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What's inside \?

Let's ask Julia

In [14]: 2\

search: \ .\

out[14]: \(x, ¥)

Left division operator: multiplication of y by the inverse of x on the left. Gives floating-point results
for integer arguments.
\(A, B)

Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that A*X ==
B when A is square. The solver that is used depends upon the structure of A. If A is upper or lower
triangular (or diagonal), no factorization of A is required and the system is solved with either

forward or backward substitution. For non-triangular square matrices, an LU factorization is used.

For rectangular A the result is the minimum-norm least squares solution computed by a pivoted
QR factorization of A and a rank estimate of A based on the R factor.

When A is sparse, a similar polyalgorithm is used. For indefinite matrices, the LDLt factorization
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What's inside \?

Let's ask Julia

In [14]: 2\

search: \ .\

Out[1l4]: "'l._(]{' v)

Left division operator: multiplication of y by the inverse of x on the left. Gives floating-point resuilts
for integer arguments.
\(A, B)

Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that A*X ==
B when A is square. The solver that is used depends upon the structure of A. If A is upper or lower
triangular (or diagonal), no factorization of A is required and the system is solved with either

forward or backward substitution. For non-triangular square matrices, an LU factorization is used.

For rectangular A the result is the minimum-norm least squares solution computed by a pivoted
QR factorization of A and a rank estimate of A based on the R factor.

When A is sparse, a similar polyalgorithm is used. For indefinite matrices, the LDLt factorization



File Edit View Insert Cell Kernel Widgets Help | Julia 0.5.0 O

search: \ .\

Oout[14]: \(x, y)

Left division operator: multiplication of y by the inverse of x on the left. Gives floating-point results
for integer arguments.
\(A, B)

Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that A*X ==
B when A is square. The solver that is used depends upon the structure of A. If A is upper or lower
triangular (or diagonal), no factorization of A is required and the system is solved with either

forward or backward substitution. For non-triangular square matrices, an LU factorization is used.

For rectangular A the result is the minimum-norm least squares solution computed by a pivoted
QR factorization of A and a rank estimate of A based on the R factor.

When A is sparse, a similar polyalgorithm is used. For indefinite matrices, the LDLt factorization
does not use pivoting during the numerical factorization and therefore the procedure can fail even
for invertible matrices.

Let's ask differently

In [1]: A = randn(5,5)
b = randn(5)
€which A\b
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Left division operator: multiplication of y by the inverse of x on the left. Gives floating-point results
for integer arguments.
\(A, B)

Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that A*X ==
B when A is square. The solver that is used depends upon the structure of A. If A is upper or lower
triangular (or diagonal), no factorization of A is required and the system is solved with either

forward or backward substitution. For non-triangular square matrices, an LU factorization is used.

For rectangular A the result is the minimum-norm least squares solution computed by a pivoted
QR factorization of A and a rank estimate of A based on the R factor.

When A is sparse, a similar polyalgorithm is used. For indefinite matrices, the LDLt factorization
does not use pivoting during the numerical factorization and therefore the procedure can fail even
for invertible matrices.

Let's ask differently

In [1]): A = randn(5,5)
b = randn(5)
Bwhich A\b

Out[1]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.ji:349
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\MA, B)

Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that A*X ==
B when A is square. The solver that is used depends upon the structure of A. If A is upper or lower
triangular (or diagonal), no factorization of A is required and the system is solved with either

forward or backward substitution. For non-triangular square matrices, an LU factorization is used.

For rectangular A the result is the minimum-norm least squares solution computed by a pivoted
QR factorization of A and a rank estimate of A based on the R factor.

When A is sparse, a similar polyalgorithm is used. For indefinite matrices, the LDLt factorization
does not use pivoting during the numerical factorization and therefore the procedure can fail even
for invertible matrices.

Let's ask differently

A = randn(5,5)
b = randn(5)
fwhich A\b

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method
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I for invertible matrices.

Let's ask differently

In [1]: A = randn(5,5)
b = randn(5)
gwhich A\b

Out[1]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linala/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == aA\b

Out[2]: true

...but what is lufact (A) returning?

In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Floaté64,Array{Flcat64,2})}

In [4]: supertype(typeof(F))
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!
Let's ask differently

In [1]: A = randn(5,5)
b = randn(5)
éwhich A\b

Out[1]: \(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

Out[2]: true

...but what is lufact (A) returning?

In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Float64,Array{Floaté64,2}}

In [4]): supertype(typeof (F))
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Let's ask differently

A = randn(5,5)
b = randn(5)
€which A\Db

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)
F\b == A\b

true %

..but what is lufact (A) returning?

typeof (F)

Base.LinAlg.LU{Float64,Array{Float64,2}}

supertype(typeocf(F))

Factorization{Float64}
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Let's ask differently

A randn(5,5)
b randn(5)
@which A\b

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linala/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)
F\b == A\b

true %

...but what is lufact (A) returning?

typeocf (F)

Base.LinAlg.LU{Floaté64,Array{Floaté6d,2}}

supertype(typeocf(F))

Factorization{Float64}
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Let's ask differently

A = randn(5,5)
b = randn(5)
€fwhich A\b

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)
F\b == A\b

true &

..but what is lufact (A) returning?

typeof (F)

Base.LinAlg.LU{Float64,Array{Float64,2}}

supertype (typeocf (F))

Factorization{Float64}
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\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

L
F = lufact(A)
F\b == A\b

true

...but what is lufact (a) returning?

typeof (F)
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Let's ask differently

In [1]: A = randn(5,5)
b = randn(5)
@which A\b

Out[1]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

&

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

OQut[2]: true

...but what is lufact (A) returning?
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Let's ask differently

In [1]: A = randn(5,5)
b = randn(5)
@which A\b

Out[1]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

&

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

OQut[2]: true

...but what is lufact (A) returning?
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\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)
F\b == A\b
true

...but what is lufact (a) returning?

typeof (F)

Base.LinAlg.LU{Floaté4,Array{Float64,2}}
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function generic_scale!(X::AbstractArray, s::Number
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For non-triangular square matrices, an LU factorization is used.

For rectangular "A° the result is the minimum-norm least squares solution computed by a
pivoted QR factorization of "A" and a rank estimate of A" based on the R factor.

When "A° is sparse, a similar polyalgorithm is used. For indefinite matrices, the 'LDLt’
factorization does not use pivoting during the numerical factorization and therefore the
procedure can fail even for invertible matrices.
function (\)(A::AbstractMatrix, B::AbstractVecOrMat)
m, n = size(A) %
ifm==n
if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B
end
return gqrfact(A,Val{true}) \ B
end

(\)(a::AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \ b

(/) (A::AbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')"’

# \(A::5tridedMatrix,x: :Number) = 1nv(A)xx Should be added at some point when the old elementwlise verslion has been deprecated long enough
# /(x::Number,A::StridedMatrix) = xxinv(A)



When “A" is sparse, a similar polyalgorithm is used. For indefinite matrices, the 'LDLt’
factorization does not use pivoting during the numerical factorization and therefore the
procedure can fail even for invertible matrices.

function (\)(A::AbstractMatrix, B::AbstractVecOrMat)
m, n = size(A)
ifm==n
if istril(A)
if istriu(A)
return Diaanal{A] \ B

else
return LowerTriangular(A) \ B

end
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B
end
return qrfact(A,Vval{true}) \ B
end

(\)(a::AbstractVector, b::AbstractArray) = reshapel(a, lengthla), 1) \' b

(/) (A::AbstractVecOrMat, B::AbstractVecOrMat) = (B" \ A')"
# \(A::StridedMatrix,x::Number) = inv(A)*x Should be added at some point when the old elementwise version has been deprecated long enough

# /(x::Number,A::StridedMatrix) = x*«invi(A)

cond(x::Number) = x = 08 7 Inf : 1.0
cond(x: :Number, p) = cond(x)
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wWhen "A° 1is sparse, a similar polyalgorithm is used. For indefinite matrices, the "LDLt’

factorization does not use pivoting during the numerical factorization and therefore the
procedure can fail even for invertible matrices.

function (\)(A::AbstractMatrix, B::AbstractVecOrMat)
m, n = size(A)
if m==n
if istril(A)
if istriu(h)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B
end

return gqrfact(A,vVal{true}) \ B
end

(\)(a::AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b
(/)(A::AbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')'

# \(A::5tridedMatrix,x::Number) = inv(A)xx Should be added at some point when the old elementwise version has been deprec:
# /(x::Number,A::StridedMatrix) = xxinv(A)



When "A 1is sparse, a similar polyalgorithm is used. For indefinite matrices, the "LDLt

factorization does not use pivoting during the numerical factorization and therefore the
procedure can fail even for invertible matrices.

function (\)(A::AbstractMatrix, B::AbstractVecOrMat)
m, n = size(A)
if m = n
if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTfiangular(A) \ B
end
return lufact(A) \ B
end

return qrfact(A,Val{true}) \ B
end
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n = size(A)

if m ==

end
ret
end

(\)(a::
(/) (A:
# \(A::
# /(x:

if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTriangular(A) \ B |
end
return lufact(A) \ B

urn grfact(A,Val{true}) \ B
]

AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b

tAbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')'

StridedMatrix,x: :Number) = inv(A)xx Should be added at some point when the old elementwi

:Number,A::StridedMatrix) = xxinv(A)
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if m = n

end
ret
end

(\)(a::
(/) (A:
# \(A::
# /(x::

if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B

urn grfact(A,val{true}) \ B

AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b

:AbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')'

StridedMatrix,x::Number) = inv(A)*x Should be added at some point when the old elementwi
Number,A::StridedMatrix) = xxinv(A)
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if m = n

end
ret
end

(\)(a::
(/) (A:
# \(A::
# /(x::

if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B

urn grfact(A,val{true}) \ B

AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b

:AbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')'

StridedMatrix,x::Number) = inv(A)*x Should be added at some point when the old elementwi
Number,A::StridedMatrix) = xxinv(A)

EE&. B % = o o - = - - o
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procedure can fail even for invertible matrices.

function (\)(A::AbstractMatrix, B::AbstractVecOrMat)
m, n = size(A)
ifm=n
if istril(A)
if istriu(A)
return Diagonal(A) \ B
else
return LowerTriangular(A) \ B
end \
end
if istriu(A)
return UpperTriangular(A) \ B
end
return lufact(A) \ B
end

return gqrfact(A,Val{true}) \ B
end

(\)(a::AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b
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349 m, n = size(A)
350 it m=n
351 if istril(A)
352 if istriu(A)
353 return Diagonal(A) \ B
354 else
355 return LowerTriangular(A) \ B
356 end
357 end
358 if istriu(A)
359 return UpperTriangular(A) \ B
360 end
361 return lufact(A) \ B
362 end
363 return qrfact(A,Val{true}) \ B
364 end
365
266 (\)(a::AbstractVector, b::AbstractArray) = reshape(a, length(a), 1) \' b
367 (/) (A::AbstractVecOrMat, B::AbstractVecOrMat) = (B' \ A')'
368 # \(A::StridedMatrix,x::Number) = inv(A)*xx Should be added at some point when the old elementwi
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In [l1l]: A = randn(5,5)
b = randn(5)
@which A\b

Qut[l]: \(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

Out[2]: true

...but what is lufact (a) returning?

In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Float64,Array{Float64,2}}
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D = ranan(>s)
@which A\b

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)l
F\b == aA\b

true

...but what is lufact (A) returning?

typeof (F)

Base.LinAlg.LU{Floaté64,Array{Float64,2}}

supertype(typeocf(F))
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Out[2]:

. [3]:
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In [4]:

Out[4]:
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\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linala/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

F = lufact(A)
F\b == A\b

true

...but what is lufact (A) returning?

typeof (F)

Base.LinAlg.LU{Floaté64,Array{Floaté64,2}}

supertype(typeocf(F))

Factorization{Float64}
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Out[1l]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

Qut[2]: true
...but what is lufact (A) returning?

In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Floaté64,Array{Float64,2}}

In [4]: supertype(typeocf(F))

Out[4): Factorization{Floaté64}



File Edit View Insert Cell Kernel Widgets Help # |Julia05.0 O

NI/ Yyet 181G, .04

The following two calls to \ are therefore dispatching to the same method

In [2]: F = lufact(A)
F\b == A\b

Out[2]: true

&

...but what is lufact (a) returning?

In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Float64,Array{Float64,2}}

In [4]: supertype(typeocf(F))

Out[4]): Factorization{Floaté64}

What happens after the matrix has been factorized? Let's ask Julia
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OQut[4]:

In [5]:

Out[5]:
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...but what is lufact (A) returning?

typeof (F)

Base.LinAlg.LU{Floaté64,Array{Float64,2}}

supertype(typecf (F))
.

Factorization{Float64}

What happens after the matrix has been factorized? Let's ask Julia

@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
inalg/factorization.jl:37

So Julia dispatches to a non-allocating method
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...but what is lufact (a) returning?

In [3]: typeof(F)

Qut[3]: Base.LinAlg.LU{Floaté64,Array{Floaté64,2}}
In [4]: supertype(typeof(F))
Out[4]: Factorization{Float64} .
What happens after the matrix has been factorized? Let's ask Julia

In [5]: @which F\b

Out[5]: \(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
inalg/factorization.jl:37

So Julia dispatches to a non-allocating method

In [61: A ldiv B!(F, copv(b)) == A\b
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typeocf (F)

Base.LinAlg.LU{Floaté64,Array{Float64,2}}

supertype(typeocf (F))

Factorization{Floaté64}

What happens after the matrix has been factorized? Let's ask Julia

@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.jl:37

So Julia dispatches to a non-allocating method

A 1div B! (F, copy(b)) == A\b

true
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Out[3]:

In [4]:

Out[4]:

L [5733

Out[5]:

In [6]:

Out[é6]:
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typeocf (F)

Base.LinAlg.LU{Floaté64,Array{Float64,2}}

supertype(typeocf (F))

Factorization{Floaté64}

What happens after the matrix has been factorized? Let's ask Julia

@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.jl:37

So Julia dispatches to a non-allocating method

A 1div B! (F, copy(b)) == A\b

true




File Edit View Insert Cell Kernel Widgets Help Julia0.5.0 O
In [3]: typeof(F)

Out[3]: Base.LinAlg.LU{Floaté64,Array{Float64,2}}
In [4]: supertype(typeocf(F))
OQut[4]: Factorization{Float64}
What happens after the matrix has been factorized? Let's ask Julia

In [5])]: E@which F\b

Out[5]: \(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.jl:37

So Julia dispatches to a non-allocating method

In [6]: A 1ldiv B!(F, copy(b)) == A\b

OQut[6]: true
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What happens after the matrix has been factorized? Let's ask Julia

e@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.jl:37

So Julia dispatches to a non-allocating method
A 1ldiv B! (F, copy(b)) == A\b

true

We can continue the search

@which A 1div B! (F, copy(b))

A Idiv B!
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What happens after the matrix has been factorized? Let's ask Julia

In [5]: @which F\b

Out[>]: \(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.l:37

So Julia dispatches to a non-allocating method

In [6]: A 1ldiv B!(F, copy(b)) == A\b

Out[6]: true

We can continue the search

In [7]: @which A 1ldiv B! (F, copy(b))

Out[/]: A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2.
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end

far (f1, £2) in {U3\, fA_Ndiv B!},
(:Ac_ldiv B, :Ac_ldiv B!),
(:At_1div_B, :At_ldiv_B!))
@eval begin
function $f1(F::Factorization, B::AbstractVecOrMat)
TFB = typeof(one(eltype(F)) / one(eltype(B)))
BB = similar(B, TFB, size(B))
copy! (BB, B)
$f2(convert(Factorization{TFB}, F), BB)
end
end
end

# support the same 3-arg idiom as in our other in-place A_x B functions:
for f in (:A_ldiv_B!, :Ac_ldiv_B!, :At_ldiv_B!)
@eval $f(Y::AbstractVecOrMat, A::Factorization, B::AbstractVecOrMat) =
$f(A, copy!(Y, B))
end
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What happens after the matrix has been factorized? Let's ask Julia

In [5]: @which F\b

Out[5]: \(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/factorization.jl:37

So Julia dispatches to a non-allocating method

In [6]: A 1ldiv B!(F, copy(b)) == A\b

Out[6]: true

We can continue the search

In [7]: @which A 1div B! (F, copy(b))

Out[7]: A_ldiv_B!
{T<:Union{Complex{Float32}, Complex{Float64},Float32,Float64)},S<:Union{Base.ReshapedArray{T,2.
(A::Base.LinAlg.LU{T,S}
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In [5]:

Out[5]:
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What happens after the matrix has been factorized? Let's ask Julia

@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/factorization.jl:37
L

So Julia dispatches to a non-allocating method

A ldiv B! (F, copy(b)) == A\b

true

We can continue the search

@which A 1div B! (F, copy(b))

A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S}.
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In [5]:

Out[5]:

in [6]¢

Out[6]:

In [7]:

Out[7]:
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@which F\b

\(F::Factorization, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
inalg/factorization.jl:37

So Julia dispatches to a non-allocating method

A 1ldiv B! (F, copy(b)]

true

We can continue the search

@which A 1ldiv B! (F, copy(b))

A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,MI<:Tuple{Vararg{Base.Multiplicativelnverss
at linala/lu.il-176
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So Julia dispatches to a non-allocating method

A 1div B!(F, copy(b))| == A\b

true

We can continue the search

@which A 1div B! (F, copy(b))

A_ldiv_B!

{T<:Union{Complex{Float32}, Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2.
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,MI<:Tuple{Vararg{Base.Multiplicativelnvers¢
at linalg/lu.jl:176

What if the matrix is diagonal?
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So Julia dispatches to a non-allocating method

In [6]: A ldiv B!(F, copy(b)) == A\b

Out[6]: true

We can continue the search

In [7]: @which A 1ldiv B! {F, copy(b))
out[7]: A_ldiv_B!

{T<:Union{Complex{Float32}, Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},

B::Union{Base.ReshapedArray{T,1,A<:DenseArray,MI<:Tuple{Vararg{Base.Multiplicativelnverss
at linalg/lu.jl:176

What if the matrix is diagonal?
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We can continue the search

In [7]: @which A 1div B! (F, copy(b)]

Out[7]: A_ldiv_B!

{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},

B::Union{Base.ReshapedArray{T,1,A<:DenseArray,Ml<:Tuple{Vararg{Base.Multiplicativelnverst
at linalg/lu.jl:176

What if the matrix is diagonal?

In [8]: D = diagm(rand(5))

Out[8]: 5x5 Array{Floaté64,2}:

0.454292 0.0 0.0 0.0 0.0
0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
e R T N s 0.0 0 18875 0.0
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elseif d == :P
return eye(T, m)[:,invperm(F[:p])]
else
throw(KeyError(d))
end
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.facto
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A. facto

At_ldiv_B!'{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_1ldiv_B!(UnitLowerTriangular(A
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A

At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
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elseif d == :P
return eye(T, m)[:,invperm(F[:p])]
else
throw(KeyError(d))
end
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.facto
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A. facto

At_ldiv_B!'{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_1ldiv_B!(UnitLowerTriangular(A
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A

At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
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B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
tor) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A. ipi
rix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Bl[ipiv2perm(A. ipi

: :StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
ctor) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(if
trix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(if

idedVecOrMat{T}) = At_ldiv_B!(F, B)

B::StridedVecOrMat{T}r) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

ctor) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(if
trix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(if

: :StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info



B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
tor) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv,
rix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2Zperm(A.ipiv,

: :StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
ctor) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv
trix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTriangular(A.factors), B))[invperm(ipiv

idedVecOrMat{T}) = At_ldiv_B!(F, B)

B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

ctor) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv
trix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv

::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info

e




*
VecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info

ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), bl[ipiv2perm(A.ipiv, length(b)
ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Bl[ipivZperm(A.ipiv, size(B, 1

ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
 1div_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. if
_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2perm(A. if

at{T}) = At_ldiv_B!(F, B)

dVecOrMat{T};) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. if
_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2perm(A. if

ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info

%



invperm(F[:pl)]

StridedMatrix}(A::LU{T, Sh, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ig
X} (A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.1
x}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. f

StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipi]
"ix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(
rix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTriangular(

edMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

<:StridedMatrix;y(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.]
"ix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(
"ix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(

StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipi
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invperm(F[:pl)]

StridedMatrix}(A::LU{T, Sh, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ig
I x}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.1
x}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. f

StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipi]
"ix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(
rix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTriangular(

edMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

<:StridedMatrixy(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.]
"ix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(
"ix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(

StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipi
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m)[:,invperm(F[:p])]

r(d))

t, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors
dMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangul
dMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangul

at,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors,
edMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTrian
edMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTrian

:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

plex,S<:StridedMatrix}(A::LU4{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factor
edMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B! (UpperTrian
edMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTrian

at,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors,
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169 elseif d == :P
170 return eye(T, m)[:,invperm(F[:p])]
else
throw(KeyError(d))
end
174 end

176 A_ldiv_B!{T<:BlasFleat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular
77 A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors),
76  A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors),

8¢ At_ldiv_B!{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular L
181  At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.fac
182 At_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A. fac

184  Ac_ldiv_B!'{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

185  Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T};) = @assertnonsingular
186 Ac_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A. fac
37 Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A. fac

186 At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular L
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elseif d == :P
return eye(T, m) [:,invperm(F[:p])]
else
throw(KeyError(d))
end
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.facto
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A. facto

At_ldiv_B!{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A

At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
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elseif d == :P
return eye(T, m) [:,invperm(F[:p])]
else
throw(KeyError(d))
end
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.facto
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A. facto

At_ldiv_B!{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A

At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
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:P
aye(T, m)[:,invperm(F[:p])]

ayError(d))

3sFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N"', /
StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLower
stridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B! (UpperTriangular(A.factors), A_ldiv_B!(UnitLowe

lasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T"', A.
:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(Up
:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (Uf

sal,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

lasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C"',
:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B! (Uf
:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B! (Uf

lasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T"', A.

] Baa alFd awmd oot ikl 4% 2 BEd4a M3Icia K e e e i . ow e s\ \



4
ye(T, m)[:,invperm(F([:p])]

'wError(d))

isFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A
stridedMatrix}(A::LU{T,S}, b::SttidedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLower
ytridedMatrix} (A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLower

.asFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T"', A.
StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(Up
StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(Up

‘al,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)
.asComplex,S<:StridedMatrix}(A::LU{T,S};, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C"',
StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B! (Up
StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(Up

.asFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T"', A.
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1) [:,invperm(F[:p])]

d))

S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factor
latrix}(A::LU{T,S}, b::StridedVedtor) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangu
latrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B! (UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangu

,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors
IMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTria
IMatrix}(A::LU{T,S}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTria

‘tridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

ex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.facto
IMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTria
Matrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTria

,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors
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Sr, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
dVector) = A_ldiv_B!(UpperTriandular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), bl[ipiv2perm(,
dMatrix) = A_ldiv_B! (UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2perm(.

¥, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
edVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invpe
edMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invpe

:StridedVecOrMat{T}) = At_ldiv_B!(F, B)

,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
edVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invpe
edMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invpe

}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.in



S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
dVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), bl[ipiv2perm(,
dMatrix) = A_ldiv_B! (UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2perm(.

}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
edVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invpe
edMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invpe

:StridedVecOrMat{T}) = At_ldiv_B!(F, B)

,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
edVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invpe
edMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invpe

}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.in



3t{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
UpperTriangular(A.factors), A_ldiv'B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, length(b))]))
UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2perm(A. ipiv, size(B, 1)),:

{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
'(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. ipiv,
I(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A.ipiv,

= At_ldiv_B!(F, B)

at{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
'(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. ipiv,
'(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A. ipiv,

{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info
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t{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
UpperTriangular(A.factors), A_ldiv'B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, length(b))1))
UpperTriangular(A. factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Bl[ipiv2perm(A.ipiv, size(B, 1)),:

{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. ipiv,
I(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A.ipiv,

= At_ldiv_B!(F, B)
at{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A.ipiv,
'(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A. ipiv,

{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info

1))
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T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
perTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, length(b))1))
perTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2perm(A.ipiv, size(B, 1)),:1))

¥) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A.ipiv, lengt
UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2perm(A.ipiv, size(

At ldiv B!(F, B)

{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A.ipiv, lengt
UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2perm(A.ipiv, size(

}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info




cOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
v_B!(UpperTriangular(A.factors), A'ldiv_B!(UnitLowerTriangular(A.factors), bl[ipiv2perm(A.ipiv, length(b))]
v_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), BlipivZperm(A.ipiv, size(B, 1))

0rMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
div_B!(UnitLowerTriangqular(A. factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A.ipiv
div_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A.ipiv

{T}) = At_ldiv_B!(F, B)

ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
div_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A.ipiv
div_B!(UnitLowerTriangular(A. factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2perm(A. ipiv

0rMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info




ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
iv_B!(UpperTriangular(A. factors), 'A_ldiv_B!(UnitLowerTriangular(A.factors), bl[ipiv2perm(A.ipiv, length(b)
iv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), Blipiv2Zperm(A.ipiv, size(B, 1

cOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
 ldiv_B!(UnitLowerTriangular(A. factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. ip
_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipivZperm(A.ip

t{T}) = At_ldiv_B!(F, B)

VecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2perm(A. ip
 1div_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipivZperm(A. ip

cOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info

%




VecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
div_B!(UpperTriangular(A. factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, length(b
div_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), Blipiv2Zperm(A.ipiv, size(B,

ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
_ldiv_B!(UnitLowerTriangular(A. factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipivZperm(A. i
_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTriangular(A.factors), B)) [invperm(ipiv2perm(A. i

at{T}) = At_ldiv_B!(F, B)

dVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
_ldiv_B!(UnitLowerTriangular(A. factors), Ac_ldiv_B!(UpperTrianqular(A.factors), b)) [invperm(ipiv2perm(A. i
_ldiv_B!(UnitLowerTriangular(A. factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipivZperm(A. i

ecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T"', A.factors, A.ipiv, transpose(B)) A.info
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tridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
= A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, len
= A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), Bl[ipiv2Zperm(A.ipiv, siz

ridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2per
) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2per

VecOrMat{T}) = At_ldiv_B!(F, B)

StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

) = Ac_ldiv_B!(UnitLowerTriangular(A. factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [invperm(ipiv2per
) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[invperm(ipiv2per

ridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info
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StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), blipiv2perm(A.ipiv, le
) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), BlipivZperm(A.ipiv, si

tridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
r) = At_1ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B! (UpperTriangular(A.factors), b)) [invperm(ipiv2pe
x) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2pe

dVecOrMat{T}) = At_ldiv_B!(F, B)

:StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info

r) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTrianqular(A.factors), b)) [invperm(ipiv2pe
x) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B)) [invperm(ipiv2pe

tridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A.info
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LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
StridedVector) = A_ldiv_B!(UpperTriangqular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), blipiv2pe
StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), B[ipiv2pe

LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
:StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A. factors), b)) [in
:StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [in

S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

: 1 LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
:StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [in
:StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[in

LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A
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LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.info
StridedVector) = A_ldiv_B!(UpperTriangqular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), blipiv2pe
StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), B[ipiv2pe

LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
:StridedVector) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A. factors), b)) [in
:StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), B)) [in

S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

: 1 LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.info
:StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), b)) [in
:StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), B))[in

LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transpose(B)) A
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)]

F(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('N', A.factors, A.ipiv, B) A.inf
, b::StridedVector) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A. factors), bl[1
, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.factors), A_ldiv_B!(UnitLowerTriangular(A.factors), B[if

F(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, B) A.info
r, b::StridedVector) = At_ldiv_B!(UnitlLowerTriangular(A. factors), At_ldiv_B!(UpperTriangular(A.factors), t
}, B::StridedMatrix) = At_ldiv_B!(UnitLowerTriangular(A.factors), At_ldiv_B!(UpperTriangular(A.factors), E

LU{T,S}, B::StridedVecOrMat{T}) = At_1ldiv B!(F, B)

ix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('C', A.factors, A.ipiv, B) A.ini
}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), t
}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A.factors), Ac_ldiv_B!(UpperTriangular(A.factors), E

F(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingular LAPACK.getrs!('T', A.factors, A.ipiv, transposef

N = T &l T DB R N T pe— = Y



elseif d == :P
return eye(T, m) [:,invperm(F[:p])]
else
throw(KeyError(d))
end |
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B! (UpperTriangular(A. facto
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.facto

At_ldiv_B!{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A
At_1ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_1ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_1ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B! (UnitLowerTriangular(A

At _ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
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elseif d == :P
return eye(T, m) [:,invperm(F[:p])]
else
throw(KeyError(d))
end |
end

A_ldiv_B!{T<:BlasFloat, S<:StridedMatrix}(A::LU{T, S}, B::StridedVecOrMat{T}) = @assertnonsingu
A_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = A_ldiv_B! (UpperTriangular(A. facto
A_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = A_ldiv_B!(UpperTriangular(A.facto

At_ldiv_B!{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul
At_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = At_ldiv_B!(UnitLowerTriangular(A
At_1ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = At_1ldiv_B!(UnitLowerTriangular(A

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_1ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B! (UnitLowerTriangular(A

At _ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsingul

A = T &3y DB T A ol Ba o e gid ol sl il ol o d% o A VTad2:: DT A e e e e e O PR Y



AT_Lldlv_bBiil,5<:iotrigeamMatrixsiAa: :Lusl,S>r, D:ISTrideavector)
At_ldiv_B!'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix)

AT_Lalv_b:luUnitLowerliriangultariA
At_1ldiv_B!(UnitLowerTriangular(A

I

Ac_ldiv_B!{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiviB!{T,S{:Stridedﬂatrix}[ﬂz:LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A

At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnnnsinguﬁ
At _ldiv_Bt(A::LU, B::StridedVecOrMat) = At_ldiv_B(A, transpose(B))

Ac_ldiv_Bc{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
Ac_ldiv_Bc(A::LU, B::StridedVecOrMat) = Ac_ldiv_B(A, ctranspose(B))

function det{T,S}(A::LU{T,S})
n = checksquare(A)
A.info > @ && return zero(typeof(A.factors([1]))
P = one(T)
c=20
@inbounds for i = 1:n
P x= A.factors[i,i]
if A.ipiv[i] != i
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154  Ac_ldiv_B!'!'{T<:Real,S<:StridedMatrix}(F::LU{T,S}, B::StridedVecOrMat{T}) = At_ldiv_B!(F, B)

185 Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
186 Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
187  Ac_ldiv_B'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A
9  At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @ESSEFTHDHSingUJ
o  At_ldiv_Bt(A::LU, B::StridedVecOrMat) = At_ldiv_B(A, transpose(B))

192  Ac_ldiv_Bc{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
193 Ac_ldiv_Bc(A::LU, B::StridedVecOrMat) = Ac_ldiv_B(A, ctranspose(B))

195  function det{T,S}(A::LU{T,S})

196 n = checksquare(A)

197 A.info > @ && return zero(typeof(A.factors([1]))
198 P = one(T)

199 c=0

200 @inbounds for i = 1:n
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185 Ac_ldiv_B!{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
186 Ac_ldiv_B!{T,S<:StridedMatrix}(A::LU{T,S}, b::StridedVector) = Ac_ldiv_B!(UnitLowerTriangular(A
187  Ac_ldiv_B'{T,S<:StridedMatrix}(A::LU{T,S}, B::StridedMatrix) = Ac_ldiv_B!(UnitLowerTriangular(A
9  At_ldiv_Bt{T<:BlasFloat,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @ESSEFTHDHSingUJ
o  At_ldiv_Bt(A::LU, B::StridedVecOrMat) = At_ldiv_B(A, transpose(B))

192  Ac_ldiv_Bc{T<:BlasComplex,S<:StridedMatrix}(A::LU{T,S}, B::StridedVecOrMat{T}) = @assertnonsing
193 Ac_ldiv_Bc(A::LU, B::StridedVecOrMat) = Ac_ldiv_B(A, ctranspose(B))

195  function det{T,S}(A::LU{T,S})

196 n = checksquare(A)

197 A.info > @ && return zero(typeof(A.factors([1]))
198 P = one(T)

199 c=0

200 @inbounds for i = 1:n

2701 P = A factoreli il
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Out[7]: A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,Mi<:Tuple{Vararg{Base.Multiplicativelnverst

at linalg/lu.jl:176

What if the matrix is diagonal?

In [8]: D = diagm(rand(5))

Out[8]: 5x5 Array{Float64,2}:

0.454292 0.0 0.0 0.0 0.0
0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]): @which D\b

Out[2]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
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Out[7]: A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,MI<:Tuple{Vararg{Base.Multiplicativelnverst
at linalg/lu.jl:176

[

What if the matrix is diagonal?

In [8]: D = diagm(rand(5))

Out[8]: 5x5 Array{Floaté64,2}:

0.454292 0.0 0.0 0.0 0.0
0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]: @which D\b

Out[2]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

limala/manarie (10240




File Edit View Insert Cell Kernel Widgets Help Julia 0.5.0 O

Out[7]: A_ldiv_B!
{T<:Union{Complex{Float32},Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,Mi<:Tuple{Vararg{Base.Multiplicativelnverss

at linalg/lu.jl:176

&

What if the matrix is diagonal?

In [8]: D = diagm(rand(5))

Out[8]: 5x5 Array{Floaté64,2}:

0.454292 0.0 0.0 0.0 0.0
0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]: E@which D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349
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In [9]: @which D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/generic.jl:349

&

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 :
- 0.564776
- 0.998446 -
: 0.183225
: 0.890447

What's inside?

In [1l1]: fieldnames(D)
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In [9]: @which D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/generic.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]): 5x5 Diagonal{Floaté64}:
0.229131
- 0.564776
: 0.998446
, 0.183225
. 0.890447

What's inside?

In [11]: fieldnames(D)

i+ T1711 1T=alament ArraviSyumbol T 1.
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linalg/generic.jl:349

The good diagonal matrix is

In [10): D = Diagonal(rand(5))

OQut[10]: 5x5 Diagonal{Float64}:
0.229131 :

- 0.564776

- 0.998446
- 0.183225
- 0.890447

What's inside?

In [11]: fieldnames(D)

Out[1ll]: l-element Array{Symbol,1l}:
:diag

— = e P .




File Edit View Insert Cell Kernel Widgets Help | Julia0.5.0 O
In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 *

: 0.564776

. 0.998446
* 0.183225
: 0.890447

What's inside?

In [11]: fieldnames(D)

Out[11l]: l-element Array{Symbol,1l}:
:diag

In [12]): D.diag

Out[1l2]: 5-element Array{Floaté64,1}:
0.229131
0.564776
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Out[10]: 5x5 Diagonal{Float64}:
0.229131 .
- 0.564776
: 0.998446
. 0.183225
) 0.890447

What's inside?

In [11]: fieldnames(D)

Out[1ll]: l-element Array{Symbol,1l}:
:diag

In [12]: | D.diag

Out[1l2]: 5-element Array{Float64,1}:
0.229131
0.564776
0.998446
0.183225
0.890447
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0.564776
0.998446

: 0.183225
0.890447

Vt{hat's inside?

In [11]: fieldnames(D)

Out[ll]: l-element Array{Symbol,1l}:
:diag

In [12]: D.diag

Out[1l2]: 5-element Array{Floaté64,1}:
0.229131
0.564776
0.998446
0.183225
0.890447

In [13]: @which D\b
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linalg/generic.jl:349

The good diagonal matrix is

In [10]: D,= Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131
- 0.564776
- 0.998446
: 0.183225
- 0.890447

What's inside?

In [1l1]): fieldnames(D)

Out[1ll]: l-element Array{Symbol,1l}:
:diag
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V.U V.U U.441403 U.U V.U
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]: E@which D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linala/aeneric.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131
- 0.564776
: 0.998446 '
; 0.183225
: 0.890447

What's inside?
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0.0 0.0 0.0 0.0 0.821399

In [9]: E@which D\b
Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at

linalg/generic.jl:349

»

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[1l0]: 5x5 Diagonal{Float64}:
0.229131
0.564776
0.998446 *
: 0.183225
: 0.890447

What's inside?
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In [9]: @which D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

»

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[1l0]: 5x5 Diagonal{Float64}:
0.229131 :
- 0.564776
0.998446
* 0.183225
- 0.890447

What's inside?

In [11]: fieldnames(D)
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The good diagonal matrix is

In [10]: D = Diagonal(rand(5))
Out[1l0]: 5x5 Diagonal{Float64}:
£.229131 -
- 0.564776
0.998446
; 0.183225 .
- 0.890447

What's inside?

In [11]: fieldnames(D)

Out[ll]: l-element Array{Symbol,1l}:
:diag

In [12): D.diag

Out[1l2]: 5-element Arrav{Float64,1}:
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The good diagonal matrix is

In [10]: D = Diagonal(rand(5))
Out[1l0]: 5x5 Diagonal{Float64}:
£.229131 -
- 0.564776
0.998446
; 0.183225 .
- 0.890447

What's inside?

In [11]: fieldnames(D)

Out[ll]: l-element Array{Symbol,1l}:
:diag

In [12): D.diag

Out[1l2]: 5-element Arrav{Float64,1}:
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0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]: @wh;ch D\b

Out[9]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 -
c 0.564776
: 0.998446
: 0.183225
' 0.890447
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In [B]: D = diagm(rand(5))

Out[B8]: 5x5 Array{Floaté64,2}:

0.454292 0.0 0.0 0.0 0.0
0.0 0.389069 0.0 0.0 0.0
0.0 0.0 0.441463 0.0 0.0
0.0 0.0 0.0 0.18875 0.0
0.0 0.0 0.0 0.0 0.821399

In [9]: @which| D\b

Out[9]: \(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 -
: 0.564776

— e R, g, B E g
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{T<:Union{Complex{Float32}, Complex{Float64},Float32,Float64},S<:Union{Base.ReshapedArray{T,2
(A::Base.LinAlg.LU{T,S},
B::Union{Base.ReshapedArray{T,1,A<:DenseArray,Mi<:Tuple{Vararg{Base.Multiplicativelnverss

at linalg/lu.jl:176

What if the matrix is diagonal?

D = diagm(rand(5))

5x5 Array{Float64,2}:

0.454292
.0

o o o O

.0
.D
'0

@which| D\b

0

0
0
0.
0

.0
.389069
.0
0
.0

o O O O O
& @

#
o O O O

41463

o o0 o O o

o = O O O

.18875

\(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349
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B::Union{Base.ReshapedArray{T,1,A<:DenseArray,Ml<:Tuple{Vararg{Base.Multiplicativelnvers¢
at linalg/lu.jl:176

What if the matrix is diagonal?

In [16]: D = diagm(rand(5))

Out[l6]: 5x5 Array{Float64,2}:

0.43952 0.0 0.0 0.0 0.0
0.0 0.562064 0.0 0.0 0.0
0.0 0.0 0.00455724 0.0 0.0
0.0 0.0 0.0 0.45622 0.0
0.0 0.0 0.0 0.0 0.118231

In [17]: @which D\b

Out[17]: \(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
inalg/qgeneric.jl: 349

The good diagonal matrix is
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In [16]: D = diagm(rand(5))

Out[l6]: 5x5 Array{Float64,2}:
0.43952 0.0 0.0 0.0 0.0
0.0 0.562064 0.0 0.0 0.0
0.0 0.0 0.00455724 0.0 0.0
0.0 0.0 0.0 0.45622 0.0
0.0 0.0 0.0 0.0 0.118231

In [17]: €which D\b

Out[17]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 :

=l e e Rt L - |
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In [l6]: D = diagm(rand(5))

Out[l6]: 5x5 Array{Float64,2}:
0.43952 0.0 0.0 0.0 0.0
0.0 0.562064 0.0 0.0 0.0
0.0 0.0 0.00455724 0.0 0.0
0.0 0.0 0.0 0.45622 0.0
0.0 0.0 0.0 0.0 0.118231

In [17]: @which D\b

Out[1l/7]: \(A::AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
inalg/generic.jl:349

The good diagonal matrix is

in [10): | D Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 —
: 0.564776

-~ N A e & o g
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Out[l6]: 5x5 Array{Float64,2}:

0.43952 0.0 0.0 0.0 0.0
0.0 0.562064 0.0 0.0 0.0
0.0 0.0 0.00455724 0.0 0.0
0.0 0.0 0.0 0.45622 0.0
0.0 0.0 0.0 0.0 0.118231

In [17]: @which D\b

I
Out[17]: \(A:AbstractArray{T<:Any,2}, B::Union{AbstractArray{T<:Any,1},AbstractArray{T<:Any,2}}) at
linalg/generic.jl:349

The good diagonal matrix is

In [10]: D = Diagonal(rand(5))

Out[10]: 5x5 Diagonal{Float64}:
0.229131 :
: 0.564776
- 0.998446 :
. 0.183225
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The good diagonal matrix is

In [18]: D = Diagonal(rand(5)

Out[18]: 5x5 Diagonal{Float64}:
0.91572 .
- 0.922452
- 0.940005
: 0.610354
- 0.411102

What's inside?

In [1l1]: fieldnames(D)

Out[1ll]: l-element Array{Symbol,1l}:
:diag

In [12]: D.diag

Out[1l2]: 5-element Array{Float64,1}:
0.229131
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In [18]: D = Diagonal(rand(5)

Out[18]: 5x5 Diagonal{Floaté64}:
0.91572 .

: 0.922452

: 0.940005
: 0.610354
- 0.411102

What's inside?

In [11]: fieldnames(D)

Out[ll]: l-element Array{Symbol,1l}:
:diag

In [12): | D.diag

Out[1l2]: 5-element Array{Floaté64,1}:

0.229131
N _S647 76
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Out[ll]: l-element Array{Symbol,1l}:
:diag

In [12]: | D.diag

Out[l2]: 5-element Array{Floaté64,1}:
0.229131
0.564776
0.998446
0.183225
0.890447

In [13]: @which D\b

Out[13]: \(D:Diagonal, b::AbstractArray{T<:Any,1}) at linalg/diagonal.jl:267
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262 end
263 end
264 return B

265 end

266 (\)(D::Diagonal, A::AbstractMatrix) = D.diag .\ A

267  (\)(D::Diagonal, b::AbstractVector) = D.diag .\ b

268  (\)(Da::Diagonal, Db::Diagonal) = Diagonal(Db.diag ./ Da.diag)

270 function inv{T}(D::Diagonal{T})

271 Di = similar(D.diag, typeof(inv(zero(T))))
272 for i = 1:1length(D.diag)

273 if D.diag[i] == zero(T)

274 throw(SingularException(i))

275 end

276 Di[i] = inv(D.diagl[i])

277 end

278 Diagonal(Di)

219 end

280
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262 end
263 end
264 return B

265 end

266 (\)(D::Diagonal, A::AbstractMatrix) = D.diag .\ A

267  (\)(D::Diagonal, b::AbstractVector) = D.diag .\ b

268  (\)(Da::Diagonal, Db::Diagonal) = Diagonal(Db.diag ./ Da.diag)

270 function inv{T}(D::Diagonal{T})

271 Di = similar(D.diag, typeof(inv(zero(T))))
272 for i = 1:1length(D.diag)

273 if D.diag[i] == zero(T)

274 throw(SingularException(i))

275 end

276 Di[i] = inv(D.diagl[i])

277 end

278 Diagonal(Di)

219 end

280
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end
B[i,j] /= di
end
end
return B
end
(\)(D::Diagonal, A::AbstractMatrix) = D.diag .\ A
(\)(D::Diagonal, b::AbstractVector) = D.diag .\ b
(\) (Da::Diagonal, Db::Diagonal) = Diagonal(Db.diag ./ Da.diag)

function inv{T}(D::Diagonal{T})
Di = similar(D.diag, typeof(inv(zero(T))))
for i = 1:1length(D.diaqg)
if D.diag[i] == zero(T)
throw(SingularException(i))
end
Di[i] = inv(D.diag[i])
end
Diagonal(Di)
end



if d == zero(T)
throw(SingularException(i))
end
d-! = inv(d)
for j=1l:size(V,2)
@inbounds V[i,j] %= d-!
end
end

end

conj(D::Diagonal) = Diagonal(conj(D.diag))
transpose(D::Diagonal) = D
ctranspose(D: :Diagonal) = conj(D)

diag(D::Diagonal) = D.diag

trace(D::Diagonal) = sum(D.diag)

det(D::Diagonal) = prod(D.diag)

logdet{T<:Real}(D::Diagonal{T}) = sum(log(D.diag))

function logdet{T<:Complex}(D::Diagonal{T}) #Make sure branch cut 1is correct
x = sum(log(D.diag))

mnietimanlivieni 2 v v pFasalivialimadInsf smanfiviand Yot V21 m



tnrowivimensionMismatcnt "dlagonal matrix 1S »\iiLengtniv.dlaqg;) Dy »iiLenginiv.dlag); DUT
end
for i=1:1length(D.diag)
d = D.diag[i]
if d == zero(T)
throw(SingularException(i))
end
d-* = inv(d) »
for j=l:size(V,2)
@inbounds V[i,j] %= d-1
end
end

end
conj(D::Diagonal) = Diagonal(conj(D.diag))

transpose(D::Diagonal) = D
ctranspose(D: :Diagonal) = conj(D)

diag(D::Diagonal) = D.diag
trace(D::Diagonal) = sum(D.diag)
det(D::Diagonal) = prod(D.diag)



throw(SingularException(i))
end
v[i] *= inv(d)
end
'
end
function A_ldiv_B!{T}(D::Diagonal{T}, V::AbstractMatrix{T})
if size(V,1) != length(ﬁ.diag}
throw(DimensionMismatch("diagonal matrix 1is $(length(D.diag)) by $(length(D.diag)) but
end
for i=1:length(D.diag)
d = D.diag/[1i]
if d == zero(T)
throw(SingularException(i))
end
d-* = inv(d)
for j=1l:size(V,2)
@inbounds V[i,j] *= d-?
end



AC_MmMuUlL_b:lAi:Ulagonal,b:iVlagonati) = throwiMethodcrrorltAC_mutiL_b:, luplet1blagonati,vliagonalir))
A_mul_B!(A::Base.LinAlg.QRPackedQ, D::Diagonal) = throw(MethodError(A_mul_B!, Tuple{Diagonal,Di
A mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(A.diaq,B)
At_mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(A.diag,B)
Ac_mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(conj(A.diag),B)
A_mul_B!(A::AbstractMatrix,B::Diagonal) scale!(A,B.diaqg)
A_mul_Bt!(A::AbstractMatrix,B::Diagonal) scale! (A,B.diaq)
A_mul_Bc!(A::AbstractMatrixB::Diagonal) scale!(A,conj(B.diag))

I

1l

/(Da::Diagonal, Db::Diagonal) = Diagonal(Da.diag ./ Db.diag )
function A_ldiv_B!{T}(D::Diagonal{T}, v::AbstractVector{T})
if length(v) != length(D.diag)
throw(DimensionMismatch("diagonal matrix is $(length(D.diag)) by $(length(D.diag)) but
end
for i=1:length(D.diag)
d = D.diag[i]
if d == zero(T)
throw(SingularException(i))
end
v[i]l *= inv(d)
end



AC_MmMuUlL_b:lAi:Ulagonal,b:iVlagonati) = throwiMethodcrrorltAC_mutiL_b:, luplet1blagonati,vliagonalir))
A_mul_B!(A::Base.LinAlg.QRPackedQ, D::Diagonal) = throw(MethodError(A_mul_B!, Tuple{Diagonal,Di
A mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(A.diaq,B)
At_mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(A.diag,B)
Ac_mul_B!(A::Diagonal,B::AbstractMatrix) = scale!(conj(A.diag),B)
A_mul_B!(A::AbstractMatrix,B::Diagonal) scale!(A,B.diaqg)
A_mul_Bt!(A::AbstractMatrix,B::Diagonal) scale! (A,B.diaq)
A_mul_Bc!(A::AbstractMatrixB::Diagonal) scale!(A,conj(B.diag))

I

1l

/(Da::Diagonal, Db::Diagonal) = Diagonal(Da.diag ./ Db.diag )
function A_ldiv_B!{T}(D::Diagonal{T}, v::AbstractVector{T})
if length(v) != length(D.diag)
throw(DimensionMismatch("diagonal matrix is $(length(D.diag)) by $(length(D.diag)) but
end
for i=1:length(D.diag)
d = D.diag[i]
if d == zero(T)
throw(SingularException(i))
end
v[i]l *= inv(d)
end
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end

A_mul_Bc(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, ctranspose(B))
A_mul_Bc(D::Diagonal, Q::Union{Base.LinAlg.QRCompactWYQ,Base.LinAlg.QRPackedQ}) = A_mul_Bc!(Arr
function A_mul_Bc(D::Diagonal, A::AbstractMatrix)
Ac = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
ctranspose! (Ac, A)
A _mul_B!(D, Ac)
end

k

A_mul_Bt(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, transpose(B))

function A_mul_Bt(D::Diagonal, A::AbstractMatrix)
At = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
transpose! (At, A)
A_mul_B!(D, At)

end

A_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(A_mul_B!, Tuple{Diagonal,Diagonal}))
At_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(At_mul_B!, Tuple{Diagonal,Diagonal}))
Ac_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(Ac_mul_B!, Tuple{Diagonal,Diagonal}))
A_mul_B!(A::Base.LinAlg.QRPackedQ, D::Diagonal) = throw(MethodError(A_mul B!, Tuple{Diagonal,Di

I



A_mul_B!(At, D)
end

A_mul_Bc(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, ctranspose(B))
A_mul_Bc(D::Diagonal, Q::Union{Base.LinAlg.QRCompactWYQ,Base.LinAlg.QRPackedQ}) = A_mul_Bc!(Arr
function A_mul_Bc(D::Diagonal, A::AbstractMatrix)
Ac = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
ctranspose! (Ac, A) x
A_mul_B!(D, Ac)
end

A_mul_Bt(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, transpose(B))

function A_mul_Bt(D::Diagonal, A::AbstractMatrix)
At = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
transpose! (At, A)
A_mul_B!(D, At)

end

A_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(A_mul_B!, Tuple{Diagonal,Diagonal}))
throw(MethodError(At_mul_B!, Tuple{Diagonal,Diagonal}))
Ac_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(Ac_mul_B!, Tuple{Diagonal,Diagonal}))
A mul B!(A::Base.LinAlg.QRPackedQ, D::Diagonal) = throw(MethodError(A mul B!, Tuple{Diagonal,Di

At_mul_B!(A::Diagonal,B::Diagonal)

I



A mul B!(At, D)
end

A_mul_Bc(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, ctranspose(B))
A_mul_Bc(D::Diagonal, Q::Union{Base.LinAlg.QRCompactWYQ,Base.LinAlg.QRPackedQ}) = A_mul_Bc!(Arr
function A_mul_Bc(D::Diagonal, A::AbstractMatrix)
Ac = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
ctranspose! (Ac, A) .
A mul_B!(D, Ac)
end

A_mul_Bt(D::Diagonal, B::AbstractTriangular) = A_mul_B!(D, transpose(B))

function A_mul_Bt(D::Diagonal, A::AbstractMatrix)
At = similar(A, promote_op(x, eltype(A), eltype(D.diag)), (size(A, 2), size(A, 1)))
transpose! (At, A)
A_mul_B!(D, At)

end

A_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(A_mul_B!, Tuple{Diagonal,Diagonal}))
At_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(At_mul_B!, Tuple{Diagonal,Diagonal}))

Ac_mul_B!(A::Diagonal,B::Diagonal) = throw(MethodError(Ac_mul_B!, Tuple{Diagonal,Diagonal}))
A mul B!'(A::Base.LinAla.ORPackedQ, D::Diaaonal) = throw(MethodError(A mul B!, Tuple{Diaagonal,Di



A_MUL_B:\A.4ddla, U)

for i = 1:size(A, 1)
A.datal[i,i] = D.diagl[i]

end

LowerTriangular(A.data)

end
function A_mul_B!(A::UnitUpperTriangular, D::Diagonal)

A_mul_B!(A.data, D) N
for i = 1l:size(A, 1)
A.datali,i] = D.diag[i]

end
UpperTriangular(A.data)

end
function A_mul_B!(D::Diagonal, B::UnitLowerTriangular)

A mul_B!(D, B.data)

for 1 = 1:size(B, 1)
B.datali,i] = D.diagl[i]

end

LowerTriangular(B.data)

end
function A_mul_B!(D::Diagonal, B::UnitUpperTriangular)

A mul_B!'(D, B.data)
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128 typeuf(Al{ﬁ mul B'(A datﬁznﬁTT
129 function A_mul_B!(A::UnitLowerTriangular, D::Diagonal)
130 A_mul_B!(A.data, D)
131 for i = 1:size(A, 1)
132 A.datali,i] = D.diag[i]
133 end
134 LowerTriangular(A.data)
135  end

136 function A_mul_B!(A::UnitUpperTriangular, D::Diagonal)

137 A_mul_B!(A.data, D)

138 for i = 1:size(A, 1)

139 A.datal[i,i] = D.diagl[i]
140 end

141 UpperTriangular(A.data)

142 end

143 function A_mul_B!(D::Diagonal, B::UnitLowerTriangular)

144 A mul B!(D, B.data)
145 for i = 1:size(B, 1)
146 B.datal[i,i] = D.diag[i]

147 end
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n{LowerTriangular,UpperTrianqular}, D::Diagonal) =
mul_B!(A.data, D))

'(A::UnitLowerTriangular, D::Diagonal)

ata, D)

ze(A, 1)

,1] = D.diag[i]

lar(A.data)

'(A::UnitUpperTriangular, D::Diagonal)
ata, D)

ze(A, 1)

,1i] = D.diag[i]

Version @5 8 (H1E-93-19 18-14 U

| =B _f-apple-derwingd. 5.0

Base, Lineor Ingdexing

Ful b IncewS eyl el rann3, 1))
B, L Lresar a1 t)
lar(A.data)

gl e Base Lirearfort)
Bose. LinsorFoast])

e Tradexl i mecr] )

' (D::Diagonal, B::UnitLowerTriangular) %ff“ﬂmﬂ
B.data)
ze(B, 1)
,1] = D.diag[i]




A_mul_B!(A::Union{LowerTriangular,UpperTriangular}, D::Diagonal) =
typeof(A) (A_mul _B!(A.data, D))
function A“mul_B[(A::UnitLﬂwerTriangular, D::Diagonal)
A mul B!(A.data, D)
for i = 1:size(A, 1)
A.datali,i] = D.diagl[il
end

LowerTriangular(A.data)

end
function A_mul_B!'!(A::UnitUpperTriangular, D::Diagonal)

A mul B!(A.data, D)

for i = 1:size(A, 1)
A.datali,i] = D.diag[il]

end

UpperTriangular(A.data)

end
function A_mul_B!(D::Diagonal, B::UnitLowerTriangular)

A_mul_B!(D, B.data)
for i = 1:size(B, 1)
B.datali,i] = D.diag[i]

end
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€ Example 1: Rational linear system of equations

In [26]: Ar = Matrix{Rational{BigInt}}(rand(1:10,3,3))/10

Out[26]: 3x3 Array{Rational{BigInt},2}:
4//5 7//10 1//2
2115 37710 1//5
1//5 1//1 4//5

In [27]): x = ones(Int,3)
b = Ar*x

Out[27]: 3-element Array{Rational{BigInt},1}:
2l
9//10
2/ 71

In [28]: Ar\b

" Out[28]: 3-element Array{Rational{BigInt},1l}:
1//1
1//1
1//1




X

Example 2: The Hilbert matrix |

In [23]:

Out[23]:

n=2_3
H =

hi

8x8 Array{Rational{BigInt},2}:

1//1
1//2
1//3
1//4
1//5
1//6
1//7
1//8

1//2
1//3
1//4
1//5
1//6
1//7
1//8
1//9

1//3
1//4
1//5
1//6
1//17
1//8
1//9
1//10

1//4
1//5
1//6
1//7
1//8
1//9
1//10
1//11

1//5
1//6
1//7
1//8
1//9
1//10
Y713
1//12

1

i+j—1

Rational{BigInt}[1//(i+j-1) for i =

1//6
1//7
1//8
1//9
1//10
1//11
1//12
1//13

1

3n;

1//1
1//8
1//9
1//10
1//11
1512
1//13
1//14

—
_—

1//8

1//9

1//10
1/713
1//12
1//13
1//14
1/715



o Example 2: The Hilbert matrix |l

In [5]: norm(Float64.(inv(H)) - inv(Float64.(H)), Inf)

Out[5]: 474.97878527641296

not completely fair since

In [29]: H == Float64.(H

Out[29]: false
Instead

In [7]: Rational{BigInt}.(Floaté64.(H)) == Float64.(H)

Out[7]: true

In [8]: norm(Float64.(inv(Rational{BigInt}.(Float64.(H)))) -
inv(Float64.(H)), Inf)

? Out[8]: 509.50778410799103




© Example 3: Finite fields GF( p )

In [9]:

In [10]:

immutable GF{P,T<:Integer} <: Number
data::T
function GF(x::Integer)
return new(mod(x, P))
end
end

using Primes
function (::Type{GF{P}}){P}(x::Integer)
if lisprime(P)

throw(ArgumentError("P must be a prime"))

end
return GF{P,typeof(x)}(mod(x, P))
end

Base.convert{P,T}(::Type{GF{P,T}}, X::Integer) = GF{P}(x)

Base.convert{P}(::Type{GF{P}}, x::Integer)

= GF{P}(x)

Base.convert{P,T}(::Type{GF{P,T}}, x::GF{P}) = GF{P,T}(x.data)
Base.promote rule{P,T1l,T2<:Integer}(::Type{GF{P,T1}}, ::Type{T2}) = GF{P,promote.

)}
Base.show{P}(i0::10, x::GF{P}) = print(io,

"$(x.data) mod $SP")



Division requires a little more care

In [13]:

In [14]:

function Base.inv{P,T}(x::GF{P,T})
if x ==
throw(DivideError())
end
r, u, v = gcdx(x.data, P)
GF{P,T}(u)
end
Base.:/{P}(x::GF{P}, y::GF{P}) = x*inv(y)

@show x/v;

X/ vy =3 mod 5




X

: 4d4-element Array{GF{5,Int64},1}:
1 mod 5
1 mod 5
1 mod 5
1 mod 5

Example 4: Symbolic linear algebra with SymPy+Julia |

0-8



Example 4: Symbolic linear algebra with SymPy+Julia |

In [17]: using SymPy
z Sym[Sym("“"zeta $1") for 1 = 1:3]
D diagm(Sym[ "delta $1" for i = 1:3])
A [Sym("alpha") z"; z D]

WARNING: using SymPy.H in module Main conflicts with an existing identif

ler.
out[{17): [ a a 5 a'
& 6, O 0
;2 0 6 O
& 0 0 65
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