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Example: Pattern:  f(x,y)

X = a
y — g(b)

Subject: f(a, g(b))
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» at+b=b+a
» Sort the arguments: d +a+c+b — a+b+c+d

» Every permutation could match:
n! with n = |subject]|
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Synt Assoc  SeqVar Comm All

Max. # matches 1 (”71) ("H"*l) n! n™

m—1 m—1
NP complete no yes yes yes yes

n = |subject|, m = |pattern|
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» Many patterns, one subject
» Speedup by simultaneous matching
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Pattern: f( g(x),x,y*, 2)

Subject: f.( b,g(b),c, e) Permutations: 4! = 24
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1. Constant terms
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Pattern: f( g(x),x,y* )
Subject: f.( b, g(b),c ) Permutations: 3! = 6
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Pattern: f( x,y* )
Subject: f.( b, c ) Permutations: 2! = 6

Match: 0 = {z — e, x — b}
1. Constant terms

2. Matched variables

3. Terms containing variables

4. Repeat step 2

Manuel Krebber | June 30, 2017 17/31



Algorithms - One-to-One

CHEN
UNIVERSITY Steps of Commutative Matching

Pattern: f( y* )
Subject: f( c ) Permutations: 1! =1
Match: 0 = {z — e,x — b}

Constant terms
Matched variables
Terms containing variables

Repeat step 2

o~ b=

Regular Variables
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Match f.(x*,xt,y*) and f.(a, a, a, b, b, ¢)
Solve linear diophantine equations (using Extended Euclidean Alg.):
3=2x3+y,
2=2x+yp
1=2x.+yc
1< X3+ Xp+ Xc
Solutions: {x — {a, b}, y—{a,c}}

{x — {a}, y—{a,b,b,c}}
{x — {b}, y—{a,aac}}
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Algorithms - Many-to-One

CHEN
UNIVERSITY mVPE ny-to-One for Commutative

Match subject arguments with nested DN
Build bipartite graph from matches
Enumerate all maximum matchings (Hopcroft-Karp, Uno)

Combine substitutions from matching

ARSI .

Match sequence variables
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Experiments

CHEN
UNIVERSITY JTIves Algebra Example

> ~ 200 patterns for BLAS/LAPACK kernels, e.g. axA'T xB
» Supported operations:

Operation Symbol  Arity  Properties

Multiplication
Addition

X

variadic  associative

+ variadic  associative, commutative
Transposition T unary
Inversion -1 unary
Inverse Transposition -T unary
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