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MANHATTAN DISTANCE Is THE DiIsTANCE TRAVELED As IF TRAVELED ALONG RECTANGULAR CITY BLocks. THE MANHATTAN
DISTANCE, ALSO KNOWN AS TAXICAB DISTANCE OR L 1 DISTANCE, IS A FUNDAMENTAL CONCEPT IN MATHEMATICS, COMPUTER
SCIENCE, AND URBAN PLANNING. |T DESCRIBES THE DISTANCE BETWEEN TWO POINTS IN A GRID-LIKE PATH, WHERE MOVEMENT
OCCURS ALONG THE AXES OF A COORDINATE SYSTEM—MUCH LIKE TRAVERSING THE STREETS OF A CITY LAID OUT IN A GRID
PATTERN. THIS MEASURE IS ESPECIALLY RELEVANT IN ENVIRONMENTS WHERE TRAVEL IS CONSTRAINED TO RIGHT-ANGLED PATHS/
MAKING IT AN INTUITIVE AND PRACTICAL WAY TO CALCULATE SHORTEST PATHS IN SUCH SETTINGS.

UNDERSTANDING THE MANHATTAN DISTANCE IS CRUCIAL FOR APPLICATIONS RANGING FROM ROUTE OPTIMIZATION IN LOGISTICS
TO DATA ANALYSIS IN MACHINE LEARNING. |T OFFERS A DIFFERENT PERSPECTIVE FROM THE MORE FAMILIAR EUCLIDEAN DISTANCE,
WHICH MEASURES STRAIGHT-LINE PROXIMITY. |NSTEAD, MANHATTAN DISTANCE CONSIDERS THE ACTUAL PATH TRAVELED ALONG
A GRID, REFLECTING REAL-\WORLD CONSTRAINTS FACED BY PEDESTRIANS, DRIVERS, AND DELIVERY SERVICES NAVIGATING CITY
STREETS.

IN THIS ARTICLE, WE WILL DELVE INTO THE CONCEPT OF MANHATTAN DISTANCE, EXPLORING ITS MATHEMATICAL FOUNDATION,
PRACTICAL APPLICATIONS, AND HOW IT COMPARES TO OTHER DISTANCE METRICS. WE WILL ALSO DISCUSS ITS SIGNIFICANCE IN
URBAN PLANNING, ALGORITHMS, AND DATA ANALYSIS.

WHAT Is MANHATTAN DISTANCE?

MANHATTAN DISTANCE CALCULATES THE SHORTEST DISTANCE BETWEEN TWO POINTS WHEN MOVEMENT IS RESTRICTED TO A
GRID OF PERPENDICULAR PATHS. IMAGINE A CITY LIKE MANHATTAN IN NEW Y ORK CITY, WHERE STREETS RUN EAST-WEST AND
AVENUES RUN NORTH-SOUTH. IF YOU WANT TO TRAVEL FROM ONE CORNER OF THIS GRID TO ANOTHER, YOU CAN ONLY MOVE
ALONG STREETS AND AVENUES, NOT DIAGONALLY ACROSS BLOCKS. THE TOTAL DISTANCE TRAVELED IS THE SUM OF THE
DISTANCES ALONG EACH AXIS—HENCE THE NAME “MANHATTAN" DISTANCE, REFERENCING THE CITY’S GRID LAYOUT.

MATHEMATICALLY, FOR Two POINTS \(P = (x_1,v_1)\) a0 \( Q =(x_2, v_2)\), THE MANHATTAN DISTANCE \( D \)
IS DEFINED AS:

\[
DIP,Q)=1Ix_2-x_T[+|v_2-v_1|
\]

THIS SIMPLE FORMULA CAPTURES THE ESSENCE OF MOVEMENT CONSTRAINED TO GRID LINES, SUMMING THE ABSOLUTE DIFFERENCES
ALONG EACH COORDINATE AXIS.

MATHEMATICAL FOUNDATIONS OF MANHATTAN DISTANCE

DerINITION AND FORMULA

THE CORE CONCEPT OF MANHATTAN DISTANCE STEMS FROM THE L T NORM IN VECTOR SPACES. GIVEN TWO POINTS IN AN N-
DIMENSIONAL SPACE:

\[
P=(_1,p_2,.. P_N) \Quap \TexT{anD} \Quab Q =(Q_1,Q_2, .., Q N)
\]



THe MANHATTAN DISTANCE \( D \) Is:

\[
D(P, Q) =\suM_{I=1}"NnIp_1 - @_l
\]

IN TWO DIMENSIONS, AS PREVIOUSLY MENTIONED, THIS SIMPLIFIES TO:

\[
DIP,Q)=1Ix_2-x_T[+|v_2-v_1|
\]

THIS METRIC SATISFIES ALL THE PROPERTIES OF A DISTANCE FUNCTION: NON-NEGATIVITY, IDENTITY OF INDISCERNIBLES,
SYMMETRY, AND THE TRIANGLE INEQUALITY.

CoMPARISON WITH EUCLIDEAN DISTANCE

W/HILE EUCLIDEAN DISTANCE (OR L2 NORM) MEASURES THE STRAIGHT-LINE DIST ANCE!:

\[
b_{EucLibean} = \sQrT{(x_2-x_1)"2+(v_2-v_1)"2}
\]

THE MANHATTAN DISTANCE SUMS THE ABSOLUTE DIFFERENCES ACROSS AXES. THE KEY DIFFERENCES ARE:

- PATH REPRESENTATION: MANHATTAN DISTANCE REFLECTS TRAVEL ALONG GRID PATHS, EUCLIDEAN DISTANCE MEASURES THE
SHORTEST STRAIGHT LINE.

- VALUES: MANHATTAN DISTANCE IS ALWAYS GREATER THAN OR EQUAL TO EUCLIDEAN DISTANCE, EXCEPT WHEN POINTS ARE
ALIGNED ALONG AXES.

- APPLICATIONS: MANHATTAN IS SUITABLE FOR GRID-CONSTRAINED ENVIRONMENTS; EUCLIDEAN IS IDEAL FOR FREE-SPACE
SCENARIOS.

ReAL-\W ORLD APPLICATIONS OF MANHATTAN DISTANCE

THE CONCEPT OF MANHATTAN DISTANCE EXTENDS BEYOND THEORETICAL MATHEMATICS INTO NUMEROUS PRACTICAL DOMAINS.

URBAN PLANNING AND NAVIGATION

IN CITIES WITH GRID LAYOUTS, SUCH AS MANHATTAN, CHICAGO/ OR TOKYO, THE ACTUAL TRAVEL DISTANCE BETWEEN TWO
POINTS OFTEN ALIGNS CLOSELY WITH MANHATTAN DISTANCE. URBAN PLANNERS AND NAVIGATION APPS USE THIS MEASURE TO:

- ESTIMATE TRAVEL TIMES BASED ON GRID LAYOUTS.
- DESIGN EFFICIENT ROUTES FOR DELIVERY SERVICES AND PUBLIC TRANSPORTATION.
- OPTIMIZE PLACEMENT OF FACILITIES LIKE HOSPITALS OR FIRE STATIONS TO MINIMIZE RESPONSE TIMES.

For EXAMPLE, A DELIVERY DRIVER IN MANHATTAN MIGHT FIND THAT THE SHORTEST ROUTE BETWEEN TWO ADDRESSES INVOLVES
TRAVELING ALONG AVENUES AND STREETS, REFLECTING MANHATTAN DISTANCE RATHER THAN STRAIGHT-LINE EUCLIDEAN
DISTANCE.



ROUTING ALGORITHMS AND PATHFINDING

MANY ALGORITHMS DESIGNED FOR GRID-BASED ENVIRONMENTS EMPLOY MANHATTAN DISTANCE AS A HEURISTIC FOR PATHFINDING.
NoOTABLY:

- A\ SEARCH ALGORITHM: USES MANHATTAN DISTANCE AS AN ADMISSIBLE HEURISTIC WHEN MOVING IN FOUR DIRECTIONS ON A
GRID.

- RoBOTICS: PATH PLANNING FOR ROBOTS NAVIGATING WAREHOUSES OR FACTORIES WITH GRID LAYOUTS.

USING MANHATTAN DISTANCE IN THESE ALGORITHMS HELPS IN EFFICIENTLY DETERMINING OPTIMAL PATHS WHEN MOVEMENT IS
CONSTRAINED TO ORTHOGONAL DIRECTIONS.

DATA ANALYSIS AND MACHINE LEARNING

IN HIGH-DIMENSIONAL DATA ANALYSIS, MANHATTAN DISTANCE IS OFTEN USED TO:

- MEASURE SIMILARITY OR DISSIMILARITY BETWEEN DATA POINTS.

- CLUSTER ANALYSIS: PARTICULARLY WHEN FEATURES ARE CATEGORICAL OR WHEN THE DATA RESIDES IN A GRID-LIKE FEATURE
SPACE.

- OUTLIER DETECTION: LARGER MANHATTAN DISTANCES CAN INDICATE POINTS THAT ARE DISTANT FROM THE MAJORITY.

SOME ALGORITHMS PREFER MANHATTAN OVER EUCLIDEAN DISTANCE BECAUSE IT CAN BE MORE ROBUST TO HIGH-DIMENSIONAL
DATA, WHERE EUCLIDEAN DISTANCES TEND TO BECOME LESS DISCRIMINATIVE.

ADVANTAGES AND LIMITATIONS OF MANHATTAN DISTANCE

ADVANTAGES

- SIMPLICITY: EASY TO COMPUTE AND UNDERSTAND.

- RELEVANCE IN GRID ENVIRONMENTS: REFLECTS REAL-WORLD TRAVEL PATHS IN CITY GRIDS.

- RoBUSTNESS IN HIGH DIMENSIONS: LESS SENSITIVE TO OUTLIERS IN SOME CONTEXTS.

- COMPUTATIONAL EFFICIENCY: REQUIRES ONLY ABSOLUTE VALUE CALCULATIONS, WHICH ARE FAST.

LIMITATIONS

- NOT SUITABLE FOR DIAGONAL OR UNRESTRICTED MOVEMENT: CANNOT CAPTURE SHORTEST PATHS THAT INVOLVE DIAGONAL
SHORTCUTS.

- OVERESTIMATES ACTUAL TRAVEL DISTANCE IN ENVIRONMENTS WHERE DIRECT ROUTES ARE POSSIBLE.

- LESS INTUITIVE IN NON-GRID ENVIRONMENTS: FOR OPEN SPACES, EUCLIDEAN DISTANCE MAY BE MORE APPROPRIATE.

EXTENSIONS AND VARIATIONS OF MANHATTAN DISTANCE

THE BASIC MANHATTAN DISTANCE CAN BE EXTENDED OR MODIFIED FOR SPECIFIC APPLICATIONS.



\WEIGHTED MANHATTAN DISTANCE

ASSIGNS DIFFERENT WEIGHTS TO EACH AXIS, USEFUL WHEN CERTAIN DIRECTIONS ARE MORE COSTLY OR TIME-CONSUMING:

\[
D w(P,Q)=\sum {=1}"nw_ il 1-q Il
\]

wHERE \( W_1 \) ARE WEIGHTS FOR EACH DIMENSION.

CHeBYSHEV DISTANCE

MEASURES THE MAXIMUM DIFFERENCE ALONG ANY COORDINATE, APPLICABLE WHEN MOVEMENT CAN OCCUR DIAGONALLY WITH
THE SAME COST:

\[
D_{CHesysHev}(P, Q) = \max_{i}IP_1-Q_lI
\]

ConNcLusIoN: THE SIGNIFICANCE oF MANHATTAN DISTANCE

THE MANHATTAN DISTANCE OFFERS A PRACTICAL AND INTUITIVE WAY TO MEASURE DISTANCES IN ENVIRONMENTS CONSTRAINED
TO GRID-LIKE PATHS. |TS MATHEMATICAL SIMPLICITY MAKES IT A POWERFUL TOOL ACROSS VARIOUS DISCIPLINES, FROM URBAN
PLANNING AND NAVIGATION TO DATA ANALYSIS AND ROBOTICS. UNDERSTANDING WHEN AND HOW TO APPLY MANHATTAN
DISTANCE ENABLES MORE ACCURATE MODELING OF REAL-WORLD SCENARIOS WHERE MOVEMENT IS LIMITED TO ORTHOGONAL
DIRECTIONS.

W/HETHER OPTIMIZING DELIVERY ROUTES IN A CITY, DESIGNING EFFICIENT NAVIGATION ALGORITHMS, OR ANALYZING HIGH™
DIMENSIONAL DATA, MANHATTAN DISTANCE REMAINS A FUNDAMENTAL CONCEPT THAT EMBODIES THE IDEA OF TRAVEL ALONG
RECTANGULAR CITY BLOCKS— AN EVERYDAY EXPERIENCE FOR MANY AND A CORNERSTONE OF COMPUTATIONAL GEOMETRY FOR
SCIENTISTS AND ENGINEERS.

FREQUENTLY AskeD QUESTIONS

WHAT IS MANHATTAN DISTANCE AND HOW IS IT CALCULATED?

MANHATTAN DISTANCE MEASURES THE DISTANCE BETWEEN TWO POINTS BY SUMMING THE ABSOLUTE DIFFERENCES OF THEIR
CARTESIAN COORDINATES, AS IF TRAVELING ALONG GRID-LIKE CITY BLOCKS. IT IS CALCULATED AS |x 1 - x2| +[v1 - v2|.

WHY IS MANHATTAN DISTANCE ALSO CALLED ‘CITY BLock DisTANCE'?

BECAUSE IT MODELS THE WAY ONE WOULD NAVIGATE THROUGH A CITY LAID OUT IN A GRID PATTERN, MOVING ALONG STREETS
AND AVENUES, SIMILAR TO TRAVELING ALONG RECTANGULAR CITY BLOCKS.

IN WHAT TYPES OF APPLICATIONS IS MANHATTAN DISTANCE COMMONLY USED?

MANHATTAN DISTANCE IS USED IN GRID-BASED PATHFINDING, CLUSTERING ALGORITHMS LIKE K-MEANS IN CERTAIN CONTEXTS,
IMAGE PROCESSING, AND IN CASES WHERE MOVEMENT IS RESTRICTED TO GRID-LIKE PATHS.



How poes MANHATTAN DISTANCE DIFFER FROM EUCLIDEAN DISTANCE?

W/HILE EUCLIDEAN DISTANCE MEASURES THE SHORTEST STRAIGHT-LINE DISTANCE BETWEEN TWO POINTS, MANHATTAN
DISTANCE CONSIDERS ONLY MOVEMENT ALONG AXES, SUMMING HORIZONTAL AND VERTICAL DISTANCES, THUS REFLECTING
MOVEMENT ALONG GRID PATHS.

CAN MANHATTAN DISTANCE BE USED IN HIGH-DIMENSIONAL SPACES?

YES, MANHATTAN DISTANCE EXTENDS NATURALLY TO HIGH-DIMENSIONAL SPACES BY SUMMING THE ABSOLUTE DIFFERENCES
ACROSS ALL DIMENSIONS, WHICH CAN BE USEFUL IN CERTAIN MACHINE LEARNING ALGORITHMS.

\WHAT ARE SOME LIMITATIONS OF USING MANHATTAN DISTANCE IN REAL-\WORLD
SCENARIOS?

MANHATTAN DISTANCE ASSUMES MOVEMENT ALONG GRID PATHS, WHICH MAY NOT REFLECT ACTUAL SHORTEST PATHS IN
IRREGULAR TERRAINS OR UNCONSTRAINED ENVIRONMENTS, POTENTIALLY LEADING TO LESS ACCURATE DISTANCE MEASUREMENTS
OUTSIDE GRID-LIKE SETTINGS.

ADDITIONAL RESOURCES

MANHATTAN DISTANCE IS THE DISTANCE TRAVELED AS IF TRAVELED ALONG RECTANGULAR CITY BLocks. THE MANHATTAN

IMAGINE NAVIGATING THROUGH A CITY WHERE THE STREETS ARE LAID OUT IN A PERFECT GRID—STREETS RUNNING EAST-WEST
INTERSECTED BY AVENUES RUNNING NORTH-SOUTH. YOUR JOURNEY FROM ONE POINT TO ANOTHER ISN'T MEASURED IN A
STRAIGHT LINE, BUT RATHER ALONG THE PATHS OF THESE CITY BLOCKS. THIS SCENARIO EMBODIES THE CONCEPT OF MANHATTAN
DISTANCE, A FUNDAMENTAL IDEA IN MATHEMATICS AND COMPUTER SCIENCE THAT QUANTIFIES THE DISTANCE BETWEEN TWO
POINTS BASED ON A GRID-LIKE MOVEMENT PATTERN. NAMED AFTER THE GRID-LIKE STREET LAYOUT OF MANHATTAN, NEw Y oORrk
CITY/ THIS METRIC PROVIDES A PRACTICAL AND INTUITIVE WAY TO MEASURE DISTANCES IN ENVIRONMENTS WHERE MOVEMENT IS
CONSTRAINED TO ORTHOGONAL DIRECTIONS.

IN THIS ARTICLE, WE'LL EXPLORE THE CONCEPT OF MANHATTAN DISTANCE IN DEPTH—ITS ORIGINS, MATHEMATICAL
FORMULATION, APPLICATIONS ACROSS VARIOUS FIELDS, AND WHY IT REMAINS A VITAL TOOL IN BOTH THEORETICAL AND REAL-
WORLD SCENARIOS. WHETHER YOU'RE A DATA SCIENTIST, URBAN PLANNER, OR SIMPLY A CURIOUS MIND, UNDERSTANDING
MANHATTAN DISTANCE OFFERS INSIGHTS INTO HOW WE MODEL AND INTERPRET SPATIAL RELATIONSHIPS IN GRID-BASED
ENVIRONMENTS.

THe ORIGINS AND INTUITION BEHIND MANHATTAN DISTANCE
\WHY THE NAME “MANHATTAN?

THe TERM “MANHATTAN DISTANCE” ORIGINATES FROM THE CHARACTERISTIC GRID LAYOUT OF MANHATTAN, ONE OF NEW Y ORK
CITY’S BOROUGHS. UNLIKE CITIES WITH IRREGULAR STREET PATTERNS, MANHATTAN’S STREETS FORM A RECTILINEAR GRID,
MAKING TRAVEL FROM ONE POINT TO ANOTHER RESEMBLE MOVING ALONG CITY BLOCKS RATHER THAN STRAIGHT LINES. EARLY
MATHEMATICIANS ADOPTED THIS CITY’S LAYOUT AS AN ANALOGY TO DESCRIBE A DISTANCE METRIC THAT CONSIDERS
MOVEMENT RESTRICTED TO ORTHOGONAL DIRECTIONS.

INTUITIVE UNDERSTANDING

IMAGINE YOU'RE IN A CITY WITH A GRID STREET PLAN. TO REACH A DESTINATION, YOU CAN ONLY TRAVEL ALONG THE STREETS,
WHICH RUN EAST-WEST AND NORTH-SOUTH. Y OUR SHORTEST ROUTE ISN’T A STRAIGHT-LINE PATH (AS THE CROW FLIES), BUT
A SERIES OF RIGHT-ANGLE TURNS ALONG THE STREETS. THE TOTAL DISTANCE TRAVELED IS THE SUM OF THE EAST-WEST AND

NORTH-SOUTH SEGMENTS, IGNORING ANY DIAGONAL SHORTCUTS.

FOR EXAMPLE, IF YOUR STARTING POINT IS AT (X;, Y;) AND YOUR DESTINATION AT (X,, Y5), YOU MIGHT TRAVEL:



- HORIZONTALLY FROM X; TO X,
- VERTICALLY FROM Y; TO Y,

THE TOTAL DISTANCE IS THEN THE SUM OF THESE TWO SEGMENTS, WHICH IS HOW MANHATTAN DISTANCE IS CALCULATED.

MATHEMATICAL FORMALISM OF MANHATTAN DISTANCE
DEFINITION
GIVEN TWO POINTS IN A GRID WITH COORDINATES:

- PoinT A: (X4, Yq)
- PoINT B: (X5, Yy)

THE MANHATTAN DISTANCE, DENOTED AS D, IS DEFINED AS:
D = |X2 - X'|| + |Y2 - Y'||
\W/HERE |A| DENOTES THE ABSOLUTE VALUE OF A.

THIS FORMULA SUMS THE ABSOLUTE DIFFERENCES ALONG EACH COORDINATE AXIS, REPRESENTING THE TOTAL “BLOCK-WISE”
TRAVEL NEEDED TO MOVE FROM ONE POINT TO ANOTHER WITHIN A CITY GRID.

EXTENSION TO HIGHER DIMENSIONS

W/HILE MOST INTUITIVE IN TWO DIMENSIONS, MANHATTAN DISTANCE EXTENDS NATURALLY TO HIGHER-DIMENSIONAL SPACES.
FOR POINTS IN N-DIMENSIONAL SPACE:

- PoinT A: (Aq, Ag, ..., AR] )
- PoinT B: (B, By, ..., BF )

THE MANHATTAN DISTANCE IS:
D=Y|aF -8F |ForI=1TON

THIS PROPERTY MAKES MANHATTAN DISTANCE A USEFUL METRIC IN VARIOUS FIELDS THAT INVOLVE MULTI-DIMENSIONAL DATA.

MANHATTAN DISTANCE VvS. EUCLIDEAN DISTANCE
THE Key DIFFERENCES

\WHILE MANHATTAN DISTANCE MEASURES THE TOTAL MOVEMENT ALONG GRID AXES, EUCLIDEAN DISTANCE CALCULATES THE
STRAIGHT-LINE “AS-THE-CROW-FLIES” DISTANCE:

EucLipean DisTance (E) =[] [(x, - %)% + (v, - Y9)?]
THE DIFFERENCES CAN BE SUMMARIZED AS:

| AspecT | MANHATTAN DisTANCE | EUCLIDEAN DISTANCE |
A S —————— |
| PATH | SUM OF ORTHOGONAL SEGMENTS | STRAIGHT-LINE |
| MOVEMENT RESTRICTION | MOVES ONLY ALONG GRID AXES | Mov
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