[TpeancKkazaHme AenCTBUM NMNIOTOB

Y Kaxkporo peica ectb cBol flight plan, cornacHo koTtopomy
[OMXKEH ABUraTbCA CaMoeT.

OaHaKo ectb paKTopbl, NpuBoAALLME K OTKAOHEeHMIO OT flight
plan, Takne Kak:

- 3ajaep)KKa Ha B3neTe

- [lorogHble ycnoBuA

- NMpuopuTteTbl aBUaKOMNaHNMU
- [poyne pencremsa NUNOTOB

OTtknoHeHwus ot flight plan moryt npuBoguTh K Nneperpyske
CEKTOPOB aBMAAMCNETYEPOB, YTO MOXKET NPUBECTU K
HENPMATHbIM NOCNEeACTBUAM.
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[lpeacKkaszaHne 4eNCTBUN NMUNOTOB

Ha AaHHbIN MOMEHT CYLLLECTBYET MOAEND,
KOTOpas y4YnTbiBaeT XapaKTePUCTMKM camoieTa.

3ada4a 3aK/104aeTca B yayyYleHUn MOoAeNn
nytem gobaBneHna moayna, oTBEYaKLWEero 3a
JIOTUKY NPUHATUA pelleHns nunotom™.

BO3MOXHbIM NOAXOA0M K PELLUEHUIO TAaKOMU
33/1a4n MOXKET cnyXuTb Inverse Reinforcement
Learning.




Inverse Reinforcement Learning

Monyyaemas sbiroga R(s, a)
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Reinforcement Learning:
* [o nonyyaemoi MHopMmaLmm BbipaboTaTb oNTUManbHYyo cTpaTtermio — max().R).

Inverse Reinforcement Learning:
* [lo noBeaeHUIo areHTa NoOAY4YUTb AaHHblE O MOAYYaeMOMN BbIroAe U MOTUBALMKM areHTa.
R(s,a) =7
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41.68000031
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39.91999817
38.75
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longitudedegrees

-74.08000183
-82.69999695
-87.51999664
-84.72000122
-107.9800034
-86.97000122
-112.5299988
-85.16999817
-115.5500031
-74.77999878
-78.51999664
-75.31999969
-77.02999878
-75.09999847
-77.819994969

wind_dir

170
170
150
240
280
150
70
290
80
60
10
30
70
30
60

wind_speed wind_gusts visib

6.71
6.71
4.47

6.9
4.47
6.71
4.47
2.24
4.47
8.95
2.24
6.71

11.18
6.71
8.95

6.71
6.71
4.47

6.9
4.47
6.71
4.47
2.24
4.47
8.95
2.24
6.71

11.18
6.71
8.95

1.74
4.97
6.21
5.9
1.86
6.21
6.21
6.21
6.21
2.49
3.11
2.86
2.17
2.86
2.49

pressure
704.4066537
531.4157775
612.1519099
756.3790032
580.5957059
578.2328338
593.2104526
371.6836876
271.1132775
733.2456344
230.7450451
635.320209
885.4673489
735.1350285
577.6787144

int_callsign flighthistoryid altitude groundspeed

2041
1433
805
514
3086
1866
2843
1542
2612
28094
2866
2416
2912
2489
2534
2934
1608
3195
1486
2874
2498
2631
1800
1501

PeanbHaA TPAeKTOPUA CaMOJ1IETOB

280380410
280359905
280348647
280344718
280683239
280373716
280397783
280364598
280391455
280401170
280399947
280390575
280403094
280390850
280391068
280406284
280364916
280683887
280364212
280400410
280390876
280391594
280373278
280364289

5400
12900
9000
5000
9700
10500
8000
23000
30000
6000
37000
10000
700
5900
12700
5200
36000
10600
10100
33000
15800
17600
18900
7900

269
208
270
222
168
354
274
459
423
270
503
334
135
221
319
265
441
161
372
172
392
350
380
262

latitudedegrees
40.58000183
41.68000031
41.75
33.72999954
36.63000107
42.47999954
33.38000107
40.97999954
35.97000122
40.72999954
41.97000122
39.77000046
38.81999969
39.91999817
38.75
33.22999954
45.18000031
42.65000153
31.17000008
32.83000183
38.33000183
39.86999893
35.97999954
44.95000076

longitudedegrees
-74.08000183
-82.69999695
-87.51999664
-84.72000122
-107.9800034
-86.97000122
-112.5299988
-85.16999817
-115.5500031
-74.77999878
-78.51999664
-75.31999969
-77.02999878
-75.09999847
-77.81999969
-96.76999664
-116.6299973
-106.6999969
-81.41999817
-97
-76.37000275
-79.97000122
-81.94999695
-93.09999847



Deep Reinforcement Learning in Space

EcTb naea HayunTb HEMPOCETb MUIOTUPOBATb MEXMNNAHETHbIN
KOCMMYECKUIM annapar.

CodT, ncnonbayembit NASA AnA pacy€Ta KOCMUYECKUX
NONETOB, OTKPLIT. MIMeAa nporpammy noséTta, ¢ ero NoOMOLLbIO
MOKHO NOCYUTATb, KyAa 3TOT NONET NPUBEAET.

COOTBETCTBEHHO, C €r0 NOMOLLbIO MOXKHO 06yuUnTL deep
reinforcement learning mogens - 3a4aTb HaYaNbHYO 0pPOUTY,
LLe/IeBY0, Pa3HULLYY NapaMeTpoB B3ATb Kak PpyHKLMIO NOTepb.

W caenas Nyydwnin ynpasBasowmMin anropuTm, TOMIMBA MOXKHO
NOTPATUTb MEHbLLE, @ YC/IOBHOFO MAaPCUAHCKOrO rpyHTa
npusectn 6onbLue.

Helpocetn nobeannu B8 Go n Lunar Lander, ectb Hagexaa, 4To
nobeaAaT U B N1IaHUPOBAHUU MEXKNNAaHETHbIX TPAaEKTOPUN.

Hukuta KaseeB kazeevn@yandex-team.ru 5



Crowd-sourced Al

Daniel Kudenko (daniel.kudenko@york.ac.uk )
2017 Summer Project #1




The Wisdom of Crowds

Weight?

N

Best expert guess Average of visitor guesses



Big Data

* Lots of data on human decision making becoming
available.

e Rather than creating an Al from scratch, use
crowd-sourced data to compute a decision in a
given situation.



Project Idea

* Data source: computer game, e.g. CS-Go
(extracting data from game recordings).

 Alternative: simulate crowd by implementing
multiple stochastic heuristic Als.

* Given a game situation, use crowd data to
compute a decision.

* |deas:
* Weighted majority voting (e.g. by expertise).
* Averaging.
 State similarity matching.



Taking Game Al to the next level

Daniel Kudenko (daniel.kudenko@york.ac.uk )
2017 Summer Project #2
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Game Al State of the Art

e 1997: Deep Blue vs
Kasparov: Chess Al beats
human champion

 Minimax search with expert
heuristic and
optimization/parallelization.

{0; Google DeepMind $63 AlphaGo
0

Challenge Match
8- 15 March 2016

e 2016: AlphaGo vs : Chess Al
beats Go champion.

* Monte Carlo Search with
Deep Learning.
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What’s next?

* Go: number of
possible actions
per move and state
space is big, but
not at “real-world”
level.

* Hex-and-counter
games raise
complexity to a
new level.
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Project Idea

* Vassal is an open source GUI for hex-and-counter
games (and others).

* Only used to make and send moves, but does not
check legality of moves and does not have an Al.

* First stage: create Al API for Vassal.

* Second stage: implement the AlphaGo approach
and test it on a hex-and-counter game.

* Third stage: take game Al to the next level!
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