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Abstract
Modern chess engines play far beyond human ability, often choosing moves whose
underlying ideas are difficult for humans to understand. We propose an automatic metric
for evaluating chess explanations, grounded in chess-engine evaluations. Evaluating
state-of-the-art language models using this metric, we find that they perform surprisingly
poorly, often relying on surface-level board observations rather than robust, transferable
chess concepts. We then introduce BinProp, a training-free method that enables these
same models to discover reusable chess concepts and use them to explain moves in natural
language. BinProp improves explainability for every model tested, nearly tripling the
average score compared with direct prompting. Beyond chess, the same method discovers
useful concepts in Go, draughts, and shogi without additional tuning.

1 Introduction

Modern chess-playing algorithms, called chess engines, are vastly superior to human players, but their decisions
are often difficult to understand. Since Shannon’s formulation of computer chess (Shannon, 1950), engines

Best move: c4

c4 is good for Black because after
19... c4 20. Bf2 Ne5 21. Bg1
Nd3 22. Rb1

d4 is worse for Black because after
19... d4 20. Na4 Qe7 21. Nb6
Rc7 22. e4

-0.89 +0.18

Black's knight has an outpost on d3, where
White's pawns cannot chase it away.

Black has a rook on a semi-open file, while
White's rooks are behind their pawns.

Black's pieces are more active: 4.1 reachable
squares each on average, versus White's 2.3,
excluding squares enemy pawns attack.

Move played: d4

Carlsen, M – Anand, V
2019.05.25

Black to move.

BinProp (our method)

Initial Position Option #1 Option #2

Figure 1: Black to move in Carlsen–Anand (2019). Anand played d4 (light blue); Stockfish’s top move is
c4 (dark blue). Our method, BinProp, explains the difference between the moves by finding properties that
appear in one continuation but not the other. Further examples appear in § G.
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have followed the same basic paradigm: search through possible continuations, evaluate the resulting positions,
and choose the move whose continuation looks best using MiniMax (v. Neumann, 1928). Modern engines
apply this framework at enormous scale: Stockfish 18 (The Stockfish developers, 2026), the strongest chess
engine at the time of writing,1, evaluates millions of positions per second using a neural-network evaluation
function.
This gap between playing strength and understanding has recently attracted increasing attention (Björnsson,
2024; Spinnato, 2025; Barthelemy, 2025). An engine’s evaluation tells us which move it prefers, but not the
chess ideas behind that choice. Our goal is to explain in natural language why a chess engine prefers one
move over another.
Chess and Go engines are especially interesting to explain because they can reveal ideas that human players
overlook. Chess masters highlighted AlphaZero’s “march of the rook’s pawn”: against a kingside-castled
king, it often advances the h-pawn to h6 to restrict the king’s movement (Sadler & Regan, 2019). In Game 2
against Lee Sedol, AlphaGo’s Move 37 was so unusual that its team estimated only a one-in-10,000 chance
of a human playing it (Hassabis, 2016). Understanding the ideas behind engine moves could help improve
human play.
Explaining why an engine prefers one move over another is challenging because the quality of a move cannot
be judged solely by looking at the current board. A position with a material advantage, for example, may still
be losing if the opponent has a reply that leads to forced checkmate. Instead, the value of a move depends on
the continuations it enables and those it prevents. We therefore frame explanations as contrastive: given two
candidate moves, we ask what becomes true after the first move but not after the alternative. As shown in
Fig. 1, these explanations take the form of concrete chess motifs, such as passed pawns, restricted pieces, or
superior piece activity.
Our contributions are as follows. First, we propose an engine-grounded metric for measuring the quality of
chess explanations. Second, we evaluate four open-weight and four frontier large language models and show
that their explanations often rely on surface-level observations rather than robust, transferable chess concepts.
Third, we introduce BinProp, a training-free method for discovering reusable concepts and using them to
explain moves in natural language. BinProp improves explainability for every model tested on chess, raising
Fable 5’s score from 3.1% with direct prompting to 29.6%, and GPT-5.6 Sol’s from 6.2% to 20.5%. It also
extends to Go, draughts, and shogi without additional tuning.

2 Evaluating Explanations

Our goal is to generate explanations such as: “If you play this move, your opponent’s king will come under
pressure; after a weaker alternative, it will not.” In this work, we focus on binary concepts, or motifs, that are
either present or absent in a position, making explanations easier to interpret. In this section, we describe
how we build a test set of positions to evaluate the quality of a given explanation.
The main challenge is that a motif may not appear immediately after a move is played: a move can be good
because of what becomes possible only several moves later. We therefore use Stockfish 18 to generate multiple
plausible continuations after the best move and a weaker alternative. In evaluation, we give models these
Stockfish-generated continuations, so the evaluation tests motif quality rather than move calculation.
Concretely, we sample positions where the engine’s top move gives a modest advantage, while an alternative
move loses that advantage. We sample positive positions from continuations that begin with the top move
and preserve the advantage, while negative positions come from continuations that begin with an alternative
move. The task is to find a motif, written as a Python function, that returns True on positive positions and
False on negative positions.
Separating positives from negatives is not enough: a motif may simply capture an irrelevant difference between
the boards. Figure 2 shows one example: Black has a pawn on d6 separates the two sets, but says little about
why one side has an advantage. We call such motifs brittle. To catch them, we use nearby negatives: we
keep the early moves of a positive continuation but replace a later move with a weaker one that loses the
advantage. Because nearby negatives share a prefix of moves with positives, the resulting boards tend to be
similar, helping catch brittle motifs.

1Stockfish 18 is the highest-rated chess engine on the CCRL 40/15 rating list; see Computer Chess Rating Lists
(CCRL), https://computerchess.org.uk/4040/index.html
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Initial Position

Best move: cxd4
Alternative: Qxb5

+1.44

Positive

21. cxd4 Ng4 22. h3 Nxf2 23. Rxf2
a5 24. Qe3 b4 25. Bf3 b3 26. Qxb3
Qg5 27. Rg2 Nb4

-0.86

Negative

21. Qxb5 dxc3 22. bxc3 h4 23. Rxd6
hxg3 24. hxg3 Qg5 25. Qd5 Rcd8 26.
N2d3 Bc8 27. Rxd8 Rxd8

-1.14

Nearby Negative

21. cxd4 Ng4 22. h3 Nxf2 23. Rxf2
Ne7 24. Bf3 Ng8 25. Rdf1 h4 26. g4
Qb6 27. a3 Qxd4 28. Kh1 Bc6

Figure 2: Brittle explanations explain the positive and negative boards, but fail to generalize
on nearby negatives. Positive and nearby negative positions follow the top move in the starting position,
cxd4 (blue), while negatives start from the second-best move, Qxb5 (light blue). The brittle motif “Black has
a pawn on d6” (highlighted in red) returns True on the positive and False on the negative positions, but
also returns True on the nearby negative position, yielding a low explainability score.

2.1 Evaluation Setup

Starting positions. We randomly sample 100 positions from master-level games in PGNMentor (64
Squares, 2026). We exclude positions with an overwhelming advantage, where the explanation is often trivial,
and forced mates, where the engine’s mating line itself provides the explanation. The best move must evaluate
between +75 and +125 centipawns2 for the side to move. The alternative must evaluate between −125 and
+50 centipawns, at least 75 centipawns below the best move and within 50 centipawns of the second-best
move.

+0.96 +0.92

+0.96

+0.96

−0.15 −0.18

−0.83

−0.83 −0.90

−1.60

Figure 3: Sampling positions, an illustrative exam-
ple. Nodes show engine evaluation. Blue/red marks posi-
tive/negative; dashed red marks nearby negatives. Gray moves
score more than 50 centipawns below second-best and are dis-
carded.

Continuation sampling. For each start-
ing position, we construct a set of 12 posi-
tives, 12 negatives, and 8 nearby negatives.
We retain only quiet positions: neither king
is in check and no immediate material tac-
tic is visible. This requirement excludes
boards midway through tactical exchanges
(§ C.1). We sample these positions across
several plausible continuations, rather than
a single engine line (Figure 3).
We start two continuations from the same
position: one with the best move and one
with the weaker alternative. After each,
Stockfish plays both sides for at least six
plies3, stopping at the first quiet position.
If none is reached by ply 16, we discard the line.
To generate the set of boards, we branch into several continuations from each quiet position. We explore up
to 12 additional plies, considering up to six highly ranked Stockfish moves at each turn. We retain 12 distinct
quiet positions after each of the two moves: positives preserve the best move’s advantage, while negatives
start with the worse move and keep roughly the same evaluation. Every retained position has the same player
to move as in the starting position.

Nearby negatives. We start from a quiet position reached along a positive continuation, then have the
advantaged player play a weaker move instead of Stockfish’s best move. After Stockfish’s best reply, we retain
the position as a nearby negative only if it is quiet and the advantage is lost. We collect eight per starting
position.

2A centipawn is one hundredth of a pawn in engine evaluation. A 75–125 centipawn advantage corresponds to
roughly a 57–61% win chance under Lichess’s centipawn-to-win% formula (Lichess, 2022).

3A ply is a single player’s move, so one move by each side is two plies.
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Evaluation. We show the model four positives and four negatives, called the support set. Nearby negatives
are never shown to the model. We then evaluate its motifs on 24 positions it has not seen: eight positives,
eight negatives, and eight nearby negatives. For each group, we compute the fraction of correct outputs:
True for positives and False for either kind of negative. A motif’s explainability score is the lowest of these
three fractions. Additional dataset construction details are in § C.1.

3 Method

In this section, we introduce BinProp (short for Binary Properties), our method for explaining chess engine
decisions. BinProp first finds general chess motifs that occur more often in winning than losing positions
then uses them to explain why the engine prefers one move over another.

Finding Chess Motifs. To find these motifs, we construct a set of 200k positions from the Lichess Elite
Database (Noel, 2020). All evaluations are expressed from the perspective of the player to move: 100k
positions evaluate between +125 and +250 centipawns, and 100k evaluate between −250 and −125 centipawns.
We call these the winning and losing sets, respectively.
BinProp runs as an iterative loop. At each step, a language model proposes a motif: a Python function f
that maps a board state to True or False. We evaluate f on both sets; a useful motif fires more often on
winning positions. For example, consider the motif “the player to move is ahead in material.” It fires on
61.5% of winning positions and 5.5% of losing positions, a gap of 56 percentage points. In general, ∆(f) is
the difference between a motif’s firing rates on the winning and losing sets, and we retain only motifs with
∆(f) > 0.01, i.e., more than one percentage point.
We also want the motifs to be different from one another. To check this, we measure containment on the
winning set. For a candidate motif, containment is its largest overlap with any existing motif: among winning
positions where the candidate is True, what fraction also satisfy that existing motif? High containment
indicates redundancy between motifs. We reject a candidate when containment exceeds 70%, unless its ∆(f)
is larger than that of the overlapping motif; in that case, the candidate replaces the older motif.

Algorithm 1 BinProp motif discovery loop.
1: B ← ∅ ▷ Motif Set
2: H ← ∅ ▷ Conversation History
3: for t = 1, . . . , 100 do
4: f ← LM(B, H) ▷ Propose one binary motif
5: if f compiles and runs then
6: ∆(f)← Pr[f = 1 |W ]− Pr[f = 1 | L] ▷ Measure separation
7: C ← {g ∈ B : containmentW (f, g) > τ} ▷ Find overlapping motifs
8: if ∆(f) > 0.01 and (C = ∅ ∨∆(f) > maxg∈C ∆(g)) then
9: B ← (B \ C) ∪ {f} ▷ Replace weaker, overlapping motifs

10: continue
11: end if
12: end if
13: H ← H ∪ feedback(f)
14: end for

We run the iterative loop (Algorithm 1) for 100 steps using each model’s maximum reasoning setting, a
61,440-token reasoning budget, and a 4,096-token visible-output budget. Additional details, including the full
prompts, are given in § A.

Explaining Specific Moves. Given an initial position, and a move we want to explain, we use the process
detailed in §2 to generate a set of positive and negative positions. Then, our goal is to find the most relevant
motifs that explain the differences in positive and negative positions. For each motif, we ask two questions.
First: how useful is the motif in general? This is measured by ∆(f): motifs with larger ∆(f) appear much
more often in winning positions than losing ones. Second: how relevant is the motif for this particular move?
We measure how often the motif is true on the given positives and how often it is false on the given negatives.
Fit is the lower of these two percentages. We rank motifs by combining these two quantities, ∆(f) · fit(f),
and return the top k. Lastly, an additional LM call converts the motifs into natural language (§ B).
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4 Results

We evaluate four open-weight models, Qwen3.5-397B-A17B (Qwen Team, 2026), Kimi-K3 (Kimi Team et al.,
2026), GLM-5.2 (GLM-5-Team et al., 2026), and DeepSeek-V4-Pro (DeepSeek-AI, 2026), and four proprietary
models, GPT-5.5 (OpenAI, 2026a), GPT-5.6 Sol (OpenAI, 2026b), Opus 5 (Anthropic, 2026b), and Fable
5 (Anthropic, 2026a). For each model, we compare direct prompting (Baseline) with BinProp. For each
position, Baseline is prompted to propose three motifs, while BinProp selects three from its discovered set.
Both methods follow the same evaluation protocol. For each position in the test set, we score up to three
motifs with at least 50% support fit. The position’s score is the arithmetic mean of these motif scores. If
none qualifies, we score the highest-ranked valid motif; if none is valid, the position scores zero. Table 1
reports the average across all 100 test positions and shows that BinProp improves explainability for all eight
models (bootstrap intervals in § C.2). Even the lowest BinProp score, 0.174, exceeds the strongest baseline,
0.173; the highest BinProp score is 0.296.

Table 1: Chess test results. Gain is BinProp minus Baseline, computed before rounding.

Model Method Mean Explainability Gain

Qwen3.5-397B-A17B (Qwen Team, 2026) Baseline 0.102 +0.072BinProp (ours) 0.174

GPT-5.6 Sol (OpenAI, 2026b) Baseline 0.062 +0.144BinProp (ours) 0.205

DeepSeek-V4-Pro (DeepSeek-AI, 2026) Baseline 0.173 +0.042BinProp (ours) 0.214

Kimi-K3 (Kimi Team et al., 2026) Baseline 0.079 +0.136BinProp (ours) 0.216

GLM-5.2 (GLM-5-Team et al., 2026) Baseline 0.051 +0.182BinProp (ours) 0.233

GPT-5.5 (OpenAI, 2026a) Baseline 0.085 +0.169BinProp (ours) 0.254

Opus 5 (Anthropic, 2026b) Baseline 0.049 +0.242BinProp (ours) 0.291

Fable 5 (Anthropic, 2026a) Baseline 0.031 +0.265BinProp (ours) 0.296

Baseline models struggle to generalize. Even when prompted to identify general chess concepts, direct
prompting mostly yields motifs that rely on shallow board details. In Fig. 4, the Opus 5 motif requires only
that each side has a queen and at least one rook; Fable 5 checks for White’s queen on d1 and Black’s on a5;
and GPT-5.5 checks for White’s bishops on c1 and g2. All three fit the support examples but also hold on
every nearby negative, so each scores zero. Still, a minority of baseline runs produce non-brittle motifs: one
Opus 5 motif requires a White pawn on the fifth rank or beyond and no Black bishop or knight in White’s
half. Another, from GPT-5.5, requires an advanced White bishop to attack a square next to Black’s king,
both achieving an explainability score of 87.5% .

BinProp. BinProp discovers 192 motifs (§ H), ranging from 11 for Kimi-K3 to 44 for GPT-5.5. Median
∆(f) ranges from 2.5% for Fable 5 to 9.0% for Qwen. The models also differ in how many chess ideas they
combine within a motif. Most favor a single idea: 20 of Opus 5’s 30 motifs each focus on a single chess
concept, such as material advantage or dangerous passed pawns. In contrast, Fable 5 and GPT-5.5 combine
several ideas in 19 of 20 and 37 of 44 motifs, respectively. Such motifs can hold for different reasons in
different positions. Fable’s concrete target motif, for example, can identify profitable captures, weak-pawn
pressure, advanced passed pawns, or king attacks, subject to material and piece-safety conditions. Another
example is GPT-5.5’s Material-parity forcing gain or mobile bishop pair.

Common Motifs. Material advantage appears in most model motif sets. Qwen, GPT-5.6 Sol, and Opus
5 require at least a pawn advantage; GLM-5.2 requires two; Kimi-K3 accepts a material lead or, at equal
material, more attacks on enemy pieces. GPT-5.5 requires a one-pawn material advantage, counting a
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Figure 4: Baseline and BinProp explanations for the top four models. Each panel shows one sampled positive
position; explainability is measured over 24 held-out positions: eight positives, eight negatives, and eight
nearby negatives. Evaluation bars show Stockfish’s evaluation.

0.4-pawn bonus for having two bishops. The bishop pair also appears in most motif sets: Qwen, GLM-5.2,
Kimi-K3, and DeepSeek-V4-Pro require two bishops against at most one; GPT-5.6 Sol adds equal material
and minor piece counts; Fable 5 adds safe pieces and king; and Opus 5 and GPT-5.5 include it in broader
motifs.

Unique Motifs. We measure uniqueness by applying motifs to the winning set and finding each motif’s
largest containment overlap with any motif from another model; lower overlap means more unique. Among
motifs from Opus 5, Fable 5, GPT-5.5, and GPT-5.6 Sol with ∆(f) ≥ 5%, the two most unique both come
from Opus 5: Opponent pieces tied to passive defence finds pieces forced to defend or block passed pawns,
while Opponent saddled with a bad minor piece finds a knight with few safe squares or a bishop trapped by
its own pawns. Among these four models, the most unique accepted motif (∆(f) > 1%) is also from Opus 5:
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Line pressure with pins and x-rays (∆ = 1.16%), which compares the two sides’ pins, x-rays, batteries, and
potential discovered attacks.

Motif Selection. With standard selection, Baseline scores 0.079 and BinProp scores 0.235 (Table 1).
Selecting the highest-scoring motif among each model’s up to three already-selected motifs, using test labels,
gives 0.164 and 0.356. Choosing the best of these motifs across all eight models gives 0.429 and 0.660. Both
oracles use the maximum motif score rather than the mean. The cross-model BinProp oracle (0.660) more
than doubles the best individual BinProp result (0.296), suggesting room for further improvements through
better ranking, stronger motifs, or both.

5 Analysis

5.1 Explainability Tracks Objective Move Quality
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Figure 5: Mean explainability versus Stockfish agree-
ment. Points average independently sampled motif
sets; error bars show 95% confidence intervals.

Does a higher explainability score correspond to better
chess knowledge? If better explanations capture more
useful chess concepts, those concepts should also help
choose better moves. To test this, we randomly sample
motif sets with varying explainability scores and use
each set as features in a simple position evaluator. If
explainability is indeed tied to objective chess strength,
motif sets with higher explainability scores should agree
more often with Stockfish.
We use motifs from the four strongest BinProp runs:
Fable 5, Opus 5, GPT-5.5, and GLM-5.2. We repeat-
edly sample sets of 10 motifs whose mean explainability
ranges from 7.5% to 27.5%. Each set defines a 10-
feature evaluator: feature j is one when motif j holds
and zero otherwise. We fit a regularized linear model
on the 200k winning and losing positions to predict
Stockfish’s centipawn evaluation, learning one weight
per motif. The test set contains 100 starting positions
with eight unseen continuation pairs each. Both contin-
uations in a pair begin from the same position: one follows Stockfish’s best move, while the other follows
a lower-evaluated alternative. The evaluator agrees with Stockfish when it assigns the best continuation
a higher score. As shown in Fig. 5, explainability strongly correlates with Stockfish agreement (ρ = 0.66,
p < 10−4).

5.2 Comparison to Concept-Guided Chess Commentary

Concept-Guided Chess Commentary (CCC) (Kim et al., 2025) is the closest reproducible prior method. It
ranks 21 LeelaChessZero (Leela Chess Zero Contributors, 2018) concept probes and conditions commentary
on the top five.
We use Fable 5, the highest-scoring BinProp model, at maximum reasoning and give CCC the same eight
support boards as the baseline and BinProp. For evaluation, Fable 5 translates each commentary into up to
three Boolean Python functions. Two additional Fable 5 calls check that converting the commentary into
code preserves its meaning. Functions approved by both checks undergo the same 50% support-fit filter and
scoring as BinProp. If no working function passes both checks, the commentary scores zero. On the test set,
CCC scores 0.051, compared with 0.031 for the baseline and 0.296 for BinProp. Figure 6 shows example
explanations from CCC and BinProp.

5.3 Using BinProp to Explain Go, Draughts, and Shogi

We next ask whether BinProp extends beyond chess. We present our experiments on Go here, on draughts in
§ E, and on shogi in § F. For Go, we use 100k winning and 100k losing positions from JGDB (Redmon),
scored by KataGo (Wu, 2019), and evaluate on 100 held-out expert-game positions with positive, negative,

7



White to Move.
Best move: Ne4
Alternative: Na4

Ne4 is good for White because after Na4 is worse for White because after

+0.96

17. Ne4 Be7 18. Bh6 Nd7 19. c3 Ng7
20. cxb4 Rac8 21. a3 Kh8 22. Rd1 Qb7

17. Na4 Kh8 18. c4 Be7 19. Be3 Nc6
20. Bb6 Qb7 21. Rd1 f5 22. Be3 Nf6
23. Bh6 Rg8 24. Qe2 Rae8 25. b3 Qc7

-1.19

BinProp
(ours)

Figure 6: CCC and BinProp explanations from Fable 5 for Ne4 in Karpov–Ermenkov (1980). CCC identifies
a centralized knight; BinProp (ours) combines material balance, king safety, and attacking pressure, earning
a much higher explainability score.

and nearby-negative continuations (see § D.1). BinProp retains its chess discovery settings; engines, score
bands, and continuation sampling are game-specific.

On Go, BinProp improves explainability scores for all eight models (Table 4). Like in chess, the few-shot
baseline often produces brittle, coordinate-specific motifs: one Qwen motif requires three Black stones on a
fixed board segment, while one GLM-5.2 motif examines only a fixed 3 × 3 region. BinProp instead finds
reusable Go concepts (Fig. 7). Kimi-K3’s local stone density territory estimates territory from nearby stones,
while Opus 5’s multi-scale box-majority area lead combines local influence at two scales. Beyond territory,
BinProp finds motifs about the risk of losing groups of stones. GPT-5.5’s net low-liberty attack swing compares
threatened and defended groups, while GPT-5.6 Sol’s low-liberty burden advantage compares how many
stones each side has in groups with only one or two liberties.

Table 2: Mean Go test explainability for the top four BinProp models. Full results are in Table 4.

Model Method Mean Explainability Gain

GPT-5.6 Sol (OpenAI, 2026b) Baseline 0.245 +0.055BinProp (ours) 0.300
Opus 5 (Anthropic, 2026b) Baseline 0.190 +0.111BinProp (ours) 0.301
GPT-5.5 (OpenAI, 2026a) Baseline 0.181 +0.122BinProp (ours) 0.303
Fable 5 (Anthropic, 2026a) Baseline 0.159 +0.155BinProp (ours) 0.314

6 Related Work

Language-Based Model Explanations. Prior work explains classifier outputs with textual or multimodal
justifications (Hendricks et al., 2016; Park et al., 2018), counterexamples or absent features (Gulshad &
Smeulders, 2020; Dhurandhar et al., 2018), and sensitivity to user-defined concepts (Kim et al., 2018).
Natural-language explanations can also provide executable supervision. BabbleLabble (Hancock et al., 2018)
lets a user explain why a training example has a label, then converts that explanation into a program that
labels new examples. For instance, the phrase due to appearing between two entities becomes a rule for
recognizing a causal relation. Related methods jointly learn language interpretation and classification or
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Figure 7: Baseline and BinProp explanations for the two highest-scoring Go models. Each panel shows one
positive position. Explainability is measured over 24 held-out positions: eight positives, eight negatives, and
eight nearby negatives. Bars show KataGo evaluations.

generate Python labeling functions with text-to-text models (Srivastava et al., 2017; Papanikolaou, 2021).
Anchors finds short conditions under which a classifier almost always keeps the same prediction, while LORE
also describes nearby changes that would flip it (Ribeiro et al., 2018; Guidotti et al., 2018).

Contrastive Concept Discovery. Closest in structure to our work are methods that propose and score
natural-language differences between groups of samples. This pattern has been used for text distributions and
goal-directed corpus analysis (Zhong et al., 2022; 2023), image sets (Dunlap et al., 2024), and language-model
outputs (Dunlap et al., 2025). A language model can also evolve class-specific visual attributes, retaining those
that improve a CLIP classifier (Chiquier et al., 2025). NLParam iteratively builds statistical models whose
features are yes/no natural-language statements about individual examples (Zhong et al., 2024). VidDiff and
ADIFF instead describe fine-grained differences between paired videos or audio recordings (Burgess et al.,
2025; Deshmukh et al., 2025). BinProp likewise proposes and tests descriptions, but compiles each one into a
deterministic board function.

Explaining Chess. Lee et al. (2022) generate commentary from an engine’s evaluation of move quality
and its suggested continuations. Cui et al. (2026) turn selected engine lines into written plans and test
whether humans and language models can use them against different replies. In concurrent work, ACT-Eval
decomposes commentary into atomic claims, checks factual claims with chess tools, and measures coverage
against expert annotations (Hebbar et al., 2026). BinProp automatically discovers motifs as Python functions
and tests them on engine continuations.
McGrath et al. (2022) train simple linear models to detect human-defined chess concepts, such as material
advantage and the bishop pair, in AlphaZero’s internal activations. They also look for concepts without
predefined labels using matrix factorisation and correlations between activations and board features. This
reveals patterns such as which squares an opponent’s pieces can reach, although most factors in later layers
remain uninterpreted. Schut et al. (2025) compare AlphaZero’s internal representations along strong and
weak search lines to find features that separate them. They keep features that a student agent can learn
and that appear more clearly in AlphaZero games than in human games. They then show example positions
to four grandmasters and test whether the players can infer these concepts. BinProp requires no engine
activations or training: it iteratively discovers concepts that are associated more with winning positions than
losing ones.

7 Conclusion and Future Work

We introduce BinProp, a training-free method for finding natural-language explanations for chess, Go,
draughts, and shogi moves. BinProp iteratively finds concepts that appear more often in winning positions

9



than in losing ones. Beyond games, BinProp could explain agent rollouts spanning hundreds or thousands of
steps (Press et al., 2025; Yang et al., 2026; Huang et al., 2026; Feng et al., 2026), showing why one trajectory
succeeds and a similar one fails when manual review is impractical.

References
64 Squares. PGN Mentor PGN Files. https://www.pgnmentor.com/files.html, 2026. Accessed: 2026-06-17.

Anthropic. Claude Fable 5 and Claude Mythos 5, 2026a. URL https://www.anthropic.com/news/
claude-fable-5-mythos-5.

Anthropic. Introducing Claude Opus 5, 2026b. URL https://www.anthropic.com/news/claude-opus-5.

Marc Barthelemy. Chess variation entropy and engine relevance for humans. arXiv preprint arXiv:2505.03251,
2025.

Yngvi Björnsson. Chess and explainable AI. ICGA Journal, 46(2):67–75, 2024. doi: 10.3233/ICG-240256.

James Burgess, Xiaohan Wang, Yuhui Zhang, Anita Rau, Alejandro Lozano, Lisa Dunlap, Trevor Darrell,
and Serena Yeung. Video action differencing. In International Conference on Learning Representations,
volume 2025, pp. 15049–15081, 2025. URL https://proceedings.iclr.cc/paper_files/paper/2025/
hash/26f62bf3b74cda621831f550c6ee2dce-Abstract-Conference.html.

Mia Chiquier, Utkarsh Mall, and Carl Vondrick. Evolving interpretable visual classifiers with large language
models. In Computer Vision – ECCV 2024, volume 15122 of Lecture Notes in Computer Science, pp.
183–201, Cham, 2025. Springer Nature Switzerland. doi: 10.1007/978-3-031-73039-9_11.

Langyuan Cui, Chun Kai Ling, and Hwee Tou Ng. Communicating chess strategies in natural language.
arXiv preprint arXiv:2607.11486, 2026.

DeepSeek-AI. DeepSeek-V4-Pro. Hugging Face model card, 2026. Model card. Accessed: 2026-06-23.

Soham Deshmukh, Shuo Han, Rita Singh, and Bhiksha Raj. ADIFF: Explaining audio differ-
ence using natural language. In International Conference on Learning Representations, volume
2025, pp. 11332–11365, 2025. URL https://proceedings.iclr.cc/paper_files/paper/2025/hash/
1e337afbbb9fc2de993b88df0db6161e-Abstract-Conference.html.

Amit Dhurandhar, Pin-Yu Chen, Ronny Luss, Chun-Chen Tu, Paishun Ting, Karthikeyan Shanmugam, and
Payel Das. Explanations based on the missing: Towards contrastive explanations with pertinent negatives.
In Advances in Neural Information Processing Systems, volume 31, 2018.

Lisa Dunlap, Yuhui Zhang, Xiaohan Wang, Ruiqi Zhong, Trevor Darrell, Jacob Steinhardt, Joseph E. Gonzalez,
and Serena Yeung-Levy. Describing differences in image sets with natural language. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 24199–24208, 2024.

Lisa Dunlap, Krishna Mandal, Trevor Darrell, Jacob Steinhardt, and Joseph E. Gonzalez. VibeCheck:
Discover and quantify qualitative differences in large language models. In International Conference on
Learning Representations, 2025. URL https://proceedings.iclr.cc/paper_files/paper/2025/hash/
acbfe708197ff78ad04cc1beb1710979-Abstract-Conference.html.

Yukang Feng, Jianwen Sun, Zelai Yang, Jiaxin Ai, Chuanhao Li, Zizhen Li, Fanrui Zhang, Kang He, Rui Ma,
Jifan Lin, Jie Sun, Yang Xiao, Sizhuo Zhou, Wenxiao Wu, Yiming Liu, Pengfei Liu, Shenglin Zhang, and
Kaipeng Zhang. LongCLI-Bench: A preliminary benchmark and study for long-horizon agentic programming
in command-line interfaces. In Findings of the Association for Computational Linguistics: ACL 2026, pp.
29952–29963. Association for Computational Linguistics, 2026. doi: 10.18653/v1/2026.findings-acl.1497.
URL https://aclanthology.org/2026.findings-acl.1497/.

GLM-5-Team et al. GLM-5: from vibe coding to agentic engineering, 2026. URL https://arxiv.org/abs/
2602.15763.

Jie Gong. Ponder: An American Checkers Engine. https://github.com/neo954/checkers/tree/
5d04640cbb6c, 2016. Source revision 5d04640cbb6c; accessed September 9, 2026.

10

https://www.pgnmentor.com/files.html
https://www.anthropic.com/news/claude-fable-5-mythos-5
https://www.anthropic.com/news/claude-fable-5-mythos-5
https://www.anthropic.com/news/claude-opus-5
https://proceedings.iclr.cc/paper_files/paper/2025/hash/26f62bf3b74cda621831f550c6ee2dce-Abstract-Conference.html
https://proceedings.iclr.cc/paper_files/paper/2025/hash/26f62bf3b74cda621831f550c6ee2dce-Abstract-Conference.html
https://huggingface.co/deepseek-ai/DeepSeek-V4-Pro
https://proceedings.iclr.cc/paper_files/paper/2025/hash/1e337afbbb9fc2de993b88df0db6161e-Abstract-Conference.html
https://proceedings.iclr.cc/paper_files/paper/2025/hash/1e337afbbb9fc2de993b88df0db6161e-Abstract-Conference.html
https://proceedings.iclr.cc/paper_files/paper/2025/hash/acbfe708197ff78ad04cc1beb1710979-Abstract-Conference.html
https://proceedings.iclr.cc/paper_files/paper/2025/hash/acbfe708197ff78ad04cc1beb1710979-Abstract-Conference.html
https://aclanthology.org/2026.findings-acl.1497/
https://arxiv.org/abs/2602.15763
https://arxiv.org/abs/2602.15763
https://github.com/neo954/checkers/tree/5d04640cbb6c
https://github.com/neo954/checkers/tree/5d04640cbb6c


Riccardo Guidotti, Anna Monreale, Salvatore Ruggieri, Dino Pedreschi, Franco Turini, and Fosca Giannotti.
Local rule-based explanations of black box decision systems. arXiv preprint arXiv:1805.10820, 2018.

Sadaf Gulshad and Arnold Smeulders. Explaining with counter visual attributes and examples. In Proceedings
of the 2020 International Conference on Multimedia Retrieval, pp. 35–43, 2020.

Braden Hancock, Paroma Varma, Stephanie Wang, Martin Bringmann, Percy Liang, and Christopher Ré.
Training classifiers with natural language explanations. In Proceedings of the 56th Annual Meeting of the
Association for Computational Linguistics (Volume 1: Long Papers), pp. 1884–1895, 2018.

Demis Hassabis. What we learned in Seoul with AlphaGo. https://blog.google/innovation-and-ai/
products/what-we-learned-in-seoul-with-alphago/, 2016. Accessed: 2026-08-17.

S. Ashwin Hebbar, Peiyao Sheng, Sewoong Oh, and Pramod Viswanath. Hallucinations on the board:
Tool-augmented evaluation of LLM chess commentary. arXiv preprint arXiv:2608.04240, 2026.

Lisa Anne Hendricks, Zeynep Akata, Marcus Rohrbach, Jeff Donahue, Bernt Schiele, and Trevor Darrell.
Generating visual explanations. In Computer Vision – ECCV 2016, volume 9908 of Lecture Notes in
Computer Science, pp. 3–19. Springer, 2016. doi: 10.1007/978-3-319-46493-0_1.

Wenqi Huang, Charley Lee, Leonard Tng, and Serena Ge. DeepSWE: Measuring frontier coding agents on
original, long-horizon engineering tasks, 2026. URL https://github.com/datacurve-ai/deep-swe.

Been Kim, Martin Wattenberg, Justin Gilmer, Carrie Cai, James Wexler, Fernanda Viegas, and Rory Sayres.
Interpretability beyond feature attribution: Quantitative testing with concept activation vectors (TCAV).
In Proceedings of the 35th International Conference on Machine Learning, volume 80 of Proceedings of
Machine Learning Research, pp. 2668–2677. PMLR, 2018. URL https://proceedings.mlr.press/v80/
kim18d.html.

Jaechang Kim, Jinmin Goh, Inseok Hwang, Jaewoong Cho, and Jungseul Ok. Bridging the gap between
expert and language models: Concept-guided chess commentary generation and evaluation. In Proceedings
of the 2025 Conference of the Nations of the Americas Chapter of the Association for Computational
Linguistics: Human Language Technologies (Volume 1: Long Papers), pp. 9497–9516, 2025.

Kimi Team et al. Kimi K3: Open frontier intelligence. arXiv preprint arXiv:2607.24653, 2026. URL
https://arxiv.org/abs/2607.24653.

Andrew Lee, David Wu, Emily Dinan, and Mike Lewis. Improving chess commentaries by combining language
models with symbolic reasoning engines. arXiv preprint arXiv:2212.08195, 2022.

Leela Chess Zero Contributors. Leela Chess Zero. https://lczero.org/, 2018. Open-source neural network
chess engine.

Hans l’Hoest. Open Checkers Archive 2.0. https://www.fierz.ch/OCA_2.0.zip. With contributions from
Jim Loy and others; accessed September 9, 2026.

Lichess. Lichess accuracy metric. https://lichess.org/page/accuracy, 2022.

Thomas McGrath, Andrei Kapishnikov, Nenad Tomašev, Adam Pearce, Martin Wattenberg, Demis Hassabis,
Been Kim, Ulrich Paquet, and Vladimir Kramnik. Acquisition of chess knowledge in AlphaZero. Proceedings
of the National Academy of Sciences, 119(47):e2206625119, 2022.

Niko Noel. Lichess Elite Database. https://database.nikonoel.fr/, 2020. Accessed: 2026-06-05.

OpenAI. Introducing GPT-5.5. OpenAI model page, 2026a.

OpenAI. GPT-5.6: Frontier Intelligence That Scales with Your Ambition. OpenAI model page, 2026b.

Yannis Papanikolaou. Teach me how to label: Labeling functions from natural language with text-to-text
transformers. arXiv preprint arXiv:2101.07138, 2021.

Dong Huk Park, Lisa Anne Hendricks, Zeynep Akata, Anna Rohrbach, Bernt Schiele, Trevor Darrell, and
Marcus Rohrbach. Multimodal explanations: Justifying decisions and pointing to the evidence. In
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, pp. 8779–8788, 2018.

11

https://blog.google/innovation-and-ai/products/what-we-learned-in-seoul-with-alphago/
https://blog.google/innovation-and-ai/products/what-we-learned-in-seoul-with-alphago/
https://github.com/datacurve-ai/deep-swe
https://proceedings.mlr.press/v80/kim18d.html
https://proceedings.mlr.press/v80/kim18d.html
https://arxiv.org/abs/2607.24653
https://lczero.org/
https://www.fierz.ch/OCA_2.0.zip
https://lichess.org/page/accuracy
https://database.nikonoel.fr/
https://openai.com/index/introducing-gpt-5-5/
https://openai.com/index/gpt-5-6/


Ori Press, Brandon Amos, Haoyu Zhao, Yikai Wu, Samuel Ainsworth, Dominik Krupke, Patrick Kidger, Touqir
Sajed, Bartolomeo Stellato, Jisun Park, et al. AlgoTune: Can language models speed up general-purpose
numerical programs? Advances in Neural Information Processing Systems, 38, 2025.

Qwen Team. Qwen3.5: Towards native multimodal agents, February 2026. URL https://qwen.ai/blog?
id=qwen3.5.

Joseph Redmon. Joe’s Go Database (JGDB). https://pjreddie.com/projects/jgdb/. Accessed September
19, 2026.

Marco Tulio Ribeiro, Sameer Singh, and Carlos Guestrin. Anchors: High-precision model-agnostic explanations.
In Proceedings of the AAAI Conference on Artificial Intelligence, volume 32, 2018.

Matthew Sadler and Natasha Regan. Game Changer: AlphaZero’s Groundbreaking Chess Strategies and
the Promise of AI. New in Chess, 2019. ISBN 978-90-5691-818-7. URL https://www.simonandschuster.
com/books/Game-Changer/Matthew-Sadler/9789056918187.

Lisa Schut, Nenad Tomašev, Thomas McGrath, Demis Hassabis, Ulrich Paquet, and Been Kim. Bridging
the human–AI knowledge gap through concept discovery and transfer in AlphaZero. Proceedings of the
National Academy of Sciences, 122(13):e2406675122, 2025.

Claude E Shannon. XXII. Programming a computer for playing chess. The London, Edinburgh, and Dublin
Philosophical Magazine and Journal of Science, 41(314):256–275, 1950.

Francesco Spinnato. Towards piece-by-piece explanations for chess positions with SHAP. In Proceedings of
the First Workshop on Artificial Intelligence for Human-Game Interaction 2025, volume 4097 of CEUR
Workshop Proceedings, 2025. URL https://ceur-ws.org/Vol-4097/paper10.pdf.

Shashank Srivastava, Igor Labutov, and Tom Mitchell. Joint concept learning and semantic parsing from
natural language explanations. In Proceedings of the 2017 Conference on Empirical Methods in Natural
Language Processing, pp. 1527–1536, 2017.

Tayayan. Suisho5 NNUE Evaluation Parameters. https://github.com/yaneurao/YaneuraOu/releases/
tag/suisho5, 2024. Release distributed by the YaneuraOu project; accessed September 9, 2026.

The Stockfish developers. Stockfish 18. https://stockfishchess.org/blog/2026/stockfish-18/, 2026.
Accessed: 2026-06-04.

J v. Neumann. Zur Theorie der Gesellschaftsspiele. Mathematische Annalen, 100(1):295–320, 1928.

WDoor/Floodgate. Computer Shogi Game Records: 2024–2025 Archives. https://wdoor.c.u-tokyo.ac.jp/
shogi/archive/wdoor2024.7z and https://wdoor.c.u-tokyo.ac.jp/shogi/archive/wdoor2025.7z.
CSA game records; accessed September 9, 2026.

World Checkers/Draughts Federation. Rules of draughts (checkers). https://wcdf.net/rules/rules_of_
checkers_english.pdf. Official draughts rules; accessed September 9, 2026.

David J Wu. Accelerating self-play learning in Go. arXiv preprint arXiv:1902.10565, 2019.

YaneuraOu developers. YaneuraOu. https://github.com/yaneurao/YaneuraOu, 2026. Source revision
81f3b1fe1c1d with Suisho5 NNUE; accessed September 9, 2026.

John Yang, Kilian Lieret, Jeffrey Ma, Parth Thakkar, Dmitrii Pedchenko, Sten Sootla, Emily McMilin,
Pengcheng Yin, Rui Hou, Gabriel Synnaeve, Diyi Yang, and Ofir Press. ProgramBench: Can language
models rebuild programs from scratch?, 2026. URL https://arxiv.org/abs/2605.03546.

Ruiqi Zhong, Charlie Snell, Dan Klein, and Jacob Steinhardt. Describing differences between text distributions
with natural language. In Proceedings of the 39th International Conference on Machine Learning, volume 162
of Proceedings of Machine Learning Research, pp. 27099–27116. PMLR, 2022. URL https://proceedings.
mlr.press/v162/zhong22a.html.

Ruiqi Zhong, Peter Zhang, Steve Li, Jinwoo Ahn, Dan Klein, and Jacob Steinhardt. Goal driven discovery of
distributional differences via language descriptions. In Advances in Neural Information Processing Systems,
volume 36, pp. 40204–40237, 2023.

12

https://qwen.ai/blog?id=qwen3.5
https://qwen.ai/blog?id=qwen3.5
https://pjreddie.com/projects/jgdb/
https://www.simonandschuster.com/books/Game-Changer/Matthew-Sadler/9789056918187
https://www.simonandschuster.com/books/Game-Changer/Matthew-Sadler/9789056918187
https://ceur-ws.org/Vol-4097/paper10.pdf
https://github.com/yaneurao/YaneuraOu/releases/tag/suisho5
https://github.com/yaneurao/YaneuraOu/releases/tag/suisho5
https://stockfishchess.org/blog/2026/stockfish-18/
https://wdoor.c.u-tokyo.ac.jp/shogi/archive/wdoor2024.7z
https://wdoor.c.u-tokyo.ac.jp/shogi/archive/wdoor2024.7z
https://wdoor.c.u-tokyo.ac.jp/shogi/archive/wdoor2025.7z
https://wcdf.net/rules/rules_of_checkers_english.pdf
https://wcdf.net/rules/rules_of_checkers_english.pdf
https://github.com/yaneurao/YaneuraOu
https://arxiv.org/abs/2605.03546
https://proceedings.mlr.press/v162/zhong22a.html
https://proceedings.mlr.press/v162/zhong22a.html


Ruiqi Zhong, Heng Wang, Dan Klein, and Jacob Steinhardt. Explaining datasets in words: Statistical models
with natural language parameters. In Advances in Neural Information Processing Systems, volume 37,
2024.

13



A Iterative Prompting Harness

BinProp runs for 100 completed iterations, with one proposed motif per iteration. Every call uses the
provider’s maximum reasoning setting, a 65,536-token total output cap, temperature 1, and top-p 1. Where
the provider exposes separate budgets, we allocate 61,440 tokens to reasoning and 4,096 to the visible answer.
The model receives one message containing fixed instructions, the 12 most recent model and evaluator
messages, the current motif set ranked by ∆(f), up to 12 examples from buckets that the current set does not
separate, and four random positions from each of the winning and losing sets. Candidates are first screened
on 20,000 positions per label and then scored on all 200,000 positions. A 512-position speed check requires a
95th-percentile runtime of at most 2 ms per position.

A.1 Prompt

System

<instructions>
We have one bucket of winning chess positions and one comparison
bucket; the current prompt names the exact labels.
Your task is to build Python functions. Each function should return
True more often on winning positions than on comparison positions, and
should not overlap too much with existing functions.

Each position is a FEN; the FEN side to move is always the player
being evaluated.

This is an iterative loop: propose code, the evaluator compiles it,
runs it, checks the dataset, then gives concrete feedback.
Use evaluator feedback as ground truth. Do not repeat failures from
the transcript.

Return Python code every turn with all three required items:
1. MOTIF_NAME = ’descriptive motif name’
2. MOTIF_DESCRIPTION = ’one clear sentence’
3. def motif(fen: str) -> bool:

Do not include self-test generators. The evaluator checks your motif
on the dataset.

Use one fenced Python code block. ‘‘‘python and plain ‘‘‘ fences are
both accepted.

Rules:
- You may import chess and math only.
- True should mean the side to move has the chess feature your

function checks.
- Use board.turn for the side to move and not board.turn for the

opponent.
- The function must still make sense after swapping White and Black:

use side-to-move ideas, not White-only or Black-only ideas.
- Keep code short: no docstrings, minimal comments, and total source

under 12000 characters.
- No engines, files, network access, randomness, global mutable state,

recursion, classes, or unsafe dynamic calls.
- while loops and try/except are allowed only when finite and fast;

smoke checks time out after about 1 second.

python-chess API cheat sheet:
- board = chess.Board(fen); stm = board.turn; opp = not stm.
- board.pieces(chess.KNIGHT, stm) returns the matching squares.
- board.piece_at(sq) returns a Piece or None; use piece.piece_type and

piece.color.
- board.attacks(sq) returns attacked squares from the piece on sq;

board.attackers(color, sq) returns squares of color attacking sq.
- Use chess.square_file(sq), chess.square_rank(sq),

chess.square(file, rank), and chess.square_distance(a, b).
- There is no chess.BitBoard, Board.is_defended_by, or

Board.square_color; use board.attackers(color, sq) and
(file+rank)%2.

- board.is_capture(move) takes a legal Move, not a target square.
- No prose outside Python code block(s).
</instructions>
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<history>
Model:
Rejected proposal source omitted because the failure concerned its
score rather than Python syntax.
candidate=level-material king safety edge
status=scored

System:
Evaluator feedback for your previous proposal:
candidate = level-material king safety edge
status = scored
P(True|winning) = 0.050
P(True|losing) = 0.007
delta = +0.043
reason = accepted
</history>

<current>
Your answer must include one Python code block containing:

MOTIF_NAME = ’descriptive motif name’
MOTIF_DESCRIPTION = ’one clear sentence’
def motif(fen: str) -> bool:

...

Current iteration: 23

Winning bucket:
eval_cp_stm is +125 to +250cp, so the side to move is clearly better.

Losing bucket:
eval_cp_stm is -250 to -125cp, so the side to move is clearly worse.

Acceptance:
- delta must be at least 0.010;
- winning-set containment must be below 0.700, unless the candidate

has higher delta and replaces every overlapping motif;
- the function must compile, run, and satisfy the speed limit.

Current motifs ranked by winning-minus-comparison delta:
1. Net material advantage:

delta=0.5605
desc=The side to move has a higher total material value than the
opponent.

2. Healthy mobile wing majority:
delta=0.1766
desc=With balanced non-pawn forces and no advanced passer, the
side to move has a healthier connected wing majority.

3. Level-material mobility dominance:
delta=0.0904
desc=With material values level, the side to move has substantially
greater effective mobility for its non-pawn pieces.

...

Prompt hints:
Mixed buckets where the current motifs do not separate winning and
comparison positions:
...

If you need inspiration, here are four randomly sampled winning
positions and four randomly sampled losing positions. Do not
hard-code them. Acceptance still depends on the full dataset.
...
</current>

The listing shows the chess specialization; FEN examples are elided. Go uses the same history, ranking, hints,
acceptance test, and feedback loop. Only the position contract and API hints change:

System

Each position is a 19x19 board. The evaluated side is passed as color,
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either ’B’ or ’W’.

def motif(board_rows: list[str], color: str) -> bool:

- You may import math or from sgfmill import boards only.
- True should mean the side named by color has the Go feature.
- board_rows is 19 strings of length 19 using ’.’, ’B’, and ’W’.
- Use color for the evaluated side and the opposite color for the

opponent; never assume the evaluated side is always B.
- Use orthogonal neighbors, with explicit board bounds, for groups

and liberties.

For Go, the winning bucket has a +7.5 to +15.0-point score from the evaluated side’s perspective, while the
comparison bucket has a −15.0 to −7.5-point score.

A.2 Proposal Format

A valid proposal contains a name, a one-sentence description, and one side-to-move function.

Agent

import chess

MOTIF_NAME = ’Net material advantage’
MOTIF_DESCRIPTION = (

’The side to move has a higher total material value ’
’than the opponent.’

)

def motif(fen: str) -> bool:
board = chess.Board(fen)
stm = board.turn
values = {

chess.PAWN: 1,
chess.KNIGHT: 3,
chess.BISHOP: 3,
chess.ROOK: 5,
chess.QUEEN: 9,

}
own = sum(

values[p] * len(board.pieces(p, stm))
for p in values

)
opp = sum(

values[p] * len(board.pieces(p, not stm))
for p in values

)
return own > opp

System

candidate = "Net material advantage"
status = "scored"

P(candidate=True | winning) = 0.615
P(candidate=True | losing) = 0.055
delta = +0.561

reason = "accepted"
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A.3 Low-Separation Feedback

When ∆(f) < 0.01, the system reports the activation rate on the winning set and the false-positive rate on
the losing set, as well as three losing positions where the candidate incorrectly returned True. Each example
includes the FEN and up to 25 executed source lines.

System

Rejected: not enough winning-vs-losing gap.

candidate = "Material-rebalancing tactical shot"

P(candidate=True | winning) = 0.043
P(candidate=True | losing) = 0.061

delta = -0.018
required >= 0.010

Losing position 1:

fen = "r2q1rk1/1pp1bppp/1p2p1b1/4P3/3P4/P1N1nN2/1P2QKPP/2R4R w - - 0 17"
color = "white"
label = "losing"
eval_cp_stm = -220

Candidate trace:

L039>> hit = False
L040>> if is_capture:
L041>> gain = cv - av if not safe else cv + bonus
L042>> favorable = cv > av or (cv >= 3 and safe)
L043>> hit = favorable and balance + gain >= -2
...
L061>> board.pop()
L062>> if hit:
L063>> return True

Losing position 2:

fen = "r4rk1/3N1ppp/bn3q2/p7/2pPPB2/2P2P2/6PP/RQ2KB1R b KQ - 0 18"
color = "black"
label = "losing"
eval_cp_stm = -217

Losing position 3:

fen = "2kr1bnr/1b4pp/p3p3/1pq5/P4N2/3p2P1/1P1P1P1P/R1B1QRK1 w - - 0 17"
color = "white"
label = "losing"
eval_cp_stm = -203

A.4 Overlap Feedback

The following candidate is fully contained in Net material advantage on its winning activations. Because
its ∆ is lower, it cannot replace the existing motif.

System

Rejected: winning-set overlap is too high and the candidate has lower separation.

candidate = "Compensated non-pawn force surplus"
existing = "Net material advantage"

candidate True on winning = 10870
existing True on winning = 61523
both True on winning = 10870
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P(existing=True | candidate=True, winning) = 1.000
P(candidate=True | existing=True, winning) = 0.177

winning-set containment = 1.000
overlap threshold = 0.700

candidate delta = 0.097
existing delta = 0.561
decision = reject

Overlapping winning position 1:

fen = "2r4r/1b2kp2/p3p2b/1p3p1p/7P/1B1N2P1/PPP1N3/R4RK1 w - - 3 20"
color = "white"
label = "winning"
eval_cp_stm = 209

Overlapping winning position 2:

fen = "rnr3k1/pp2ppbp/4b1p1/1NP5/8/2P1B3/PP2BPPP/R3N1K1 b - - 6 15"
color = "black"
label = "winning"
eval_cp_stm = 138

Overlapping winning position 3:

fen = "4kb1r/5ppp/4pn2/2pP4/5Pb1/1P1PN3/1Pr3PP/R1B2K1R b k - 3 19"
color = "black"
label = "winning"
eval_cp_stm = 158

Candidate trace:

L017>> rook_diff = count(chess.ROOK, stm) - count(chess.ROOK, opp)
L018>> minor_diff = (
L019>> count(chess.BISHOP, stm) + count(chess.KNIGHT, stm)
L020>> - count(chess.BISHOP, opp) - count(chess.KNIGHT, opp)
L021>> )
L022>> pawn_diff = count(chess.PAWN, stm) - count(chess.PAWN, opp)
L024>> exchange_edge = (
L025>> rook_diff == 1 and minor_diff == -1
L026>> and -1 <= pawn_diff <= 0
L027>> )
L028>> extra_minor = (
L029>> rook_diff == 0 and minor_diff == 1
L030>> and -2 <= pawn_diff <= -1
L031>> )
L032>> return bool(exchange_edge or extra_minor)

candidate value = True

Existing motif trace:

L007>> board = chess.Board(fen)
L008>> stm = board.turn
L009>> values = {
L010>> chess.PAWN: 1, chess.KNIGHT: 3,
L011>> chess.BISHOP: 3, chess.ROOK: 5, chess.QUEEN: 9
L012>> }
L013>> own = sum(
L014>> values[p] * len(board.pieces(p, stm))
L015>> for p in values
L016>> )
L017>> opp = sum(
L018>> values[p] * len(board.pieces(p, not stm))
L019>> for p in values
L020>> )
L021>> return own > opp

existing value = True
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A.5 Compile and Runtime Feedback

For parse, compile, and runtime failures, the evaluator includes only the relevant source excerpt. It omits
rejected source for score and overlap failures because the model already produced that source in the preceding
message.

System

Rejected: compile error.
The candidate used an unsupported python-chess API:

board.is_empty(sq)

Use:

piece = board.piece_at(sq)
if piece is None:

...
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B Turning Python Functions into Text

Each motif is a binary Python function: it takes a board position and returns True or False. Explainability
is computed from these return values. The natural-language explanations in our figures are written afterward
and are not used to compute the score.
For each displayed motif, we run the function on the shown positive and negative boards. We save the
branch that returned True, the values computed on that branch, and the board facts it used, such as piece
locations, attacks, defenders, legal moves, material, and controlled squares. If the return value cannot be tied
to concrete board facts, we do not display the motif.

1 def motif(fen: str) -> bool:
2 b = chess.Board(fen)
3 us = b.turn
4 them = not us
5 if b.king(us) is None or b.king(them) is None:
6 return False
7 if b.is_check():
8 return False
9 if _mat(b, us) < _mat(b, them) - 3:

10 return False
11 pu, wu, mu = _report(b, us, them)
12 pt, wt, mt = _report(b, them, us)
13 if mu < 2:
14 return False
15 if wu >= 1 and wu > wt and pu > pt:• 16 return True
17 return pu >= 4 and pu - pt >= 4 and wu >= wt

Figure 8: An Opus 5 motif from Carlsen–Erigaisi (2022). The highlighted branch combines material balance
with an edge in king-zone pressure and weak squares. The arrow shows one contribution to White’s pressure;
the red dot marks the executed return.

We turn the saved facts into a short explanation and check it against the board. GPT-5.6 Sol then rewrites
the draft for clarity, using the same facts and the branch that returned True. It may change the wording, but
not the claims. We check the rewrite again; after four unsuccessful retries, we keep the checked draft.
For example, in Figure 8, White’s bishop on d3 attacks g6 and h7, and its queen on a3 attacks f8. The
function therefore counts two attackers and three attacks near Black’s king, including one undefended square,
g6. Black has no corresponding attacks near White’s king. With equal material and White not in check,
these facts make the highlighted branch return True. For this position, GPT-5.6 Sol writes: “White exerts
greater pressure around Black’s king: the bishop on d3 attacks g6 and h7, while the queen on a3 attacks f8.
Together, these two pieces make three king-zone attacks, including the undefended g6 square, whereas Black
has none around White’s king.”
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C Data Collection

C.1 Chess Data Collection

Winning and losing sets. For BinProp motif discovery, we use positions sampled from the Lichess Elite
database (Noel, 2020). Our local mirror contains monthly PGN files from January through November 2025.
We evaluate positions with Stockfish 18 using depth=12. The final pool contains 200k positions: 100k winning
and 100k losing, balanced by side to move. A position is winning if its evaluation for the side to move is
between +125 and +250 centipawns, and losing if it is between −250 and −125. We discard mate scores.

Validation and test positions. Validation and test positions come from a separate PGN Mentor master-
game corpus (64 Squares, 2026). Each split contains 100 starting positions from distinct games, with no game
shared between the splits. At each candidate position, we run Stockfish 18 with MultiPV=8 for 80ms. Scores
are measured for the player to move in the starting position. We retain a starting position if the best move
evaluates between +75 and +125 centipawns, the second-best move evaluates between −125 and +50, and
their gap is at least 75 centipawns. Exactly one candidate move may evaluate at or above +75. Positions
with mate scores are discarded.

Quiet positions. A position is quiet if neither king is attacked and there is no visible material tactic:
no pawn attacks a queen, rook, bishop, or knight; no attacked pawn or tactical piece is undefended; no
undefended queen is attacked by a rook, bishop, or knight; and no undefended rook is attacked by a bishop
or knight.

Continuation sampling. For each starting position, let c1 be Stockfish’s best move and c2 the selected
negative move. The latter is the second-best move, or another of the eight candidate moves that lies in
the negative evaluation band and within 50 centipawns of the second-best move. After forcing c1 or c2, we
repeatedly play Stockfish’s top-ranked move for both sides until reaching the first quiet position after at least
6 plies, stopping if none is found by ply 16. We call this position the branch anchor.
From each anchor, we search up to 12 additional plies with MultiPV=6. On the original player’s turns,
candidate moves must remain within 50 centipawns of the principal continuation; on the opponent’s turns,
they must remain within 50 centipawns of the locally best move. We retain quiet, non-prefix-duplicate
endpoints with the same side to move as the starting position. Endpoints descended from c1 form the positive
pool, and endpoints descended from c2 form the negative pool. Because the anchor and endpoint depths vary,
complete continuations are not restricted to 6–16 plies; in the published splits they span 8–26 plies.
Nearby negatives are generated on the c1 branch. At a later turn of the original player, the positive
continuation plays Stockfish’s top-ranked move and its nearby-negative sibling plays a lower-ranked move;
both then play Stockfish’s top reply. The pair therefore shares its entire earlier path and differs only in this
final two-ply suffix. Neither suffix contains a capture or promotion, and both endpoints are quiet. After
construction, we re-evaluate every retained starting position and endpoint with Stockfish 18 at depth 18.
Scores are measured for the player to move in the starting position. Positive endpoints must evaluate at
or above +75 centipawns and remain within 50 centipawns of the starting position’s best-move evaluation;
negatives and nearby negatives must evaluate between −125 and +50. The weakest positive must be at least
75 centipawns better than the strongest negative or nearby negative. Each accepted starting position retains
12 positives, 12 negatives, and 8 nearby negatives.
Four of the 12 positives and four of the 12 negatives are shown to the model. The remaining eight positives,
eight negatives, and all eight nearby negatives are scored. Positive siblings used to construct nearby negatives
need not belong to the 12-positive pool and do not form an additional scored pool.
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C.2 Chess Bootstrap Confidence Intervals

For the chess results in Table 1, we estimate uncertainty by drawing 100 test starting positions with
replacement, keeping Baseline and BinProp results for all eight models together at each position. We repeat
this 100,000 times and use the 2.5th and 97.5th percentiles of the gains as 95% confidence limits. We first
average the selected motif scores for each test position, then average across the 100 positions; failures score
zero. Table 3 reports BinProp’s gain over the baseline for each model and across all eight models.

Table 3: Chess explainability gains (BinProp minus Baseline). All values are in percentage points. Each row
reports a 95% bootstrap confidence interval.

Model Gain 95% confidence interval
Qwen3.5-397B-A17B +7.21 [4.04, 10.31]
GPT-5.6 Sol +14.38 [10.50, 18.42]
DeepSeek-V4-Pro +4.19 [-0.40, 8.75]
Kimi-K3 +13.65 [8.94, 18.56]
GLM-5.2 +18.17 [14.67, 21.75]
GPT-5.5 +16.90 [13.19, 20.63]
Opus 5 +24.19 [21.00, 27.52]
Fable 5 +26.52 [22.00, 31.08]
Eight-model average +15.65 [13.53, 17.90]
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D Go

D.1 Data Collection

Winning and losing sets. For BinProp motif discovery, we use positions sampled from the JGDB
Go game dataset (Redmon). We keep 19 × 19, no-handicap games in which both players are at least
7 dan. Positions are evaluated from the side-to-move perspective with KataGo (Wu, 2019), using the
kata1-b18c384nbt-s9996604416-d4316597426 network. The final pool contains 200k positions: 100k
winning and 100k losing, balanced by side to move. A position is winning if its score lead is between +7.5
and +15.0 points, and losing if it is between −15.0 and −7.5.

Validation and test positions. Validation and test use JGDB games not used for motif discovery. Each
split contains 100 starting positions from distinct games, with no game shared between the splits. We store
the source game and move for every starting position.
At each candidate position, KataGo uses 512 visits to propose up to ten moves. We then independently
analyze the child position after each proposed move with 128 visits and rank the moves by their rescored
value for the player to move in the starting position. We retain a starting position if the best move evaluates
between +7.5 and +12.5 points, the second-best move evaluates between −12.5 and +5.0, and their gap is at
least 7.5 points. Exactly one candidate move may evaluate at or above +7.5.

Continuation sampling. For each accepted starting position, we first choose two moves from the candidates
rescored above. Let c1 be the rescored best move. Let c2 be the negative seed: it is either the rescored
second-best move or another of the ten candidate moves whose score lies in the negative band and within 5
points of the second-best move. These two moves start separate continuation trees from the same starting
position. All scores below are measured from the perspective of the player to move in the starting position.
From each seed, we search continuations ending 8–12 plies after the starting position. At every intermediate
position, KataGo proposes up to four moves, and we independently analyze each resulting child with 128
visits before expanding it further. To avoid pruning a promising path too early, an intermediate node may lie
up to 5 points outside the final acceptance bands. This tolerance is used only during search; it never applies
to a retained endpoint. We retain only endpoints with the same player to move as in the starting position,
and hence at an even distance from it.
After the search, we apply the strict endpoint filters. An endpoint in the c1 tree is eligible as a positive only
if it evaluates at or above +7.5 points and lies within 5 points of the starting position’s rescored best-move
value. An endpoint in the c2 tree is eligible as a negative only if it evaluates between −12.5 and +5.0. Nearby
negatives, constructed separately below from the c1 tree, must satisfy this same negative band. Thus, the
initial branch determines an endpoint’s candidate label, but its final score determines whether it is retained.
Finally, we apply a separation check across all three pools for each starting position: the weakest retained
positive must evaluate at least 7.5 points above the strongest retained negative or nearby negative. We accept
only starting positions with enough qualifying endpoints, retaining exactly 12 positives, 12 negatives, and 8
nearby negatives from each.
Nearby negatives are generated on the c1 branch. From the positive paths, we select a late turn of the
player to move in the starting position, no earlier than ply 7. We independently rescore candidate moves
at that position: the positive sibling plays KataGo’s best move, while the nearby-negative sibling plays a
lower-ranked move, and each is followed by KataGo’s best reply for the opponent. The pair therefore shares
its entire earlier path and differs only in this final two-ply suffix. We retain the nearby sibling only if it enters
the negative band and remains at least 7.5 points below its positive sibling.
Four positives and four negatives are shown to the model. The remaining eight positives, eight negatives, and
all eight nearby negatives are held out for evaluation.
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D.2 Results

Results for all eight models are reported in Table 4. Each BinProp run uses 100 proposal steps: invalid code
counts as a step, while provider failures and empty responses are retried. The final motif sets contain 35
motifs for Opus 5 and 30 for Kimi-K3.

Table 4: Mean explainability on Go test positions for all eight models, using maximum reasoning for both
Baseline and BinProp explanations.

Model Method Mean Explainability Gain

DeepSeek-V4-Pro (DeepSeek-AI, 2026) Baseline 0.051 +0.098BinProp (ours) 0.149
Qwen3.5-397B-A17B (Qwen Team, 2026) Baseline 0.109 +0.154BinProp (ours) 0.264
Kimi-K3 (Kimi Team et al., 2026) Baseline 0.141 +0.134BinProp (ours) 0.274
GLM-5.2 (GLM-5-Team et al., 2026) Baseline 0.141 +0.158BinProp (ours) 0.299
GPT-5.6 Sol (OpenAI, 2026b) Baseline 0.245 +0.055BinProp (ours) 0.300
Opus 5 (Anthropic, 2026b) Baseline 0.190 +0.111BinProp (ours) 0.301
GPT-5.5 (OpenAI, 2026a) Baseline 0.181 +0.122BinProp (ours) 0.303
Fable 5 (Anthropic, 2026a) Baseline 0.159 +0.155BinProp (ours) 0.314
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D.3 Qualitative examples

Figure 9 compares Baseline and BinProp explanations for Go.
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Figure 9: Baseline and BinProp explanations for the six highest-scoring Go models. Each panel shows
one held-out positive position; explainability is measured over eight positive, eight negative, and eight
nearby-negative positions. Bars show KataGo’s evaluation.
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D.4 AlphaGo’s Move 37

We compare AlphaGo’s move 37 (P10) in its second game against Lee Sedol (Hassabis, 2016) with KataGo’s
three highest-ranked alternatives. Figure 10 shows eight-ply continuations and three existing BinProp
properties that hold after P10 but not after the alternatives.
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Figure 10: Eight-ply continuations after P10, E12, G4, and D12, with three BinProp explanations. Bars
show KataGo’s estimated lead for Black immediately after each candidate move.
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E Draughts (American Checkers)

E.1 Data Collection

Source games and engine. We study the standard 8 × 8 game known as draughts or American check-
ers (World Checkers/Draughts Federation). Its two piece types are uncrowned pieces, conventionally called
men, and kings. We use 22,621 recorded games from Open Checkers Archive 2.0 (l’Hoest). Ponder (Gong,
2016), with forced-capture continuations preserved, evaluates positions at depth 8. We divide its scores by
256, so one unit below is the value of one uncrowned piece.

Winning and losing sets. We collect 8,000 winning and 8,000 losing positions, balanced by side to move.
Winning positions evaluate from +1.25 to +2.5 uncrowned-piece equivalents and losing positions from −2.5
to −1.25. The sets used for motif discovery, validation, and test are mutually exclusive.

Validation and test positions. Validation and test each contain 100 starting positions from distinct
held-out games. Ponder ranks candidate moves at depth 8. We retain positions whose best move scores
+0.75 to +1.25 uncrowned-piece equivalents, whose second-best move scores −1.25 to +0.5, and whose
best–second-best gap is at least 0.75. Only one move may score at least +0.75. All continuation scores below
use the perspective of the player to move in the starting position.

Continuation sampling. Positive continuations begin with the best move; negative continuations begin
with the second-best move or another move within 0.5 of its score that satisfies the same score-band and
gap requirements. From each seed, we follow Ponder’s best moves for at least six plies, until no capture is
available, then branch over up to four moves within 0.5 of the current player’s best move. Continuation
moves are searched at depth 6 and retained endpoints are evaluated at depth 8. We stop at 16 plies from the
starting position and retain only endpoints with no available captures and the same player to move. Positives
must score at least +0.75 and remain within 0.5 of the initial best-move value; negatives must score −1.25 to
0.
Nearby negatives share at least the first six plies of a positive continuation. At the shared decision point,
the positive line plays Ponder’s best move and the nearby-negative line plays a lower-ranked move. Each
move is followed by Ponder’s best reply, so the two endpoints differ only in their final two plies and have the
same player to move. Both endpoints must have no available captures and lie within 16 plies of the starting
position. We retain the pair only if the positive satisfies the filters above and the nearby negative scores
−1.25 to 0.
Every positive must exceed every negative or nearby negative by at least 0.75 uncrowned-piece equivalents.
Each episode contains 12 positives, 12 negatives, and eight nearby negatives. Four positives and four negatives
are shown; the remaining eight positions in each group are held out. Motif selection and scoring follow the
chess protocol (§ 2), including nearby-negative specificity.

E.2 Results

Results are reported in Table 5.
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Table 5: Mean explainability on the draughts test set for Baseline and BinProp explanations.

Model Method Mean Explainability Gain

Fable 5 (Anthropic, 2026a) Baseline 0.355 -0.114BinProp (ours) 0.241

DeepSeek-V4-Pro (DeepSeek-AI, 2026) Baseline 0.130 +0.222BinProp (ours) 0.352

Qwen3.5-397B-A17B (Qwen Team, 2026) Baseline 0.378 +0.023BinProp (ours) 0.401

Opus 5 (Anthropic, 2026b) Baseline 0.425 +0.058BinProp (ours) 0.483

GPT-5.5 (OpenAI, 2026a) Baseline 0.371 +0.126BinProp (ours) 0.497

GPT-5.6 Sol (OpenAI, 2026b) Baseline 0.393 +0.109BinProp (ours) 0.502

GLM-5.2 (GLM-5-Team et al., 2026) Baseline 0.359 +0.148BinProp (ours) 0.506

Kimi-K3 (Kimi Team et al., 2026) Baseline 0.415 +0.113BinProp (ours) 0.528
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E.3 Qualitative examples

Figure 11 compares Baseline and BinProp explanations for draughts.
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Figure 11: Baseline and BinProp explanations on held-out draughts positions. Examples are sampled without
ranking their held-out scores. Bars show Ponder’s evaluation in uncrowned-piece equivalents.

29



F Shogi

F.1 Data Collection

Source games and engine. We use recorded CSA games from the official WDoor/Floodgate 2024 and
2025 archives (WDoor/Floodgate). YaneuraOu (YaneuraOu developers, 2026), using the published Suisho5
NNUE parameters (Tayayan, 2024), evaluates every retained position.

Winning and losing sets. We collect 100,000 winning and 100,000 losing positions, balanced by side to
move. Their side-to-move evaluations are +800 to +1600 and −1600 to −800 centipawns, respectively. The
sets used for motif discovery, validation, and test are mutually exclusive.

Validation and test positions. Validation and test each contain 100 starting positions from distinct
held-out games. YaneuraOu searches up to eight candidate moves with 10,000 nodes per position. We retain
positions whose best move scores +800 to +1300 centipawns, whose second-best move scores −1300 to +500,
and whose best–second-best gap is at least 800. Only one searched move may score at least +800. All
continuation scores below use the perspective of the player to move in the starting position.

Continuation sampling. We grow separate trees after the best move and after qualifying alternatives. An
alternative must score −1300 to +500 centipawns, lie within 500 of the second-best move, and trail the best
move by at least 800. At each subsequent position, YaneuraOu searches up to six moves with 6,000 nodes.
We retain endpoints 8–12 plies from the starting position, with the same player to move. Positive endpoints
must score at least +800 and remain within 500 centipawns of the initial best-move value. Negatives must
score −1300 to 0 and remain within 500 of the second-best move’s initial score. Search paths may temporarily
leave these bands, but retained endpoints must satisfy them.
Nearby negatives share at least the first six plies of a positive continuation. At the shared decision point, the
positive line plays YaneuraOu’s best move and the nearby-negative line plays a lower-ranked move. Each
move is followed by YaneuraOu’s best reply, so the two endpoints differ only in their final two plies and have
the same player to move. Both must end 8–12 plies from the starting position. We retain the pair only if the
positive satisfies the filters above and the nearby negative scores −1300 to 0 centipawns.
Every positive must exceed every negative or nearby negative by at least 800 centipawns. Each episode
contains 12 positives, 12 negatives, and eight nearby negatives. Four positives and four negatives are shown;
the remaining eight positions in each group are held out. Motif selection and scoring follow the chess protocol
(§ 2), including nearby-negative specificity.

F.2 Results

Results are reported in Table 6.
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Table 6: Mean explainability on the shogi test set for Baseline and BinProp explanations.

Model Method Mean Explainability Gain

Qwen3.5-397B-A17B (Qwen Team, 2026) Baseline 0.204 +0.029BinProp (ours) 0.233

DeepSeek-V4-Pro (DeepSeek-AI, 2026) Baseline 0.086 +0.207BinProp (ours) 0.293

GPT-5.5 (OpenAI, 2026a) Baseline 0.297 +0.016BinProp (ours) 0.313

Kimi-K3 (Kimi Team et al., 2026) Baseline 0.253 +0.072BinProp (ours) 0.326

Opus 5 (Anthropic, 2026b) Baseline 0.300 +0.028BinProp (ours) 0.327

Fable 5 (Anthropic, 2026a) Baseline 0.269 +0.058BinProp (ours) 0.327

GPT-5.6 Sol (OpenAI, 2026b) Baseline 0.275 +0.054BinProp (ours) 0.329

GLM-5.2 (GLM-5-Team et al., 2026) Baseline 0.231 +0.105BinProp (ours) 0.336
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F.3 Qualitative examples

Figure 12 compares Baseline and BinProp explanations for shogi.
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Figure 12: Baseline and BinProp explanations on held-out shogi positions. Examples are sampled without
ranking their held-out scores. Bars show YaneuraOu’s evaluation in pawns.
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G Explaining Moves from Expert Games

We run BinProp with Opus 5 for a further 150 iterations, adding 22 motifs for a total of 48. Using Stockfish,
we identify mistakes by world champions and other top players in the PGN Mentor game collection (64
Squares, 2026). We use BinProp with this extended motif set to explain nine such decisions (Figures 13–21),
comparing the move played with Stockfish’s preferred move.

Initial Position Option #1 Option #2
Black to move.
Best move: Qxa3
Move played: Nf8

Qxa3 is good for Black because after
22... Qxa3 23. Be1 Qd6 24. Bf1

Nf8 is worse for Black because after
22... Nf8 23. Ka2 Nc8 24. Ba5

Fedoseev – Carlsen
2014.06.19

-0.97 +0.18

BinProp (our method)

White has permanent weak squares on g3 and b4
that its pawns can no longer challenge.
White's king on b1 has less pawn shelter: only b3,
compared with c6, a7, and b7 around Black's king
on b8.
With at least two developed pieces, Black's knights,
rooks, and queen are secure: none is attacked
while undefended or by a cheaper piece, and White
has no safe one-move cheaper-piece attack.

Figure 13: Fedoseev–Carlsen (2014).

Initial Position Option #1 Option #2
White to move.
Best move: g6
Move played: gxh6

g6 is good for White because after
19. g6 Bg5 20. gxf7 exf5 21. exf5 Bxe3
22. Nd5 Qd8 23. Qxe3 Nxf7 24. Nb6 Rc7

gxh6 is worse for White because after
19. gxh6 gxh6 20. Bg1 Rhg8 21. Qf2 Bg5

Nakamura – Firouzja
2024.06.13

+0.85 -0.23

BinProp (our method)

White's major and minor pieces attack an average
of 8 empty or enemy-occupied squares, versus
Black's 4.2. White also controls more space in the
opposing half: 16 squares to 3.
Black has permanent weak squares on d5, e6, and
g6 that its pawns can no longer challenge.
White has more attacking force near Black's king
on b8: the knight on b6 controls a8 and c8. Black
has no comparable attacker near White's king on
b1.

Figure 14: Nakamura–Firouzja (2024).
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Initial Position Option #1 Option #2
Black to move.
Best move: d4
Move played: Bc8

d4 is good for Black because after
26... d4 27. Re1 dxe3 28. Rxe3 Bd4
29. Re2

Bc8 is worse for Black because after
26... Bc8 27. Nb3 Kf8 28. Rxc7 Bxc7
29. Kc1 Ke7 30. a3

Kramnik – Kasparov
1998.11.28

-0.98 -0.13

BinProp (our method)

Black's major and minor pieces attack an average
of 8.7 empty or enemy-occupied squares, versus
White's 6.3. The bishops on e6 and d4 attack 9 and 8
such squares.
Black's bishops on d4 and e6 and rook on c7 make 7
attacks on squares around White's king on b1,
versus White's 3 around Black's king on g8.
White's king on b1 has less pawn shelter: a2 and b2,
compared with h6, f7, and g7 around Black's king
on g8.

Figure 15: Kramnik–Kasparov (1998).
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Initial Position Option #1 Option #2
White to move.
Best move: Nxf6+
Move played: Nce3

Nxf6+ is good for White because after
15. Nxf6+ gxf6 16. Qh5 Kh8 17. Ne3 b4
18. cxb4 f5 19. exf5 f6 20. b5 d5

Nce3 is worse for White because after
15. Nce3 Nxd5 16. Nxd5 Be6 17. g3 Qd7

Kasparov – Kramnik
1994

+0.95 +0.06

BinProp (our method)

White has a two-point material lead: 32 points to
Black's 30.
White's pawn on f5 and queen on h5 make 4 attacks
on g6, h6, and h7 around Black's king on h8. Black
has no corresponding attack around White's king
on e1.
White attacks Black's pinned pawn on h7. Black
has no corresponding pressure against a defended
White piece.

Figure 16: Kasparov–Kramnik (1994).

Initial Position Option #1 Option #2
White to move.
Best move: cxb6
Move played: cxd6

cxb6 is good for White because after
15. cxb6 a6 16. b7+ Nxb7 17. Kxf1 d5
18. e5 Ne8

cxd6 is worse for White because after
15. cxd6 Qf8 16. Kxf1 Ne8 17. e5 f6
18. c4 Kb7 19. c5 fxe5 20. cxb6 Nxd6
21. Bc5 Nac4

Carlsen – Leko
2007.03.22

+1.11 +0.30

BinProp (our method)

White can safely play Bb6 to attack Black's rook on
d8. Black has no comparable attack on a White
rook or queen.
White controls Black's weak dark squares: the
bishop on f2 controls d4, c5, and b6, and a White
pawn occupies e5. Black has no dark-squared
bishop.
Black is short of safe moves: 10 of 24 non-king
moves leave the moved piece vulnerable to
material loss, compared with 4 of 32 for White.

Figure 17: Carlsen–Leko (2007).
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Initial Position Option #1 Option #2
Black to move.
Best move: Rec8
Move played: Re5

Rec8 is good for Black because after
22... Rec8 23. Bb2 g6 24. c4

Re5 is worse for Black because after
22... Re5 23. c4 a5 24. Rxb5 Rbe8
25. Bb2

Reshevsky – Fischer
1970

-1.17 -0.36

BinProp (our method)

White's rook on b4 and queen on d3 are
undefended; all of Black's major and minor pieces
are defended.
Black can safely play a5 to attack White's rook on
b4. White has no comparable attack on a Black
rook or queen.
Black has four safe forcing moves, including the
checks Qa7+ and Qb6+. White has none.

Figure 18: Reshevsky–Fischer (1970).
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Initial Position Option #1 Option #2
Black to move.
Best move: Re2
Move played: Nd6

Re2 is good for Black because after
25... Re2 26. Re1 Nh4 27. Ne3 Nf3+
28. gxf3 Qg5+ 29. Qg2 Qxg2+ 30. Kxg2
Rxd2 31. Nd5 Rc2 32. Rd1 d2 33. f4

Nd6 is worse for Black because after
25... Nd6 26. Ne3 Qxb3 27. Qxd3 Ne4
28. Be1 Kh7 29. a5 c4 30. Qxc4 Qxc4
31. Nxc4 Nxc3 32. Kf1 Re4 33. Ne3

Redolfi – Fischer
1960

-0.88 +0.00

BinProp (our method)

Black has an advanced passed pawn on d2 and no
isolated pawns. White has no passed pawn and
three isolated pawns, on f2, h3, and f4.
Black's rook on c2 and bishop on g7 attack White's
c3-pawn, defended only by the knight on d5. White
has no comparable pressure against a weak pawn
or piece.
Black's pawns on d2, c5, and h5 gain space in
White's half, controlling c1, e1, b4, d4, and g4; each
has at least as many defenders as attackers.

Figure 19: Redolfi–Fischer (1960).

Initial Position Option #1 Option #2
White to move.
Best move: Rd2
Move played: Bf4

Rd2 is good for White because after
27. Rd2 Qf6 28. Bf4 Bxf4 29. Nxf4 Bf3
30. Nd5 Qe5

Bf4 is worse for White because after
27. Bf4 Rxb2 28. Rb1 Rxb1 29. Rxb1 Bxe2
30. Qxe5 Qxe5 31. Bxe5 h5 32. Bc7 Bf3

Anand – Erigaisi
2025.12.02

+1.04 -0.12

BinProp (our method)

White has passed pawns on b2 and c3; Black has
none.
White has a safe forcing move, Ne7+, while Black
has none.
Black has permanent weak squares on d5, c6, c7,
and e7 that its pawns can no longer challenge.

Figure 20: Anand–Erigaisi (2025).

Initial Position Option #1 Option #2
Black to move.
Best move: Ne4
Move played: Bf8

Ne4 is good for Black because after
16... Ne4 17. Nxe4 dxe4 18. Be2 Qg5
19. g3

Bf8 is worse for Black because after
16... Bf8 17. d3 Nd7 18. Ne2

Nakamura – Anand
2025.12.14

-0.78 +0.09

BinProp (our method)

Black's major and minor pieces attack an average
of 7.6 empty or enemy-occupied squares, versus
White's 5. Black also has stronger central control: 7
attacks or occupants to White's 3.
Black attacks White's pinned pawn on g3. White
has no corresponding pressure against a defended
Black piece.
White has permanent weak squares on d3 and f3
that its pawns can no longer challenge.

Figure 21: Nakamura–Anand (2025).
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H Chess Motif Sets

The following tables list all 192 BinProp motifs used for the chess results in Table 1. Names and descriptions
are model-generated. All descriptions refer to the side to move. ∆(f) is the difference in how often a motif
holds on winning and losing positions, in percentage points.

H.1 Fable 5
Table 7: Chess motifs discovered by Fable 5.

Motif Description ∆(f)

Material advantage or hanging
enemy piece

The side to move is at least a pawn ahead in material, or material is
level while an enemy minor piece or better hangs to a free or favorable
capture.

56.1

Consolidated queenless material
lead or dual margin-trump parity
edge

Not in check, with no unit hanging or attacked by a cheaper piece, a
calm own king ring and no advanced enemy passer, the side to move is
either a clean point or more up in a fully queenless position (a
single-pawn edge requiring one comparative trump) or at exact material
parity holding two or more margin trumps among passers, pawn health,
rook activity, bishop pair, outposts, space, development and king
quality.

16.3

Concrete target with safe camp
at material parity or better

Not behind in material, not in check, and with none of its own pieces
profitably capturable, the side to move owns a concrete target: a
static-exchange-winning capture, a besieged weak enemy pawn,
exclusive heavy-piece infiltration, a safe advanced passer, a trapped
ventured enemy minor, or a dominant attack on the enemy king ring.

16.2

Positional edge at level material With no material advantage, the side to move holds a clear positional
plus from safe piece mobility, pressure on the enemy king zone, passed
pawns, open rook files, king shelter and the bishop pair, while none of
its own pieces are loose.

12.0

Space, development and initiative
dominance near material parity

With material within a fraction of a pawn, the side to move holds a
broad concrete edge combining space, central control, development lead,
pressure on enemy pieces, king safety, passed pawns and rook
placement.

10.2

Pawn health and piece activity
superiority at equal material

Material is exactly equal but the side to move has clearly healthier
pawns, better passed pawns, more active rooks and outposts, a safer
king and more pressure on the enemy king zone.

8.8

Calm parity squeeze against a
structurally burdened opponent

At exact material parity, with none of its pieces hanging or attacked by
lesser men and its own king ring calm, the side to move holds a durable
plus such as an exclusive open-file heavy battery, an advanced
protected pawn duo, a rim-stranded enemy knight, a
blocked-pawn-buried enemy bishop, shut-in enemy rooks against its
own free rook, or a far healthier pawn structure.

7.1

Sole bishop pair at exact material
equality

With material exactly level, not in check, none of its pieces hanging and
its king zone not swarmed, the side to move owns two bishops on
opposite color complexes while the opponent lacks the bishop pair.

4.4

Dynamic compensation without
material edge

With material equal or slightly down and its own pieces basically safe,
the side to move has concrete compensation such as a safe fork or
double attack, a favorably capturable or pinned enemy piece, an
advanced supported passer, a manned assault on an exposed enemy
king, a development lead against a stranded central king, or a broad
activity and structure edge.

4.3

Parity bind: bad enemy bishop,
pawn clamp, or queenless outside
majority

At exact material parity with a calm camp, no development lag and no
advanced enemy passer, the side to move either faces a hemmed-in bad
enemy bishop while owning a good minor, or clamps space with three
secure pawns beyond the middle against none, or in a queenless position
holds a clean pawn majority on a wing far from the enemy king.

2.6

Continued on next page
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Fable 5 (continued)
Motif Description ∆(f)

Entrenched minor-piece outpost
at level material or clean check
refutation

With material exactly level, a safe camp and king, the side to move has
a knight or bishop on an advanced pawn-proof supported outpost that
the opponent cannot match, or it is in check but can capture the lone
checker without loss and stand one to three points ahead.

2.4

Parity shelter or file grip on
enemy king, or queenless grind
edge

At exact material parity with a safe camp, the side to move either
keeps a clearly healthier king shelter than the enemy with queens on, or
aims a heavy piece down a file near the enemy king that holds no
defending pawns while its own shelter is better, or in a queenless
position holds a clear combined edge in passers, king activity, rook
activity and pawn health.

1.8

Temporary material deficit repaid
with interest by winning capture

The side to move is a pawn or more behind on raw material, yet owns a
legal capture whose static exchange gain exceeds the deficit (or exactly
repays it while a second exchange-winning target hangs), and the
opponent has no bigger counter-capture elsewhere.

1.7

Mid-exchange full recapture
restoring the balance with an
edge

Temporarily down material mid-exchange, the side to move has a
capture whose static-exchange value fully repays the deficit to roughly
level, after which the opponent has no profitable capture and the mover
keeps the better structure, king pressure, passers, rook files or bishops.

1.7

Cornered intruder roundup or
minor-army imbalance

Not ahead in raw material and not in check, the side to move either
besieges an enemy piece stranded deep in its camp with no safe retreat
so it can be rounded up for a net gain, or at level count owns two extra
minor pieces against rook-and-pawn style compensation or a full piece
against three pawns.

1.6

Wing king behind fully open file
assaulted at exact parity

At exact material parity, not in check, with its queen on and no friendly
unit profitably capturable, the side to move keeps own pawns ahead of
its king on every adjacent file while the enemy king sits on a wing back
rank behind at least one adjacent file holding no enemy pawn in front
of it, and strictly more mover pieces or a thorn pawn bear on the enemy
king field than enemy pieces bear on the movers king.

1.4

Asymmetric shelter breach attack
at exact material parity

With material exactly level, queens on for the mover, both kings on
their back two ranks and none of its pieces loose, the side to move keeps
a fully intact pawn shelter while the enemy wing king is missing a near
shelter pawn on at least one adjacent file and faces at least as many,
and at least two, of the movers pieces bearing on its king zone.

1.3

Stranded enemy king with queens
on or refutable check

Near material parity the side to move faces an enemy king stranded on
its back rank without castling rights or wandered up the board while
queens stay on and its own king is sheltered, or it can win a trapped
enemy queen, or it stands materially fine after a check whose giver
hangs to a favorable capture.

1.3

Queen-led siege of a castling-less
central enemy king

At material parity or down at most one pawn, the side to move keeps
its queen and a secure king while the enemy king is stuck on the d, e or
f file near its home rank with no castling rights, backed by an adjacent
half-open file, king-ring pressure or a development lead.

1.1

Wrecked enemy king shelter with
attacker surplus near parity

Near material parity with its queen still on board and its own king ring
not swarmed, the side to move besieges an enemy king whose pawn
shelter is destroyed or clearly inferior, holding strictly more distinct
attackers on the enemy king ring than the opponent has on its own.

1.0
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H.2 Opus 5
Table 8: Chess motifs discovered by Opus 5.

Motif Description ∆(f)

Material advantage for the side
to move

The side to move has a net material edge of at least one pawn using
standard piece values.

48.4

Positional dominance without
material deficit

The side to move wins the overall balance of positional features (piece
mobility, space, central control, passed pawns, pawn health, bishop pair,
rook files, outposts) while not being behind in material.

34.8

Permanent holes in the enemy
camp

The side to move controls clearly more permanent weak squares deep in
the opponent half - squares that no enemy pawn can ever attack again
and that it already covers with at least as many units as the defender -
than the opponent controls in its own half, while not being down
material.

18.8

Superior pawn structure and
passed pawn edge

The side to move has a clearly healthier pawn skeleton than the
opponent - more or further advanced passed pawns and fewer isolated,
doubled, backward or scattered pawns - while not being down
significant material.

15.4

Enemy king stranded without
shelter

With plenty of pieces still on the board and no material deficit for the
side to move, the opponent’s king is far worse sheltered than the king of
the side to move: it sits on or near the central files, has lost the right to
castle without reaching a corner, has drifted off its home rank, is
missing the pawns that should stand in front of it, stands beside open
or semi-open files, and/or is surrounded by enemy pieces. The side to
move owns real attacking material (a queen or rook plus other pieces),
so the exposed king is a concrete target.

13.1

Safe piece infiltration in enemy
territory

The side to move has clearly more securely posted active pieces inside
the opponent half - units that no enemy pawn can hit now or after one
push, that cannot be profitably captured, and that still have targets or
free squares - than the opponent has in its own half, while not being
down material.

10.8

Space-gaining pawn wedge in the
centre

The side to move owns a clear space advantage: several of its pawns (at
least one on a central file) stand on the fourth rank or beyond and grip
squares in the opponent half, none of these advanced pawns is
over-attacked, and it is not behind in material.

10.3

Opponent starved of forcing
resources

The side to move owns concrete forcing resources - a capture that wins
material, a safe check, a safe pawn push that hits an enemy piece, or a
promotion - while the opponent, even if handed a free move, would
have none or far fewer of them, so the whole initiative belongs to the
side to move.

10.1

Own camp free of enemy pressure The side to move has nothing concrete to worry about at home: none of
its pieces is hanging, harassed by a cheaper unit, over-attacked or
pinned, no enemy piece or far advanced enemy pawn sits unchallenged
inside its own half, and at most one enemy piece eyes the squares
around its king.

9.6

Opponent lags in mobilization
and king shelter

With plenty of pieces still on the board and without being down
material, the side to move is clearly better mobilized than the
opponent: fewer minor pieces still on the first rank, less back-rank
clutter, no corner-boxed rook, and a king already tucked away or free to
castle while the opponent king sits in the centre or has wandered out.

9.5

Pressure on weak squares around
the enemy king

The side to move hits more completely undefended squares in the ring
and front zone of the opponent king, with at least two attacking units
and more total pressure there than the opponent generates around its
own king.

9.5

Continued on next page
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Opus 5 (continued)
Motif Description ∆(f)

Pressure on the opponent weak
pawns

The side to move puts more pressure on the opponent structurally weak
or under-defended pawns (and harasses more enemy pieces with its own
pawns) than the opponent does in return, while not being materially
down.

8.6

Opponent saddled with a bad
minor piece

The opponent owns at least one clearly poor knight or bishop - almost
no safe squares, still stuck on its home rank, rim-bound, or a bishop
buried behind its own same-coloured and blocked pawns - while every
minor piece of the side to move is healthy, with material roughly
balanced.

8.0

Winning capture with no
counter-strike

The side to move has a capture whose full exchange sequence nets
material and leaves it at least level in material, while the opponent,
even if handed a free move, has no capture that wins as much back.

7.3

Opponent pieces tied to passive
defence

The opponent has clearly more pieces stuck in passive defensive duty
than the side to move - non-pawn units that must guard an attacked
friendly pawn, act as the only guard of an attacked unit, or sit in front
of a passed pawn as blockader - while the side to move is not down
material.

6.6

Dangerous advanced passed pawn The side to move owns a clearly more dangerous passed pawn than the
opponent - advanced, unblockaded, with a clear or well controlled
promotion path and pawn, neighbour-passer or heavy-piece support -
while not being down material.

5.0

Opponent moves keep walking
into loss of material

A far larger share of the opponent possible moves would leave the
moved piece capturable at a profit than of the side-to-move own moves,
while the opponent has no capture that wins more material than the
side to move can win, so the opponent is in a bind with hardly any safe
option.

4.8

Checking initiative against the
enemy king

The side to move can deliver more safe checks (checking moves whose
piece cannot be profitably captured) than the opponent could deliver if
it were their turn, so it owns the forcing initiative.

4.6

Enemy pawn over-extended into
our camp

The opponent has a pawn that has pushed past the middle into the
side-to-move half where no neighbouring enemy pawn can support it,
and the side to move attacks that pawn while either blockading it or
outnumbering its defenders, whereas the side to move has no such
over-extended pawn itself and is not behind in material.

4.4

Opponent burdened with two
different kinds of weakness

The opponent camp holds targets of at least two different kinds -
structurally weak pawns on half-open files, pieces under fire or about to
be kicked by a pawn push, and a draughty or centralised king - and
clearly more such targets in total than the side to move has at home,
while the side to move is not down material.

3.8

Favorable piece imbalance
without a material lead

The side to move has no lead in raw material (standard 1/3/3/5/9
count is level within half a pawn), yet owns the structurally better army:
the bishop pair in an open position, minor pieces traded against enemy
pawns while pieces still dominate, two minors against a rook, knights in
a locked pawn structure, or bishops in an open one. The armies must
differ in composition - identical material on both sides never qualifies.

3.6

Grip on the opponent weak
colour complex

With material roughly level, the side to move keeps a bishop on a
colour complex where the opponent has no bishop and few pawns, and
grips the resulting unguarded squares of that colour in the opponent
camp far more than the opponent grips the other complex.

3.4

True material edge hidden
without a visible lead

The raw count shows no clear material lead for the side to move, yet it
is really the one ahead: either it owns the stronger pieces in a material
imbalance while standing slightly up on points, or an enemy piece has
strayed into the half of the board belonging to the side to move where
it has no safe square left and can be attacked more times than it is
defended.

3.1

Continued on next page
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Opus 5 (continued)
Motif Description ∆(f)

Enemy queen harassed with
tempo

The side to move can gain a tempo by safely attacking the opposing
queen with a lesser piece, while its own queen cannot be harassed the
same way and enjoys at least as many safe squares.

3.1

Stronger double attack threat
with nothing hanging

The side to move can make a safe move that sets up a bigger threat
package (a fork, a hit on a more valuable or undefended enemy piece, or
a threat combined with check) than the best threat the opponent could
set up, while none of its own pieces are hanging or attacked by a
cheaper unit.

2.6

Enemy camp riddled with
concrete pressure points

With material level or at most a pawn ahead, the side to move creates
far more concrete problems in the opponent camp - hanging or
pawn-harassed pieces, over-attacked units, pinned targets and pieces
held only by a single overloaded or unstable guard - than the opponent
creates against it.

2.6

Opponent pieces cornered and
hanging

Without holding more than a one-pawn material lead, the side to move
troubles the opponent pieces far more than its own are troubled: more
enemy knights, bishops, rooks and queens have at most one safe square
available, and more of them stand attacked while undefended, hit by a
cheaper unit, or attacked more times than defended.

2.0

Tempo-gaining threat creation
dominance

With material roughly level, the side to move has clearly more quiet
moves that safely create a brand-new attack on an enemy unit (hitting
it with a cheaper piece or hitting an undefended one) than the
opponent can create in reply, so it keeps making threats with tempo.

1.8

More active king in a simplified
position

With the queens traded and only a few pieces left, the side to move has
the far more active king - more centralized, off its own back rank and
closer to the pawns on the board - than the opponent, while not being
behind in material.

1.6

Line pressure with pins and
x-rays

The side to move owns more line power against the opponent - absolute
pins, x-ray alignments where a more valuable enemy unit stands behind
a lesser one, sliders stacked in batteries and latent discovered-attack
setups - than the opponent has in return.

1.2
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H.3 GPT-5.5
Table 9: Chess motifs discovered by GPT-5.5.

Motif Description ∆(f)

Material surplus The side to move has at least a pawn of material advantage, with a
small bonus for the bishop pair.

48.3

Material-parity king hook
pressure

With material roughly balanced, the side to move has pressure against
a home-rank central king or a castled king shelter hook.

8.7

Balanced castling lead and
invader tempo

Without a large material edge, the side to move has a
castling/development initiative, a safe major-piece invader, or a
protected tempo on an overextended queen.

8.7

Secure central grip and pawn
targets

With material roughly balanced, the side to move has a safe king and
either a supported central pawn grip or clearly better pressure on weak
enemy pawns.

8.4

Overloaded central shield and
structural edge

The side to move has a coordinated attack on a pinned central king
shield, a safe knight fork, or a queenless pawn-structure edge at
material parity.

7.1

Wing pawn tempo and central
knight wedge

The side to move has a protected wing-pawn tempo on an advanced
piece, a complementary fifth-rank knight wedge, or a queen-and-pawn
phalanx against a central king.

7.0

Supported central pawn tempo
versus sleepy pieces

With material close, the side to move has a safe king and either a
development bind from enemy back-rank minors or a supported central
pawn break that gains time on a piece.

6.8

Under-material checking spear
against exposed king

Without a material surplus, the side to move has a coordinated pawn,
minor, or rook spear against an exposed enemy king.

6.6

Castling reserve versus loosened
king

The side to move has castling reserve or a safer flank king while the
opponent has a loose flank shelter or an exposed central king, with
material close enough for king safety to matter.

6.4

Wing pawn roller and queen net The side to move has a safe king and either a supported advanced
wing-pawn roller aimed at the enemy king or a lower-piece move that
traps or wins the enemy queen.

5.9

Bad bishop bind and active rook
conversion

With material close, the side to move exploits a color-complex bad
bishop, superior simplified rook activity, or a safe en-passant resource.

5.8

Safe queen middlegame activity
edge

With material roughly level and queens on, the side to move has a safe
flank king and a clear activity or target edge.

5.8

Compensated central bind and
rook-pair edge

Without a large raw material edge, the side to move has a compensated
positional bind from an exposed central king, an active rook-pair
imbalance, or a central pawn grip against unchallenged bishops.

5.7

Balanced file battery against an
uncastled king

With material close, the side to move has a major-piece file battery,
active bishops, or a protected spear aimed at an uncastled opponent
king.

5.3

Material-neutral mobility and
development bind

With no pawn-up material edge, the side to move has a clear mobility,
space, development, or active-rook bind.

5.3

Balanced safe advanced knight
post

The side to move is not relying on a large material edge and has the
better safe central knight advanced into the opponent half.

4.9

Balanced queen-zone storm or
central pin

With material still roughly balanced, the side to move has queen-zone
pressure, a pawn storm, or a pinning slider against a poorly sheltered
opposing king.

4.5

Piece quality targets or stranded
central king

With material roughly balanced, the side to move has either active
pieces for pawns with a loose target or a safe flank king against a
stranded central enemy king.

3.8

Continued on next page

43



GPT-5.5 (continued)
Motif Description ∆(f)

Protected queen chase and deep
spear

Without a large material edge, the side to move has a protected
lesser-piece tempo on the enemy queen, a deep safe queen invasion, or
an immediate favorable capture.

3.6

Material-parity forcing gain or
mobile bishop pair

With no existing material edge, the side to move has either an
immediate material-winning tactic or an active bishop pair against a
side without one.

3.5

Queenless rook pressure and
loose outpost target

With no large material edge, the side to move has queenless rook-file
activity or safe-king pressure on an overextended loose enemy piece.

3.2

Material-parity initiative targets The side to move is not materially behind or clearly ahead, but has a
concrete initiative such as loose-piece pressure, a strong knight, an
advanced passer, or a seventh-rank invasion.

3.1

Legal castling reserve and twin
outpost squeeze

At material parity or a pawn down, the side to move can castle against
a lagging central king or has twin protected advanced knights creating
concrete threats.

3.1

Queen imbalance or advanced
pawn lever

The side to move has a favorable queen-for-material imbalance or a
dangerous advanced pawn that is passed or lodged near the enemy king.

2.6

Balanced space clamp with
loose-major tactics

With material not clearly unfavorable, the side to move has a safe
major-piece tactic or a protected central space clamp against lagging
development.

2.5

Long-range compensation
without material edge

The side to move is not up material but has active long-range
compensation from bishops, rook lifts, or queen pressure on a central
king.

2.4

Loose-piece gain or central pawn
bind

The side to move is not materially lost and has a concrete target
through a profitable capture, a trapped corner knight, or a central
pawn clamp against an uncastled king.

2.3

Overextended pawn cleanup and
backed spear

Without a material surplus, the side to move has a safe cleanup of an
overextended pawn or a heavily backed pawn/rook squeeze.

2.2

Balanced space phalanx and
king-defender hit

With material not already decisive, the side to move has a defended
space-development clamp or a safe minor/diagonal hit on a key
defender near the enemy king.

2.1

Parity x-ray pawn target and
passer pickup

With no material surplus and a safe king, the side to move can safely
remove an overextended enemy pawn or x-ray a deep weak pawn to a
major piece or king.

2.1

Rook-backed pawn center and
knight-pair shelter edge

With material close, the side to move has the safer king plus either a
rook-backed connected center, a hard knight outpost, or knight-pair
pressure against a knightless weak shelter.

2.1

Exchange clamp and backed
outpost pressure

With material not already decisive, the side to move has a safe
exchange clamp, pawn-backed outpost, or coordinated queen pressure
against restricted enemy pieces.

1.9

Tempo net on queen or invader With material close, the side to move has a safe developing queen
tempo, a queen sortie into a weakened shelter, or a pawn net around an
overadvanced minor.

1.8

Material-balanced exposed king
pressure

Without a material surplus, the side to move has concentrated piece
pressure against an exposed or overburdened opponent king.

1.8

Deep spear pins and checking
reserves

At near material balance, the side to move has a deep queen spear, a
strong slider pin, multiple safe checks, or bishop pressure against
knight-only defenders.

1.7

Safe queen-minor flank-king
battery

The side to move has a safe king and a queen-minor or back-rank rook
battery against an exposed flank king without relying on a large
material edge.

1.6

Continued on next page
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GPT-5.5 (continued)
Motif Description ∆(f)

Enemy-camp wedge and deep
minor raider

Without a large material edge, the side to move has a protected
far-advanced pawn wedge or minor piece lodged deep in the enemy
camp.

1.6

Queenless small-edge endgame
conversion

With queens off and material only slightly favorable, the side to move
has a clean simplified edge, a central knight, connected advanced pawns,
or a safe major-piece pickup.

1.4

Minor swarm imbalance and
clean major tactic

Without a material surplus, the side to move has a favorable
minor-piece swarm, a queenless chase of a central king, or a concrete
safe major-piece tactic.

1.3

Supported queen lift and central
overload

With material close and a safe king, the side to move has a supported
queen lift against a castled shelter, an open major-piece overload near a
central king, or a queenless bishop-pair bind.

1.2

Central file pressure with loose
wedge pickup

With material close, the side to move has central-file rook pressure, a
queen-rook battery on a weak target, or a safe pickup of an
overadvanced enemy wedge.

1.2

Compensating minor net and
rook-lift spear

Without a large material edge, the side to move has a safe king with a
minor-piece net, deep pawn wedge, or rook-lift spear aimed at the
enemy king.

1.2

Sub-pawn exchange and
sixth-rank activity

Without a pawn-sized material surplus, the side to move has a
fractional exchange edge, a safe sixth-rank rook, a no-bishop knight
storm, or a concrete low-piece capture of a trapped major piece.

1.1

Dual-reserve central king squeeze With material close, the side to move keeps flexible castling or
coordinated slider pressure while the opposing king is still stuck near
the center.

1.0
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H.4 GLM-5.2
Table 10: Chess motifs discovered by GLM-5.2.

Motif Description ∆(f)

Minority pawn majority lever The side to move has more pawns than the opponent on either the
same-file center pair (d+e files) or on both wings combined (a-c plus f-h
files), with total pawn count at least equal, indicating a lever-ready
structural edge.

34.6

Material advantage two or more The side to move has at least two points more total piece value
(pawn=1, knight/bishop=3, rook=5, queen=9) than the opponent.

15.3

Pawn island advantage The side to move has fewer pawn-island groups (maximal sets of pawns
on contiguous files) than the opponent, indicating a more cohesive
pawn structure.

15.3

Mobility advantage over opp The side to move has at least five more legal moves than the opponent. 13.0
Central piece value lead The side to move has at least two more total piece value on the central

4x4 box (files c through f, ranks 3 through 6) than the opponent.
10.9

Development edge advantage The side to move has strictly fewer undeveloped (back-rank) knights or
bishops than the opponent, indicating superior piece development and
initiative.

5.4

Central pawn density pressure
advantage

The side to move has more pawns and pieces on files c through f within
its attack zone than the opponent has on the corresponding files,
indicating central pressure and space, with a non-pawn attacker of the
centre.

4.8

Dual check sources The side to move has legal checking moves from at least two different
pieces, indicating coordinated pressure on the opponent king.

3.8

King pawn shield advantage The side to move has a complete pawn shield in front of its back-rank
king while the opponent king lacks such a shield.

3.6

Royal fork check targets major
piece

The side to move has a legal checking move that either captures an
enemy rook or queen or, after the move, attacks an enemy rook or
queen with the moved piece.

3.5

Nonpawn king zone attack ratio The side to move has at least two non-pawn pieces attacking the
opponent king’s 3x3 zone while the opponent has at most one non-pawn
piece attacking the side-to-move king’s 3x3 zone.

3.1

Bishop pair advantage The side to move has the bishop pair while the opponent has at most
one bishop.

2.6

Favorable trade capture The side to move has a legal capture of an enemy non-pawn piece that
wins at least two points of material in the exchange or is undefended,
bringing the static material balance to at least even.

2.5

Supported minor attacks opp
king zone

The side to move has a knight or bishop that is defended by a friendly
pawn and that attacks a square adjacent to the opponent king,
indicating a stable outpost applying pressure near the enemy king.

2.4

Central pawn phalanx advantage The side to move has a more advanced pair of friendly pawns on
adjacent central files (c-d, d-e, or e-f) than any such opponent pawn
phalanx, indicating central tension and space control.

2.4

Attacks hanging opp king
neighbor

The side to move has at least one legal, non-sacrificial check or capture
on a square adjacent to the opponent king.

2.2

Attacks opp strong piece
asymmetry

The side to move has at least one safe attack by a non-pawn piece on
an enemy non-pawn piece while the opponent has no safe non-pawn
attack on the side-to-move non-pawn pieces.

1.5

Central knight outpost The side to move has a knight on a central square (files c-f, ranks 4-5)
defended by a friendly pawn and not attackable by any enemy pawn.

1.5

Rook uncontested on halfopen file The side to move has a rook on a file with no friendly pawns where the
opponent has no rook or queen on that file.

1.4

Continued on next page
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GLM-5.2 (continued)
Motif Description ∆(f)

Backward pawn advantage The side to move has no backward pawns while the opponent has at
least one backward pawn.

1.3

Active major in opp back two
ranks

The side to move has a rook or queen in the opponent’s back two ranks
attacking an enemy pawn while the opponent has no rook or queen in
the side-to-move’s back two ranks attacking side-to-move pawns.

1.1
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H.5 Kimi-K3
Table 11: Chess motifs discovered by Kimi-K3.

Motif Description ∆(f)

Material edge with activity
tiebreak

The side to move has more total piece value than the opponent, or with
equal material attacks more enemy pieces than the opponent attacks.

65.2

Healthier pawn structure The side to move has a clearly sounder pawn structure, with at least
two fewer isolated, doubled, or backward pawns than the opponent.

7.2

Development lead on even terms With material roughly equal, the side to move has a clear development
lead: at least two more units of development (minor pieces off their
back rank plus a king tucked off the central file) than the opponent.

5.8

Enemy-half pawn space edge The side to move’s pawns attack at least three more distinct squares on
the opponent’s half of the board than the opponent’s pawns attack on
the side-to-move’s half, reflecting a clear space advantage.

3.0

Accumulated positional pluses
score

The side to move has at least three points of positional advantages such
as the bishop pair, pinned enemy pieces, advanced passed pawns, rooks
on open files, and the safer king.

2.9

Bishop pair advantage The side to move owns the bishop pair (two or more bishops) while the
opponent has at most one bishop, a lasting positional edge.

2.6

Check based double attack With material not already favorable, the side to move has mate in one
or a checking move that also leaves an enemy non-pawn piece with
more attackers than defenders.

2.0

Activity compensation without
material edge

With equal or less material, the side to move controls many more
squares than the opponent, showing superior piece activity.

1.8

Enemy king stranded in center With queens still on the board, the opponent king is stranded on a
central file without safe castling escape while the side to move has its
own king tucked away on a flank.

1.3

King ring siege edge The side to move has at least three pieces attacking squares adjacent to
the enemy king, at least two more than the opponent has around the
side-to-move king.

1.1

Tactical pressure on loose enemy
pieces

With material nearly even, the side to move creates more tactical
pressure, in the form of enemy non-pawn pieces that are en prise,
underdefended, or attacked by pawns, than it suffers on its own pieces.

1.1
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H.6 DeepSeek-V4-Pro
Table 12: Chess motifs discovered by DeepSeek-V4-Pro.

Motif Description ∆(f)

King safety pawn storm The side to move has more pawns on the wing where the opponent king
is located than the opponent has on the side-to-move king wing,
indicating a pawn storm advantage.

16.8

King pawn shield intact The side to move has more pawns on the files adjacent to its own king
than the opponent has near theirs.

12.2

King attack pressure The side to move attacks more squares adjacent to the opponent king
than the opponent attacks adjacent to the side-to-move king, with a
margin of at least 2.

12.0

Dominant center control The side to move controls more central squares (d4, e4, d5, e5) than the
opponent.

9.5

Development lead The side to move has more pieces (knights and bishops) off their back
rank than the opponent, indicating a development advantage.

7.5

Fewer pawn islands The side to move has fewer pawn islands than the opponent, indicating
a healthier pawn structure.

6.9

Knight attacking king zone The side to move has a knight attacking squares near the opponent
king while the opponent has no equivalent attack.

6.8

Restricted opponent pieces The side to move has more opponent pieces (queen, rooks, bishops,
knights) on ranks 1-2 from their perspective than the opponent has
restricted pieces on the side-to-move side, indicating a space advantage
cramping the opponent.

6.7

Centralized active piece
advantage

The side to move has a knight or bishop on or beyond the fourth rank
(from its perspective) that attacks at least one central square, while the
opponent has no such active minor piece.

6.4

Advanced pawn chain advantage The side to move has more pawns on the fifth rank or beyond than the
opponent, indicating superior space and advanced structure.

5.8

Rook on open file The side to move has a rook on a file with no pawns of either color,
while the opponent has no such rook.

5.8

Safe pawn break threat The side to move threatens a pawn break that would open lines against
the opponent king, while the opponent has no comparable threat.

5.6

Bishop blocked by own pawns The side to move has a bishop on the same color as its own pawns on
that color’s central squares, without the opponent having the same
restriction.

4.9

Connected rooks The side to move has two rooks connected (on same rank or file with no
pieces between them) while the opponent does not.

4.2

Bishop attacking king zone The side to move has a bishop attacking squares adjacent to the
opponent king while the opponent has no such bishop attack on the
side-to-move king.

3.9

Knight outpost attacking center The side to move has a knight on a protected outpost square (immune
to opponent pawns, defended by a friendly pawn) that attacks at least
one central square (d4,e4,d5,e5), while the opponent has no such knight.

3.7

Bishop on weak color complex The side to move has a bishop and the opponent has no bishop that
can guard the squares on the bishop color, because all their pawns are
on squares of that bishop color, while the opponent does not have such
a bishop-versus-pawns color weakness to exploit.

3.6

Knight vs bishop control
imbalance

The side to move has more knights on outpost squares (protected by
pawns, not attackable by opponent pawns) than the opponent has
bishops on open diagonals (diagonals with no friendly pawns blocking),
indicating a positional piece-type advantage.

3.6

Continued on next page
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DeepSeek-V4-Pro (continued)
Motif Description ∆(f)

Queenside pawn majority
advantage

The side to move has more pawns on the queenside (files a-d) than the
opponent, with a margin of at least 2, indicating a favorable pawn
majority for creating passed pawns.

3.2

Passed pawn protected The side to move has a passed pawn that is defended by a friendly
pawn, while the opponent has no such supported passed pawn.

2.8

Pawn storm against kingside
castled king

The side to move has at least two pawns on the files in front of the
opponent castled king (f/g/h files for kingside castle), while the
opponent has fewer such pawns against the side-to-move king.

2.7

Bishop pair advantage The side to move has both bishops while the opponent has at most one
bishop.

2.6

Knight on outpost The side to move has a knight on a square that cannot be attacked by
opponent pawns and is protected by a friendly pawn.

2.1

Queen attacking king zone
without opponent

The side to move has a queen attacking squares adjacent to the
opponent king while the opponent has no queen attack on the
side-to-move king zone.

1.7

Rook invading opponent territory The side to move has a rook on the opponent side of the board while
the opponent has no rook on the side-to-move side.

1.6

Unstoppable passed pawn The side to move has a passed pawn that cannot be caught by the
opponent.

1.4

Rook behind passed pawn The side to move has a rook behind its own passed pawn while the
opponent has no rook behind their own passed pawn.

1.2

Piece attacking king defended
target

The side to move has a piece attacking an opponent piece that is only
defended by the opponent king, while the opponent has no such attack,
indicating a tactical vulnerability.

1.2
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H.7 GPT-5.6 Sol
Table 13: Chess motifs discovered by GPT-5.6 Sol.

Motif Description ∆(f)

Net material advantage The side to move has a higher total material value than the opponent. 56.1
Healthy mobile wing majority With balanced non-pawn forces and no advanced passer, the side to

move has a healthier connected wing majority than the opponent’s best
countermajority.

17.7

Level-material mobility
dominance

With material values level, the side to move has substantially greater
effective mobility for its non-pawn pieces.

9.0

Safe forcing check against an
exposed central king

With material roughly level, the side to move can give a non-sacrificial
forcing check to an exposed king on the central files.

4.5

Unopposed bishop pair at
nominal parity

At equal conventional material with matched minor-piece counts, the
side to move has bishops on both color complexes while the opponent
does not.

4.2

Durable material-reversing
capture

With no nominal material edge and differing force inventories, the side
to move can capture into a material lead that survives every immediate
countercapture.

3.8

Matched-force positional
coordination

With matched non-pawn forces and at most a one-pawn investment,
the side to move has a pronounced combined edge in space, piece
placement, and king security.

3.4

Targetable pawn-structure
superiority

With identical material inventories, the side to move has substantially
fewer isolated, doubled, backward, and loose pawns than the opponent.

2.8

Secure advanced passed-pawn
superiority

At near material parity, the side to move has a secure advanced passed
pawn substantially stronger than any opposing passer.

2.7

Wing-king pressure superiority at
material parity

At equal material with queens and both kings on the wings, the side to
move has concentrated pressure around the opposing king that clearly
exceeds the opponent’s attack and pawn-cover safety.

2.7

Castled king versus central king At equal material, the side to move has a pawn-sheltered castled king
while the opponent king remains in the center.

2.6

Queen-led multi-piece king-zone
encirclement

At near material parity, the side to move has a coordinated queen-led
attack around the opposing king that substantially exceeds the
counterattack.

2.1

Uncontested connected-rook file
control

With identical material inventories, the side to move has connected
rooks controlling a safe semi-open forward lane while the opposing
rooks lack comparable coordination.

2.1

Productive secure invasion
superiority

Without a material edge, the side to move has a clearly superior secure
invasion by productive non-pawn pieces in the opponent’s half.

2.0

Shelter-asymmetric safe wing
check

At near material parity, the side to move has better pawn shelter and a
non-sacrificial direct check against a less-sheltered wing king.

1.6

Clean capture from identical
material

With identical material inventories, the side to move can capture a more
valuable piece or make a capture that has no immediate legal recapture.

1.4

Ready castling versus a stranded
central king

At near material parity, the side to move can castle immediately while
the opponent has permanently lost castling rights with its king still in
the center.

1.3

Protected advanced knight
outpost superiority

The side to move has a pawn-supported advanced knight outpost whose
activity and stability clearly exceed any opposing knight outpost.

1.2

Pawn-anchored central space
domination

At nominal material parity, the side to move has a substantially
stronger secure central space complex built around protected advanced
pawns.

1.2

Continued on next page
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GPT-5.6 Sol (continued)
Motif Description ∆(f)

Reinforced minor coalition
against rook

The side to move has two extra minor pieces against an extra enemy
rook, balanced by one enemy pawn or strengthened at equal pawns by a
bishop pair or two pawn-supported minors.

1.2

Coordinated deployment without
a material edge

With matched non-pawn forces and at most a one-pawn deficit, the side
to move has a pronounced deployment lead through active minors or a
safe supported advanced rook.

1.1
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H.8 Qwen3.5-397B-A17B

Table 14: Chess motifs discovered by Qwen3.5-397B-A17B.

Motif Description ∆(f)

Material advantage Side to move has more total material value than the opponent. 56.1
Pawn majority on wings Side to move has a pawn majority on at least one wing (queenside or

kingside) compared to opponent.
15.5

Fewer pawn islands Side to move has fewer pawn islands than the opponent, indicating
better pawn structure.

15.3

Mobility advantage Side to move has more legal moves available than the opponent. 14.7
Center control Side to move attacks more center squares (d4, d5, e4, e5) than the

opponent.
11.6

Rook open or semi open file Side to move has at least one rook on a file with no opponent pawns
(open or semi-open file).

9.8

Castled with pawn shield Side to move has castled and their king has at least 2 pawns on
adjacent files for protection.

9.7

Opponent king exposure Side to move is winning because the opponent king is exposed or lacks
a pawn shield.

9.4

Piece in enemy territory Side to move has at least one piece positioned on the opponent half of
the board (ranks 4-7 for White, ranks 0-3 for Black).

9.0

Central advanced pawn Side to move has a pawn on the 5th rank or further on a central file (C,
D, E, or F).

6.6

Major piece coordination Side to move has more major pieces (rooks and queen) with at least one
defender than the opponent.

5.5

Minor piece development Side to move has at least 3 of 4 minor pieces developed off starting
squares.

3.8

Queen centralized Side to move has queen on or attacking central squares d4, d5, e4, e5. 3.6
Opponent knight on rim Opponent has at least one knight on the edge of the board (a-file, h-file,

1st rank, or 8th rank).
2.8

Bishop pair Side to move has both bishops while opponent has fewer than two
bishops.

2.6

Centralized knight Side to move has a knight on one of the four central squares (d4, d5, e4,
e5)

2.3

Piece fork potential Side to move has a piece attacking two or more opponent pieces. 1.6
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