Translation/ Modeling
(DFG,CFG...)

Start

with Specification

HW/SW-PATITIONING

ALGORITHMS OF SYNTHESIS AND OPTIMIZATION OF DIGITAL SYSTEMS

Stochastic

Dataflow

Resource
constrained

Time constrained

SCHEDULING

BINDING

RT-OPTIMIZATION

Physical design
Place and route

Logic synthesis

ILP

* Exact

Operator Selection

* NP-Complete

Different realizations for oper-
ations exist. Choose those which
don't violate the cycle time and
minimize the area.

Retiming

List

Feasible
AFAP Left
* Exact edge

Simulated
Annealing

* |terative heuristic
* Polynomial RT

Inspired by solid state
physics. Take a random
near-by solution and cool
down slowly:

“probabilistic hill climbing”

Ant algorithm

* Meta heuristic
* Polynomial RT
Inspired by food search

of ants. The ant puts phe-
romones on its way.

Sorting the operations acc-
ording to a priority function
PF. PF determines which
op. are shifted in case of
hardware limitation.

Examples:

PF = Path length
PF = Mobility (ALAP-ASAP)

* Polynomial RT
for each path

Minimizes the number
of control steps.
Frequency
constrained
Resource constrained

Kernighan Lin

* |terative heuristic
» Complexity O(n3)

Swap each pair in a
given partitioning and
take the best solution.
Repeat this until there
is no improvement

Threshold

« |[terative heuristic
* Polynomial RT

Similar to  Simulated
Annealing but with a
lower runtime complexity

Minimum area

ﬁrea Constraint-satisfying
I implementatiorll

. 1 .
Timesconstraint

PF = Urgency (ALAP)

« Polynomial RT

Hardware grows

Greedy

Search free unit
found? Bind

» Constructive heuristic
* Polynomial RT

not found? Add a new unit to DP

ASAP
H
* Exact U
» Complexity O(|E|) .
ASAPHC Exact
Schedules an op. as
« Constructive soon as possible.
heuristic Problem:

If there is no free HW
available the operation
will not be scheduled a
current clock cycle.

* Polynomial RT

Restrictions to DP:

* Only one type of op.
* Ttree structure

ILP

» Exact
* NP-Complete

Force directed

* lterative heuristic
» Complexity O(Dn?3)

*Each object is mapped
only once.

*Each module processes
only one object

Uses a spring model.
Close holes in D.-graph.
Balancing HW utilization

Decomposition
TSENGI/SIEWIOREK

» Constructive heuristic
* Polynomial RT

Constructs a clique partitioning of an
compatibility graph (super nodes)

Operations - Units (TSENG/SIEWIOREK)
Variables - Registers (Left edge)

Feasible Peripheral

* O(IVIIED) .
Move registers to
A retiming is the inputs and
feasible if : outputs and apply
known techniques
T

from combinatorial
max, .y (¢,)

cycle =

ILP

* Exact

* NP-Complete

« Every op. is executed only once

PF = Urgency
General List ILP ILP Reallocation
» Heuristic * Exact * Exact

Allows treatment of:
 Multi cycle operations

* NP-Complete * NP-Complete

« Every op. is executed only once

Like Kernighan Lin

* Every op. is executed only once| | Get improvement by

* Precedence constraints

Minimum time

* Restricting number of optypes
(resource constraints)

5(o,)=Fk-t
* Chaining
5(o;)<t

cycle

cycle

Time

* Precedence constraints
« Time constraints

* Precedence constraints

ILP

optimization
» Exact :I ( > l
* Minimize the number of registers in a
sequential circuit

 Time constraints
* Restricting number of optypes
(resource constraints)

swapping assignments
and bindings.

« Can be formulated as a minimum cost
flow problem which can be solved in
Polynominal RT
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