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Προηγούµενο Μάθηµα
I Ασύγχρονα Κατανεµηµένα Συστήµατα
I Καθολικές Καταστάσεις
I Κατασκευή Καθολικών Καταστάσεων

I Παθητική Παρατήρηση µε Φυσικά Ρολόγια
I Παθητική Παρατήρηση µε Λογικά Ρολόγια

I Συνεπή Ολικά Στιγµιότυπα
I Συνεπή Ολικά Στιγµιότυπα µε Φυσικά Ρολόγια
I Συνεπή Ολικά Στιγµιότυπα µε Λογικά Ρολόγια
I Ο Αλγόριθµος των Chandy και Lamport

Καθολικές Καταστάσεις
I Πως µπορούµε να καταγράψουµε την κατάσταση ενός

κατανεµηµένου συστήµατος;
I Η προσωρινή παύση των διεργασιών δεν µπορεί να γίνει

ταυτόχρονα
I Οι διεργασίες εκτελούνται σε διαφορετικές µονάδες
I Τα µηνύµατα ελέγχου δεν παραδίδονται ταυτόχρονα
I ∆εν είναι εύκολο να συντονίσουµε τις διεργασίες σε µια

προκαθορισµένη χρονική στιγµή (ϑέµατα συγχρονισµού ϱολογιών
κλπ.)

I Σε πραγµατικές συνθήκες δεν είναι επιθυµητό να γίνει παύση της
εκτέλεσης (έστω και προσωρινά) – π.χ. για λόγους απόδοσης, ή
δεν είναι εφικτό

Εφαρµογές
Η καταγραφή της κατάσταση ενός κατανεµηµένου συστήµατος
εφαρµόζεται :

I Μέτρηση ποσοτήτων που αλλάζουν δυναµικά (π.χ. χρήµατα σε
τραπεζικό λογαριασµό)

I Αντίγραφα ασφαλείας
I Ανίχνευση τερµατισµού
I Ανίχνευση deadlock / livelock
I Αποσφαλµάτωση ενός κατανεµηµένου αλγορίθµου ελέγχοντας

αν έχει παραβιαστεί µια συνθήκη / ιδιότητα



Ορισµοί – Τοµή / Σύνορο τοµής

Τοµή (cut)
Μια τοµή C ενός κατανεµηµένου συστήµατος είναι ένα υποσύνολο της
καθολικής ιστορίαςH που αποτελείται από σu ≥ 0 αρχικά συµβάντα
από κάθε διεργασία Pu , δηλ. C = hσ

1

1 ∪ . . . ∪ hσ
n

n . Εποµένως, µια τοµή
προσδιορίζεται µέσω του διανύσµατος {σ1, . . . σn}.
Σύνορο τοµής (cut frontier)
Το σύνολο των τελευταίων συµβάντων {max(σ1), . . . ,max(σn)} που
περιλαµβάνοντα στην τοµή C καλείται σύνορο της τοµής.

Συνεπής Τοµή (consistent cut)
Μια τοµή C είναι συνεπής αν για όλα τα συµβάντα σ και σ′ ισχύει ότι :

σ ∈ C ∧
(
σ′  σ

)
⇒ σ′ ∈ C

Συνεπής Τοµή – Συζήτηση

Εκτέλεση συστήµατος – διάγραµµα µηνυµάτων
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Εύκολος τρόπος να προσδιορίσουµε αν µία τοµή είναι συνεπής :
I ΄Ολα τα ϐέλη που ‘κόβουν’ την τοµή ξεκινούν από τα αριστερά και

καταλήγουν στα δεξιά της τοµής

C1 είναι συνεπής-- τα ϐέλη σ1
4 → σ2

3 , σ1
5 → σ3

6 κόβουν την τοµή από αριστερά

προς δεξιά

C2 δεν είναι – το ϐέλος σ1
5 → σ3

6 κόβει από δεξιά προς αριστερά

Παθητική Παρατήρηση µε Φυσικά Ρολόγια
I Θεωρούµε ότι οι κόµβοι διαθέτουν ένα ρολόι
I Τα ϱολόγια των κόµβων είναι συγχρονισµένα
I Υπάρχει ένα άνω ϕράγµα µ ≥ l + d το οποίο είναι γνωστό
I Η διεργασία monitor, τη χρονική στιγµή t καταγράφει όλα τα

µηνύµατα που έχει λάβει µε σφραγίδες χρόνου µέχρι t − µ µε
αύξουσα διάταξη σφραγίδων χρόνου

I Οι παρατηρήσεις της διεργασίας monitor µπορούν να
χρησιµοποιηθούν για την κατασκευή συνεπών καθολικών
καταστάσεων

I Βασισµένο στον σχεδιασµό του Συγχρονιστή των Tel και Leeuwen

Θέµατα Συγχρονισµού Ρολογιών
I Ο συγχρονισµός ϱολογιών σε ένα κατανεµηµένο σύστηµα δεν

είναι καθόλου εύκολο πρόβληµα
I Η κατασκευή συνεπών καθολικών καταστάσεων µπορεί να

ϐασιστεί και σε ‘ασθενέστερες’ συνθήκες
I Αρκεί να µπορούµε να εγγυηθούµε την χρονολογική σειρά των

γεγονότων

I Χρησιµοποιούµε τον αλγόριθµο LamportTime για τον ορισµό των
χρονοσφραγίδων που ικανοποιούν την σχέση ‘συνέβη-πριν’



LogicalTimeSnapshot
I Θεωρούµε ότι οι κόµβοι έχουν πρόσβαση σε ένα λογικό ρολόι

που διατηρεί µια τοπική διεργασία που εκτελεί τον αλγόριθµο
LamportTime

I Η διεργασία monitor, τη χρονική στιγµή t καταγράφει όλα τα
µηνύµατα που έχει λάβει µε αύξουσα διάταξη χρονοσφραγίδων

I Οι παρατηρήσεις της διεργασίας monitor µπορούν να
χρησιµοποιηθούν για την κατασκευή συνεπών καθολικών
καταστάσεων
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I είναι συνεπής

LogicalTimeSnapshot -- Συζήτηση
I Ο παραπάνω αλγόριθµος δεν είναι απολύτως σωστός
I Υποθέτουµε ότι τα κανάλια επικοινωνίας παραδίδουν τα µηνύµατα

µε σειρά FIFO.
I Τότε, αν η P0 παραλάβει ένα µήνυµα m από την διεργασία Pu µε

χρονοσφραγίδα LC(m) είναι ϐέβαιο ότι κανένα άλλο µήνυµα m′

δεν µπορεί να ληφθεί από την Pu µε χρονοσφραγίδα
LC(m′) < LC(m)

I Αυτό συµβαίνει, διότι τα λογικά ϱολόγια δεν µπορούν να
ανιχνεύσουν το χάσµα (gap detection) µεταξύ χρονοσφραγίδων
διαφορετικών διεργασιών

I Το µήνυµα m χαρακτηρίζεται ευσταθές

I Εποµένως, η διεργασία monitor, τη χρονική στιγµή t καταγράφει
όλα τα ευσταθή µηνύµατα που έχει λάβει µε αύξουσα διάταξη
χρονοσφραγίδων
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Study of Static Message Passing Model
I The assumption of static network does not reflect the real

conditions of operation of distributed systems.
I However, it allows us to understand some fundamental aspects.

I Synchronous execution, Asynchrony, Ordering of Events,
Synchronization.

I Fault-tolerance, Coordination, Symmetry Breaking.

I We investigated the correctness and performance of protocols
I in terms of number of rounds -- time complexity
I in terms of number of message exchanges -- communication

complexity



Study of Static Message Passing Model
I We define the network as a graph G = (V , E):

I comprised of a finite set V of points -- the vertices -- representing
the processing units (i.e., processes) -- n = |V |

I a collection E of ordered pairs of elements of V (E ⊂ [V ]2) -- the
edges -- representing the communication channels of the network

I Each process u ∈ V is defined by a set of states statesu

I A nonempty set of states startu , known as starting states or initial
states.

I A nonempty set of states haltu , known as halting states or
terminating states.

I Each process
I Is defined by a message-generator function and a state-transition

function (Synchronous Model), or
I An I/O Automaton (Asynchronous Model).

What if the communication channels are not fixed ?
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Counting the Network Nodes

Counting Problem
We wish to count the number of nodes participating in the network.
Eventually all nodes terminate providing as output the size of the
network n.

In a static synchronous network where nodes have unique ids:
I Each node u keeps a local list Au containing all the unique IDs it

has ‘‘heard’’,
I Each round it transmits the list to its neighbors,
I Upon receiving a list Av from a neighboring node v it merges the

contests of the lists with its own.
I After δ rounds, it terminates producing as output |Au|.

Counting the Network Nodes
In a static synchronous network the algorithm is correct.

After δ = 4 rounds, the algorithm terminates.



Counting the Network Nodes
In a static synchronous network the algorithm is correct.

After δ = 4 rounds, the algorithm terminates.

Counting the Network Nodes
In a static synchronous network the algorithm is correct.

After δ = 4 rounds, the algorithm terminates.

Counting the Network Nodes
In a static synchronous network the algorithm is correct.

After δ = 4 rounds, the algorithm terminates.

Counting the Network Nodes
If the network is not static, the algorithm is not correct.
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The diameter of the network is 3.



Counting the Network Nodes
If the network is not static, the algorithm is not correct.

u3u2

u1

u5u4 u6

The diameter of the network changes to 5.

Counting the Network Nodes
If the network is not static, the algorithm is not correct.

u3u2

u1

u5u4 u6

The diameter of the network changes to 5.

Counting the Network Nodes
If the network is not static, the algorithm is not correct.

u3u2

u1

u5u4 u6

The diameter of the network changes to 5.

Counting the Network Nodes
If the network is not static, the algorithm is not correct.

u3u2

u1

u5u4 u6

The diameter of the network changes to 5.



Counting the Network Nodes
If the network is not static, the algorithm is not correct.

u3u2
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The diameter of the network changes to 5.

Diameter
How do we define the diameter in a dynamic network ?
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I In the static case, the diameter δ = 2,
I while in the dynamic case, the diameter δ = n− 1.

Modeling Dynamic Networks
I The nodes of the network remain static throughout the execution.

I We do not consider additions/removals of nodes.

I Nodes are connected via communication channels that can go
up/down throughout the execution.

I The nodes cannot control when a communication channel will go
up/down.

I The nodes do not have any a-priori knowledge when a
communication channel will go up/down.

I The communication channels go up/down with any, arbitrary
order.

I we do not assume any rate on the establishment/removal of
communication channels.



Adversarial Analysis
I Real Life: A large number of undetermined factors affecting the

system:
I messages lost, channels fail arbitrarily (maybe temporarily),

communication equipment ‘‘losing’’’ its state . . .
I We wish our systems to operate in the worst case.

I We wish to provide guarantees, ‘‘no matter what’’.

I We introduce the notion of an adversary that is controlling when
channels go up/down.

I We restrict the adversary so that some computation is possible.
I The more we restrict the adversary, the easier it becomes.
I The less restrictions we put on the adversary, our results are

applicable to a broader range of cases.

I Necessary restriction: information must eventually spread
I Advantage: results hold for all possible dynamicity/mobility patterns

and not just specific cases or distributions

The Processes of the System
I The processes of the system

I Have access to Unlimited local storage
I Have unique identities (of O(log n) bits)
I Defined by a set of states states

I A nonempty set of states init , known as starting states or initial states.
I A nonempty set of states halt , known as halting states or terminating

states.

I The state of process u at time/round r is denoted by (u, r).

The Dynamic Graph Model
I We define the network as a dynamic graph G = (V , E) (or

temporal or time-varying):
I comprised of a finite set V of points -- the vertices -- representing

the processing units (i.e., processes) -- n = |V | -- that remain fixed
throughout the execution.

I a function E : N≥1 → P({{u, v} : u, v ∈ V}) mapping a round
number r to a set E(r) of undirected edges -- representing the
communication channels of the network as they become available
during round r .

Synchronous Round of Execution
The system repeats in a ‘‘synchronized’’ manner the following steps --
Round r :

1st Step -- Adversary’s step

1. Examine processes state.
2. Determine E(r).

2nd Step (Send messages)

1. Generate messages for each outgoing neighbor.
2. Transmit messages over the corresponding channels.

3rd Step (Receive Messages)

1. Process incoming messages and change internal state.
2. Remove all incoming messages from all channels.



T-interval Connectivity
Distributed Computation in Dynamic Networks -- Fabian Kuhn, Nancy
Lynch, Rotem Oshman, 2010.

I Represent dynamic networks that are connected at every instant.
I T represents the rate of connectivity changes.

T-interval Connectivity
We say a dynamic graph G = (V , E) is T -interval connected, for T ≥ 1,
if, for all r ∈ N, the static graph Gr,T := (V ,

⋂r+T−1
i=r E(r)) is connected.

T-interval Connectivity

For example

I In 1-interval connected the underlying connected spanning
subgraph may change arbitrarily from round to round.

I In∞-interval connected a connected spanning subgraph is
preserved forever.

Causal Influence (or Lamport Causality)
Time, clocks, and the ordering of events in a distributed system -- Leslie
Lamport, 1978

I Given a dynamic graph G = (V , E)
I We define an order→⊆ (V × N≥0)2

I where (u, r)→ (v, r + 1) iff u = v or {u, v} ∈ E(r + 1)
I The Causal order ⊆ (V × N≥0)2 is defined as the reflexive and

transitive closure of→
I (u, r) (v, r ′): node u’s state in round r influences node v’s state

in round r ′
I u ‘‘influences’’ v through a chain of messages originating at u and

ending at v (possibly going through other nodes in between)

Two Useful Sets
1. Past set of a time-node (u, t ′) from time t

I past(u,t′)(t) := {v ∈ V : (v, t) (u, t ′)}
I set of nodes whose t-state has causally influenced the t ′-state of u

2. Future set of a time-node (u, t) at time t ′

I future(u,t)(t ′) := {v ∈ V : (u, t) (v, t ′)}
I set of nodes whose t ′-state has been causally influenced by the

t-state of u



1-Token Dissemination in 1-interval Connected Graphs

During each round, all processes that know the token, broadcast it to
all their neighbors. When a process receives the token, it outputs it
immediately, but continues broadcasting it.

I Processes do not halt after they output the token.
I In 1-interval connected graphs, after n− 1 rounds, all nodes have

received the token.
I Allow for constant propagation of information.

1-Token Dissemination in 1-interval Connected Graphs
I Consider a cut between the nodes that already received the

token and those that have not.
I From 1-interval connectivity, there is an edge in the cut.
I The token is broadcast on that edge and some new node receives

it.

u

Nodes that have
heard of u

Nodes that have
not heard of u

1-Token Dissemination in 1-interval Connected Graphs

Lemma
For any node u ∈ V and time r ≥ 0 we have

1. |{v ∈ V : (u, 0) (v, r)}| ≥ min{r + 1, n},
2. |{v ∈ V : (v, 0) (u, r)}| ≥ min{r + 1, n}.

I The dynamic diameter is small
I At most linear in n

I For all times t ≥ 0 the t-state of any node influences the
(t + n− 1)-state of every other node.

Counting in Dynamic Networks
I We use the causal influence property.
I All nodes that have identified u keep broadcasting the ID of u

(idu),
I Then every round, at least one more nodes hears the ID of u.

I How do we know when to stop?
I When does v know that it has heard all other nodes?

Lemma
For each round r ≥ 1 and each node u, if all nodes re-transmit all the
IDs they have heard, at the end of round r, node u must know at least
r + 1 (or all nodes if r + 1 ≥ n).



Counting in Dynamic Networks

Proof.
Let |Au(r)| ≤ r .
We end up in a contradiction -- u must have heard from another node
/∈ Au(r).

u

|Au(r)| ≤ r

r = 1

After r rounds, at least r nodes must have heard from the right set.

Counting Algorithm

At each point, the processes have a guess k for the size of the network.
Every process u keeps a list of IDs Au with all the IDs it has received. At
every round it transmits Au to its neighbors. After k rounds, if it has
discovered |Au| ≥ k , it doubles k and repeats; if |Au| < k it terminates
by outputting |Au|.

Time Complexity:
I Since we double k , we have O(log n) phases.
I Requires O(n log n) rounds.

Message complexity:
I Each node knows Θ(n) IDs, item Since each message has length

O(log n),
I the complexity is O(n log n).

Other Fundamental Problems

Based on the previous algorithms and concepts we can also solve:

I id-dissemination

I Leader Election

I Evaluation of Predicates on Input -- if all processes receive some
input, then we can compute the minimum/maximum in n− 1
rounds.

Anonymous Dynamic Networks
I The uniqueness of node IDs may not be guaranteed.
I In some cases distributed computation must be simple and with

small resource requirements:
I storing and exchanging IDs may be infeasible due to memory and

communication constraints.

I We wish to avoid it to maintain user’s privacy.

We refer to this setting as anonymous dynamic networks.

We study algorithms

I Count the size of the network,
I Provide unique labels to the processes of the network.



Existence of a Leader
I In order to solve these problems in anonymous dynamic networks

we need to assume the existence of a leader process.
I The leader process

I executes a different code,
I may start from a different state.

I We use the leader process for symmetry breaking.
I If no such process exist, the problems are impossible to solve !
I Note that a static network is a special case of a dynamic network.

Counting and Naming in Anonymous Dynamic Networks

I No results were known for this type of worst-case dynamic networks

I All results that follow are from :
Naming and counting in anonymous unknown dynamic networks
-- O. Michail, I. Chatzigiannakis, P. Spirakis, 2012.

Counting Protocol Degree_Count
I All processes keep track of the current round of execution

(variable r incremented by 1 each round).
I The Leader process starts the computation by assigning labels to

all neighboring processes - and does so every turn.
I All processes that receive a label from the leader, start assigning

labels to all their neighboring process as well.
I Initially, one node (the leader) assigned to at most d processes

label 1.
I Then the d + 1 labeled processes assigned to at most (d + 1)d

unlabeled processes the label 2, totaling (d + 1) + (d + 1)d, . . .

Counting Protocol Degree_Count
I A process that has not received a label transmits a message

‘‘unassigned’’ signifying the round number.
I When the leader receives an unassigned message, it understands

that at least r + 1 labels have been assigned.
I As long as there are unlabeled processes one new label is assigned

in each round to at least one node.

I The last ‘‘unassigned’’ message received signifies the last round
during which new processes have been discovered.

I This helps get an estimation on the size of the network.



Counting Protocol Degree_Count

Theorem
Protocol Degree_Counting solves the counting upper bound problem
in anonymous dynamic networks with broadcast under the assumption
of a unique leader. The obtained upper bound is O(dn) (in the worst
case).

I In the worst-case, each label in {0, 1, . . . , n− 1} is assigned to
precisely one node (e.g., consider a static line with the leader in
the one endpoint). In this case the nodes count O(dn).

I If nodes have access to an upper bound e on the maximum
expansion, defined as
maxu,r,r′{|futureu,r(r ′ + 1)| − |futureu,r(r ′)|}
(maximum number of concurrent new influences ever occurring)
the protocol provides an O(n · e) upper bound.

Labeling & Naming

k-Labeling
An algorithm is said to solve the k-labeling problem if whenever it is
executed on a network comprising n nodes each node u eventually
terminates and outputs a label (or name or id) idu so that
|⋃u∈V idu| ≥ k .

Naming
The naming problem is a special case of the k-labeling problem in
which it must additionally hold that k = n. This, in turn, implies that
idu 6= idv for all distinct u, v ∈ V (so, unique labels are required for the
nodes).

Naming Protocol Fair
I The unique leader assigns distinct labels to each processes of the

network.
I The labels assigned are tuples (r, i), where

I r is the round during which the label was assigned,
I i is a unique number assigned by the leader.

I The labels can be uniquely ordered first by r , then by i (in
ascending order).

I All processes keep track of the current round of execution
(variable r incremented by 1 each round).

I Each round, the leader assigns a unique label to each neighboring
process

I Using i, and incrementing by 1 after each label assigned.

Naming Protocol Fair

I The protocol eventually computes a unique assignment for all the
nodes, if we assume that the adversary is somehow fair:

I The leader node at some point has become directly connected
with each other node of the network.

I The protocol does not terminate.



Naming Protocol Delegate
I We extend the protocol Fair such that

I All labeled nodes are allowed to label other nodes.
I Without loss of generality, even if the leader does not encounter all

other nodes of the network, due to the connectivity property, all
nodes will eventually hear from the leader.

I Therefore, all nodes will either receive a unique label from the
leader or from another labeled node.

I Thus it does not require the fairness assumption to be correct.

I The labels assigned are tuples (r, h, i), where
I r is the round during which the label was assigned,
I h is the label of the node that provided the label,
I i is a unique number assigned by the leader.

I The labels can be uniquely ordered first by r , then by h and then
by i (in ascending order).

Naming Protocol Delegate
I The protocol works similarly with Fair.
I All processes keep the following variables:

I state = {anonymous, named, leader}
I r -- round counter
I counter -- the number of labels generated
I label -- the local label

I When a node receives a label from the leader, it stores the label
received and sets state = named.

I Each round, the leader and all named processes will assign new
labels to all their neighbors.

I The protocol eventually computes a unique assignment for all the
nodes.

I The protocol does not terminate.

Naming Protocol Dynamic_Naming
I Already named nodes assign unique ids and acknowledge their id

to the leader
I Initially only the leader.

I All nodes constantly forward all assigned ids that they have heard
of so that they eventually reach the leader.

I At some round r , the leader knows a set of assigned ids K (r).
I The termination criterion:

I If |K (r)| 6= |V |: in at most |K (r)| additional rounds the leader must
hear from a node outside K (r)

I If |K (r)| = |V |: no new info will reach the leader in the future and
the leader may terminate after the |K (r)|-round waiting period
ellapses

Naming Protocol Dynamic_Naming

Theorem
Dynamic_Naming solves the naming problem in anonymous unknown
dynamic networks given a unique leader. All nodes terminate in O(n)
rounds and use messages of size Θ(n2).

I We can again reduce the message size to Θ(log n) paying in
O(n3) termination-time.

I The leader keeps track of the consecutive ids it has received so far.
I The leader confirms the new labels generated by other nodes

after receiving the acknowledgements of the nodes.
I It re-assigns IDs so that they are consecutive.
I The named nodes do not immediately start assigning new names

until they get a confirmation from the leader.



Possibly Disconnected Dynamic Networks

Not all dynamic networks have connected instances

I Most natural dynamic networks are only temporally connected
I There are dynamic networks with always disconnected instances

in which information spreads as fast as in those with always
connected instances

I No results were known for this type of worst-case dynamic networks
I All results that follow are from :

Causality, Influence, and Computation in Possibly Disconnected
Synchronous Dynamic Networks -- O. Michail, I. Chatzigiannakis,
P. Spirakis, 2012.

Metrics for Disconnectivity
1. Outgoing Influence Time (oit)

I Maximal time until the state of a node influences the state of
another node

2. Incoming Influence Time (iit)
I Maximal time until the state of a node is influenced by the state of

another node.

3. Connectivity Time (ct)
I Maximal time until the two parts of any cut of the network become

connected

oit -- Outgoing Influence Time
I Maximal time until the state of a node influences the state of

another node
I Minimum k ∈ N s.t. for all u ∈ V and all times t, t ′ ≥ 0 s.t. t ′ ≥ t it

holds that

|future(u,t)(t ′ + k)| ≥ min{|future(u,t)(t ′)|+ 1, n}
I Example: the oit of a T -interval connected graph is 1
I If a dynamic graph G = (V , E) has oit 1 then every instance has

at least dn/2e edges.

Alternating Matchings
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iit -- Incoming Influence Time
I Maximal time until the state of a node is influenced by the state of

another node
I Minimum k ∈ N s.t. for all u ∈ V and all times t, t ′ ≥ 0 s.t. t ′ ≥ t it

holds that

|past(u,t′+k)(t)| ≥ min{|past(u,t′)(t)|+ 1, n}
I Example: the iit of a T -interval connected graph can be up to

n− 2

ct -- Connectivity Time

I Maximal time until the two parts of any cut of the network
become connected

I Minimum k ∈ N s.t. for all times t ∈ N the static graph
(V ,
⋃t+k−1

i=t E(i)) is connected

I If the ct is 1 then we obtain a 1-interval connected graph

I Greater ct allows for disconnected instances

Alternating Matchings (ct=2) Alternating Matchings (ct=2)
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oit vs ct

1. oit ≤ ct but

2. there is a dynamic graph with oit 1 and ct = Ω(n).

oit = 1 and ct = Ω(n)
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Counting in Disconnected Dynamic Graphs
I We assume that all processes know some upper bound T on the ct.
I We wish a process to determine whether it has heard from all

nodes in the graph.
I Each process keeps track of its past sets from time 0 and from time

T .
I All processes constantly forward all 0-states and T-states of

processes that they have heard of so far.
I List of ids accompanied with 0 and T timestamps

I When these two sets become equal the algorithm terminates.

Inspired by time 0 and time 1 comparisons stated in
Coordinated consensus in dynamic networks -- F. Kuhn, R. Oshman,
Y. Moses, 2011

Counting in Disconnected Dynamic Graphs

Theorem (Repeated Past)
Process u knows at time t that past(u,t)(0) = V iff
past(u,t)(0) = past(u,t)(T).

If |past(u,t)(0)| ≥ min{|past(u,t)(T)|+ 1, n}.

vu w

past(u,t)(T)
(w, 0) (v, T) (u, t)

r : 1 ≤ r ≤ T

Counting in Disconnected Dynamic Graphs
Only if:

I v ∈ past(u,t)(0)\past(u,t)(T)
I u has not heard from v since time r < T
I Arbitrarily many nodes connected to no node until time r − 1 and

only to v thereafter
I Thus, arbitrarily many nodes may be concealed from u
I Implies that even if past(u,t)(0) = V node u cannot know it

Suitable for counting, all-to-all token dissemination, and functions on
inputs which is optimal, requiring O(D + T) rounds in any dynamic
network with dynamic diameter D.
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Σύνοψη Μαθήµατος
I ∆υναµικά Κατανεµηµένα Συστήµατα
I Ανώνυµα Κατανεµηµένα Συστήµατα
I Πρόβληµα Καταµέτρησης
I Πρόβληµα Ονοµατοδοσίας

Instantaneous Connectivity: State-of-the-art
Information dissemination in highly dynamic graphs -- R. O’Dell and
R. Wattenhofer, 2005.

I First appearance of the idea in an asynchronous setting.
I They studied flooding and routing.
I Flooding was solved in O(Tn2) rounds using O(log n) bit storage,

I T is the maximum time it takes to transmit a message.
I Routing was solved in O(Tn) rounds using O(log n) bit storage.

Instantaneous Connectivity: State-of-the-art
Distributed Computation in Dynamic Networks -- F. Kuhn, N. Lynch,
R. Oshman, 2010.

I T -interval connectivity was proposed.
I The synchronous case was studied for the first time.
I Counting and all-to-all token dissemination were solved in

1. O(n) rounds using O(n log n) bits per message
2. O(n2/T) rounds using O(log n) bits per message

I They also gave the following lower bound:
I Any deterministic centralized algorithm for k-token dissemination in

1-interval connected graphs requires at least, Ω(n log k) rounds to
complete in the worst case.


