800
-0700
-0500
-0800
-0800
-0800
-0800
-0500
-0800
-0800
-0800
-0800
-0800
-0800
-0500
-0500

-0500
-O500

O oO0ONOUTLS WN

\documentcf

\title{Blam
\author{Eri
\institute{

\usepackage
\usepackage
\usepackage
\usepackage

\newcommand

%S\newcomman
%\algloopde

% Put figur
\def\textfr

\def\topfra
\def\dbhl+on



vrevision anndgtstion

4

d1a89f24
~1e00c69
d1a89f24
0178feba
fd01474f
~1e00c69
~1e00c69
d1a89f24
eb146b8a
4el1a0491
~1e00c69
d1a89f24
~1e00c69
7b24b512
7b24b512
7b24b512
38ec8c67
38ec8c67
38ec8c67

RAACR-RT7 |

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward Z.
(Edward Z.
(Edward Z.
(Edward Z.

Yang
Yang
Yang
Yang

(Erik Demaine

(Edward
(Edward
(Edward
(Edward
(Edward
(Edward

NNNNNN

Yang
Yang
Yang
Yang
Yang
Yang

(Erik Demaine
(Erik Demaine

(Erik Demaine
(Frik Demaine

B\a me.

2012-11-30
2012-11-28
2012-11-30
2013-05-03
2013-02-24
2012-11-28
2012-11-28
2012-11-30
2013-01-15
2013-02-24
2012-11-28
2012-11-30
2012-11-28
2012-12-13
2012-12-13
2012-12-13
2013-02-24
2013-02-24

2013-02-24
2012-07 -4

12

10:
12:

14

21:
10:
10:
12:
20:
21:
10:
12:
10:
13:
13:
13:
22:
22:

22

7)) -

:16:
41 :
16:
:39:
04:
107
41:
16:
50:
22:
41:
16:
41:
04:
04:
04:
35:
35:
:35:
K -

41

35
07
35
26
55

07
35
55
45
07
35
07
13
13
13
40
40

40
40

-0800
-0800
-0800
-0700
-0500
-0800
-0800
-0800
-0800
-0500
-0800
-0800
-0800
-0800
-0800
-0800
-0500
-0500

-0500
-O500

=
NPFRPoOoCOWOLONOUTDSE WIN
N ' N N ' ' ' '

\documentcl

\title{Blam
\author{Eri
\institute{

\usepackage
\usepackage
\usepackage
\usepackage

\newcommand

%s\newcomman
%\algloopde

% Put figur
\def\textfr
\def\topfra
\def\dhl+on



Tdea: Record Blame

(don*t compute it!)

Aata Tree = Node Key
valve

left
Y sh't
| Leaf



Tdea: Record Blame

(don*t compute it!)

Aata Tree = " Node Key
VaIuQ,
YeviSion

left
v 3\\1:

| Leaf



patk
COPYI ) 9

[0ka'94]

dea: Record Blame

(don*t compute it!)

Aata Tree = " Node Key
Value,
YeviSion

left
v 3\\1:

| Leaf



patk
COPYI ) 9

[0ka'94]

dea: Record Blame

(don*t compute it!)

Aata Tree = " Node Key
Value,
YeviSion

left
v 3\\1:

| Leaf



lfey invariaat

key, = key, A\ revy =fev, & treey = tree,



A\ goriﬂ\m

\ .Trcaverse Jcree, identif y'm 3
Shared fe\()'nons.

2. 5plit tree at vegion boundaries.

3.P b form. contlict vesolution on
Uunshared regions.

4 l\/\erse trees back togethern




/A\\ goﬁﬂ\m

\ .Tr(sverse Jcree, identif y'm 3
Shared fe\()'nons.

2.3plit tree st vegion boundaries. 7. leg\s|

Seregions
R Fecform contlict vesolytion on
Uunshared regions.

H, MQ(SQ trees back ’tosethe(: 7 legl8]

Sefegions




/A\\ goﬁﬂ\m

\ .Tr(sverse Jcree, identif y'm 3
Shared fe\()'nons.

Q.SP"I't tree at Yas'\m\ boundaries. 7 legls|

Seregions

. Pecdorm. contlict resolution on R (showe
unShafed regions.

H, MQ(SC trees back ’tosethe(: 7 legl8]

Sefegions




/A\\ goﬁﬂ\m

\ .Tr(sverse Jcree, identif y'm 3 07
Shared, fe\()'nonS. T

Q.SP"I't tree at Yas'\m\ boundaries. 7 legls|

Seregions

. Pecdorm. contlict resolution on R (showe
unShafed regions.

H, MQ(SC trees back ’tosethe(: 7 legl8]

Sefegions




Traversa\: Soluflor\ j_ (na':'\/e)

XXXXGC GG
YYYYGGG

O(FL(P\ot\-Shafeal r\ooles) + Z '03 ’SI ))

Seshared Yegions



Waversa\: Soluflor\ j_ (na':'\/e)

Problem: Requires
Save  Strycture

XXXXGC GG
YYYYGGG

O(FL(P\ot\-Shafeal r\ooles) + Z '03 ISI ))

Seshared Yegions



Traver 88\3 Solufm/\ 2 ( in-order )

£left)

vistt
@éi -FCr'\Skt) i@%
4 2 3 H 2 3 4 5

O(R(r\o:\.shaml nodes) + Z 1S1)

Seshared Yegions



Waversa\: Solufnor\ 2 (/\'"\—Of der )
Shott-circuited

£(left)

vistt

if (| Shaced)
{lright)




Waversa\: Solufnor\ 2 (/\'"\—Of der )
Shott-circuited

£(left)

vistt

if (| Shaced)
{lright)

4 2 33 H4H 2 3 4y 5




Waversa\: Solufnor\ 2 (/\'"\—Of der )
Shott-circuited

£(left)

vistt

if (| Shaced)
{lright)

4 2 33 H4H 2 3 4y 5




Waversa\: Solufnor\ 2 (/\'"\—Of der )
Shott-circuited

£(left)

vistt

if (| Shaced)
{lright)

4 2 33 H4H 2 3 4y 5




Waversa\: Solut'nor\ P (/\'"\—Of der )
Short-circuited
£(left)
visrt
it (| Shated)
{lright)

1 2 3 4 2 3 4 5

O(Fl(hoa-shafeal (\ooles) + Z |c>32 lSl )

Seshared Yegions



Shated subfegion. == Shared suktlee



extsa |
)
Y

Shated subfegion. == Shared suktlee



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

A A

traverse L,\/ love |




Wave( 88\ Solutlor\ 3 (\evel-order )

42 &

Lan ]



WéV@f 88\3 Solu't'lor\ 3 (level-order )




Wé\/@f 88\3 Solut'lor\ 3 (level-order )

ad 44

(8,01 |84



Wé\/@f 88\3 Solu't'lor\ 3 (level-order )




Wé\/@f 88\3 Solu't'lor\ 3 (level-order )

SA A2

[alas] ]84



Wé\/@f 88\3 Solu't'lor\ 3 (level-order )




Wé\/@f 88\3 Solut'lor\ 3 (level-order )



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

ad 44

[A ° A9A ° A] [AQASA ,A‘]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

00 45

[A ° A9A ° A] [AQASA ,A‘]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

ah 44

[A,A,A ., | [AA,ASA,A]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

48 Ah

[A\,A IA,A] [A9A9A]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

A 48

[AIA,A] [A,A]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

ad 44

[W\] [é\]



Wé\/@f 88\3 Solut'lor\ 3 (level-order )

ad 44

.y ] oo ]



Wé\/@f 88\3 Soluflor\ 3 (level-order )

A A

OB ron s o) + 103181 o

Seshared Suktfees



Conclusion

— Level-order works Hor red-black trees

~Bouno\ matches opﬂmal bouno\ Se’t by
ao\aptive merﬁ\nﬂ a\gorifblfvv\s
[CLP'93, DLM'00]

-—-Pesky constant factors,



