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Formulationℳ=< 𝑿,𝑫, 𝑭 >

𝑿 = 𝑹 ∪ 𝑪γ
Two sets of variables:
• Residue variables – capture the 

amino acid (aa) at the respective 
position in the protein

• Conformation variables - side 
chain conformation of the aa at 
the corresponding residue for 
protein states γ∊{Bound, Unbound}

Domains:
• DR - amino acids being 

considered at each position
• DCγ - various side chain 

conformations for all aa 
considered at the corresponding 
residue for each protein state γ

𝑫 = 𝑫𝑹 ∪ 𝑫𝑪γ

Functions:
• Energy of interactions between 

the amino acids for each protein 
state γ

• 𝓒onstraints enforcing 
consistency between side chain 
conformations and amino acid 
assignments

𝑭 = 𝑬γ ∪ 𝓒

K* Objective

𝐾∗(𝑅1, … , 𝑅𝑁) = 𝑍𝐵 𝑅1, … , 𝑅𝑁 / 𝑍𝑈 𝑅1, … , 𝑅𝑁

𝑡𝑎𝑠𝑘: 𝐾∗𝑀𝐴𝑃 = max
𝑅1,…,𝑅𝑁

𝐾∗(𝑅1, … , 𝑅𝑁)

MBE-K*

Based on a constrained ordering 
such that conformation variables are 
processed first, messages 
corresponding to upper and lower 
bounds on the partition functions of 
the conformation variables 
associated with the various protein 
states are computed and passed up 
to be maximized over

Summary

Preliminary Results:
• AOBB-K*MAP performs better 
than BBK* time-wise for the 
majority of problems tested with 
2 MAP variables and better than 
half of those with 3 MAP variables
• wMBE-K* provides solutions to 
conditioned subproblems during 
search, sometimes able to solve 
the entire K*MAP problem exactly
• AOBB-K*MAP finds solutions  
with greater K* values than BBK*

Results and Future Work

Future Work:
• Incorporation of constraints into 
wMBE-K* to exploit determinism, 
and the use of a dynamic heuristic
• Adaptation of state-of-the-art 
[approximate] search and sampling 
algorithms to solving the K*MAP 
problem.

We introduce AOBB-K*MAP, a new branch-and-bound algorithm over AND/OR search
spaces for solving the K*MAP protein design problem. In addition to formulating CPD
as a graphical model for K* optimization and providing a new efficient algorithm, we
also introduce a statically compiled heuristic for K*MAP not previously used in CPD.
This work extends algorithms for Marginal MAP (MMAP) and provides a framework
and proof-of-concept for continued adaptation of existing state-of-the-art mixed
inference schemes over AND/OR search spaces to protein design.

mailto:pezeshkb@uci.edu
mailto:radu.marinescu@ie.ibm.com
mailto:ihler@ics.uci.edu
mailto:dechter@ics.uci.edu

