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Co-design Finite State Machines

Many slides of this lecture are borrowed from Margarida Jacome
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Summary of Dataflow Network Model

• Partially ordered tags
• Explicit concurrency
• Blocking read (non-reactive)
• Fundamentally deterministic
• No input or output choice
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Summary of FSM

• Reactive
•  synchronous operation

– All states change state simultaneously

• syntactic determinism
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Synchrony

• Basics operation: At each clock tick, each module reads
input, computes and produces outputs simultaneously.
Þ  zero delay calculations, infinite time between ticks.(no cyclic

dependencies among values of events with same tag)

• Tr igger ing and order ing: All modules are triggered to
compute at every clock tick. At each clock tick, there is no
ordering of reading of inputs, computation or writing
outputs. However, an ordering can be imposed with delta
step (delay) concept.

Þ  zero time that passes between events at the same clock
tick and that serves simply to order events.
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Synchrony

• System Solution: This is the output reaction to a set of
inputs. Unique solution is desirable at each clock tick. This
way, easy to analyze and verify.
– However, there are cyclic dependencies among values of events

(due to selection of models and languages) that makes it difficult.

• Implementation cost:
– For hardware, one must ensure the clock period is higher than the

maximum possible computation time for a synchronous block,
clock rate is much slower than that might otherwise achieved.

– For software, ensure that invoked process completes before
process changes its input.
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Asynchrony

• Basic operation: Events have non-zero time between
them. Individual process runs whenever change in its input
and can take arbitrary (bounded) time to complete its
computation.

• Tr igger ing and order ing: Triggered to run when input
changes. There is no a priori ordering processes among
triggered modules.

• System solution: Difficult to analyze due to solution
depends on input signals and its timing.

• Cost: Less expensive.
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CFSM Overview

• A FSM part: that contains set of inputs, outputs, and
states, a transition relation and an output relation.

• A data computation par t: references in transition relation
to external, instantaneous (combinational) function.

• A locally synchronous behavior: Execute transition by producing
a single output reaction based on a single, snap-shot input assignment
in zero time. (synchronous from its own perspective)

• A globally asynchronous behavior: Each CFSM reads inputs,
execute a transition, and produce outputs in an unbounded but finite
time as seen by the rest of the system. This is asynchronous interaction
from the system perspective.
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Communication primitives

Data buffer

Event buffer

• Single input, single output communication process
• event emitted by sender (CFSM1) setting the event buffer

to 1. Putting signal value in data buffer.
• Consumed by receiver (CFSM2) after detection of 1in

event buffer. Then set “0”  to event buffer.

1-place buffer

CFSM1 CFSM2

connection connection
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CFSM Networks

• Net: set of connections on the same output signal.
• Network: a set of CFSMs and nets.
• Example:

–  set of CFSMs in software (e.g. C), a compiler, an
operating system, and a microprocessor (software
domain),

– a set of CFSMs in hardware (e.g. gates mapped to an
FPGA), a hardware initialization scheme and the
interface between them (polling or interrupt).
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