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Traveling Student Problem (TSP): A student from the University of
Pavia must sell the tickets for the next post-Covid19 re-opening party,
planned on May, 1st, 2021. For this reason, she must visit all the n
residences of the city exactly once, and then she has to return back to
her own residence. The time taken to go from residence i to residence j
is cjj, and the visiting time is fixed for each residence.
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LAB SESSION: How can you formulate this problem using ILP?
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Figure 1 - The legendary Ulysses was almost hopelessly lost on the two-dimensional
sea surface and he didn't choose the shortest way home (picture, after the interpre-
tation of E. Bradley). To not just get back home, but to find the shortest roundtrip
through all 16 spots, you have found your way around in a 120-dimensional space.

https://www.zib.de/groetschel/pubnew/paper/groetschelpadberg200ia.pdf


https://www.zib.de/groetschel/pubnew/paper/groetschelpadberg2001a.pdf
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TSP: The DNA Sequencing Problem 1/1
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MinlON sequencing; Raw reads: SARS-CoV-2/Valencia003/human/2020/ES
Metadata Analysis Reads Data access

Filter: Find | Filtered Download @ What does it do?
What can the filter be applied to?

1 6681 | > View: biological reads technical reads quality scores

1. ERR4007730.1 ERS4399630 Read

name: 7398f8ac-b29d-40e6-98ed-d6c35141aceS, >gnl|SRA|ERR4007730.1 7398f8ac-b29d-40e6-98ed-d6c35141ace5 F (Biological)
member: default CATTGTACTTCGTTCAGTTACGTATTGCTAAGGTTAACACAGACACCGACAACTTTTCTT
2 ERR4007730.2 ERS4399630 CAGCACCTTTTCCTCTTCATTTCCAAAAGCTTGAAACAAGTTTGTCTTAGAGATTTTTAT

bl o 4922'5350' CARARAAGACAGCTAAGTAGACATTTGTGTGCGAACAGTATCTACACAAACTCTTARAGAA
e e, member: defaul TGTGGGGTCAGCACCAA, TACCAGCTGATAATAATGGTGCAAGTAGAACTTCGTTAGC
3. ERR4007730.3 ERS4399630 ACGATTAAAGTATTTTCATAAGCACTCTTAAGAAGTTGAATGTCTTCACCTTTGTTAACA

641-9723-eb4fd081a40b, e, CAGAGCAACATGAAGAC! TTGCAGATTGTGTCACTTAAACACATACCAC
CCACTTTAAGTGGTCCATTGGTAACTATCATAATCATCAGATTCAACTTGCCATGGCATT
GTTAGTAGCCTTATTTAAGGCTCCTGCAACCT

-4261-b1d6-
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MinlON sequencing; Raw reads: SARS-CoV-2/Valencia003/human/2020/ES
Metadata Analysis ~Reads Dataaccess

Filter: Find | Filtered Download @ What does it do?
What can the filter be applied to?

1 6681 | > View: biological reads technical reads quality scores

1. ERR4007730.1 ERS4399630 Read
006-98ec-d6c35141aceS, >gnl|SRAJERR4007730.2 10415009-b99c-4ed2-a860-150169e4716e F (Biological)

naj
member: default

CATTGTGCTTCGTTCAGTTACH TGCTA CACAAAAGACACCGACAACTTT
2. ERR4007730.2 ERS4399630 CTTCAGCACCTAAGGTGTCTGCAATTCATAACTCTTTTCCAGAACGTTCCGTGTACCAAG
name: 4ed2-a860- CGTTTCATGCTCATGTTCACGGCAGCGGTATACACCCCTCTTAGTGTCAATAAAGGATCA
e te member: Cotaut GTTGTTCGGACAAGTGCATGAAGCTTTTACCAGCACGTGCTAGAAGGTCTTCATGCCTCA
3. ERR4007730.3 ERS4399630 GAAGAATTGCTCATCAGAATACARAGTTGTTATCGACGCAGCAGGTGTATGCCCCTCCGT

641-9723-6b41d081240b. 77 GCTCACGCATGAGTTCACGGETACTTCTGCTATGTTTAGTGTTTCCCAGTTTTCTTG

ARAATCTTCTCGCAAGGATCAGTGCCAAGCTCGTCGCCTAAGTCAAATGACTTTTAGATC
4. ERR4007730.4 ERS4399630 GGCGCCGTAACTATGGCCACCAGCTCCTTTATTACCAGTTGCTGGTGTTTACCGTGGG!

name: cc883613-b560-4261-b1d6-
37hdeahh3e88. member: default TGAATCCTTTTAGCCTTAGCGTACGTAACT

name:
member: default
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MinIlON sequencing; Raw reads: SARS-CoV-2/Valencia003/human/2020/ES
Metadata Analysis ~Reads Data access

Filter: Find | Filtered Download '@ \What does it do?

What can the filter be applied to?

1 6681 | > View: biological reads technical reads quality scores
1. ERS4399630 Read
name: 7388{8ac-b28d-40e6-98ed-d6o35 141aceS, >gnI|SRA|ERR4007730.10 b7bfb9fb-d2ba-44bf-b09-908071479c2a F (Biological)
member: default TCATTGTGCTTCGTTCGGTTACH TGCTAAGGTTAACACAAAGACACCGACAACTTTC
2.t 07730.2 ERS4399630 TTCAGCACCTAACAGAAACTGTAGCTGGCACTT TCTCATATACCGAGCAGCTT
name: 10415009-b99c-4ed2-a860- CTTCCAAATTTAAGCCATGTGTTACATAGCCAAGTGGCATTGTAACAA TTCGATTA
(CEECTAI, GRS CIAMD GATCGTT. TGATAAGTGACGCTACAGTTGTTTTACTGGTGTAAAAAGAAGTAA
3 ERR4007730.3 ERS4399630 AATCTAGCACCATAATCAACCACACCCTCTTGTATTTTAATACCCTTATATTTACGCTGT
e defei?(aaf -4641-9723-6b4{d081240b, A 1AGTTGAAACTATGGCTTTGGTTTCACACAGACAGGCATTAATTTGCGTGTTTCTTTCT
GCATGTGCAAGCATTTCTCGCAAATTCAGAAACAGTTCAAGAATTTCTTGCTTCTCATTA
4. ERR4007730.4 ERS4399630 GAGATAATAGATGGTAGAATGTAAAGGCACTTTGCACTTTTTAAGCACTGTAGGTGCTGA

nams -4261-b1d6-
37b4eabb3e88, member: default AGAGAGTTGTCGATCTGTCTTTGTGTTAACCTTAGCAATACGTAATGGC
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TSP: The DNA Sequencing Problem 2/2

ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggectgtcactecggectgecatgettagtgecact


https://www.ncbi.nlm.nih.gov/nuccore/MT509704
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ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggetgtcacteggetgecatgettagtgecact
ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggctgtcactcggectgcatgettagtgecact

ctttcgat
tcttgtagatctgt
gatctgttctctaaacga
tcgatcte
tctcttgta
ggctgcatgectta tttaaaatctgtgtggctgtcac
gttctctaaacgaactttaaaatct
atctgttctctaaacgaact aacgaactttaaaatctgtgt
gctgtcactcggectgecatgecttagtgcact
ttcgat

tctgtgtggctgtcactegget

taaaatctgtgtggctgtcacteggetgeat:
cactcggctgcatgcttagtge gtgtggcty ggcty g


https://www.ncbi.nlm.nih.gov/nuccore/MT509704
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ctttcgat
tcgatcte
ttcgat

tctecttgta
gatctgttctctaaacga
tcttgtagatctgt

gttctctaaacgaactttaaaatct
atctgttctctaaacgaact
tttaaaatctgtgtggctgtcac

taaaatctgtgtggctgtcactcggctgcatg
gctgtcactcggctgcatgecttagtgecact
ggctgcatgctta

cactcggctgcatgcttagtge
aacgaactttaaaatctgtgt
tctgtgtggctgtcactegget
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ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggetgtcactecggetgecatgettagtgecact
ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggectgtcactecggetgecatgettagtgecact
ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggetgtcacteggetgecatgettagtgecact

® ctttcgat

(] tcgatcte

() ttcgat

° tctcttgta

[ gatctgttctctaaacga

[} tcttgtagatctgt

(3 gttctctaaacgaactttaaaatct

o atctgttctctaaacgaact

L[] tttaaaatctgtgtggctgtcac

: taaaatctgtgtggctgtcactcggctgeatg

° gctgtcactcggctgcatgecttagtgecact
ggctgcatgctta

®

® cactcggctgcatgcttagtge

° aacgaactttaaaatctgtgt

[+ tctgtgtggctgtcactcgget


https://www.ncbi.nlm.nih.gov/nuccore/MT509704
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ctttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggetgtcacteggetgecatgettagtgecact

® ctttcgat
(] tcgatcte
() ttcgat
° tctcttgta
[ gatctgttctctaaacga
[} tcttgtagatctgt
[ gttctctaaacgaactttaaaatct
[ atctgttctctaaacgaact
° tttaaaatctgtgtggctgtcac
: taaaatctgtgtggctgtcactcggctgeatg
° gctgtcactcggctgcatgecttagtgecact
ggctgcatgctta
®
) cactcggctgcatgcttagtge
° aacgaactttaaaatctgtgt
[+ tctgtgtggctgtcactcgget
® s d

Solve a TSP on the directed graph defined with a node for each DNA fragment
(read), with cost ¢ given by the probability that fragment i follows/overlap with
fragment j. Later, reconstruct the overall sequence in post-processing.

https://www.ncbi.nlm.nih.gov/nuccore/MT509704


https://www.ncbi.nlm.nih.gov/nuccore/MT509704
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TSP: Other Genomics Applications

The Marker-Ordering Problem
(consecutive 1 block matrices as subproblem)

The Signaling Pathways in Cervical Cancer

Project 7c on the list of papers, Chap. 9 of ILP for
Computational and System Biology.
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References for these slides

@ The Optimized Odyssey, by Martin Grotschel and Manfred Padberg.
https://www.zib.de/groetschel/pubnew/paper/
groetschelpadberg200la.pdf

@ Chap. 9 in Integer Linear Programming in Computational and
Systems Biology. Dan Gusfield. Cambridge University Press, 2019


https://www.zib.de/groetschel/pubnew/paper/groetschelpadberg2001a.pdf
https://www.zib.de/groetschel/pubnew/paper/groetschelpadberg2001a.pdf
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