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Using Linear Algebra Knowledge

Input
Matrix A <Symmetric, NonSingular>
Vector b
Vector x

x = inv(A) * b

Knowledgebase

(A ·B · . . .)T → . . . ·BT ·AT

A−1 ∧ LowerTriangular(A) → LowerTriangular(A−1)
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Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

2mn3 + 2mkn2 2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
for j in {1, . . . , k}:

Ti := AiB

xij := Ticj

2mn3 + 2mkn2

for i in {1, . . . ,m}:
for j in {1, . . . , k}:

tj := Bcj
xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for i in {1, . . . ,m}:
for j in {1, . . . , k}:

tj := Bcj
xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for i in {1, . . . ,m}:
for j in {1, . . . , k}:

tj := Bcj
xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for j in {1, . . . ,k}:
for i in {1, . . . ,m}:

tj := Bcj
xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for j in {1, . . . ,k}:
tj := Bcj
for i in {1, . . . ,m}:

xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for j in {1, . . . ,k}:
tj := Bcj
for i in {1, . . . ,m}:

xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Matrix Chain Problem (indexed)

for i in {1, . . . ,m}:
for j in {1, . . . , k}: Ai,B ∈ Rn×n, x, cj ∈ Rn

xij := AiBcj

for i in {1, . . . ,m}:
Ti := AiB

for j in {1, . . . , k}:
xij := Ticj

2mn3 + 2mkn2

for j in {1, . . . ,k}:
tj := Bcj
for i in {1, . . . ,m}:

xij := Aitj

2kn2 + 2mkn2

Remark: Alternative Operations

X := AL−1B

6 / 11



Common Subexpressions
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U := AB
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Blocked Operands

T := ALB
′

for i in {1, . . . ,n}:
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Inverse Operator

X := (S+αI)−1 S ∈ Rn×n, symmetric

α ∈ R

(S+αI)−1 = (ZWZT +αI)−1 ZZT = I

= (ZWZT +αZZT )−1

= (Z(W +αI)ZT )−1

= Z−T (W +αI)−1Z−1

Z−1 = ZT

= Z(W +αI)−1ZT
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Conclusion

▶ Generating solutions is just one half of the problem.

▶ Productivity tool.
▶ Implementation

▶ Python.
▶ Output language?
▶ Integration into existing software?

▶ Example problems.
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