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When you have eliminated all which is impossible, then 
whatever remains,
however improbable,
must be the truth. 
Sherlock Holmes 
In Arthur Conan Doyle, The Case Book of Sherlock Holmes. 



Wordle
https://www.nytimes.com/games/wordle/index.html

Goal:
• Build algorithm that can guess secret in at most 6 a4empts
• Check for every possible secret that max 6 a4empts requried

Parts:
1. The algorithm (7 guesses requried)
2. Performance Optimizations

https://www.nytimes.com/games/wordle/index.html


Wordle vs Master Mind
Aspect Wordle MasterMind
Colors 26 8
Holes 5 5
Attempts needed 6 7
Guesses/Secrets 12.972 32.768
Scores 242 20
Combinations List All
Score position known Yes No



Algorithm 1. Super Mastermind/Wordle (1 secret)
1. Let S be the secret. 
2. Let C be the ini;al guess from A (All valid combinaVons) 
3. Let s = score(C,S). 
4. If s= sW, C is the secret. 
5. Otherwise, proceed as follows. 
6. Remove from A every C’ with score(C’,S)≠s. 
7. Pick a next guess C’’ and go to Step 3 with C=C’’ 

Well known MM(c,h) algorithm (D. Knuth)

* Not totally trivial – each guess peg can score against at one most one secret peg

Overall Algorithm

Guess / Score         All Combinations 

If guess correct, we’re done; 
else remove any combinaVon 
against which guess scores* differently
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Algorithm 2. Next Guess
1. For each remaining combinaVon C in A:

a. For each score s of C against any combinaVon in A, 
let m(A,C,s) be the number of combinaVons C’ in A 
with score(C,C’)=s.

b. Let Max(A,C) be the maximal m(A,C,s) for any s. 
2. Let Min(A) be the minimal Max(A,C) for any C. 
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Algorithm 3. Ini;al guess
For the iniVal guess, we can simply run the next guess 
algorithm on the iniVal set. 
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Algorithm 4. Improved next guess In step 1 pick the new guess 
C from the iniVal set A of all combinaVons rather than the set 
of remaining combinaVons. If there are both guesses outside 
and inside the reduced set with the same number N, prefer one 
in the reduced set. When mulVple guesses have the same 
number, choose the first one in alphabeVcal order. 
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ATTEMPTS NEEDED WITH SERAI

LETTER FREQUENCIES

-> LARES 7 guesses needed

Start Word Tinkering



Initial version

• Python
• Handles Mastermind and Wordle with any holes and colors
• Only difference in score computation and score equality
• Game: startword against one secret
• 1 game > 85m 
• All games (secrets) ~ 2y
• < 0.5 Gb



MinMax

• Minimum so far 
passed to the calculation 
of next guess’ maximum. 
• When maximum 

calculation exceeds
minimum so far, 
go to next guess
• 1 game > 25m 
• All games > 223d
• < 0.5 Gb
• Factor 3.5
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Precomputing the scores

• Profile shows score calculaKon expensive
• Code generic
• Computa0on tricky

• Precompute and store in large array
• 1 game ~ 1m (2m preload)
• All games ~ 9d
• 11.5 Gb
• Factor 25
• This was the version from the event



numPy (Jonatan K.)

• Python lib
• BeQer large arrays
• 1 game ~ 1m30s (2m preload)
• All games ~ 13.5d
• 3.5 Gb
• Factor 0.67
• Worse performance
• Smaller mem footprint allows parallelizaKon
• Shared cache not possible



Parallelization

• 3 threads
• Each their segment of game collection, e.g. 1-4000
• 1 game ~ 30s (2m preload)
• All games ~ 4.5d
• 10.5 Gb
• Factor 2 (compared to pre-numPy)



Real scores, faster

• Map: Score -> Secrets
• 3 threads
• 1 game ~ 1.7s (2m preload)
• All games ~ 6h
• 10.5 Gb
• Factor 18
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Cache next guess from previous guess + score
• Next guess depends only on guesses and scores up to now
• Cross game cache
• 12.972 games to check, 7-8 guesses in each
• Only 243 different scores in Step 1, save 12.972-243 guesses
• Though 243 for each thread 
• Cache: 

• Cache = Guess x Map
• Map: Score -> Cache

• 3 threads
• 1 game ~ 0.28s (2m preload)
• All games ~ 1h
• 10.5 Gb
• Factor 6
• Cache is tabular representation of game strategy
• A bit tricky in C++ btw
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C++ (Olkhovski)

• Only 0.5 Gb per thread
• So more parallelizaKon
• 16 threads
• 1 game ~ 0.018s (4m preload)
• All games ~ 2.5m
• 10.5 Gb
• Factor 24 (Raw C++ factor 10, rest is further parallelizaKon)
• Original with shared next guess cache
• Core dumps, refactored to separate gamg segments



The main vehicles in the optimization were the following: 
1.Precomputation of scores, the same for every game and start word
2.Caching of games, these vary with the start word
3.Parallelization to multiple threads and CPUs
4.Avoiding unneeded computation by modifying the algorithm
5.Changing data structure to faster operations
6.Changing language to compiled code and data structures closer to 
physical structures.
7.Profiling to identify time usage.

Final factor 567.000, from 2 years to 1.5 minute.

Conclusion


