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What Went Wrong with ‘early approaches to
design automation ?

Too much emphasis on incremental work on algorithms and
point tools

Unrealistic assumption on component capability,
architectures, timing, etc

Lack of quality-measurement from the low level

Too many promises on fully automated system (silicon
compiler??)
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Why Synthesis? Why not Synthesis?

Performance LossS

Unsynthesizability

Inertial




Architectural -level synthesis
motivation

¢ Raise input abstraction level.
1. Reduce specification of detalls.
2. Extend designer base.
3. Self-documenting design specifications.
2. Ease modifications and extensions.

¢ Reduce design time.

¢ Explore and optimize macroscopic structure:
i Series/parallel execution of operations.




Design Space' Exploration

We consider here
totally different
architectures

Area
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Architectural Synthesis Problem

¢  Specification

s An Intermediate representation

s A set of functional resources

s characterized by area and execution delay
¢ Constraints

¢ Objective
¢ Output:

s Data-path + controller

¢ Tasks
s Place operations in time and space
s Determine detailed interconnection and control

¢ Constraints include: area, cycle time, latency, and throughput.
Area: number of modules/resources available or size of your silicon die.
Cycle time: how fast your clock runs

Latency: number of cycles for input data to result in a solution or result.

Throughput: Amount of data that can be processed in a given amount of time (usually
involves pipelining)
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Architectural 'synthesis output

¢ Data-path:

. Functional resources: Perform operations on data (arithmetic and
logic blocks).

i Memory resources: Store data (memory and registers).
i Interconnection resources: (muxes, busses and ports).

¢ Controller:
s Finite state machine (FSM)
s Controller + microprogram

s Sinchronization scheme (e.g. global clock singol phase with
master-slave registers)




Objective function

Main goals in classical approach

. Minimum area
s Functional units, registers, memory, interconnect

2. Maximum speed
s latency in clock cycles
5 cycle time
s throughput

Generally one parameter Is set as a constrained
and the other one is optimized




More sophisticated Objective functions for
high-level and system design

Additional goals in modern approaches

¢ More accurate estimation, such as
s Size of operands
s Sharing of hardware for similar operations (e.g. + and -)

¢ Testablility

¢ Low power
A Power down, clock disabling

¢ Reliability

A Fault tolerance, self -test




Stages of architectural -level synthesis

. Translate HDL modelsinto IR (Intermediate
Representation)

Behavioral -level optimization:

1. Optimize abstract models independently from the
Implementation parameters .

. Architectural:’ synthesis and optimization:

1. Create macroscopic structure:
A data-path and control-unit.

2. Consider area and delay information of the
Implementation. (on the global level)
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Example of HDL description of
architecture

read (X, y, u, dx, a);

repeat {
Xl =X + dx;
ul=u-@B*x*u * dx) - (83*y*dx);
yl =y + u*dx;
c=X<a;
X=Xl u=ul;y=yl,
}

until (c) ;

write (y);




Example of structures to implement

this architecture
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Different architectures - vs different'design

styles
::::; ZZSSS; bus ris. bus di sin. bus di destra
B \ registri < A registri 7
- A \
AN LIR RIR
ALU }
NS
ALU
¢ X<=atb (100 nsec) ¢ LIR <=a; RIR <=b; (50 nsec)
¢ Y<=CX (100 nsec) ¢ X, RIR<=LIR+RIR; LIRs= (50 nsec)
¢ Y<4IRRIR; (50 nsec)

200 ns 150 ns
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Functional resources

1. Standard resources:
s EXisting macro-cells.
s Well characterized (area/delay).
i Example: adders, multipliers, ...

2. Application-specific resources:
s Circuits for specific tasks.
s Yetto be synthesized.
s Example: instruction decoder.




Resources andapplication. domains

¢ Resourcedominated applications.
i Area and performance depend on few, well-characterized blocks.
s Example: DSP circuits.

¢ Non resource-dominated circuits.

i Area and performance are strongly influenced by sparse logic,
control and wiring.

s Example: some ASIC circuits.




Examples: target architectures
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Detalls of control 'signals
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Tri -state signals in buses instead of multiplexing
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More on target architectures

¢ Target architectures is influenced also by:
s clocking strategy: single or multi phase clock

s clocking of functional units:
A Multi-cycle operations;
A chaining;
A pipelined units.
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