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The Logic of Exclusion: A Comprehensive Analysis of Sudoku Locked Candidates and Intersection Removal Techniques


1. Introduction: Sudoku as a Constraint Satisfaction System

The game of Sudoku, while popularized as a logic puzzle accessible to the layperson, represents a sophisticated exercise in finite domain constraint satisfaction. At its core, a standard 9×99 \times 9 Sudoku grid is a system governed by a precise set of exclusionary rules. The puzzle demands that every cell Cr,cC_{r,c} (where rr is the row index and cc is the column index) be assigned a value v∈{1,…,9}v \in \{1, \dots, 9\} such that no value is repeated within any of the three fundamental “units” or “houses”: the Row, the Column, and the Block (the 3×33 \times 3 sub-grid).

Solving Sudoku is not merely a process of placing digits; it is a subtractive process of candidate elimination. The solver begins with a full universe of possibilities—potentially 729 candidates in an empty grid—and systematically whittles this domain down until only one valid configuration remains. While elementary techniques rely on explicit “singles” (where a cell has only one remaining possibility), intermediate and advanced solving depends on analyzing the relationships between candidates.

Among the hierarchy of solving strategies, the technique known as Locked Candidates (often referred to within technical communities as Intersection Removal) serves as a critical bridge. It moves the solver beyond the localized logic of a single cell or unit and forces an examination of the interactions between units. Specifically, Locked Candidates addresses the logical consequences that arise when a candidate digit is restricted to the intersection of a Block and a Line (Row or Column). This restriction creates a “lock” that acts as a forceful constraint, propagating eliminations to other parts of the grid.[1, 2]

This report provides an exhaustive, expert-level analysis of the Locked Candidates technique. It will explore the set-theoretic foundations of the strategy, differentiate between its two primary modalities (Pointing and Claiming), analyze the cognitive and algorithmic processes involved in its detection, and examine its relationship to broader Sudoku theory, including “Fish” patterns and Almost Locked Sets.





2. Theoretical Foundations and Set Theory

To understand Locked Candidates at a professional level, one must move beyond the intuitive notion of “scanning” and engage with the underlying set theory that validates the logic. The technique is fundamentally an application of the Principle of Intersection.


2.1 The Geometry of Intersections

A standard Sudoku grid is composed of 27 distinct units (or houses):


	9 Rows (R1R_1 to R9R_9)

	9 Columns (C1C_1 to C9C_9)

	9 Blocks (B1B_1 to B9B_9)



Every individual cell is a member of exactly three units: one row, one column, and one block. Consequently, any given Block intersects with three specific Rows and three specific Columns. These intersections are not merely geometric features; they are shared subsets of cells that link the constraints of the linear units to the constraints of the box units.

Let ULU_L represent a Line Unit (a specific Row or Column). Let UBU_B represent a Block Unit. Let I=UL∩UBI = U_L \cap U_B be the intersection of these two units.

In a standard Sudoku grid, this intersection II always contains exactly three cells (a “min-row” or “min-col”).



2.2 The Logic of Mandatory Placement

The validity of the Locked Candidates technique rests on the Pigeonhole Principle applied to constraints. The rule of Sudoku states that a specific digit kk must appear exactly once in ULU_L and exactly once in UBU_B.

The General Theorem of Intersection Removal: If the set of all possible locations for digit kk in unit AA is contained entirely within the intersection A∩BA \cap B, then the digit kk must exist in the intersection. Since the digit must exist in the intersection, and the intersection is a subset of unit BB, the digit kk cannot exist anywhere in unit BB outside of that intersection.

Formally: Let CandidatesA(k)Candidates_A(k) be the set of cells in Unit AA that can contain digit kk. If CandidatesA(k)⊆(A∩B)Candidates_A(k) \subseteq (A \cap B), then kk is “locked” in A∩BA \cap B. Therefore, ∀c∈(B\A)\forall c \in (B \setminus A), k∉ck \notin c.

This theorem gives rise to the two distinct “directions” of the technique, distinguished by which unit acts as the restrictor and which acts as the target for elimination.[2]



2.3 Taxonomy and Nomenclature

In the literature surrounding Sudoku algorithms and heuristic solving, terminology can vary. The distinction is crucial for clarity in technical discussions.










	Technical Term
	Common Name
	Direction of Logic
	Description





	Type 1
	Pointing
	Block →\rightarrow Line
	Candidates in a Block are restricted to a single Line. Eliminations occur in the Line outside the Block.



	Type 2
	Claiming
	Line →\rightarrow Block
	Candidates in a Line are restricted to a single Block. Eliminations occur in the Block outside the Line.



	Intersection Removal
	Locked Candidates
	Bidirectional
	The umbrella term covering both Type 1 and Type 2.



	Box-Line Reduction
	BLR / Claiming
	Line →\rightarrow Block
	A specific synonym for Type 2, emphasizing the reduction of the box by the line.





While “Pointing” is visually distinct from “Claiming,” they are mathematically symmetrical. They simply represent the two ways a Block and a Line can interact to force a constraint.[1, 3]






3. Locked Candidates Type 1: Pointing (The Block-to-Line Constraint)

Type 1, widely known as “Pointing,” is generally the first intersection technique encountered by solvers. It exploits the human visual tendency to process information within the compact 3×33 \times 3 boxes before scanning the longer rows and columns.


3.1 Mechanism of Action

The mechanism of Pointing relies on “local” information (within a block) to force a “global” truth (across a row or column).


	Observation: The solver examines a specific Block BB.

	Constraint Identification: The solver isolates a specific digit kk and identifies all cells in BB where kk is still a valid candidate.

	Pattern Recognition: The solver notices that all such cells are collinear—they all fall within a single Row RR (or Column CC).

	Inference: Since BB must contain kk, and the only places for kk in BB are inside RR, the actual solution for kk in Row RR is forced to be inside Block BB.

	Elimination: Consequently, kk cannot appear in Row RR outside of Block BB.





3.2 Detailed Visual Analysis: Pointing Pairs

To illustrate, consider the following grid segment focusing on the top-left area (Blocks 1 and 2, Row 2). We are analyzing the digit 4.

Legend:


	{...}: Pencil marks (candidates).

	.: Cell not containing the candidate of interest.

	*: Candidates to be eliminated.




Scenario A: The Setup

We are looking at Block 1 (Top-Left). The digit 4 is the candidate of interest.




	
	Col 1
	Col 2
	Col 3
	Col 4
	Col 5
	Col 6
	Notes





	Row 1
	.
	.
	.
	.
	.
	.
	(No 4s in Block 1)



	Row 2
	{2,4}
	{4,5}
	.
	{1,4}*
	{4,8}*
	.
	The Interaction



	Row 3
	.
	.
	.
	.
	.
	.
	(No 4s in Block 1)



	Block
	Block 1
	Block 1
	Block 1
	Block 2
	Block 2
	Block 2
	





Step-by-Step Analysis:


	Scan Block 1: We look for the candidate 4. We find it in Row 2, Column 1 {2,4} and Row 2, Column 2 {4,5}.

	Check Exclusivity: We scan the rest of Block 1 (Rows 1 and 3). There are no 4s.

	The Lock: The 4s in Block 1 are “locked” into Row 2. They form a Pointing Pair.

	The Implication: One of these two cells must be the 4 for Block 1. Because they are both in Row 2, one of them must also be the 4 for Row 2.

	The Elimination: We look along Row 2 into Block 2. We see 4s in {1,4} and {4,8} (marked with *). These 4s are “seen” by the lock. If we placed a 4 in Block 2/Row 2, we would wipe out both 4s in Block 1, leaving Block 1 with no 4. This is a contradiction.

	Result: The 4s in Block 2/Row 2 are removed.






3.3 Detailed Visual Analysis: Pointing Triples

Pointing is not limited to pairs; it often involves three cells. This is visually “noisier” and harder to spot but follows the exact same logic.


Scenario B: Vertical Pointing Triple

Consider Block 5 (Center) and Column 5.




	Row
	Col 4
	Col 5 (Line)
	Col 6
	Status





	R1-3
	.
	{5,9}*
	.
	Block 2 (Target) - Eliminate 5



	R4
	.
	{2,5}
	.
	Block 5 (Source) - The Lock



	R5
	.
	{5,8}
	.
	Block 5 (Source) - The Lock



	R6
	.
	{3,5}
	.
	Block 5 (Source) - The Lock



	R7-9
	.
	{1,5}*
	.
	Block 8 (Target) - Eliminate 5





Analysis:


	Scan Block 5: We track the digit 5.

	Pattern: The only 5s in Block 5 are in R4C5, R5C5, and R6C5.

	The Lock: This is a Pointing Triple. The digit 5 is restricted to Column 5 within this block.

	The Elimination: The lock “fires” in both directions—up into Block 2 and down into Block 8.

	Result: The candidate 5 in Row 1-3 (Column 5) and Row 7-9 (Column 5) must be eliminated.






3.4 Nuances and Validity Conditions

For Type 1 logic to hold, strict conditions must be met:


	Total Containment: Every instance of the candidate in the Block must lie on the intersection Line. If even a single candidate exists in the Block off the line, the “Point” is invalid.

	Example of Failure: If Block 5 in Scenario B had a {5} in R4C4, the 5s in Column 5 would not be locked, because the solution could be the R4C4 5, allowing a 5 to exist elsewhere in Column 5.[2, 4]




	Existence of Targets: There must be candidates in the Line outside the Block to eliminate. While the logical constraint exists regardless, it is functionally useless if there are no candidates to remove (a “dud” move).








4. Locked Candidates Type 2: Claiming (Box-Line Reduction)

While Pointing (Type 1) is intuitive, Claiming (Type 2) is often a stumbling block for intermediate solvers. It requires a shift in perspective: instead of looking for what a box tells a line, one must look for what a line tells a box. This technique is frequently called Box-Line Reduction (BLR) in solver logs and technical documentation.[2, 4]


4.1 Mechanism of Action

Claiming is the logical inverse of Pointing.


	Observation: The solver examines a specific Line (Row or Column).

	Constraint Identification: The solver isolates a digit kk and finds all instances of kk within that Line.

	Pattern Recognition: The solver notices that all these instances fall within a single Block BB.

	Inference: Since the Line must contain kk, and the only valid spots are inside Block BB, the solution for kk in Block BB is forced to be on that Line.

	Elimination: Consequently, kk cannot appear in Block BB outside of that Line.





4.2 Cognitive Load and Detection Difficulty

Why is Claiming harder to spot?


	Visual Span: Scanning a row requires tracking across 9 cells spanning 3 blocks, which is visually more taxing than scanning a compact 3×33 \times 3 block.

	Negative Space: Spotting Claiming often involves noticing where candidates are absent (i.e., “There are no 7s in the first six cells of this row”). Humans are generally better at pattern matching positive instances than noticing systematic absence.[5]





4.3 Detailed Visual Analysis: Claiming (Row)

Let us examine Row 5 across Blocks 4, 5, and 6. The digit of interest is 7.

Legend:


	X: Solved / No 7.

	-: Candidate present, but not 7.

	7: Contains candidate 7.






	Row
	Block 4 (Left)
	Block 5 (Center)
	Block 6 (Right)
	Notes





	Row 4
	…
	{1,7}_ {2,7}_ {3}
	…
	Eliminate 7 (Target)



	Row 5
	- X -
	{4,7} {7,8} {7,9}
	- X -
	The Claimant (Source)



	Row 6
	…
	{5,7}* {6} {8}
	…
	Eliminate 7 (Target)





Step-by-Step Analysis:


	Scan Row 5: We look across the entire row for the candidate 7.

	Observation:

	In Block 4 (left), the cells in Row 5 are either solved for other numbers (X) or contain candidates that are not 7 (-).

	In Block 6 (right), the situation is the same: no 7s in Row 5.

	Therefore, all 7s for Row 5 are clustered in the middle (Block 5).




	The Claim: Row 5 “claims” the 7 for Block 5. The 7 for Block 5 must be in one of the cells {4,7}, {7,8}, or {7,9}.

	The Elimination: Since the 7 for Block 5 is locked to Row 5, it cannot exist in Row 4 or Row 6 of that same block.

	Targeting: We look at Block 5, Rows 4 and 6. We see 7s in {1,7}, {2,7}, and {5,7} (marked with *).

	Result: These 7s are eliminated.





4.4 Detailed Visual Analysis: Claiming (Column)

The logic applies vertically as well. Consider Column 8 and Block 6 (Middle Right). Digit 2.




	Row
	Col 8 Content
	Block
	Logic





	R1-3
	No 2s
	Block 3
	



	R4
	{1,2}
	Block 6
	The only 2s in Col 8 are here



	R5
	{2,5}
	Block 6
	The only 2s in Col 8 are here



	R6
	{2,9}
	Block 6
	The only 2s in Col 8 are here



	R7-9
	No 2s
	Block 9
	





Side View of Block 6 (Target):




	
	Col 7
	Col 8 (The Line)
	Col 9





	Row 4
	{2,3}*
	{1,2}
	{4}



	Row 5
	{5}
	{2,5}
	{2,6}*



	Row 6
	{8}
	{2,9}
	{7}





Analysis:


	Scan Column 8: The only 2s in the entire column are in Rows 4, 5, 6.

	Constraint: These rows define Block 6. Thus, Column 8’s 2 is locked in Block 6.

	Elimination: Remove 2s from the rest of Block 6 (Columns 7 and 9).

	Impact: The {2,3} in R4C7 becomes {3} (a Naked Single!). The {2,6} in R5C9 becomes {6}. This example demonstrates how Claiming often unlocks Naked Singles, triggering a cascade of solutions.[1, 6]








5. The “Fish” Taxonomy: Advanced Theoretical Categorization

For professional solvers and algorithm designers, Locked Candidates are not just isolated tricks; they are the simplest members of the “Fish” family of techniques. Understanding this taxonomy provides a unified theory of Sudoku constraints.


5.1 Defining “Fish” Patterns

In Sudoku theory, a “Fish” is defined by a relationship between a Base Set and a Cover Set.


	Base Set (BB): A set of NN units (rows/cols) where the candidate appears.

	Cover Set (CC): A set of NN units (cols/rows/boxes) that “cover” all instances of the candidate in the Base Set.

	Logic: If NN candidates are distributed across NN Base units, and they are all contained within NN Cover units, then any candidate in the Cover units that is not in the Base units can be eliminated.





5.2 The Cyclops Fish (Size 1)

Locked Candidates (specifically Type 2 / Claiming) are mathematically classified as a Size 1 Fish or Cyclops Fish.[3, 7]


	Size (NN): 1.

	Base Set: 1 Line (e.g., Row 2).

	Cover Set: 1 Box (e.g., Block 3).

	Constraint: The candidate in Row 2 is fully covered by Block 3.

	Elimination: Remove candidates from (Block 3)  (Row 2).



This places Locked Candidates at the foundation of a complexity pyramid:


	Size 1: Locked Candidates (Cyclops Fish).

	Size 2: X-Wing (2 Rows covered by 2 Columns).

	Size 3: Swordfish (3 Rows covered by 3 Columns).

	Size 4: Jellyfish.



Recognizing Locked Candidates as a “degenerate” or “singular” Fish helps advanced solvers understand why X-Wings and Swordfish work—they are simply higher-dimensional versions of the same intersection logic.






6. Interactions with Other Solving Techniques

Locked Candidates rarely exist in a vacuum. They are often the logical gears that drive more complex machinery.


6.1 Relation to X-Wings

There is a persistent debate in the Sudoku community regarding “Grouped” X-Wings versus Locked Candidates. Consider a configuration that looks like an X-Wing (a rectangle of candidates) but where the two corners on one side reside in the same block.


	Analysis: While this satisfies the geometric definition of an X-Wing (2 rows, 2 columns), the restriction in the shared block acts as a Pointing Pair.

	Consensus: Most logic hierarchies (like Hodoku) prioritize Locked Candidates over X-Wings. If a pattern can be explained as a Locked Candidate, it is labeled as such because it is “cheaper” to compute and easier to explain. However, understanding that X-Wings often degrade into Locked Candidates helps in spotting them.[6]





6.2 Finned X-Wings and Sashimi Fish

Locked Candidates are integral to “Finned” techniques. A Finned X-Wing is an X-Wing that is slightly broken by an extra candidate (the “fin”) in one of the box corners. The logic of the Finned X-Wing relies on the fact that if the “fin” is true, the candidate is locally placed; if the fin is false, the X-Wing logic holds. Often, the “fin” is simply a Locked Candidate configuration overlapping with an X-Wing structure. A solid grasp of intersection removal is a prerequisite for mastering these “imperfect” fish patterns.[8, 9]



6.3 Almost Locked Sets (ALS)

An Almost Locked Set is a set of NN cells containing N+1N+1 candidates. It is one step away from becoming a Locked Set (like a Naked Pair).


	Interaction: Locked Candidates are frequently the triggers that reduce an ALS to a Locked Set.

	Example: An ALS {1,2,3} in two cells (an Almost Naked Pair) might have the candidate 3 eliminated by a distant Pointing Pair. Once the 3 is removed, the set becomes {1,2}—a Naked Pair—which then forces further eliminations. Solvers who miss the initial Locked Candidate will fail to trigger the ALS and stall on the puzzle.[6, 10]








7. Human Factors: Strategies for Detection

While computers solve via brute force or rigorous algorithm, humans rely on heuristics and pattern recognition. Spotting Locked Candidates requires specific visual strategies.


7.1 Cross-Hatching and Transitioning

The most effective way to spot Locked Candidates is to integrate them into the basic Cross-Hatching routine used for Hidden Singles.


	Routine: When scanning a block for a specific number (e.g., 9s), you mentally draw lines from existing 9s to see where the new 9 can fit.

	The Pivot: If the open spots for the 9 don’t narrow down to a single cell (Hidden Single) but do narrow down to a single line, immediate recognition is required.

	Action: Instead of moving to the next number, pause. Mark the candidates (mentally or with pencil) and immediately scan the rest of that line. This “stop-and-shoot” reflex is the hallmark of an advanced solver.[11]





7.2 Snyder Notation

Snyder Notation is a pencil-marking technique where candidates are noted in a cell only if there are exactly two possible locations for that candidate in the block.


	Benefit for Pointing: If you mark two 7s in a block using Snyder notation, and they end up next to each other horizontally, the notation explicitly highlights the Pointing Pair. It visually pops out.

	Weakness for Claiming: Snyder notation is block-centric. It is notoriously bad at revealing Claiming (Box-Line Reduction) because it does not inherently track row/column restrictions. To spot Claiming, a solver must occasionally switch from Snyder (box focus) to full row/column scanning.[12]





7.3 Visual Filtering

Modern digital apps offer “highlight candidate” features.


	Strategy: Cycle through numbers 1-9.

	For Pointing: Look at the highlighted cells in each block. If they form a line, check the extension of that line.

	For Claiming: Look at the highlighted cells in each row/column. If they are clustered in one block, check the rest of the block. This “filtering” approach reduces cognitive load by isolating the pattern from the noise of other candidates.[13, 14]








8. Algorithmic Implementation and Computational Complexity

From a computer science perspective, Locked Candidates are a constraint propagation rule.


8.1 Bitwise Representation

Efficient solvers represent the grid using bitmasks. A row is an array of 9 integers (or bitsets).


	Detection Algorithm:

	Iterate through all 9 Blocks.

	For Block BB, compute the bitwise OR of candidates for each of the 3 intersection rows.

	Let MaskRow1Mask_{Row1} be the candidates in the intersection of BB and R1R1.

	Let MaskOtherMask_{Other} be the candidates in BB excluding R1R1.

	Check: Candidate k is in MaskRow1Mask_{Row1} AND Candidate k is NOT in MaskOtherMask_{Other}.

	If true, kk is a Pointing Candidate. Apply bitwise NOT to eliminate kk from the rest of R1R1.








8.2 Complexity and Optimization

Intersection Removal is a polynomial-time operation, specifically O(n3)O(n^3) where n=9n=9, which is trivial for modern processors.


	Heuristic Weight: Because it is computationally cheap and logically “simple” (low depth), solvers prioritize it.

	Backtracking vs Logic: While a backtracking solver (brute force) might solve the grid without explicitly “knowing” about Locked Candidates, a logic-based solver (designed to generate human-readable hints) must explicitly code these checks. The presence of Locked Candidates logic reduces the size of the search tree for the backtracking algorithm significantly.[15, 16]








9. Common Pitfalls and Logical Errors

Even seasoned solvers fall into traps when applying this technique.


9.1 The “Reverse Logic” Error

The most frequent error is eliminating the candidate from the wrong unit.


	The Mistake: A solver sees a Pointing Pair in Block 1 (Row 1) and eliminates the candidate from Block 1 instead of the rest of Row 1. This is often caused by confusion with Claiming logic.

	Correction: Always identify the Restrictor.

	If the Block restricts the candidates (they are only here), the Block is the “boss.” Eliminations happen outside the Block.

	If the Line restricts the candidates, the Line is the “boss.” Eliminations happen outside the Line.[17]








9.2 The “Phantom” Lock

A solver sees candidates in a block that look like they are in a line, but misses an outlier.

Example of a Phantom Lock: {2,4} {2,5}. . . . {5,9}. . A solver might look at the top row and say “Aha! A pair of 5s!” and eliminate 5s from the rest of the row. They fail to see the {5,9} in the third row. That third 5 breaks the lock. The 5 is not restricted to Row 1; it effectively “escapes” the lock via Row 3. This leads to invalid eliminations and a broken puzzle.[2]






10. Practice and Drills

Mastery requires deliberate practice.


10.1 Constructing Drills

One can create drills by taking a nearly solved puzzle and deliberately adding pencil marks for a specific digit that allow for intersection removal.


	Exercise: Take a blank grid. Fill one block with 1s only in the top row. Fill the rest of that row with random 1s. Practice identifying that the “block 1s” kill the “row 1s”.





10.2 Recognition Drills in Live Play


	The “Single Digit Sweep”: At the start of a puzzle, do not just look for placements. Look specifically for Pointing Pairs.

	The “Stuck” Protocol: When no singles are left, switch mode. Ignore boxes. Scan Columns 1-9 strictly looking for Claiming candidates. Then Scan Rows 1-9. This disciplined switching of focus is often what breaks a deadlock.








11. Conclusion

The Locked Candidates technique is more than a mere trick; it is a fundamental expression of the logical constraints that define Sudoku. By understanding the interplay between Line units and Box units, the solver gains the ability to manipulate the grid’s candidate structure proactively.

Whether viewed through the lens of set theory (Intersection Removal), taxonomy (Cyclops Fish), or cognitive strategy (Pattern Recognition), the core principle remains the same: Restriction in one unit compels exclusion in another.

Mastering Type 1 (Pointing) provides the solver with speed and flow in the early game. Mastering Type 2 (Claiming) provides the resilience to overcome the mid-game hurdles where simple scanning fails. Together, they form the bedrock of advanced Sudoku solving, serving as the gateway to the intricate world of chains, fish, and higher-order logic.




Appendix: Summary Table of Intersection Logic









	Feature
	Pointing (Type 1)
	Claiming (Type 2)





	Primary Unit
	Block
	Line (Row/Col)



	Secondary Unit
	Line (Row/Col)
	Block



	The Restriction
	“Candidates in this Block are limited to this Line.”
	“Candidates in this Line are limited to this Block.”



	The Elimination
	Remove from Line (outside Block).
	Remove from Block (outside Line).



	Visual Cue
	A line of candidates inside a box.
	A cluster of candidates in a row/col confined to one box area.



	Logic Direction
	Local →\rightarrow Global
	Global →\rightarrow Local





(End of Report)
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