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Optimized is not Always Optimal
The Dilemma of Analog Design Automation

• Why is analog design largely done manually?

• Is it an attitude of the analog designers?

• Are there technical reasons?

• How can we automate analog design?
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Digital designerAnalog designer

• The problem: the analog design gap

• Design automation is mainly based on optimization

• Investigation of

• basic principles of optimization methods

• crucial differences between analog and digital design 

“optimization horizon“  dilemma of optimizing  optimization is not well suited for analog design

• Some thoughts about automation approaches for analog design

©



Act Act

Act

Act

Think

Sense

Supply
Sense

Se
ns

e
Su

pp
ly

SenseSupply

System on Chip (SOC)

International Symposium on Physical Design 2022 - Online Event          Optimized is Not Always Optimal - The Dilemma of Analog Design Automation               Juergen Scheible, Reutlingen University 3

Number of
components

A

D

©

3,000,000

164,000

Design effort

A

D

Analog design productivity lags behind digital design productivity by orders of magnitude!



Analog vs Digital: Design Gaps
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Analog design has become the 
bottleneck in the design of state-

of-the-art microelectronics

Moore‘s law



Analog vs Digital: Structural View
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Analog Digital

• Transistors

• made of silicon

• connected to circuits

• Transistors

• made of silicon

• connected to circuits

Same elements

Same material

Same principle

Difference• Many elements

(104 – 105)

• Many more elements

(106 – 107)

VDD

GND

OutIn



Analog Digital

Analog vs Digital: Functional View
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in all detail!
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Analog Digital

Analog vs Digital: Functional View
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Design Flow
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Modeling

What is Optimization?
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EDA world

Optimization problem
• Objective function
• Data structure
• Solution space
• Optimization algorithm

Real world

Design problem
• Design task
• Design objectives
• Constraints

Real solution
Solution of optimization problem

„Model solution“

Abstraction

Loss of information
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?
Designer satisfaction

Delegation

(Weights, Constraints)
Optimization algorithm

„Optimizer“

Example

Generalization
Definition of design steps

Routing

Min. total
wire length

Max. IR-drop
Density

Layouting
the nets

Coordinates
Orientation

Antenna effect
Resistance

Cross talk

Example

Real design problem

Modeling



What is Optimization?
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Solution space

C2

C3

widthi

lengthi

C1

C1 : Min. wire width  widthi ≤ wmin

C2 : Min. IR-drop  lengthi / widthi ≤ a
C3 : Min. parasitic substrate C  lengthi ∙ widthi ≤ b

Constraints define 
a valid solution 
space

defines quality
of a solition

Optimization algorithm

Exploration engine

Evaluation engine

CandidateSelection Search

Objective function



Important Properties of an Optimizer

Model complexity M

Measure of how many aspects of the reality are 
modeled.

(The higher M, the closer the model is to reality. 
Low M means a „simple“ model.)
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Computational efficiency E

How fast does the optimizer approach a „good“ 
solution in the solution space?

• Constraint checking: How much computational
effort is needed to decide whether a point in 
the solution space is „valid“?

• How much computational effort does the 
evaluation engine need to evaluate the 
goodness of a solution option? 
(Analog design problems require simulation in the loop!)

• How many trials does the exploration engine
need to approach a „good“ solution?
(Search strategy, complexity and texture of solution space)
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Optimization Horizon  Dilemma of Optimizing
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Computational 
efficiency E

High abstraction =
low model complexity

High computational efficiency

Low computational efficiency

Real-world quality of a solution
(from the designer‘s perspective)
Qreal = E ∙ M

Optimizing
algorithms
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Depends on:
• Compute effort for checking „validity“
• Compute effort for objective function
• Complexity of solution space
• Search strategy of exporation engine

Analog design problems
need high model complexity

Low abstraction =
high model complexity

Model complexity M

Depends on required
accuracy of model



Optimization Horizon  Dilemma of Optimizing
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Optimizing
algorithms
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Computational 
efficiency E

Model complexity M

Digital design problems need
high computational efficiency

Digital design problems
lie on this side of the 
optimization horizon.

Reason: 
They require only low
model complexity, 

Analog design problems
need high model complexity

Modeling threshold

Analog design problems
lie beyond the optimization horizon!

because the real design 
problem is already
highly abstracted !



Optimization in digital design
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EDA world

Optimization problem
• Objective function
• Data structure
• Solution space
• Optimization algorithm

Real world

Digital design problem
• Design task
• Design objectives
• Constraints

Real solution
Solution of optimization problem

„Model solution“

No loss of information

Modeling
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Designer 
satisfaction

Real design problem
Delegation

(Weights, Constraints)
Optimization algorithm

„Optimizer“

Generalization
Definition of design steps

Abstraction



An alternative approach: Generators
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Optimizer Generator (Procedure)

Design flow top-down bottom-up

Handling of goals, constraints, 
problem aspects …

explicitly implicitly

Solution / result found by algorithm, 
repeatedly „re-invented“

conceived by human expert,
re-use of experience-based design strategy

„Real-world“ quality of
solution

intrinsic quality loss
(due to optimization horizon)

full-custom (handmade)

Industrial acceptance for
analog design

low high

• A generator is basically a script that captures the design strategy for a specific design task. 

• When executed it replicates the work of a designer in a straight-forward manner.  

• Generators are parametrized to cover a certain range of applications.



Today‘s design flows in the Y-model
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Geometrical / physical view
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Analog blocks
Devices

Chip floorplanAnalog
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Top-down synthesis
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based algorithms

Don‘t care
Bottom-up design flow

hand-crafted
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Future design flows in the Y-model
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Top-down synthesis
with optimization-
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Digital Analog



Summary and Conclusion

• Analog design productivity is the bottleneck in AMS design

• Due to the optimization horizon, optimization techniques 

cannot be the sole solution to the problem

• For successful automation of analog design, optimization 

techniques must be supplemented by other techniques.

Procedural approaches (generators) are promising here.

• Proposal: a top-down-meets-bottom-up design flow 
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