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The study of permutation patterns is a very active area of Y »
research and has connections to many other fields of / %

mathematics as well as to computer science and physics. %
One of the main questions in the field is the enumeration / ‘ S

R
problem: Given a particular set of permutations, how many 7 VA
permutations does the set have of each length? The main R %
goal of this research group is to develop a novel algorithm
which will aid researchers in finding structures in sets of 7
permutations and use those structures to find generating
functions to enumerate the set. Our research interests lead also into various topics in discrete
mathematics and computer science.
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123,132, 213 231, 312, 321
1234, 1243 1324, 1342, ...
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“Original problem”
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combrunner 231 point_placementsl

{"root": {"label": @, "eqv_path_labels": [@], "eqv_path_objects": [{"obstructions": [{"patt": [1, 2, @], "
pos": [[@, @], [0, @], [@, ©0]]}], "requirements": []}], "eqv_explanations": [], "children": [{"label": 1, "eqv
_path_labels": [1], "eqv_path_objects": [{"obstructions": [{"patt": [0], "pos": [[0, ©0]]1}], "requirements": []
t1, "eqv_explanations"”: [], "children": [], "strategy_verified": true, "decomposition": false, "disjoint_union
": false, "recursion": false, "formal_step": "The tiling is a subset of the class."}, {"label": 3, "eqv_path_1
abels": [2, 4, 9], "eqv_path_objects": [{"obstructions": [{"patt": [1, 2, @], "pos": [[0, @], [0, @], [0, ©0]]}
1, "requirements": [[{"patt": [0], "pos": [[0, 0]]1}1]1}, {"obstructions": [{"patt": [@], "pos": [[@, 111}, {"pa
tt": [0], "pos": [[1, @11}, {"patt": [@], "pos™: [[2, 111}, {"patt": [@, 1], "pos": [[1, 1], [1, 1]1}, {"patt”
: [1, @], "pos": [[0, @], [2, @]]}, {"patt": [1, @], "pos™": [[1, 11, [1, 111}, {"patt™: [1, 2, @], "pos": [[O,

o], [0, o], [0, @11}, {"patt": [1, 2, @], "pos": [[2, @], [2, @], [2, @]]1}], "requirements": [[{"patt": [@],
"pos": [[1, 1]1]}11}, {"obstructions”: [{"patt": [@], "pos": [[@, 1]]}, {"patt": [@], "pos": [[@, 2]]}, {"patt”
: [@0], "pos": [[1, @11}, {"patt": [@], "pos": [[1, 111}, {"patt": [@], "pos": [[2, @11}, {"patt": [@], "pos":
(2, 211}, {"patt™: [0, 1], "pos": [[1, 2], [1, 211}, {"patt": [1, @], "pos™: [[1, 2], [1, 211}, {"patt™: [1,
2, @], "pos": [[0, @], [0, @], [0, @11}, {"patt": [1, 2, @], "pos™: [[2, 11, [2, 1], [2, 111}1, "requirements”
: L[{"patt": [@], "pos": [[1, 2]1}11}1, "eqv_explanations": ["Placing point (@, @) of requirement 0: (0, @) wi
th force 1~[0: ]~", "Separated rows [@] and columns []~[0@: ]~"], "children": [], "strategy_verified": true, "d
ecomposition”: false, "disjoint_union": false, "recursion": false, "formal_step": "The tiling is a subset of t
he class."}], "strategy_verified": false, "decomposition": false, "disjoint_union": true, "recursion": false,
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Takes about two minutes on this laptop



Pushing the boundary

Contents lists available at ScienceDirect

Journal of Combinatorial Theory,
& BN Series A
ElL.SEVIER www_elsevier.com/locate/jcta

Generating permutations with restricted containers g

Check for
updates

Michael H. Albert*, Cheyne Homberger ©, Jay Pantone ',
Nathaniel Shar ¢, Vincent Vatter ©'

One of the problems: Av(0132, 0213 0321)
Best known answer: Polynowial time algorithm

pypy3 guided_search.py 0132_0213_0321j} (20 secO“dS)
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def F_25(n):
if n < 0:
return @
if n in mem['F _25']:
return mem['F_25"'] [n]
ans = F_66(n) + F_0(n) + F_65(n)
mem['F_25"'][n] = ans
return ans

F_37(n):
if n < 0:
return @
if n in mem['F_37']:
return mem['F_37"'] [n]
ans = 0
ans += F_51(n-1)
mem['F_37"'][n] = ans
return ans

F_66(n):
if n < 0:
return @
if n in mem['F_66"']:
return mem['F_66"] [n]
ans = 0
ans += F_25(n-1)
mem['F_66'] [n] = ans
return ans

F_65(n):
if n < 0:
return @
if n in mem['F_65']:
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387595
1663936

7183750
31158310
135661904
592558096
2505232344
11392504426
50109205789
220777103354
074162444028
4303957562319
19036842605855
84285643628790
373502845338552
1656428550764640
7351106011540209

32643855249507805
145040974005303590
0644756480385363800
2867442403207032074
12757585143032068182
56780610004782571243
252798432449723547544
1125843555685097572217
5015325404095559202548
22347395143382248367695
99598284248651168753584
443982013127877605500147
1979519308346532905984901
8827302227974854711515881
39369858650227527845883378
1756015012892661627796131637
783458875391672965505811358
3495609284854653450577518243
15598306151970705636710473030
69610702701262572930242668697
310681295389380234925043627878
1386728712301161960573947374434
6190166029373744732373971697006
27634067043313137021192439931503
123371996584352526991153923424297
550827253340411737104334312407403
2459457014511099806791429799028545
10982119437623379765887688782143966
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65
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67
68
69
/0
71
72
/3
74
/5
76
77
/8
79
80
81
82
83

490404527509762180705106617613158297
218999223271877657741353100032153959
978022870699353645477012485745401680
4367897556652838639626552729913318200
19507949775469229494935893182644904656
87129541170056788381026188909976316233
389164114678586336259516607579816690990
1738251994459855933913907704023744449462
7/764337044905207069031902151127909529130
34682219900748563032070821593895685351992
154924282707720826777065139321457056145322
6920564018049884840280609491549160101806613
309152113976700705830764091937092419147872
138105532586389905873689039733755271139523
0616960694846275414346275385622169891915900
275620146278122693621351159475764365447788
12313201281999398796252837712542506368064 72
550094253610691302660024672134736501019237
245758716671156655409674995630898994078559
1097958838157818068698768547506704733138356
490532892856913145753601607301275664831341
219156735802351936622267775517992471311998
979142305111275105281561350656154398761876
437462491330240568796089961003358411270510
195451755308168291115330061325426988558142
873256496412272243684930788933118734379106
390164130120080279472163691179327220352321
174323486370008736219185230808642335559044



Successes

* To run heavier
computations we use the
Garpur cluster

* Have avtomated about
two dozen research
articles

* Subsuwmed several previous
algorithwmic methods




Future

* As part of his PhD thesis,
Christian Bean developed a
general framework to
apply combinatorial
exploration to
mathewmatical objects

* Set partitions,
polyowminoes, trees,
graphs, ...




