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Distributed algorithms

o Components may fail,
communication i1s unreliable-

e computation under partial
iInformation of the state

» Challenge to precise definition of
‘mechanical procedure”

Colonies that don't remove corpses
have higher mortality rates, new
study says
National Geographic, 2014



This revolution requires a fundamental change in
how programs are written. Need new principles,
algorithms, and tools

[Herlihy Shavit book]



Distributed
computing
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Each process has only a local view




Common knowledge
the Mysteries of Money, Power, and Everyday Life

* What makes human social: Cooperation and reciprocal altruism + STEVEN PINKER
Coordination plsiaistdobing

« Common knowledge in logic, economics, politics, and social relationships

* |s necessary for coordination for making arbitrary but complementary choices

. WHEN
like EVERYONE
. . . . . KNOWS
- driving on the right, using paper currency, and coalescing behind a THAT
political leader or movement. ( EVERYONE

. L . . . KNOWS..
- for social coordination: everything from meeting up at a time and place or

speaking the same language to forming enduring bonds of friendship,
romance, or authority.

 But people also may strive to avoid common knowledge—to ensure that even

If everyone knows something, they can’t know that everyone else knows they
know It.




Carol’s Birthday

Singapore and Asian Schools Math Olympiad (SASMO) in 2015

* Alice and Bob just became friends with Carol, and they want to know when her birthday is.
Carol gives them a list of 10 possible dates:

« May 15, May 16, May 19, June 17, June 18, July 14, July 16, August 14, August 15, August
17

» Carol then tells Alice and Bob separately the month and the day of her birthday
respectively.

* Alice: | don't know when Carol’s birthday is, but | know that Bob doesn't know too.

 Bob: At first | don't [sic] know when Carol's birthday is, but | know now.
Alice: Then | also know when Carol’s birthday is.

 So when is Carol’s birthday? the answer is July 16



Car()l’s B"'thday * the answer is July 16
Graph of possible inputs

« May 15, May 16, May 19, June 17, June
18, July 14, July 16, August 14, August
15, August 17 /e
e Alice: | don't know when Carol’s
birthday Is, but | know that Bob doesn't
kKnow too.
Bob: At first | didn’t know when Carol’s D '\

birthday Is, but | know now.
Alice: Then | also know when Carol’s

birthday Is. e Q

7 ) X,Y=0,3



Cheryl's Birthday (2 variants)

* August 17 would be the solution if the sequence of statements instead began with Bernard saying that he did not know
Cheryl's birthday:

 Bernard: | don't know when Cheryl's birthday is.

e Albert: | still don't know when Cheryl's birthday is.
Bernard: At first | didn't know when Cheryl's birthday is, but | know now.

e Albert: Then | also know when Cheryl's birthday is.
It would also be the answer if the first statement were instead made by Cheryil:
* Cheryl: Bernard doesn't know when my birthday is.

* Albert: | still don't know when Cheryl's birthday is.
Bernard: At first | didn't know when Cheryl's birthday is, but | know now.

* Albert: Then | also know when Cheryl's birthday is..

* So when is Cheryl's birthday? the answer is July 16



Deduce facts about the world

from what people don’t know! T ogicians walk into a § é@
1st astonishing fact about common knowledge ree logicians walk into a bar..

 The question the barman asks is
“does everyone want a drink.” So the first logician
answers he doesn’t know because he wants a
drink but he doesn’t know about the other two.
The second logician answers he doesn’t know
because he also wants a drink and he knows the
first logician wants a drink, but not the third.

* If he hadn’t wanted a drink the answer to the
question would have been ‘No thanks’ because
he would have known that not everyone wanted a
drink because he didn’t.

The first logician says, JThe second logician says,

* Therefore the third logician can deduce that both | don't know.. | don’t know..
the first and second logician both want a drink
and wanting a drink himself he can answer “yes

please” to the question “does everyone want a
drink”.




Two people really need to think an

Infinite cycle of know that | know...!
2nd astonishing fact about common knowledge
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The power of communication

One message requires exponentially more bits than the minimum necessary

League problem

* Sports league has 7 teams.
* B knows two teams that played in a game, and

* A knows the team that won the game, but not
against whom.

* B wants to learn the winning team.

One message. C, = |log, t| bits are necessary
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The power of communication

One message requires exponentially more bits than the minimum necessary

* Two messages. B considers the binary representations of the two

teams that played and transmits [log, log, ¢| bits describing the
location of the first bit where they differ l

3rd position

10010100
* A responds by transmitting a single bit describing the bit value of the 10110101

winning team in that location, C, = [log, log, ] + 1

14



Iwo insecure lovers

(a story about love)

Otello (film 1951) ; Orson Welles: Otello ; Suzanne Cloutier: Desdemona



Coordination

We often need to ensure that two
things happen together or not at all.

For example, a banking system needs to
ensure that if an automatic teller
dispenses cash, then the corresponding
account balance is debited, and vice-

versa.
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Iwo insecure lovers

Alice and Bob want to schedule a meeting.

If both attend, they are happy, but if only one
attends, humiliation is felt.

As a result, neither will show up without a
guarantee that the other will show up at the
same time.

Communication is be SMS only.



Communication
problems

o Usually, it takes a message one hour to arrive.

e However, it is possible that it is gets lost.



Fortunately, on this particular night,
all the messages arrive safely.

How long will it take Alice and Bob to
coordinate their meeting?




Instead of classic
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Combinatorial topology
analysis
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Combinatorial topology

two agents

@ Initially Alice has two possible votes:

meet at dawn, or meet at noon the

next day.

@ Bob has only one initial state, the
white vertex in the middle, waiting to
hear Alice’s preference.

@ This vertex belongs to two edges
(simplexes)



Alice

Evolution

meet at dawn

meet at hoon
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Evolution

meet at dawn meet at hoon

Oo—0 X070 1:00 PM

delivered lost delivered

©—O0—0©—O0—0@—O0—@ 20PM

delivered lost lost delivered



lTopology implies
impossibility

No number of successfully delivered
acknowledgments will be enough to
ensure that show up safely !

because the complex is subdivided,
and remains connected
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Because not possible to map a
connected input complex into a
disconnected output complex

dawn 7 noon

@ »—C

Carrier map

iInput complex

Specification njap % x ok x = protocol
! complex
/ Decision map
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O—® O—®

Output complex



Suggestion: study the muddy children puzzle, and the role of common
knowledge






