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Shared-Nothing
State is local to each node,

communication done through
message passing.

Asynchronous Messaging
messages may arrive out-of-order
and with arbitrary (but finite) delay.
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Pathfinding
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Garbage Collection [5] Scheduling
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Low Coordination High Coordination

Nodes can run almost
independent of each other

Highly complex dependency
relation between nodes
e.g., Paxos, 2PC, Raft, ...e.g., Conjunctive Queries, ...
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Scheduling
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Language System Coordination

CALM Theorem [1, 2, 4]

Consistency And Logical Monotonicity

iff def.
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Language System Coordination

Monotonic Query Nodes oblivious to
other nodes a priori No Coordination
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Language System Coordination

Monotonic Query

Semi/Disjoint-
Monotonic Query

Nodes oblivious to
other nodes a priori

Nodes know data
partitioning strategy
(+ oblivious to nodes)

No Coordination

Light Coordination

CALM Theorem [1, 2, 4]

Consistency And Logical Monotonicity

iff def.

⊆
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Pathfinding in Datalog (i.e., monotonic query language)
Path(x, y) :- Edge(x, y)
Path(x, z) :- Path(x, y), Edge(y, z)

Deadlock Detection in Datalog
WaitsFor(x, y) :- DirEdge(x, y)
WaitsFor(x, z) :- WaitsFor(x, y), DirEdge(y, z)
Deadlock() :- WaitsFor(x, y), WaitsFor(y, x)

Low Coordination High Coordination

Pathfinding
Deadlock Detection
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Nodes cannot locally decide if an object is garbage
until it has seen the entire graph.

Garbage Collection [5]

⇒ All nodes must have discovered each other

Low Coordination High Coordination

Pathfinding
Deadlock Detection Garbage Collection

6



Node 1

D₁ D₂
Node 1

Deterministic Query
D'₁ D'₂

Node 2 Node 2
1 Input → 1 Output

Examples until now...
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Node 1

D₁ D₂
Node 1

Deterministic Query
D'₁ D'₂

Node 2 Node 2
1 Input → 1 Output

Examples until now...

Node 1 Node 1

Node 1

Non-deterministic Query
Distributed Behavior

Node 2 Node 2

Node 2

1 Input → n Outputs

Selection

1,2

2,1 2,1

1,2

Node 1 needs to express
something about node 2

+ reasoning about location
of state/data
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Modeling Systems with Behaviors
Constraints

Id: Nodes have a unique identity
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Id: Nodes have a unique identity

Id+All: each node knows the unique
identity of all other nodes
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Modeling Systems with Behaviors
Constraints

Id: Nodes have a unique identity

Id+All: each node knows the unique
identity of all other nodes

Id+All+Ord: each node agrees on an order over
all of its stored data/state < <
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Language System Coordination

C-Monotonic
Behavior

Id-Monotonic
Query

Id+Ind/Ind+-Monotonic
Query

System for
which C holds

Id-System

Id+Ind/Ind+-System

Depends on C

CALM Theorem (Revisited) [3]

iff def.

No Coordination

Light Coordination
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Scheduling requires a way for nodes to
make globally consistent choices
⟹ Ord-constraints (e.g., choices made by node w. max/min Id).

Low Coordination High Coordination

Pathfinding

Id Id+All Id+All+Ord

Deadlock Detection Garbage Collection
Scheduling

11



▶ CALM for languages with non-determinism and data placement.
▶ Generalized the CALM model to arbitrarily configured data systems.
▶ Introduced a coordination spectrum:
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Low Coordination

High Coordination

more powerful configurations = more inherent coordination
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