Dynamic Programming
& Sequence Alignment
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Computer Science
for Solving Problems

“Directions from California Academy of
Sciences to Ferry Building?”

model
- a simplified description, especially a
e Should have a “formula” or mathematical one, of a system or

general scheme process, to assist calculations and
predictions

[.]

* Recurring problem

e Need formal model!

New Oxford American Dictionary
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Directed Acyclic Graphs
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Linearizing DAGs

Can move vertices so that edges from left to right!
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Subproblem Structure
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Subproblem DAG

e \Vertex = (optimization) problem
* Predecessor vertex = subproblem

 "Acyclic” is crucial

1 o 2 - TR L3 2 e o . 5% K ; ot w' = Awa il 0 * : p [

o ol Ny IR SAR S Tl o | IR I SRt T : Sl i o S I o Tl W i T e Sl e 2 L W s ek B M ooy B ST R ] oo = bl Tt

s - b .a. ! gas ‘m‘ e T WO = =g = ' - s e Sl eI ° I v"" e i N Ex e === - ’ i e = i . i 3 < 4 -
- A s N 3 . 1 - )} e B N e 5 1 - e u = -

3 B NIRRT A ~ . : B A [ (N ) | RIS =S ey = ' e [ !'.ul ~IJL'I' LR T | " s A Glallide S 3~ -~

110D IERTINTIS 1YV AN\N/ ()\/




Fibonaccl Numbers

Fn=Fn-1+ Fn->o
1=1and fo =
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Fibonaccl Numbers

Fn=Fn-1+ Fn->o
e e el (N g =0

__xample Genealoglcal tree of male bee R
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“Top-Down” Recursion

Fn=Fn-1+ Fn->o
e e el (N g =0

This Java code is excruciatingly slow! Why?

e ‘ 8 long fib(int n) {
PR S Ay sy S A T e g if (n == 0) {
AN . A e 'T‘ SRl o :r._.

return 0;
} else if (n == 1) {
return 1;
} else {
return fib(n - 1) + fib(n - 2);
}
}
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Dynamic Programming

e Jerm coined by Richard Bellman in the 1950s

 Programming = planning over time

» Secretary of Defense hostile to mathematical
research




Edit Distance

 Measure for dissimilarity of two character strings

e |ntuitive: minimum number of elementary edit
operations (insert, delete, replace)

 Can represent as alignment
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Formal Problem Definition

e |nput: Sequences x|[1..n] and y[1..m]

" - ’ a4 . e L= ._y T



Where Is the
Subproblem DAG?

Only three alignments of x[1...n]and y[1...m]
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Where Is the
Subproblem DAG?

Only three alignments of x[1...n]and y[1...m]
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Recall: Optimal Substructure




Edit Distance Has
Optimal Substructure

An optimal alignment has optimal sub-alignments




A Dynamic Program
for Edit Distance
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Example
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Extensions

* Equal cost for insertions, deletions, substitutions
Not necessary (or even appropriate)

 Example: DNA contains “junk” (so-called introns)
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Smith-Waterman (1981)

0

max1§,-§n{8(l7 S /7 m) T VV/}
max1§,§m{8(n, il /) i VV/}
s(n—1,m— 1) + diff(x[n], y[m])

s(n, m) = max

 Measure of similarity instead of dissimilarity
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Where Is this used?

 Genome analysis for clinical use

e [reatments PAN-GANCER SOMATIC PANEL RESULTS

PATIENT INFORMATION ABOUT TEST

PATIENT NAME GENDER RECORD ID DATE OF BIRTH

. D I l I g S ACCESSION NO. SPECIMEN TYPE SAMPLE COLLECTION SITE

TUMOR PERCENTAGE HISTOPATHOLOGICAL DIAGNOSIS AND STAGE

ORDERING PHY SICIAN INFORMATION

PHYSICIAN NAME DATE TEST ORDERED CONSULTING PATHOLOGIST

(] (] (]
I I I | C a tl | a S TIME SPECIMEN COLLECTED TIME REPORT ISSUED

REPORT OVERVEW

CONTRAINDICATED THERAPIES [ m ‘!v VAP@CNTT@BAEBTLEEUTED
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PATHOLOGIST COMMENTS
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Computational Infrastructure:
Dataflow Programming

reference ——> reference

: Varian .
Alignment genome —> genome Czllﬁ\g; variants
fragments —> fragments
: Genomic : :
EUERIE . annotations > annotations
Annotation

module AlignmentAndVariantCalling {
in reference: FASTAFile
in fragments: FASTQFile
out annotations: List<AnnotatedVariant> = ga.annotations

al = Alignment(reference = reference, fragments = fragments)
vc = VariantCalling(genome = al.genome)
ga = GenomicAnnotation(variants = vc.variants)




Algorithms for "Big Data”
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Selfish Routing
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lake-Home Points

* Solve problems by identitying smaller
subproblems
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