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AERARIE, RELXEFINTF. BlF. REFHESHERL. FCEEMBIEIT, HEMNRER 00:05:04 £it; HEEFHRELREN
o MEAFFRIANKRERT; REGALEY,

TFHEMRER

App-Specific Coordination and Convergence With
LoRe and PRDTs

Julian Haas

Technische Universitat Darmstadt, Germany
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00:00:00 - Julian Haas

RERBEBRNE—T. KRESF, BE Julian, EEERMHEESTL RFRIRIEL, FRAMMLRKE
HRIZIES ., SRBEFENBRNOFEF TS LoRe fa PRDTs, ‘BATER AT A6 R F #2538
—HMfA 5 R RASENEBEEIER, XERNA G FRTER, BARIERDEHEST L,
FERAIARAR: BERIZAARERE, WREFEEARE RBEIEE,

00:01:09 - Julian Haas
BENE LoRe, —FH THETRIENHEZEMRNAMME LRGN REIES . RIN=ZFRAE
ECOOP Rk TXMIAE, ZEXAY ENIATINRA, WEFHNER-,
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LoRe: A Programming Model for
Verifiably Safe Local-First Software

Presented at ECOOP ‘23
PUbliShed _in TOPLAS ‘24 L :::::';Awl’logrnmming Model for Verifiably Safe Local-first I

LoRe: F[EHEREMAMMIERERE + 00:01:16
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FTERESENRE, METHEARSBSLEAN—RED, KA, ALK, BX BHARRER
OAERXENA,; EE-W, FRTERTREA,
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PARHEARE, REREREERNA, RN, ERER, FAMAEREBERTXMLEN:
REBHRBEUERE, SMREFFEENAKEOTEIR, RORTUERR. MELKXHE B
CAMENART RIS RA R, NAWMIZRERLEIEST,

Local-First / bd.ailishi.ai



The Problem With Modern Cloud Software

Problems:

@ Offline Availability

@ Data Privacy & Ownership
@® User Agency

AR=RAE9 1R - 00:03:11

The Local-First Approach

7 ’
s
_-7 ’
- ’
b
-~ = ’ /
P /
- »
-
A -
= M. Kleppmann, A. Wiggins, P. van Hardenberg, and M.

“----""" McGranaghan, ‘Local-first software: you own your data, in spite

of the cloud’, in Proceedings of the 2019 ACM SIGPLAN
International Symposium on New Ideas, New Paradigms, and
Refiections on Programming and Software, in Onward! 2619,
Oct. 2019, doi: 10.1145/335959 973
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HERXBENEE], BR—TWSERFENNELIAAN: CRDT, CRDT BN RENATHATHERE, H U
EHRNAREE, RBREHFR, UomANBAEAAR: REFILLERN—NFESEH, ZBEEE
AR EMI—AVNEIRN, REENERES, ETUSHEEIRS, FILERNEHNER.
FNIFE CRDT RENXBERERRE. BoBMRENE,
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BRFBRAXEMER, B—MARNRKRE: RBORSHE—NIHF4E (join-semilattice) . EFRT
T MRABETRLETIORS, FEAMRSEESIF. RETUENDE, BZERREHRESHRS,
ZMERLA KM ANEIARKIIA—AEHE, KRANZMEEARS, EXOESROTAL: HE
BN, RAEXMRIEERS, BRIFABHIEEMMR, AFMNERTHRS REEK 30 X

Enter CRDTs

(conflict-free replicated data types)

{Lunch} {Group Meeting, Lunch}

{Group Meeting} {Group Meeting, Lunch}

Commutativity - Associativity - Idempotence

CRDT B9&# MR - 00:04:46

CRDTs as Lattices

Eventual
Consistency:
Two replicas will

eventually end up in
the same state once
they have seen the

same set of updates.

{Group Meeting} {Lunch}

~.,

)

{Group Meeting, Lunch}
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Local-First / bd.ailishi.ai



AR R

00:05:45 + Julian Haas
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FHIAALE 8 K; MEEZLALERNE —N 10 XMBHE, ELANARLE 20 R, REIZAEE HiH]
A &3, AMBRIAERER R E, ERMERNRESBELE,
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REENABRE—GFRAELCKSTFEAR, XEHMARTENIR: RELAME B EMITL, FREERX
EPoE,

Application-Level Invariants

““Cmployees must not take more than 30 days of vacation.”

{vacation(22 days)} {vacation (10 days), vacation(22 days)}
D - 8 days left -» -2 days left
_________________________________________________________________________ "

{vacation(10 days)}
-+ 20 days left

RABARERNGHE - 00:06:43
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LoRe to the Rescue

High-level idea:

Can we design a programming model that detects and fixes
these kinds of conflicts statically (and automatically)?

Approach:

LoRe: A local-first reactive programming language with a
verifying compiler.

LoRe BYA3% + 00:07:13
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Viper 9%, BROWMERFPARELAENERE, URXEREEFLMA TR~ ESNR, £ 2
HiFes; BAEBEAT, IR TUUEERR A B EXEHRR,

4
=

R

i:28
228

Architecture Overview

User Inputs Provided by our Tool Outputs
Input BIOEI am y Graph Analysis —  Verification Program Verifier | Conflicting
° Reactwc?s 1 Code Generator (Viper) I”~ Interactions
« Interactions ; -

« Invariants |
Program Code Generator

3> Application

LoRe %244 - 00:08:08
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WTIECIRH RIZIEE? LoRe WARRLEE T ZANERERIL: MERRE (reactives) . RE (
interactions) FaRZE R (invariants) o A —ANVINMEGRBIHEA, FEARLSAHEIEM, XE Scala 3B
7%, BATHE LoRe LA Scala FRUSAFEIET. Bl FEERANBARA, &EEXFHMNREERR
S, WREREI/FEAMKBE A, £ LoRe F, mNRRSEARLMZ CRDT, HKTFEAKREXE, it
—EHEMIMELEES (add-wins set) o

Syntax

val work: Source[Calendar]
val vacation: Source[Calendar]

Source(AWSet())
Source(AWSet())

val all_appointments: Derived[Set[Appointment]] = Derived {
work.value.union(vacation.value)

}

val remaining vacation: Derived[Int] = Derived {

30 - sumDays(vacation.value)

val add_appointment = Interaction[Calendar, Appointment]
.requires { ( , a) => a.start < a.end }
.requires { (cal: Calendar, a: Appointment) => !cal.contains(a) }
.executes { (cal: Calendar, a: Appointment) => cal + a }
.ensures { (cal: Calendar, a: Appointment) => cal.contains(a) }
val add vacation = add appointment.modifies(vacation)
.requires { (cal, a) => remaining vacation.value - a.days >= 0 }

val il = Invariant {
all _appointments.value.forall { a => a.start < a.end }

val i2 = Invariant {
remaining_vacation.value >= 0

}

ull%

=~ - 00:08:41
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ANHENEHLEHEEEST, B TXRBRNAFEIES, XERSETLEEERRK, AMNNEKER
BARRTX— 8, RRMEIRSH, BONVTEEESORERME RS REFBMAITEL NN ARS. 6
%, all_appointments &HF/NHABFATA HFE, M remaining_vacation RIBABRE HIFLEITELE
%O RIBHA,
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Syntax: Reactives 1. Reactives '

2. Interactions ‘x’
3. Invariants

val all_appointments: Derived[Set[Appointment]] = Derived {
work.value.union(vacation.value)

}

val remaining vacation: Derived[Int] = Derived {

30 - sumDays(vacation.value)

L

vacation

all remaining
appointments vacation

"R R AR IR + 00:09:37

00:09:58 + Julian Haas

BETXERE, CAAREHMRRNRS, XBEXT add_appointment X&, & HARMERE,
requires. executes fo ensures 4] MINIE FHEAXANRE TN, BNIREMTUERIEZHMEE
ZF, HIE#E A, add_vacation FHEIFEMER modifies 74, RECERTHENEERRS: Rk
&R B AR, FH3EMm—AMGE A TR ESR G

Syntax: Interactions 1. Reactives

2. Interactions ’

3. Invariants

vacation

val add_appointment = Interaction[Calendar, Appointment]
.requires { ( , a) == a.start < a.end }
.requires { (cal: Calendar, a: Appointment) => !cal.contains(a) }
.executes { (cal: Calendar, a: Appointment) => cal + a }
.ensures { (cal: Calendar, a: Appointment) => cal.contains(a) }
val add vacation = add appointment.modifies(vacation)
.requires { (cal, a) => remaining vacation.value - a.days >= 0 }

all remaining
appointments vacation

RERRIEESM - 00:10:39
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WHFXEEARET . FZHF2TRREE: FER, ERARNANMZHENTH, WRERNFER
BRI, XBEXTHAMNAERN: A BRNFEN RS TERRE; RREHATEETS
WL RN, FRBHANGTER, NEBRRTRAEE, EREELRIE? ELMERLRSXH
A, R E [ RE S AR R ?

Syntax: Invariants 1. Reactives ]

2. Interactions F
3. Invariants .

vacation

remaining
vacation

appointments

val il = Invariant {
all _appointments.value.forall { a => a.start < a.end }

val i2 = Invariant {
remaining vacation.value >= 0

}

NARER - 00:11:17
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00:11:46 + Julian Haas

XL RETREFRN, BINENE: SENRERXARBREENREN? AN E9eE R R EIE =T X
BB, BROERERE-ANFER, WRERREYR, FLEEHFERERELIN: EHE—EMR
R, BEAORBRS, TERFITRERES, ERMMIRTFRIETEXNRE, EABCIKEREIR
A, MXXEZRRRBANE-ZHORR, N TXERET, FNFEZRIEFRGE,
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High-Level Idea

Could the given
interactions violate the
given invariants?

work

val add vacation = add appointment.modifies(vacation)
.requires { (cal, a) => remaining vacation.value - a.days >= 0 }

all

remaining
appointments

vacation

val 12 = Invariant { \_/
remaining vacation.value >= 0

}

KIEEIE R/ NRIESEE - 00:12:37
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BAMEENTEXARANRIERG: FEXNRFEMMERE (confluence) o FRENRIFHEILREMN: o
BARBREENMNRESTREL, BREPUTAREE, CINRKIL, BHEMRERNMTEREN, 2172
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EREPAT, FBREIERLER,

Invariant-Preservation

D add_vacation D-

SR RARSF - 00:13:20
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Invariant-Confluence

FERESRME + 00:14:12

Non-Confluence

EERBEEZWIA - 00:14:46
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IREB/ET ER, HTRENEHNE IS TR TRRESE, AR ENREHEDIA? X
IEEFF KRS PRDTs Fraf el : (BN B GIIERR, e hiRm AR SR A ?

Verification Summary

_D_ add_vacation _D_
—_—

Safety through 4 _-" 4
coordination + invariant .-G
. -~ -
preservation # ~ ,4d vacation
—_—
V| V|

LoRe F&IE/NE + 00:15:26
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The Problem With Mixed-Consistency

R\
W%
> -
CENTRALIZED B

nd
JSERVERy

W A W £
‘)?@‘ :5?@‘

qordime LS
B EVENTUALY | 5 STRONG.

RA—EMEA R - 00:16:33
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Consensus Is Challenging!

1. Distributed systems are inherently unreliable.

2. Consensus is expensive.

FHIREYEXE - 00:18:11

Fi PRDTs MyzE3tin
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PRDTs EX B A #/EH., PRDTs & Protocol Replicated Data Types, BERthiXE H|¥kiELA: —f{E R
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RELERKE 1990 F Halpern #2 Moses BB T MEAA R AL TN —KEAERKLIR, A

SR a] &,
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Our Approach

Protocol Replicated Data Types (PRDTs): a programming model for the
compositional implementation of consensus protocols using replicated
data types.

ingfouo

PRDT 894 7% + 00:19:11
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EAEEE, BRAFLQRELIEN LA NEIR, ANERELIR (common knowledge) , XE &KL
HEIRBAR : BMEBESMRERAHRIFENRTE, £¥, FMRERIMEB CWRE, BHRE
BN, RBEBELEE, ROMBLERNIZEML, RBET, XE—NERANRE, % CRDT —#, &E
FERMHEE., RAIRA B, BB LREMEHLEL, PRDTs SiAEHIBIELERE AN LR R
Wi ANEIR A B, BARB| LU IR E

Local-First / bd.ailishi.ai



Agreement Is a Question of Knowledge

Halpern & Moses, 1990:

distributed knowledge common knowledge
known by some devices eventually known by every device

HIR5%7 -« 00:19:52

Knowledge Grows Monotonically

a — cat a—cat | a — cat
- b—dog b — dog
c — cat

FNIREREIEK ¢ 00:20:31
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FiXKE, TUBAXANNRE, EEALETRT ARERMELTUOEEE, PEERT BIEEGFHE
S0 AURERMEIRME, AURERMFRME, ERAIRMX, W EIEMAE PRDT, SIRIERLR
KHNEARELEA, MARBREFE, A RESSHET RN EMER R EMER, RaEA.
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Knowledge Grows Monotonically

4 4 a b cat

@ b - cat
cHdog |

- | decided: cat‘ decided: dog

b+ cat arcat || apcat a~ dog ] b+ cat
¢~ dog crdog || bHcat [ b+ cat ¢+~ dog
¢ dog b+ cat a P cat a - dog b P cat ¢+ dog
\l/ undecided \'/
1% %]

IR ERE - 00:21:06

IR, S RE

00:21:24 + Julian Haas
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PR [ AIRAG RN A 5018, BINIXEBAMA, FUARMIRAIEM, RENXEZE. o, §MEE

REgR—RE,

00:22:22 + Julian Haas

F=THORRKRE, Rt RZaEE PNk, ERFEAIRRSME R TRERRE, “RAH#EZXE
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The Three PRDT Components

1. Knowledge lattice
structures monotonically growing protocol knowledge

2. Protocol actions with preconditions
define how new knowledge is produced

3. Decision function
makes irrevocable decisions based on the knowledge state

PRDT B=ANERER S « 00:22:42
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HFMIRK, XBE—RERENEXEIR, EENS5EFR T2, E68IELEDRA 1 votes F
B, EE—MA: NBZREEH D BATE| HGFNE, B N0 —MINEIME, FE A R EIRARSR
iR, XEH voteFor SIEAFAREAMERE: RE—PBE, EAHE|AR D BA R RIZZHFHNE

Voting as a PRDT

case class Voting[A](votes: Map[Uid, Al) { // knowledge state

R EHIXAIEIRKE - 00:23:10
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Voting as a PRDT

def voteFor(value: A)(using LocalUid): Voting[A] = // protocol action
precondition(hasNotVoted) {
Voting(Map(replicald -> value))
}

HERME + 00:23:51
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ANHER —NRIESLM hasNotVoted, Bl MKRIZE", BRI ERKNERZT EAAMEIR ID HKRE;
WRAE, RARERER, XRIESMREEREZE R, REERRRK: KiTER RERTEN¥HSE
FHWFR—AME, WEE, BRERE; TNIRE Undecided, BIRARRE,

Voting as a PRDT

def hasNotVoted(using LocalUid): Boolean = // precondition
'votes.contains(replicald)

def voteFor(value: A)(using LocalUlid): Voting[A] = // protocol action
precondition(hasNotVoted) {

Voting(Map(replicald -> value))
}

HERMEFM - 00:24:07
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00:24:44 + Julian Haas

FEXMERER, WmEALEN, 2 EARTUERITIE, PRDTs —PXBERABRTAEME, BIIRR
L& Scala BREBEIELR, bR BRBBELERNERNES, o, EX—MEFREEHT
RAENMIK, REBZHEFHRNRIENEH Voting 5L, X BRIEAFT AT INGHIE, IR A4 5141140
. DEIRE, ERMTEXFRERI: RARNEGERBELSMERE, ParallelVoting Z3RERE

Voting as a PRDT

def decision: Decision[A] = getlLeadingValue() match // decision function
case Some(value, count) if count > participants.size / 2 => Decided(value)
case _ => Undecided

JRERERER + 00:24:45
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PRDT Composition

case class ParallelVoting[A, Bl(votingl: Voting[A], voting2: Voting[B]) {
def decision: Decision[(A, B)] =
(votingl.decision, voting2.decision) match

case (Decided(a), Decided(b)) => Decided((a, b))
case => Undecided

ParallelVoting

Voting[A] Voting[B]

FATIRENESE - 00:25:41
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PRDT Composition

Multi-Paxos a log of Paxos instances
Paxos rounds, keyed by ballot number: Map[BallotNum, PaxosRound[A]]
PaxosRound one round of the protocol

Voting[Uid] leader election Voting[A] proposals

BEHE R ZRATHIN + 00:26:43
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B EHRIALE, HBA1ITL89Z PRDTs BORITER 2 MBUNEAFAEIMIX, A EMAZEA SZIHTA,
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A H R TIX R ST IEF?
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#H, RBRIEFAREAE R A S,
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When Is a PRDT Safe?

A 4 [amcat
@ b cat |
¢ P dog
/ [\ | decided: cat |

decided: dog | -~ /

b+ cat amcat || apcat | a - dog b+ cat
¢~ dog ¢ dog || b cat b+ cat ¢+ dog
¢ dog b & cat a b cat a + dog b cat ¢ dog
\I/ undecided \I/
%] %}
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PRDTs BEEXN2RHFMITAARIIIER . BTARFEZRNETENIANRS, BERIHEE
VFARFANEME: SEEFEM (action monotonicity) FnfaE /I E &4 (stable preconditions) . FE
BIRAMERBIANAMNER IR EMATLKE, FTREEIR, RERMMERMHNER: —NEAHRBEET

NHATRHIENE, FREEA HAR &R BELTHIT, X5 LoRe WERMRAM., WA, RE

MERTEENAERMY, TREEMRENFRBERIR, XANKFANEZRE, LTMERE

MIRE, BEHREMNT. BARIEMELRAN: XBRA—NMIXEE, BIBRETCREILDREEK,
voteFor (A2 o] A BRATR 1 — K E,
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Two Local Verification Conditions

1. Action monotonicity:

An action enabled on a replica can only increase the decision.

2. Stable preconditions: Enabled preconditions stay enabled in the presence
of concurrent actions.

R ERISIESAF - 00:28:56
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Verifying Voting

def decision: Decision[A] = getlLeadingValue() match // decision function
case Some(value, count) if count > participants.size / 2 => Decided(value)
case => Undecided

1. Action monotonicity:

An action enabled on a replica can only increase the decision.

ISTESH{E M « 00:30:14
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00:30:54 -« Julian Haas
BRIA—TRE: BlAEE6EE; 8MelAAEE ID, MERACECHEBERZ ID MNKRE,

Verifying Voting

def hasNotVoted(using LocalUid): Boolean = // precondition
!votes.contains(replicald)

2. Stable preconditions:

Enabled preconditions stay enabled in the presence of concurrent actions.

IEFRERIESAF - 00:31:06
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Summary

add_vacat
g a a
Safety through \ i cecitedt ca | [ decided dog
coordination + invariant .8
preservation « ” yad_vacation

types.pl/@haaase E

julian-haas.de E%
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MREBA—KITI0: XMIT/ERMHE, EBHIRKEAEFAIDRSENRIRREK, BMRIFHOEE, "
W AREHRIILAEE KT, WRAAREHZFE—THRATT. BAHECELRRA, MAaESE—
ZIP 08 EN%E,

00:33:33 « WA

AREBREZN, MRAAFTEFBRER, TUEHR, MBI TEEE,

57 BB B AT 2 BX,

00:34:16 * IR

BAH—ANER,

00:34:19 + Julian Haas

WK, FEIH.

00:34:21 * MM

RERTHIRAARER: REELBIXERELN, XEEAFBE —FRMEERLRIIRNEA? &
RBEEREEFERIX—FH,
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00:34:49 + Julian Haas

XEMTEA, BREFECER—NERIE, FNTERBBESFOERTRT —MNATREE HI5%ESE
M Scala E, AP ELREGRA, TUIBAMESERMEHTAML. FERBAVTHAE: mREANE
FRARX A2 ? N AZEh XM EG A SRR, ERE WA Raft 3 Paxos? REARHA
LA, TEBRMRAABERIR. HEE XTHEMRORILEEXZ EAHAN, BINSREE
L, AA#ET —R 90 FAMNBX, REREHERMNKI: "XEEZBNEMOEE, WEETIHLE
AT, ERABR., ERAFEERIMRRILX. BFERE EREAETMER, BEMFLREIT,
00:36:17 * Julian Haas

RERATEE : "R EE, 30 FAELAAMRALT., "SR, FENEH L, SHFRENN
MBS L H. MRBISURERBRAER, BRWEE, EEZALEZER, BAHECITONE: RFBIRM 5]
ANFEM LT AR, RE CREBME M L7 YLK TR 25K

00:36:53 * A

HA .

00:36:55 -« Julian Haas
TER,

X 3REERETAF IR

00:36:58 « WA

IR ARNAETIERARERINAR? CR—AATFNRRIRIIRE, P ATENEP CLHHR
Wi, B, HARREDREBIHA,

00:37:18 + Julian Haas
BWEREE. SR, EEEARNARTES, RREMERRER, XE? KXEF, JRTFERFT
B, BERERRXKREE, XB PRDTs RN EEZBEANEIAES, TUKEES. FNRE
, BERREILR REERERE; RATERERMIME,. B, XREERET TFEIERAIRBZIEAFR
RBGHIREIR, AR REERMARE Y, RS A EEXME, =7 0UE A X REE,

00:38:18 * Julian Haas

AR HTA, NREZMAXRN, XTREALNE; FNMRESN, WSBCRRERLREE, YR, A
By A REE S MBRMRERAEHNRESSE, BEFEA— ML, AAFEEENRTE, XIS
"ATEY A&

FX 51 32 B 5 A FRABER

00:38:52 « WA

Wi, TAE—NEA: RUBEFTIMEE, RELENERATE, LEHERRHESHE. PRDT B9EFR
¥, BEREBZXADSEMRKREZEE, DK RE, BHERERE; BREANR, XE2HER
AR SYLE MBS RN T B L EFEHE R
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00:39:54 + Julian Haas
WXER LA FRAmATE, EAHUEARERAFIRMAANBIELRE, FAFRN—Io, Flm,
F-RARMBERER, RNRET-—RORAES, R, SESMEMAEKR HEELANEENS
kS g, REEBFEHREM, FlU0 eted, EET Raft FIRMIN, B—MomREFME, =TI
BITESZ ERSEL, BXEREBIHTHIA, EXMBERT, ZEHPMKBIRKFT, ©FEZLEBEK
RERZEMRE R, PRDTs R LT —EHRAREMAFIRIAE, XEET IREERD
?

BERMA % HIKES

00:41:19 - WA (WRIEE, BHFENRIEL)

NTAFROERE, BRELSRNRE, KRBT, AEREREARZHRES5D? PRDT &

RiLEVHRESS, S RAEXERE?

00:41:39 - Julian Haas
BRBXE—ERELBORTRA: RIMTARMEZAE, fln, RAPTUERRNRETE, AL

RERBWEMEB A, R— LR TIEE R, XHTUERSA PRDT, k& BHFERMRAAXETD,

B—R&RUt, RAEZHRRERMERFET RS, SR, WK RETEHRREME T 4],
bean KikgE, & RNREFEZEOTE.

00:42:49 - Julian Haas

BRI, BAANTELZHORK, BRIEEAEMETT, FNTRE LORANAF: AL REAXAME
$H, FTEREFFTENEZH, MELRIARALKERE, BNTENTRIRARRBRENES, X
BEGIREFTAMKRRAES, SRESHMREMANESHER. FIREMZA quorum intersection,
WRREAEABRESHR, RAXMHERRIE RILERIERE,

A TLA+ Io4E

00:43:55 « WA (BR4ZE, diERiL)
ynfa A TLA+ SE3EFFR?

00:44:07 « Julian Haas

B EREAIER—ER . BIEFA T2, BRAELHE, A PRDT BAEE XRFHENEME, TUE
TLA+ FIIE; BATRRAES HK, TLA+ BEAR—NEA: RIENZTINAER, REFERIEER
5 RA&ETHREN R, FlnkA Scala HfE. B TLA+ B, BAHHE TLA+ FRFRS Scala.
Rust RHAMIBE LI —K, WRRBITCEIELS T8, KIAATUA TLA+ BiE,

00:45:20 * Julian Haas

WA E RS ? TR AEE,
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INYEEEF AN STESP S

00:45:45 « THA
BE AR, BANTTUE RO XEFRFESR G, MEEMLBERTHERE, HE? T/
3%, PRDTs ZEiX mhE% R e At ?

00:46:31 « Julian Haas

BWHEE, BAVBERROERE: B4, MFNRAERFAIUES®E, MURIEXSHERRE; 2R
, BRHRITRE, FWEMIRENRERR, ENHEREKBMLZEBUR: —ERRIIFEMENS I,
MARBEREIFFR —MENZ K, BORESNA, mMAMEEIERARENEIRNE, RAESHRTUXRA
HbE X,

00:47:45 + Julian Haas

2Bk, BRAUFREELNFLIRE LR, MESAEPRNRFEESRXREE, BIIRER, XHFENERE
FREH, HMATEERME, A, REREANNEZRTEXBEMEALERRE, iLEiFR#EH,
MEREESEMEELHRSE, X5EHNAX: WENASSFRABMEMIHRE, RAXLERE

R ERE, NEMREHAIER, RAIUZRIEEHRKARE PRDT, EEH#HH, EEREMAFR

A B IUAE R E R,

00:48:52 + Julian Haas

WXERA—NEMEANGF: &K AR KBAEX, FERINF#RT, EXREENE—AME,
ZAME R WM, FRBENRE IR, KERAE PRDT FRAMX LKA R, RAHE
MERRETESER, WXBA—GIF, & PRDT B—I LR ATIRERET: BAVRE X R —H B/
BORE, FEMNERE, FREMEITRE, WRRAME, A bR idt, MebRR, A NRER
BAEARRI T4, BLAEE SRR IR,

00:50:16 + A

IR, A H ARG ?

FATHAT

00:50:29 + A

RIUCBEXMIBE WE SRR FHITET. TUIEERERFOBRTZ TR, RAEXSXGE R A3
TR, HARELS N B $hFHFATELT,

00:51:12 -« Julian Haas

M, XEAERAEHIELD, REIERE PRDT SEAHIE B IRt A A MhiE, Hitha |
REE, X—aRIiT,

CORDA 5EK#R A I

00:51:55 « THA
FHBE—T 5 —MNEAEH#ITHINE CORDA, BHAREBRAZER: “Think Locally, Act Globally”,
ME AMEE, 2BTH, XG?
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00:52:23 -« Julian Haas

X, BIXAMMEE, CORDA SHUEF —AMESLIME, Rt 2% EX LA FEARIES, LoRe BHF
—iR%, PRDTs 2, EABER: WfRIT—NE2E TAMMERNRERR? 555 —NEARMIE
1T, MAMRKNNA, RNEHWEAMMENA, AHRERASEEIEMEE, AmTELRKE
. CORDA BARRIE, ERREHMI|X—8?

00:53:24 - Julian Haas

A RIER R IER? RO — (L RFEEEFRI TS, XEWERFTEN—HD, EEPOAITRE, 4o
AR R A TRAMTE T R R e, MEMT S FEE? iX&E CORDA $¥H45REREFN—HL,
BAEEFR, FERARBER —MRRA E,

00:54:05 « £FHA

BT, XERZXE TENERINE,

00:54:14 « Julian Haas
X, TRIEM,

ERM
00:54:31 « EHA
WRRA LA, BISRAIKE, FEBMAE, Julian,

00:54:41 + Julian Haas

WHAKNXE, ARABRAERR, XTEEXEMERSE, BANBREARFHRR, WG EEHURK
otk 26 R B9 VE ShImF

00:54:58 + THFA

FFERH, BRINKEHBRLER, RIFHER,

00:55:04 -« Julian Haas

Fay, WM. ARFEI, W RITEER M,
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