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Identifying the Computational Bottlenecks
Bottlenecks
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Partly inspired from the Huang’s group SWDOCK based on DOCK3.7

Phase I: Search
The matching 
bottleneck

Phase II: Scoring
The scoring 
bottleneck

Phase III: Input
The I/O 
bottleneck



Matching optimization
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Aims:
Propose a list of atom-pairs that 
satisfy, until enough matches.

For example:
Lig_spheres: [1, 2, 4, 5, 7]
Prot_spheres: [20, 21, 25, 29, 30]
→Combination of 4-points: 

[1-20; 2-21; 4-25; 5-29];
[1-20; 2-21; 4-25; 7-30];

…
Optimizations:

• Reduce redundant matches
• Degeneracy check optimization

Outline:



Matching optimization
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1. Canonical ordering

Original Optimized

2X Reduction in 
search space
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Matching optimization
2. Degeneracy check optimization
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Matching optimization
2. Degeneracy check optimization

Original

Optimized

O(n × k²)

O(n/B × k²) ~ O(k²) = O(1)

n = number of matches (common 1000)
k: min_node = max_node  = 4
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Matching optimization
3. Speed-up gain

Average:
8.94X 



Scoring optimization

• DB2 recap:

• Rigid: reference part

• Conf: group of atoms moving together

• Set (conformer): group of conformers

• Aims:

• Given a match → orient confs 
→ 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑡 =  σ 𝑆𝑐𝑜𝑟𝑒𝑐𝑜𝑛𝑓𝑠



Scoring optimization

• Pre-calculate all the confs may not be necessary

• If a set contain a bumped conf, we don’t need to 

calculate the score of it 

→ don’t need to calculate score of the confs.

• Originally: only conduct in the “cluster” mode.

• Now: default behavior

1. Lazy evaluation

1

1. Given match → score all confs

2 3 4 5 6 7 8 9

2. Score sets: sum of confs

1 2 3 4

1 2 3 5

1 2 6 7

1 2 6 8

Conf 6 bump with protein → confs 7,8 never needeed

1

1. Init (only score 1 for rigid scaffold)

2 3 4 5 6 7 8 9

2. Score sets: 
Check if the set contains any bumped 
confs + score confs on-the-fly

1 2 3 4

1 2 3 5

1 2 6 7

1 2 6 8

Still cache the already-calculated confs (1,2 are reused; 7-8 
never met)



Scoring optimization

• Calculate 8 atoms at a time.

• Replace tri-linear interpolation to FMA format:

2. SIMD optimization + FMA

3. Early atom bump exit

• Originally: sum of vdW term for a conf >= max_bump

• Now: if any atom has >= max_bump; stop calculation.
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Scoring optimization
4. Speed-up gain

Average:
7.04X 



• DB2 parsing in text format:
▪ Type conversion required

• DB2 parsing in the binary format offers:
▪ Faster processing
▪ Smaller storage file

• INDOCK: use_binary_db2: yes

DB2 parsing optimization



DB2 parsing optimization
1. Speed-up gain

Average:
17.28X 



Random 50 tgz from ZINC22, leadlike

DB2 parsing optimization
2. Size reduction gain
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Input parsing optimization (optional)

A Python script to support the 
conversion of DB2 to db2bin.

Future plan: MolSanitizer supports 
db2bin



Validation – is it correct? 133,832 compounds

Original

Optimized

Matching integrity Scoring integrity

Slightly different score 
because of the early 
atom clash exit.

In baseline, the atom 
clashes could be 
compensated by other 
atoms, making the vdW 
of the conf still below 
max_bump

One example
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Summary
Whole-optimization 

speedup:
7.62X



Comparison to Niu Huang’s implementation

• Based on DOCK3.8.5.
• Support original DB2 pipeline.
• Matching: still uses degeneracy check (optimized), while they 

used dist_tol_last to check for generated matches 
(10.1109/TPDS.2022.3194916), I tried to reproduce but at the end 
resulted in different number of matches → end-up optimizing the 
degeneracy check + canonical ordering.

• Scoring: they used SIMD for simultaneous 8-grid scoring, I used 
SIMD for 8-atom scoring. I used FMA as well as lazy evaluation. I 
did not require the re-organization of the DB2 format (conf and set 
sorting – 10.1145/3712285.3759833)
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https://doi.org/10.1109/TPDS.2022.3194916
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