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Common math in computer graphics  

ƀDot / cross products, scalar triple product  

 

ƀPlanes as 4D vectors  

 

ƀHomogeneous coordinates  

 

ƀPlücker  coordinates for 3D lines  

 

ƀTransforming normal vectors and planes with 
the inverse transpose of a matrix  
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Common math in computer graphics  

ƀThese concepts often used without a complete 
understanding of the big picture  

 

ƀCan be used in a way that is not natural  

 

ƀDifferent pieces used separately without  
knowledge of the connection among them  
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There is a bigger picture  

ƀAll of these arise as part of a single 
mathematical system discovered by  
Hermann Grassmann . 

 

ƀUnderstanding the big picture provides deep 
insights into seemingly unusual properties  

 

ƀKnowledge of the relationships among these 
concepts makes better 3D programmers  
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History  

Hamilton  
1843  

Grassmann  
1844  

Clifford  
1878  

Quaternions  Exterior  
algebra  

Clifford  
algebra  
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History  
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Outline  

ƀGrassmann  algebra in 3 -4 dimensions  

 

ƀWedge product, bivectors, trivectors...  

 

ƀTransformations  

 

ƀHomogeneous model  

 

ƀGeometric computation  

 

ƀProgramming considerations  
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The wedge product  

ƀAlso known as:  

ƀThe progressive product  

ƀThe exterior product  

 

ƀGets name from symbol:  

ƀRead ña  wedge  bò 

Øa b



WSCG 2012  June 27, 2012  
PlzeŔ, Czech Republic  

The wedge product  

ƀOperates on scalars, vectors, and more  

ƀOrdinary multiplication for scalars s and t :  

 

 

 

 

ƀThe square of a vector v  is always zero:  

0Ø =v v

s s sØ = Ø =v v v

s t t s stØ = Ø =
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Wedge product anticommutativity  

ƀZero square implies vectors anticommute  

( )( ) 0

0

0

+ Ø + =

Ø + Ø + Ø + Ø =

Ø + Ø =

Ø =- Ø

a b a b

a a a b b a b b

a b b a

a b b a
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Bivectors  

ƀWedge product between two vectors  
produces a ñbivectorò 

ƀA new mathematical entity  

ƀDistinct from a scalar or vector  

ƀRepresents an oriented 2D area  

 

ƀA vector represents an oriented 1D direction  

ƀScalars are zero -dimensional values  


