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OPERATIONAL TRANSFORMATION N GOOGLE DOCS .

Uses Node ¢
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For details, see our paper at https://doi.org/10.1145/3133933
Victor B. F. Gomes, Martin Kleppmann, Dominic P. Mulligan, and Alastair R. Beresford:

Verifying Strong Eventual Consistency in Distributed Systems. PACMPL 1(OOPSLA), 2017.
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Trellis, a Trello clone based on Automerge: https://github.com/automerge/trellis
Joint work with Orion Henry, Peter van Hardenberg, Roshan Choxi, and Adam Wiggins.
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Pixelpusher, a collaborative pixel art editor: https://github.com/automerge/pixelpusher
Created by Javier Valencia, Jeff Peterson, Peter van Hardenberg, and Jim Pick.
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MPL, a WebRTC network layer for Automerge: https://github.com/automerge/mpl
Joint work with Orion Henry, Peter van Hardenberg, Roshan Choxi, and Adam Wiggins.
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Hypermerge, a peer-to-peer network layer: https://github.com/automerge/hypermerge
Created by Jim Pick, Jeff Peterson, and Peter van Hardenberg.




| Apes | | Aeps || Trellis | Picelposher
\3 Actomeroe.  (lab wodel /sturage) Z

| P | Hputmarg { | eSokat
e




APPL\&A‘I’IDN DATA

(3s0N)



APPL!&ATIDN DATA  (Ison)




APPLICATION DATA (IS'ON)
U

BT "t My il

-g "o‘one": -False?'

-g § “'Eif’e": "wa{e.r f‘-'l.ahl:s",
"o‘owe“: -False ;

%53.." : {”alert'Soom'”: “ﬂ:nsn’ pos g
} nested maps




ED'TING OPERATIONS

. "wa‘eif FLaw&s",
"O‘OV\Q“I é{‘l\,‘z; V%LUQ QSGKMQV\{
settinas”: § alert-sound”: “ring’, .. K



ED'TING OPERATIONS
<1- "-éo-o(,,": [' S'En'ng edibinj

y ’ So'1
{ 'é.i-Ue_' : ”Lvy )h-ni“t”,
"o‘one": false ? '

% "'EiUQ": "wa'ée.r f—*l.awl:s",

], I’JOV\Q": ﬁ}f; V&L\IQ qsoﬂV\MQh'é
"sebtings”: { alert=sound”: “ring’, .. K

f




E
DiTING OPERATION
i”'eo- " S
4o L‘ S‘Eﬂn
5 le&ly\j

@\ .
X L'HQ"
L.ohe W\v\

{ Eitle".
] '),Iov\e : M&r FLMN&S" the £l }
L8 ? valve. ,
&4‘ asﬂv\wzw(

l' "
° ' ‘“5 ’ e o °

f




ED'TING OPERATIONS
i "'£°"0(u',-' [‘ S‘Er\v\g Qdc&.,‘j

) L Sovy
bttt By hnill” 'st insertion

O‘one : -FA‘-SQZ k tﬁ"e"
@J One mm,

{ Eitle", water plants”, °‘°"¢ folsef
7 lome. :l{i‘: ; valve ossynment

/
"SQ&iv\ 38 ! : { alerL‘Soum( runsn, .o ;
} PV‘: qu kg" \____nb‘ ‘ks"' sJ-| M.S‘" ;l“.n




state = Avtomerae. change (stadte,
(doc) => §
doc. tedos. push ( f
title : "oy wilk,

ADV\Q. : .(?al S€

§)
5)



S & muéﬁb,ﬁ
ey, .

new %)\ o
change (state
sbils = A.,Eomerse_. e (s -
(oloc.) => g
doc. todos. P"S"‘ (?
Litle n3~"1 mill

done. : .fal se

§)
5)



’
B Loble € oo i wsqﬂe
state s ‘md:::—() l‘e.'éurv\s ( P l)
(w\ N TIVRN
. e.change (state, Add +odde Hewn,
s'l:uéei = Auéomers : %
o (o(oc.) => g
doc. todos. push (f

title : "oy wilk,
olw\e,: -(? al Se

§)
5)



- vtable "Com"‘\-:J W\stllﬂ =
#& S wam

(Avtomerae-chasop() returus (ogtiomal )
nes object TN ( i y ,,w
- //):M (st A e e,
s-l:uf? Aufom . \

(o) §
A e

Ha doc. £ados. P"Sl" (f
'Hu | :'(oall-

Litle - ng"“] will
LPM Xy "’:)*9

done : false

§)
5)



MC ¢$ immu‘eablg "CM M;‘ wsqse’

(W? retorus ( ¥ l )
s'l:wé;. "-'—‘- Auéomerse_,c,(m.n%e_ (s,[_"_ +&, [ Add ib A ku/\

/

@y f
dee is mubable

:‘! :.(-f:: doc. tad6s. P"Sl" (g

LPN) Xy 0"\)&"')




doc. tados. push ( f
'L;H.O. : : 8\4\1 M'J.L "’

AOV\Q. - .Fal se

Z) oeam-kcm (03

——
Qackion :“make Map, ob): W1

iﬂckm :"seé',' obj: ioll’ Lg_.’: ..'l:c"ﬂg,", \kl've.'. ‘80\1 “.'(ch

fackion : ‘sob”! oby: id 1, kee : "done”, valve: false§

fackion: "ins", obj: tedodlD, key: pravID, elewn: IS'S

2&:.-‘-%0»\: "L; “Ln' ‘55, todog D, kex: elewn IS, valve : iolif




A two wnodes have seeun Lhe
So.wﬁ. se:f: o-P. OFQ.:‘.' ons
(L\k mx,&m_ m a cl.ﬂ-’e_re—wé ordker ! >
—
m are- w é"\e Same sﬁq{g




—  CONCURRENT CHANGES

fooden [ ftodes [
{E'He.:"kh‘ler plants” {’H:le.:“kh-}u plants”
done,: .steg ¢‘tme,: !(‘Jse.f

13 1




NGE'S
RENT CHA

CUR

— CON

v [ |
{{m‘ 's “Water plamts
ftodos : [ s if{ﬁz: e
odos : " u
' :“‘\Hef P
Z-:“:\l:: -Qa.‘se;
13

2 Jr
= {re
. ( g o‘oc.{oolosfal done
Aas. vaL‘ o
doc.to Jeh &
'E;‘I"Q.i 807
dov\e.: -(‘a.(sg

£)




—  CONCURRENT CHANGES

doc. todes. pushh (§  doc.odlos[0J. done. = £rve
title: “307 m:LL",
dov\e.: (dse

£)




—  CONCURRENT CHANGES

doc.todlos. push (g \ Jor..{oolostol done = trve
title : "Buy wilk”,

H (:j/: |

Stodos: [ 3 todos : [
fitle: "Warter plonts’ $ ke : "Water plasts”
done : -('ﬂlse.g, M!ffw.g
&itle: "oy milk" 18
{aam Lol

R[4



—  CONCURRENT CHANGES

doc.todos. push ({
‘6‘“&3 "&7 m.'Uv.“,
done : {alse

g) [ rehuscke conmunicat

|
|

<

\ Joc..{oolosfo:s. done = £rue

\
{{:oolos [ &
{6“0. "Wader F(a«‘es ;
done. : €rve ;

{éc\lle m Ur.”,
done. ; 4:5;1 3

1S

15

{-(:oo(os

$€itle : “Wader plauts”
done : £rue ;

{6‘[2 Bu’ mlL ”,

done. ; false §



—  CONCURRENT CHANGES

o(oc.{oolas&:‘.é&(e. = Joc..{oolostol‘ﬁiﬂg =
018“1 50.1 M;(_L” “80’1 Q(mdnp( m.iUg”




—  CONCURRENT CHANGES

o(oc.{oolos@:}-é&(e. = Joc..{oolostol‘('.iﬂg =
"8001 50.1 M;UL” "3-,.1 QlMth( MUL”

wetwork communication /
Jeodos: [ g Eﬁ[ v

'{'l:iHe,: "3-41 soy udl.L", {'l:i-l:le,: ”&\1 soy miUn",

done : ‘ca.‘se_ ) done : calse )
_Conaic.‘('s: { Eikle : 5 —CM("QC‘S: { title : g
1234 : "&,7 almond milk” zg|‘2,'3‘+ : .807 almondl milk”

13 13



— /7 T RAVEL

Av‘:omer&e . 33‘6 H‘S{N‘»’ ( shfe.)



= TN TRAVE ==

Avtomerne . geins{orvl (Sl:a“:e.>
— : {dnnm%e,: éwessaoée.z quM 4odo '«hmn, ;/
sv\q‘)slaaé :%'&odos : [i":}(le.:‘euv udUc", Z’]g;
%Cl«anse,: {mzssaﬁe.z "Mark Hem as dowe ", g,

snapsht : g'l:odos :[{euu“&,.,...;u‘", .5, ];?,

]




Martin’s email:
Martin on Twitter:
Automerge:

Trellis:

Pixelpusher:

MPL (WebRTC layer):
Hypermerge:

Dat / Hypercore:
Proving CRDTs correct:
JSON CRDT:

Martin’s book:
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