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§ Multiple representations are available in logic synthesis:
• AIGs, MIGs, XMGs, etc.
• Each one has its own advantages/applications

§ Need of a way to not trivially map between representations
§ Develop a generalized algorithm for mapping and rewriting

• Previous methods have limitations
§ Logic optimization tool

• Especially for representations which lack of ad-hoc approaches
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§ Versatile mapping:
• Map to a cell library

Goals
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§ Versatile mapping:
• Map to a cell library
• Map from and to a generic graph 

representation (e.g., AIG, XAG, MIG)

Goals
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§ Versatile mapping:
• Map to a cell library
• Map from and to a generic graph 

representation (e.g., AIG, XAG, MIG)
• Logic optimization method

Goals
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§ Versatile mapping:
• Map to a cell library
• Map from and to a generic graph 

representation (e.g., AIG, XAG, MIG)
• Logic optimization method

§ Independent of the underlying graph 
representation

Goals
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§ Technology mapping
§ Obtain graph abstractions for different applications:

• MIG:
§ Adiabatic Quantum Flux Parametron (AQFP)
§ Quantum-dot Cellular Automata (QCA)

• XMG:
§ Reconfigurable-FET nanotechnologies

• XAG:
§ Cryptography and security applications
§ Quantum compilation

§ Logic Optimization

Applications
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ØBackground and Related Work
ØGraph mapping
ØLogic restructuring

ØVersatile Mapper
ØExperiments
ØConclusions

Outline
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§ Expressing a Boolean circuit with a set of primitives

Background
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§ Use graph primitives to generate structures for better optimization

Background: Graph Mapping
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§ LUT-based mapping [1]

1. LUT mapping [2]

2. LUT decomposition
§ Database of structures
§ Exact synthesis on-the-fly

§ Area mapping by minimizing the #LUTs
§ Repeat for logic restructuring

Related Work: Graph Mapping
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Database of 
structures

4-NPN

Abstraction

[1] W. Haaswijk, et al. "A novel basis for logic rewriting," ASP-DAC, 2017, pp. 151-156
[2] J. Cong and Y. Ding, "FlowMap: an optimal technology mapping algorithm for delay optimization in lookup-table based FPGA 
designs," in Trans. CAD, 1994



LUT-based mapping logic sharing limitation:

Related Work: Graph Mapping
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Original AIG

LUT mapping

LUT network

Cut size 3
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LUT 
decomposition

One more node created!

Related Work: Graph Mapping

LUT network Resulting AIG

LUT-based mapping logic sharing limitation:



§ Logic sharing:
• Minimize #LUTs
• Prefer bigger LUTs to cover more logic
• Lose shared nodes information

§ Depth is unpredictable

Proposed idea à structurally preserve the shared nodes
§ Use decomposition costs to drive the mapping
§ Pre-compute size and depth weight of each structure
§ Minimize the total weight

Related Work: Graph Mapping
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Rewriting[2]

§ Replace small parts with structures
§ Graph-aware
§ Exploits structural hashing
§ Use a database of structure
§ Limitation: replacement conflicts à limited to local view

Related Work: Logic restructuring
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[2] A. Mishchenko, S. Chatterjee and R. Brayton, "DAG-aware AIG rewriting: a fresh look at 
combinational logic synthesis,” DAC, 2006, pp. 532-535.



Rewriting[2]

§ Limitation: replacement conflicts à limited to local view

Related Work: Logic restructuring
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[2] A. Mishchenko, S. Chatterjee and R. Brayton, "DAG-aware AIG rewriting: a fresh look at 
combinational logic synthesis,” DAC, 2006, pp. 532-535.

Rewriting

Cut size 4

Only one node saved!



Rewriting
§ Limitation: replacement conflicts à limited to local view

Related Work: Logic restructuring
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Better 
rewriting

Cut size 4

Three nodes saved!



Rewriting[2]

§ Good for local refinement but bad for global optimization

Proposed idea:
§ Integrate a rewriting approach using structural hashing
§ Use it as a local refinement after global mapping

• Better global replacements

Related Work: Logic restructuring
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[2] A. Mishchenko, S. Chatterjee and R. Brayton, "DAG-aware AIG rewriting: a fresh look at 
combinational logic synthesis,” DAC, 2006, pp. 532-535.
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Versatile Mapper



§ Map to a cell library
§ Map to a graph representation

• Improve logic sharing
§ Logic restructuring

• Structural hashing
§ Available as a command map in 
mockturtle: 
https://github.com/lsils/mockturtle

Versatile Mapper
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https://github.com/lsils/mockturtle


Versatile Mapper
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Versatile Mapper
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Versatile Mapper
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Versatile Mapper
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Boolean 
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• Area map



Versatile Mapper
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§ Hash table for Boolean matching: Truth table à List of gates

Versatile Mapper: Library
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§ Hash table for Boolean matching: Truth table à List of gates

Versatile Mapper: Library
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Technology Mapping
§ Contain NP-configurations of 

gates
§ Bail out symmetries
§ Area
§ Pin-to-pin delay

§

§

§



§ Hash table for Boolean matching: Truth table à List of gates

Versatile Mapper: Library
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§

§

§

§

Graph Mapping
§ Contain structures for NPN-

classes
§ Compute area (size)
§ Compute pin-to-pin delay (depth)



§ Working on a generic graphs data structure
§ Cut prioritization:

• Cell mapping:
1. Size à certainty to have a feasible mapping (complete cell library)
2. Depth, area (area flow)

• Graph mapping:
1. Area (area flow), depth
2. Size

§ Truth table support minimization
• Check for internal don’t cares
• Reduce the cut support

Versatile Mapper: Cut Enumeration
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§ Given a cut truth table à find gates in the library that implement the TT
§ Dual-rail matching

• Matching positive and negative polarity

Versatile Mapper: Boolean matching
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§ Given a cut truth table à find gates in the library that implement the TT
§ Dual-rail matching

• Matching positive and negative polarity

Versatile Mapper: Boolean matching
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Technology Mapping
§ Library lookup §

§

§



§ Given a cut truth table à find gates in the library that implement the TT
§ Dual-rail matching

• Matching positive and negative polarity

Versatile Mapper: Boolean matching
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§

Graph Mapping
§ Matching by NPN-canonization
§ Store permutations, input 

negations to apply
§ Pin-to-pin delay is permuted 

during covering



§ Delay-oriented map
• Select the best delay gates for each node

§ Area-recovery or area-oriented map
• Global area à Area flow

§ Estimate the area shared in the transitive fanin cone
§ Select the best area flow constrained by the required time

• Local Area à Exact area

Versatile Mapper: Covering
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§ Exact Area
• Refinement of the local cut selection
• Driven by the area in the maximum fanout free cone (MFFC)
• Based on recursive cut referencing/dereferencing
• Select the cut that minimizes the local area

§ Exact Area with structural hashing
• Apply to the 𝑙 best cuts
1. Add structures into the network
2. Measure #added nodes with recursive node referencing/dereferencing
3. Update the pre-computed decomposition costs

Versatile Mapper: Covering
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Experiments



i. Map to a cell library
ii. Mapping and rewriting MIGs
iii. Mapping and rewriting XAGs and XMGs

Experiments
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Experiments: Map to a Cell Library
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§ Better runtime than ABC map for similar or better quality
§ Delay-oriented mapping



Experiments: Mapping and Rewriting on MIGs
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[21] W. Haaswijk, et al. “LUT Mapping and Optimization for Majority-Inverter Graphs.”, Proc. IWLS, 2016
[24] H. Riener, et al “On-the-fly and DAG-aware: Rewriting Boolean Networks with Exact Synthesis.”, DATE, 2019

LUT mapping using ABC command: &if –a –K 4

§ Comparing to previous state-of-the-art methods
§ Mapping for size minimization



Experiments: Mapping and Rewriting on XAGs
and XMGs
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[5] W. Haaswijk, et al. "A novel basis for logic rewriting," ASP-DAC, 2017, pp. 151-156
[30] Z. Chu, M. Soeken, Y. Xia, and G. De Micheli, “Functional decomposition using majority,” in ASP-DAC, 2018, pp. 676–681

LUT mapping using ABC command: &if –a –K 4

§ Comparing to previous state-of-the-art methods
§ Mapping for size minimization



i. Versatility
• Map to a cell library
• Map to a graph representation
• Logic restructuring

ii. Applications in recent technologies and logic optimization
iii. Better runtime in technology mapping compared to ABC map
iv. Better results in graph mapping and logic restructuring

• Pre-compute structures info
• Better logic sharing
• Global optimization
• Depth optimization
• Structural hashing

Conclusions
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Available as a command map in mockturtle
https://github.com/lsils/mockturtle

https://github.com/lsils/mockturtle


Thank you for your attention!

19th Jan 2022
alessandro.tempiacalvino@epfl.ch


