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Cel prowadzonych badań / hipoteza badawcza. Co możemy powiedzieć o obiektach kombinatorycznych
w granicy, gdy stają się naprawdę duże? Przedmiotem badań projektu jest próba odpowiedzi na to bardzo
ogólne pytanie dla konkretnych klasycznych przykładów pochodzących między innymi z kombinatoryki alge-
braicznej, teorii reprezentacji i mechaniki statystycznej. Interesujące nas pytania mają w większości charakter
probabilistyczny, innymi słowy pytamy o asymptotyczne zachowanie losowych obiektów kombinatorycznych,
na przykład: co można powiedzieć o ich typowym zachowaniu? Dla wielu takich modeli liczni badacze (wśród
krórych znajduje się również wnioskodawca) pokazali, że losowo wybrany obiekt po przeskalowaniu koncen-
truje się wokół pewnego kształtu granicznego.

Jednym z głównych celów badawczych projektu jest udowodnienie tego typu prawa wielkich liczb,

centralnego twierdzenia granicznego lub nawet bardziej wyrafinowanych wyników o charakterze proba-

bilistycznym dla wyżej wspomnianych oraz innych probabilistycznych modeli kombinatorycznych oraz

zbadanie związków z innymi, pozornie oddalonymi dziedzinami matematyki.

Szczególny akcent w projekcie poświęcony jest zagadnieniom dynamicznym: trajektoriom cząstek, asymp-
totyce algorytmów kombinatorycznych, granicy hydrodynamicznej i ogólnie zagadnieniu istnienia dynamicz-
nego kształtu granicznego.

Rysunek 1. Jeden z modeli kombinatorycznych będących przedmiotem badań projektu ba-
dawczego. Kolory odpowiadają sześciu możliwym kształtom kafelków. Gdy liczba kafelków
rośnie (prawy rysunek), losowo wybrana konfiguracja z dużym prawdopodobieństwem kon-
centruje się wokół pewnego kształtu granicznego.

Zastosowana metoda badawcza / metodyka. Planujemy wykorzystać metody asymptotycznej teorii re-
prezentacji, kombinatoryki algebraicznej, algebraiczne metody teorii reprezentacji. Teoria macierzy losowych
oraz wolna probabilistyka Voiculescu będą stanowić ważne źródło heurystyki.

Wpływ spodziewanych rezultatów na rozwój nauki. Projekt badawczy dotyczy dziedziny, która wzbudza
duże zainteresowanie społeczności matematycznej, o czym mogą świadczyć liczne zaproszone odczyty bada-
czy zajmujących się kształtami granicznymi na międzynarodowych kongresach matematycznych (International
Congress of Mathematicians oraz European Congress of Mathematics).

Wyniki projektu badawczego znajdą liczne zastosowania w fizyce matematycznej, zwłaszcza w konktekście
modelowania zjawisk transportu w ramach fizyki statystycznej, dynamiki cząstek oraz cząstek drugiej klasy.

Określenie, w jakim stopniu i zakresie projekt obejmuje pionierskie badania naukowe, w tym interdy-

scyplinarne, ważne dla rozwoju nauki, wykraczające poza dotychczasowy stan wiedzy. Ważnym pionier-
skim elementem projektu jest spojrzenie na duże (lub nawet nieskończone) losowe struktury kombinatoryczne
z dynamicznego punktu widzenia. Dynamika ta może oznaczać, że interesująca nas klasa obiektów jest wypo-
sażona w jakieś naturalne odwzorowanie, którego asymptotyka ujawnia nieoczekiwane strukury wewnętrzne
badanej klasy. W naturalny sposób budzi to pytania o istnienie dynamicznego kształtu granicznego lub o istnie-
nie granicy hydrodynamicznej. Tego typu metoda stosowana była dotychczas wyłącznie w jedym przypadku
(wspólna praca wnioskodawcy niniejszego wniosku z Danem Romikiem dotycząca losowych nieskończonych
tablic Younga). W ramach niniejszego projektu badawczego planowane jest zastosowanie jej w znacznie szer-
szym spektrum przykładów.
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Na ile sposobów można ładnie ułożyć zadaną liczbę kwadratowych klocków w rynnie tak, aby się nie zsu-
wały? Na ile sposobów można wypełnić zadany obszar przy pomocy kwadratowych puzzli, z których każdy
ma dwie wypustki wypukłe i dwie wypustki wklęsłe? To przykładowe pytania pochodzące z kombinatoryki,
dziedziny matematyki zajmującej się również sudoku oraz innymi rodzajami łamigłówek.

RYSUNEK 1. Przykłady obiektów kombinatorycznych będących przedmiotem badań projektu.

Kolory na prawym rysunku odpowiadają sześciu możliwym rodzajom kafelków.

Takie pytania stają się oczywiście coraz trudniejsze, gdy liczba klocków rośnie. Jednocześnie jednak, gdy

liczba klocków dąży do nieskończoności, można stawiać nowe, jeszcze ciekawsze pytania: jeśli spośród wszyst-
kich możliwych konfiguracji klocków lub puzzli wybierzemy w losowy sposób jedną, co można powiedzieć
o wylosowanej w ten sposób typowej konfiguracji? Jeśli kwadratowe klocki z pierwszej zagadki wykonać z

kryształków kwarcu, powyższy problem staje się pytaniem o typowy kształt dużej kupki piasku. Pytania tego

typu są przedmiotem badań kombinatoryki asymptotycznej a zarazem niniejszego projektu badawczego.

RYSUNEK 2. Bardzo duże odpowiedniki obiektów kombinatorycznych z Rysunku 1, wybrane

w losowy sposób. Poszczególne kratki są tak małe, że nie zostały zaznaczone na rysunku.

Wyniki symulacji komputerowych (podobnych do tych z Rysunku 2) oraz badań teoretycznych pokazują, że

w wielu takich modelach kombinatorycznych (o ile tylko ich rozmiar jest dostatecznie duży) typowa konfigu-

racja z prawdopodobieństem bliskim pewności koncentruje się wokół takiego lub innego kształtu granicznego.

Na przykład na diagramie z prawej strony widać „zamarznięte” jednobarwne obszary w narożnikach, podczas

gdy okrągły obszar w środku wygląda jak chaotyczna „ciecz”. To zjawisko jest bardzo ciekawe z punktu widze-

nia fizyki matematycznej oraz fizyki statystycznej, których przedmiotem jest między innymi właśnie matema-

tycznie ścisłe wyjaśnienie i opisanie przejść fazowych, które znamy z codziennego życia jako choćby topnienie

lodu. Jednym z zadań badawczych proponowanego projektu badawczego jest matematyczne udowodnienie wy-

stępowania tego typu zjawiska dla większej liczby modeli kombinatorycznych oraz zbadanie jego związków z

innymi, pozornie oddalonymi dziedzinami matematyki.

Co się stanie, jeśli na szczyt kupki piasku dosypiemy więcej ziaren? Jaki kształt będzie miała lawina, jeśli
usuniemy ziarna piasku leżące na samym spodzie? To przykłady problemów dynamicznych, którym poświę-

cony jest szczególny akcent w niniejszym projekcie. Odpowiedzi na takie pytania dynamicznej kombinato-
ryki asymptotycznej mogą być interesujące nie tylko dla miłośników babek z piasku oraz krzyżówkowiczów.

Konfiguracje klocków w kwadratowej rynnie (fachowo zwane partycjami) pojawiają się w naturalny sposób w

zaskakująco wielu różnych kontekstach. Jednym z nich jest teoria reprezentacji, która bada sposóby w jakie

abstrakcyjne rodzaje symetrii mogą realizować się w konkretny sposób. Ponieważ Wszechświat jest pełny róż-

norakich symetrii, ta wszędobylska teoria ma bardzo liczne zastosowania. W szczególności, jeśli pewnego dnia

uda się nam w pełni wykorzystać moc obliczeniową, która tkwi w komputerach kwantowych (lub przeciwnie:

jeśli uda się nam zrozumieć ich ograniczenia), prawdopodobnie stanie się to dzięki zrozumieniu takich właśnie

pozornie naiwnych pytań dotyczących babek z piasku.
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+RVW�,QVWLWXWLRQ� 8QLZHUV\WHW�LP��$GDPD�0LFNLHZLF]D�Z�3R]QDQLX

6WDUW�GDWH� ���������� )LQLVK�GDWH� 3URMHFW�LQ�SURJUHVV

/LVW�RI�WKH�PRVW
LPSRUWDQW
SXEOLFDWLRQV�

$JQLHV]ND�&]\ĪHZVND�-DQNRZVND��3LRWU�ĝQLDG\��-DFN�FKDUDFWHUV�DQG�HQXPHUDWLRQ�RI�PDSV��6pPLQDLUH
/RWKDULQJLHQ�GH�&RPELQDWRLUH���%���������$UWLFOH��������SS��3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�RQ�)RUPDO
3RZHU�6HULHV�DQG�$OJHEUDLF�&RPELQDWRULFV��/RQGRQ�

$JQLHV]ND�&]\ĪHZVND�-DQNRZVND��3LRWU�ĝQLDG\��%LMHFWLRQ�%HWZHHQ�2ULHQWHG�0DSV�DQG�:HLJKWHG�1RQ�
2ULHQWHG�0DSV��(OHFWURQLF�-RXUQDO�RI�&RPELQDWRULFV����������������3���

0DUHN�%RĪHMNR��:LNWRU�(MVPRQW��7DNDKLUR�+DVHEH��1RQFRPPXWDWLYH�SUREDELOLW\�RI�W\SH�'��,QWHUQDW��-�
0DWK�������������QR�����������������SS�

:LNWRU�(MVPRQW��$�FKDUDFWHUL]DWLRQ�RI�WKH�QRUPDO�GLVWULEXWLRQ�E\�WKH�LQGHSHQGHQFH�RI�D�SDLU�RI�UDQGRP
YHFWRUV��6WDWLVW��3UREDE��/HWW���������������±��

:LNWRU�(MVPRQW��$�FKDUDFWHUL]DWLRQ�RI�V\PPHWULF�VWDEOH�GLVWULEXWLRQV��-��)XQFW��6SDFHV�������$UW��,'
�����������SS�

Strona 13 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



�� 5ROH�LQ�WKH�SURMHFW� 3ULQFLSDO�,QYHVWJDWRU

3URMHFW�WLWOH� %DKQHQ�YRQ�MHX�GH�WDTXLQ�XQG
7HLOFKHQ�]ZHLWHU�.ODVVH�>7UDMHFWRULHV
RI�MHX�GH�WDTXLQ�DQG�VHFRQG�FODVV
SDUWLFOHV@

3URMHFW�,'�

61��������

6RXUFHV�RI�IXQGLQJ� 'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW $PRXQW�RI�IXQGLQJ� �����������(85

+RVW�,QVWLWXWLRQ� 7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ

6WDUW�GDWH� ���������� )LQLVK�GDWH� ����������

/LVW�RI�WKH�PRVW
LPSRUWDQW
SXEOLFDWLRQV�

'DQ�5RPLN��3LRWU�ĝQLDG\��3LRWU��/LPLW�VKDSHV�RI�EXPSLQJ�URXWHV�LQ�WKH�5RELQVRQ�6FKHQVWHG�FRUUHVSRQGHQFH�
5DQGRP�6WUXFWXUHV�$OJRULWKPV������������QR��������±���

3LRWU�ĝQLDG\��5RELQVRQ�6FKHQVWHG�.QXWK�DOJRULWKP��MHX�GH�WDTXLQ��DQG�.HURY�9HUVKLN�PHDVXUHV�RQ�LQILQLWH
WDEOHDX[��6,$0�-��'LVFUHWH�0DWK�������������QR��������±����

%HQRvW�&ROOLQV��+XQ�+HH�/HH��3LRWU�ĝQLDG\��'LPHQVLRQV�RI�FRPSRQHQWV�RI�WHQVRU�SURGXFWV�RI�UHSUHVHQWDWLRQV
RI�OLQHDU�JURXSV�ZLWK�DSSOLFDWLRQV�WR�%HXUOLQJ�)RXULHU�DOJHEUDV��6WXGLD�0DWK��������������QR��������±����

0RWRKLVD�)XNXGD��3LRWU�ĝQLDG\��3DUWLDO�WUDQVSRVH�RI�UDQGRP�TXDQWXP�VWDWHV��H[DFW�IRUPXODV�DQG�PHDQGHUV��-�
0DWK��3K\V�������������QR����������������SS�

0DFLHM�'RáĊJD��9DOHQWLQ�)pUD\�DQG�3LRWU�ĝQLDG\��-DFN�3RO\QRPLDOV�DQG�2ULHQWDELOLW\�*HQHUDWLQJ�6HULHV�RI
0DSV��6pPLQDLUH�/RWKDULQJLHQ�GH�&RPELQDWRLUH��%��M������������SS�
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�� 5ROH�LQ�WKH�SURMHFW� 3ULQFLSDO�,QYHVWLJDWRU

3URMHFW�WLWOH� 1LHNRPXWDW\ZQD�SUREDELOLVW\ND�
QLHNRPXWDW\ZQD�DQDOL]D�KDUPRQLF]QD�L
LFK�]DVWRVRZDQLD��1RQFRPPXWDWLYH
SUREDELOLW\��QRQFRPPXWDWLYH�KDUPLQLF
DQDO\VLV�DQG�WKHLU�DSSOLFDWLRQV�

3URMHFW�,'�

1�1����������

6RXUFHV�RI�IXQGLQJ� 0LQLVWHUVWZR�1DXNL�L�6]NROQLFWZD
:\ĪV]HJR��3ROLVK�0LQLVWU\�RI�6FLHQFH
DQG�+LJKHU�(GXFDWLRQ�

$PRXQW�RI�IXQGLQJ�
�����������3/1

+RVW�,QVWLWXWLRQ� 8QLZHUV\WHW�:URFáDZVNL

6WDUW�GDWH� ���������� )LQLVK�GDWH� ����������

/LVW�RI�WKH�PRVW
LPSRUWDQW
SXEOLFDWLRQV�

>WKH�WRWDO�OLVW�FRQVLVWV�RI����SRVLWLRQV@

0DFLHM�'RáĊJD��3LRWU�ĝQLDG\��$V\PSWRWLFV�RI�FKDUDFWHUV�RI�V\PPHWULF�JURXSV��6WUXFWXUH�RI�.HURY�FKDUDFWHU
SRO\QRPLDOV��-RXUQDO�RI�&RPELQDWRULDO�7KHRU\��6HULHV�$����������������±����

9DOHQWLQ�)HUD\��3LRWU�ĝQLDG\��=RQDO�SRO\QRPLDOV�YLD�6WDQOH\
V�FRRUGLQDWHV�DQG�IUHH�FXPXODQWV��-��$OJHEUD
���������������±����

'DQ�5RPLN��3LRWU�ĝQLDG\��-HX�GH�WDTXLQ�G\QDPLFV�RQ�LQILQLWH�<RXQJ�WDEOHDX[�DQG�VHFRQG�FODVV�SDUWLFOHV�
$QQ��3UREDE�������������QR��������±���

6HUEDQ�7��%HOLQVFKL��0DUHN�%RĪHMNR��)UDQ]�/HKQHU��5RODQG�6SHLFKHU��7KH�QRUPDO�GLVWULEXWLRQ�LV�?ER[SOXV�
LQILQLWHO\�GLYLVLEOH��$GYDQFHV�LQ�0DWKHPDWLFV�������������QR���������±����

'DULXV]�&LFKRĔ��-DQ�6WRFKHO��)UDQFLV]HN�+XJRQ�6]DIUDQLHF��1DLPDUN�H[WHQVLRQV�IRU�LQGHWHUPLQDF\�LQ�WKH
PRPHQW�SUREOHP��$Q�H[DPSOH��,QGLDQD�8QLY��0DWK��-�������������QR���������±�����

5RPXDOG�/HQF]HZVNL��0DWULFLDO�5�WUDQVIRUP��-��)XQFW��$QDO��������������QR���������±����

0DUHN�%RĪHMNR��(XJHQH�/\WY\QRY��-DQXV]�:\VRF]DĔVNL��1RQFRPPXWDWLYH�/pY\�SURFHVVHV�IRU�JHQHUDOL]HG
�SDUWLFXODUO\�DQ\RQ��VWDWLVWLFV��&RPP��0DWK��3K\V��������������QR��������±���

0DUHN�%RĪHMNR��(XJHQH�/\WY\QRY��0HL[QHU�FODVV�RI�QRQ�FRPPXWDWLYH�JHQHUDOL]HG�VWRFKDVWLF�SURFHVVHV�ZLWK
IUHHO\�LQGHSHQGHQW�YDOXHV�,,��7KH�JHQHUDWLQJ�IXQFWLRQ��&RPP��0DWK��3K\V��������������QR��������±���

5RGULJR�%DxXHORV��$GDP�2VĊNRZVNL��%XUNKROGHU�LQHTXDOLWLHV�IRU�VXEPDUWLQJDOHV��%HVVHO�SURFHVVHV�DQG
FRQIRUPDO�PDUWLQJDOHV��$PHU��-��0DWK��������������QR���������±����

5RGULJR�%DxXHORV��$GDP�2VĊNRZVNL��6KDUS�LQHTXDOLWLHV�IRU�WKH�%HXUOLQJ�$KOIRUV�WUDQVIRUP�RQ�UDGLDO
IXQFWLRQV��'XNH�0DWK��-��������������QR��������±����

$GDP�2VĊNRZVNL��6KDUS�ZHDN�W\SH�LQHTXDOLWLHV�IRU�+LOEHUW�WUDQVIRUP�DQG�5LHV]�SURMHFWLRQ��,VUDHO�-��0DWK�
������������QR��������±����

$GDP�2VĊNRZVNL��6KDUS�PRPHQW�LQHTXDOLWLHV�IRU�GLIIHUHQWLDOO\�VXERUGLQDWHG�PDUWLQJDOHV��6WXGLD
0DWKHPDWLFD����������������±���

Strona 15 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



�� 5ROH�LQ�WKH�SURMHFW� 3ULQFLSDO�,QYHVWLJDWRU

3URMHFW�WLWOH� :ROQD�SUREDELOLVW\ND�
QLHNRPXWDW\ZQD�DQDOL]D�KDUPRQLF]QD�L
]DVWRVRZDQLD�>)UHH�SUREDELOLW\�
QRQFRPPXWDWLYH�KDUPRQLF�DQDO\VLV
DQG�DSSOLFDWLRQV@

3URMHFW�,'�

��3��$�������

6RXUFHV�RI�IXQGLQJ� 0LQLVWHUVWZR�1DXNL�L�6]NROQLFWZD
:\ĪV]HJR

$PRXQW�RI�IXQGLQJ� �����������3/1

+RVW�,QVWLWXWLRQ� 8QLZHUV\WHW�:URFáDZVNL

6WDUW�GDWH� ���������� )LQLVK�GDWH� ����������

/LVW�RI�WKH�PRVW
LPSRUWDQW
SXEOLFDWLRQV�

>WKH�WRWDO�OLVW�RI�SXEOLFDWLRQV�FRQVLVWV�RI����SRVLWLRQV@

9DOHQWLQ�)HUD\��3LRWU�ĝQLDG\��$V\PSWRWLFV�RI�FKDUDFWHUV�RI�V\PPHWULF�JURXSV�UHODWHG�WR�6WDQOH\�FKDUDFWHU
IRUPXOD��$QQDOV�RI�0DWKHPDWLFV����������������±���

%HQRLW�&ROOLQV��-DPHV�$��0LQJR��3LRWU�ĝQLDG\��5RODQG�6SHLFKHU��6HFRQG�RUGHU�IUHHQHVV�DQG�IOXFWXDWLRQV�RI
UDQGRP�PDWULFHV��,,,��+LJKHU�RUGHU�IUHHQHVV�DQG�IUHH�FXPXODQWV��'RFXPHQWD�0DWKHPDWLFD������������������

0DFLHM�'RáĊJD��9DOHQWLQ�)pUD\��3LRWU�ĝQLDG\��([SOLFLW�FRPELQDWRULDO�LQWHUSUHWDWLRQ�RI�.HURY�FKDUDFWHU
SRO\QRPLDOV�DV�QXPEHUV�RI�SHUPXWDWLRQ�IDFWRUL]DWLRQV��$GYDQFHV�LQ�0DWKHPDWLFV��������������±���

$PDUSUHHW�5DWWDQ��3LRWU�ĝQLDG\��8SSHU�ERXQG�RQ�WKH�FKDUDFWHUV�RI�WKH�V\PPHWULF�JURXSV�IRU�EDODQFHG�<RXQJ
GLDJUDPV�DQG�D�JHQHUDOL]HG�)UREHQLXV�IRUPXOD��$GYDQFHV�LQ�0DWKHPDWLFV�������������QR��������±����

5RPXDOG�/HQF]HZVNL��'HFRPSRVLWLRQV�RI�WKH�IUHH�DGGLWLYH�FRQYROXWLRQ��-RXUQDO�RI�)XQFWLRQDO�$QDO\VLV����
����������±���

&ULVWRSKHU�0RRUH��$OH[DQGHU�5XVVHOO��3LRWU�ĝQLDG\��2Q�WKH�LPSRVVLELOLW\�RI�D�TXDQWXP�VLHYH�DOJRULWKP�IRU
JUDSK�LVRPRUSKLVP��6,$0�-��&RPSXW�������������QR���������±�����

5RPXDOG�/HQF]HZVNL��2SHUDWRUV�UHODWHG�WR�VXERUGLQDWLRQ�IRU�IUHH�PXOWLSOLFDWLYH�FRQYROXWLRQV��,QGLDQD�8QLY�
0DWK��-�����1R����������������±����

0DUHN�%RĪHMNR��(XJHQH�/\WY\QRY��0HL[QHU�FODVV�RI�QRQ�FRPPXWDWLYH�JHQHUDOL]HG�VWRFKDVWLF�SURFHVVHV�ZLWK
IUHHO\�LQGHSHQGHQW�YDOXHV��,��$�FKDUDFWHUL]DWLRQ��&RPP��0DWK��3K\V��������������QR�������±���

:DOGHPDU�+HELVFK��:RMFLHFK�0áRWNRZVNL��,UUHGXFLEOH�UHSUHVHQWDWLRQV�RI�WKH�IUHH�SURGXFW�RI�JURXSV��,QGLDQD
8QLY��0DWK��-�������������QR��������±���

3LRWU�ĝQLDG\��3HUPXWDWLRQV�ZLWKRXW�ORQJ�GHFUHDVLQJ�VXEVHTXHQFHV�DQG�UDQGRP�PDWULFHV��(OHFWURQ��-��&RPELQ�
�����������QR�����5HVHDUFK�3DSHU�������SS�

���,QIRUPDWLRQ�RQ�VLPLODU�UHVHDUFK�WDVNV�LPSOHPHQWHG�RU�FRPSOHWHG�E\�SURMHFWV¶�3ULQFLSDO�,QYHVWLJDWRU��LQ�(QJOLVK�
�SURMHFW�WLWOH��,'�QXPEHU�RI�SURMHFW��SULQFLSDO�LQYHVWLJDWRU��PDLQ�UHVHDUFK�WDVNV��VRXUFH�RI�IXQGLQJ��MXVWLILFDWLRQ�RI�WKH�QHHG�WR�IXQG�WKH�SURSRVHG�UHVHDUFK�WDVNV
LQ�WKH�OLJKW�RI�VLPLODU�WDVNV�OLVWHG�DERYH�

7KLV�UHVHDUFK�SURSRVDO�LV�D�IXUWKHU�FRQWLQXDWLRQ�DQG�H[WHQVLRQ�RI�WKH�SURMHFW�61���������IXQGHG�E\�')*��VHH�GHWDLOV�EHORZ��
7KH�JRDOV�RI�WKLV�SURMHFW�ZHUH�DFKLHYHG�E\�WKH�SXEOLFDWLRQV�

'DQ�5RPLN��3LRWU�ĝQLDG\��3LRWU��/LPLW�VKDSHV�RI�EXPSLQJ�URXWHV�LQ�WKH�5RELQVRQ�6FKHQVWHG�FRUUHVSRQGHQFH�
5DQGRP�6WUXFWXUHV�$OJRULWKPV������������QR��������±���
3LRWU�ĝQLDG\��5RELQVRQ�6FKHQVWHG�.QXWK�DOJRULWKP��MHX�GH�WDTXLQ��DQG�.HURY�9HUVKLN�PHDVXUHV�RQ�LQILQLWH�WDEOHDX[�
6,$0�-��'LVFUHWH�0DWK�������������QR��������±����

7KH�VFRSH�RI�WKH�FXUUHQW�SURSRVDO�LV�PXFK�EURDGHU�
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3URMHFW�WLWOH��%DKQHQ�YRQ�MHX�GH�WDTXLQ�XQG�7HLOFKHQ�]ZHLWHU�.ODVVH�>7UDMHFWRULHV�RI�MHX�GH�WDTXLQ�DQG�VHFRQG�FODVV
SDUWLFOHV@
3ULQFLSDO�LQYHVWLJDWRU��3LRWU�ĝQLDG\
3URMHFW�,'�61��������
6RXUFHV�RI�IXQGLQJ��'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW
$PRXQW�RI�IXQGLQJ�������������(85
+RVW�,QVWLWXWLRQ�7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ
6WDUW�GDWH������������
)LQLVK�GDWH������������

2EMHFWLYHV��>FRSLHG�IURP�WKH�RULJLQDO�')*�DSSOLFDWLRQ@
7KH�JRDO�RI�WKLV�UHVHDUFK�SURMHFW�LV�WR�QYHVWLJDWH�WKH�WUDMHFWRULHV�RI�MHX�GH�WDTXLQ�LQ�WKH�ILQLWH�VHWXS�DV�ZHOO�DV�IRU�YDULRXV
SUREDELOLW\�PHDVXUHV��UHODWHG�WR�WKH�UHSUHVHQWDWLRQ�WKHRU\��RQ�WKH�VHW�?2PHJD�RI�LQILQLWH�<RXQJ�WDEOHDX[�DQG�WR�VWXG\�WKHLU
SRVVLEOH�DSSOLFDWLRQV�WR�KDUPRQLF�DQDO\VLV�RQ�WKH�LQILQLWH�V\PPHWULF�JURXS��7KH�FKRLFH�RI�WKH�VXEMHFW�LV�PRWLYHG�E\�QHZ�
IDVFLQDWLQJ�SHUVSHFWLYHV�IRU�UDQGRP�FRPELQDWRULDO�VWUXFWXUHV�DQG�WKH�KDUPRQLF�DQDO\VLV�RQ�WKH�LQILQLWH�V\PPHWULF�JURXS
ZKLFK�EHFDPH�DYDLODEOH�ZLWK�D�YHU\�UHFHQW�SUHSULQW�>5RPLNĝQLDG\����@��:H�ZRXOG�OLNH�WR�SXUVXH�LQYHVWLJDWLRQ�RI�WKHVH
QHZ�SHUVSHFWLYHV��
$QRWKHU�VRXUFH�RI�PRWLYDWLRQ�FRPHV�IURP�WKH�WKHRU\�RI�H[FOXVLRQ�SURFHVVHV��ZKHUH�WKH�WUDMHFWRULHV�RI�VHFRQG�FODVV�SDUWLFOHV
SOD\�DQ�LPSRUWDQW�UROH��6LQFH�ZH�DUH�JRLQJ�WR�VWXG\�H[FOXVLRQ�SURFHVVHV�IRU�ZKLFK�WKH�G\QDPLFV�KDV�DQ�DGGLWLRQDO�VWUXFWXUH
JLYHQ�E\�WKH�UHSUHVHQWDWLRQ�WKHRU\��PRUH�WRROV�IRU�VWXG\LQJ�VHFRQG�FODVV�SDUWLFOHV�EHFRPH�DYDLODEOH�DQG�WKXV�WKH�VXEMHFW
EHFRPHV�PRUH�DFFHVVLEOH�IRU�DQDO\VLV��7KLV�FDQ�JLYH�D�QHZ�IUHVK�YLHZ�RQ�D�TXLFNO\�GHYHORSLQJ�WKHRU\�RI�VHFRQG�FODVV
SDUWLFOHV��
���

���5HVHDUFK�H[SHULHQFH��ORQJHU�UHVHDUFK�YLVLWV��SODFHPHQWV��HWF���LQ�3RODQG�DQG�DEURDG�RYHU�WKH�SDVW����\HDUV��LQ�(QJOLVK�
�FRXQWU\��LQVWLWXWLRQ��W\SH�RI�UHVHDUFK�VWD\��GXUDWLRQ�

ORQJ�VWD\V
UHVHDUFK�JUDQW�RI�'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW
*HUPDQ\
UHVHDUFK�JUDQW�IXQGHG�E\�'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW�
KHOG�LQ�7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ
$XJXVW�������6HSWHPEHU�����
���PRQWKV

+XPEROGW�)HOORZVKLS�IRU�([SHULHQFHG�5HVHDUFKHUV�
*HUPDQ\�
UHVHDUFK�IHOORZVKLS�IXQGHG�E\�$OH[DQGHU�YRQ�+XPEROGW�)RXQGDWLRQ�
KHOG�LQ�7HFKQLVFKH�8QLYHUVWlW�0�QFKHQ�DQG�8QLYHUVLWlW�6WXWWJDUW
)HEUXDU\��������$XJXVW�����
���PRQWKV

VKRUW�YLVLWV
VFLHQWLILF�YLVLW�WR�.\RWR�8QLYHUVLW\��7RN\R�8QLYHUVLW\�DQG�1DJR\D�8QLYHUVLW\
-DSDQ�
FROODERUDWLRQ�ZLWK�%HQRLW�&ROOLQV�
6HSWHPEHU������
��ZHHNV
���

����3OHQDU\�DQG�LQYLWHG�OHFWXUHV��SUHVHQWDWLRQV�DW�UHQRZQHG�LQWHUQDWLRQDO�FRQIHUHQFHV��LQ�FDVH�RI�DUWV��DFWLYH�SDUWLFLSDWLRQ
LQ�LQWHUQDWLRQDO�H[KLELWLRQV��IHVWLYDOV��DUWLVWLF�HYHQWV�DQG�SURMHFWV�LQ�ILQH�DUWV��PXVLF��WKHDWUH�DQG�ILOP��LQ�(QJOLVK�
�

,QYLWHG�OHFWXUH �&RPELQDWRULFV�RI�DV\PSWRWLF�UHSUHVHQWDWLRQ�WKHRU\��
�WK�(XURSHDQ�&RQJUHVV�RI�0DWKHPDWLFV
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.UDNyZ��3RODQG
-XO\�����

,QYLWHG�OHFWXUH �-DFN�FKDUDFWHUV��GXDO�FRPELQDWRULFV�RI�-DFN�SRO\QRPLDOV��
:RUNVKRS�RQ�$V\PSWRWLF�5HSUHVHQWDWLRQ�7KHRU\�
,QVWLWXW�+HQUL�3RLQFDUp��3DULV��)UDQFH
����PLQXWHV��
)HEUXDU\�����

,QYLWHG�VHULHV�RI�OHFWXUHV �&KDUDFWHUV��PDSV��IUHH�FXPXODQWV

��
:LQWHU�VFKRRO��&RPELQDWRULFV�DQG�LQWHUDFWLRQV

�
&HQWUH�,QWHUQDWLRQDO�GH�5HQFRQWUHV�0DWKpPDWLTXHV��/XPLQ\��)UDQFH
�OHFWXUHV����[����PLQXWHV������PLQXWHV�H[HUFLVH�VHVVLRQ��
-DQXDU\�����

,QYLWHG�VHULHV�RI�OHFWXUHV �-HX�GH�WDTXLQ�DQG�DV\PSWRWLF�UHSUHVHQWDWLRQ�WKHRU\�
&RQIHUHQFH��$OJHEUDLF�&RPELQDWRULFV�LQ�5HSUHVHQWDWLRQ�7KHRU\��
&HQWUH�,QWHUQDWLRQDO�GH�5HQFRQWUHV�0DWKpPDWLTXHV��/XPLQ\��)UDQFH
���[����PLQXWHV��
6HSWHPEHU�����

,QYLWHG�OHFWXUH �'XDO�FRPELQDWRULFV�RI�-DFN�SRO\QRPLDOV��
)LQDO�FRQIHUHQFH�RI�WKH�0$'$&$�SURMHFW��'RPDLQH�GH�&KDOqV��)UDQFH
����PLQXWHV��
-XQH�����

,QYLWHG�OHFWXUH �+\GURG\QDPLF�OLPLW�RI�5RELQVRQ�6FKHQVWHG�DOJRULWKP�
6pPLQDLUH�3KLOLSSH�)ODMROHW��,QVWLWXW�+HQUL�3RLQFDUp��3DULV��)UDQFH
����PLQXWHV��
'HFHPEHU�����

,QYLWHG�OHFWXUH �&RPELQDWRULFV�RI�DV\PSWRWLF�UHSUHVHQWDWLRQ�WKHRU\�
0HHWLQJ�RI�(GLQEXUJK�0DWKHPDWLFDO�6RFLHW\��$EHUGHHQ��8QLWHG�.LQJGRP
����PLQXWHV��
$SULO�������

,QYLWHG�VHULHV�RI�OHFWXUHV��&RPELQDWRULFV�RI�DV\PSWRWLF�UHSUHVHQWDWLRQ�WKHRU\����
6HPLQDLUH�/RWKDULQJLHQ�GH�&RPELQDWRLUH��(OOZDQJHQ��*HUPDQ\
���[����PLQXWHV��
0DUFK�����

/HFWXUH��)UHH�FXPXODQWV�LQ�UHSUHVHQWDWLRQ�WKHRU\����
&RQIHUHQFH�%LDOJHEUDV�LQ�)UHH�3UREDELOLW\�
(UZLQ�6FKURHGLQJHU�,QVWLWXWH��9LHQQD��$XVWULD
����PLQXWHV��
)HEUXDU\�����

/HFWXUH��&RPELQDWRULDO�LQWHUSUHWDWLRQ�RI�.HURY�FKDUDFWHU�SRO\QRPLDOV���
��VW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)RUPDO�3RZHU�6HULHV�	$OJHEUDLF�&RPELQDWRULFV�
+DJHQEHUJ��$XVWULD
����PLQXWHV��
-XQH�����

,QYLWHG�OHFWXUH��&RPELQDWRULDO�LQWHUSUHWDWLRQ�RI�.HURY�FKDUDFWHU�SRO\QRPLDOV���
7KH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�E\�*UDGXDWH�6FKRRO�RI�0DWKHPDWLFV��1DJR\D�8QLYHUVLW\��&RPELQDWRULFV�DQG
5HSUHVHQWDWLRQ�7KHRU\���1DJR\D�8QLYHUVLW\��1DJR\D��-DSDQ
����PLQXWHV��
6HSWHPEHU�����
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,QYLWHG�OHFWXUH��)UHH�SUREDELOLW\�DQG�DV\PSWRWLF�UHSUHVHQWDWLRQ�WKHRU\�RI�V\PPHWULF�JURXSV����
:RUNVKRS�RQ�)UHH�3UREDELOLW\��5DQGRP�0DWULFHV��DQG�3ODQDU�$OJHEUDV��
)LHOGV�,QVWLWXUH��7RURQWR��&DQDGD
����PLQXWHV��
6HSWHPEHU�����

,QYLWHG�OHFWXUH��$V\PSWRWLFV�RI�JURXSV�UHSUHVHQWDWLRQV�DQG�IUHH�SUREDELOLW\��
&RQIHUHQFH�1RQFRPPXWDWLYH�/AS�VSDFHV��2SHUDWRU�VSDFHV�DQG�$SSOLFDWLRQV�
&,50���0DUVHLOOH��)UDQFH
����PLQXWHV��
-XQH�����
���

����0HPEHUVKLS�LQ�UHQRZQHG�VFLHQWLILF�VRFLHWLHV��3ROLVK�DQG�LQWHUQDWLRQDO�VFLHQWLILF�RU�DFDGHPLF�RUJDQLVDWLRQV��LQ�(QJOLVK�
�QDPH�RI�WKH�VRFLHW\��VFLHQWLILF�RU�DFDGHPLF�RUJDQLVDWLRQ��UROH��SRVLWLRQV�KHOG�

3ROLVK�0DWKHPDWLFDO�6RFLHW\��YLFHSUHVLGHQW��

����0HPEHUVKLS�LQ�WKH�VFLHQWLILF�FRPPLWWHHV�RI�UHQRZQHG�LQWHUQDWLRQDO�FRQIHUHQFHV��H[KLELWLRQV��IHVWLYDOV��DUWLVWLF�HYHQWV
�LQ�ILQH�DUWV��PXVLF��WKHDWUH�DQG�ILOP���LQ�(QJOLVK�
�

��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)RUPDO�3RZHU�6HULHV�DQG�$OJHEUDLF�&RPELQDWRULFV�
3DULV��)UDQFH
PHPEHU�RI�WKH�SURJUDP�FRPPLWHH�
-XQH�����

��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)RUPDO�3RZHU�6HULHV�DQG�$OJHEUDLF�&RPELQDWRULFV�
1DJR\D��-DSDQ
PHPEHU�RI�WKH�SURJUDP�FRPPLWWHH
$XJXVW�����
���

����0RVW�VLJQLILFDQW�UHVHDUFK�DFKLHYHPHQWV��LQ�(QJOLVK�
�GHVFULSWLRQ�RI�XS�WR���PRVW�VLJQLILFDQW�UHVHDUFK�DFKLHYHPHQWV�LQ�WKH�ODVW����\HDUV��LQ�WKH�FDVH�RI�UHVHDUFK�LQLWLDWLYHV�LQ�DUW��DOVR�DXWKRUVKLS�RI�ZRUNV�RI
LQWHUQDWLRQDO�LPSDFW��RU�ZRUNV�RI�DUW�VLJQLILFDQW�IRU�3ROLVK�FXOWXUH�

1HZ�DV\PSWRWLF�HVWLPDWHV�IRU�FKDUDFWHUV�RI�WKH�V\PPHWULF�JURXSV�DQG�WKHLU�DSSOLFDWLRQ�WR�TXDQWXP
FRPSXWLQJ�

9DOHQWQ�)pUD\��3LRWU�ĝQLDG\��$V\PSWRWLFV�RI�FKDUDFWHUV�RI�V\PPHWULF�JURXSV�UHODWHG�WR�6WDQOH\�FKDUDFWHU�IRUPXOD��$QQ��RI
0DWK������������������QR��������±����

&ULVWRSKHU�0RRUH��$OH[DQGHU�5XVVHOO��3LRWU�ĝQLDG\��2Q�WKH�LPSRVVLELOLW\�RI�D�TXDQWXP�VLHYH�DOJRULWKP�IRU�JUDSK
LVRPRUSKLVP��672&
��²3URFHHGLQJV�RI�WKH���WK�$QQXDO�$&0�6\PSRVLXP�RQ�7KHRU\�RI�&RPSXWLQJ�����±�����$&0��1HZ
<RUN������

&ULVWRSKHU�0RRUH��$OH[DQGHU�5XVVHOO��3LRWU�ĝQLDG\���2Q�WKH�LPSRVVLELOLW\�RI�D�TXDQWXP�VLHYH�DOJRULWKP�IRU�JUDSK
LVRPRUSKLVP��6,$0�-��&RPSXW�������������QR���������±����

,Q�D�MRLQW�ZRUN�ZLWK�)pUD\�ZH�JLYH�D�QHZ�FRPELQDWRULDO�IRUPXOD�IRU�WKH�LUUHGXFLEOH�FKDUDFWHUV�RI�WKH�V\PPHWULF�JURXSV�6BQ�
7KLV�IRUPXOD�KDV�DQ�DGYDQWDJH�WKDW�LW�LV�YHU\�FRQYHQLHQW�IRU�DV\PSWRWLF�SUREOHPV�LQ�ZKLFK�WKH�FRQMXJDF\�FODVV�LV�IL[HG�DQG
WKH�<RXQJ�GLDJUDP�WHQGV�WR�LQILQLW\��7KLV�IRUPXOD�DOVR�JLYHV�QHZ�VWURQJ�XSSHU�ERXQGV�RQ�WKH�YDOXHV�RI�WKH�FKDUDFWHUV��7KLV
SDUW�RI�UHVHDUFK�ZDV�SXEOLVKHG�LQ�$QQDOV�RI�0DWKHPDWLFV�

7KH�PDLQ�PRWLYDWLRQ�IRU�SURYLQJ�WKLV�NLQG�RI�XSSHU�ERXQGV�FRPHV�IURP�WKH�WKHRU\�RI�TXDQWXP�FRPSXWLQJ��LQ�D�MRLQW�ZRUN
ZLWK�0RRUH�DQG�5XVVHOO�ZH�XVHG�WKHP�WR�SURYH�WKDW�WKH�VSHFLILF�YHUVLRQ�RI�WKH�+LGGHQ�6XEJURXS�3UREOHP�IRU�WKH�JUDSK
LVRPRUSKLVP�FDQQRW�EH�VROYHG�TXLFNO\�RQ�D�TXDQWXP�FRPSXWHU�E\�DQ\�YHUVLRQ�RI�D�TXDQWXP�VLHYH�DOJRULWKP��7KLV�SDUW�RI
UHVHDUFK�ZDV�DZDUGHG�E\�D�WDON�RQ�WKH�FHOHEUDWHG�672&�FRPSXWHU�VFLHQFH�FRQIHUHQFH�
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�

3URRI�RI�.HURY�SRVLWLYLW\�FRQMHFWXUH���H[SOLFLW�FRPELQDWRULDO�LQWHUSUHWDWLRQ�IRU�.HURY�FKDUDFWHU�SRO\QRPLDOV

0DFLHM�'RáĊJD��9DOHQWLQ�)pUD\��3LRWU�ĝQLDG\��([SOLFLW�FRPELQDWRULDO�LQWHUSUHWDWLRQ�RI�.HURY�FKDUDFWHU�SRO\QRPLDOV�DV
QXPEHUV�RI�SHUPXWDWLRQ�IDFWRUL]DWLRQV��$GY��0DWK��������������QR�������±����

:KDW�FDQ�ZH�VD\�DERXW�WKH�LUUHGXFLEOH�FKDUDFWHUV�RI�WKH�V\PPHWULF�JURXSV�LQ�WKH�OLPLW�DV�WKH�VL]H�RI�WKH�<RXQJ�GLDJUDP
WHQGV�WR�LQILQLW\��FRQYHUJLQJ�WR�VRPH�PDFURVFRSLF�VKDSH"�,W�ZDV�REVHUYHG�E\�%LDQH�WKDW�WKH�ILUVW�RUGHU�DSSUR[LPDWLRQ�IRU
WKLV�TXHVWLRQ�LV�JLYHQ�E\�IUHH�FXPXODQWV��TXDQWLWLHV�ZKLFK�RULJLQDWH�LQ�UDQGRP�PDWUL[�WKHRU\�DQG�9RLFXOHVFX
V�IUHH
SUREDELOLW\�WKHRU\��/DWHU�LW�ZDV�SURYHG�E\�.HURY�WKDW�IUHH�FXPXODQWV�FDQ�EH�DOVR�XVHG�IRU�H[DFW�IRUPXODV�IRU�WKH�FKDUDFWHUV�
WKDQNV�WR�.HURY�FKDUDFWHU�SRO\QRPLDOV��.HURY�DOVR�FRQMHFWXUHG�WKDW�WKH�FRHIILFLHQWV�RI�WKHVH�SRO\QRPLDOV�DUH�QRQ�QHJDWLYH
LQWHJHUV��.HURY�FRQMHFWXUH�ZDV�D�FKDOOHQJLQJ�RSHQ�SUREOHP�DQG�VHYHUDO�SUROLILF�VFLHQWLVWV��LQFOXGLQJ�5LFKDUG�6WDQOH\�
3KLOLSSH�%LDQH��,DQ�*RXOGHQ�KDG�VRPH�SDUWLDO�FRQWULEXWLRQV�

,Q�RXU�ZRUN�ZH�IRXQG�D�FRQVWUXFWLYH�SURRI�RI�.HURY
V�FRQMHFWXUH�E\�SURYLQJ�WKDW�.HURY�FKDUDFWHU�SRO\QRPLDOV�DUH
JHQHUDWLQJ�IXQFWLRQV�IRU�D�FHUWDLQ�FODVV�RI�GHFRUDWHG�PDSV�� JUDSKV�GUDZQ�RQ�D�WZRGLPHQVLRQDO�VXUIDFH��

�

$V\PSWRWLF�VKDSH�RI�MHX�GH�WDTXLQ�WUDMHFWRULHV�DQG�HUJRGLFLW\�RI�MHX�GH�WDTXLQ�WUDQVIRUPDWLRQ

'DQ�5RPLN��3LRWU�ĝQLDG\��-HX�GH�WDTXLQ�G\QDPLFV�RQ�LQILQLWH�<RXQJ�WDEOHDX[�DQG�VHFRQG�FODVV�SDUWLFOHV��$QQ��3UREDE������
�������QR��������±���

3LRWU�ĝQLDG\��5RELQVRQ�6FKHQVWHG�.QXWK�DOJRULWKP��MHX�GH�WDTXLQ��DQG�.HURY�9HUVKLN�PHDVXUHV�RQ�LQILQLWH�WDEOHDX[��6,$0
-��'LVFUHWH�0DWK�������������QR��������±����

:H�LQYHVWLJDWH�D�MHX�GH�WDTXLQ�WUDQVIRUPDWLRQ��ZKLFK�KDV�LWV�RULJLQV�LQ�6FKXW]HQEHUJHU
V�WUDQVIRUPDWLRQ�RQ�WKH�VHW�RI�VNHZ
VHPLVWDQGDUG�<RXQJ�WDEOHDX[��RQ�WKH�VHW�RI�LQILQLWH�VWDQGDUG�<RXQJ�WDEOHDX[�HTXLSSHG�ZLWK�WKH�3ODQFKHUHO�SUREDELOLW\
PHDVXUH�RU��PRUH�JHQHUDOO\��ZLWK�.HURY�9HUVKLN�PHDVXUH�DVVRFLDWHG�WR�VRPH�H[WUHPDO�7KRPD�FKDUDFWHUV�RI�WKH�LQILQLWH
V\PPHWULF�JURXS��:H�VKRZ�WKDW�WKLV�MHX�GH�WDTXLQ�LV�LVRPRUSKLF�WR�D�RQH�GLUHFWLRQDO�%HUQRXOOL�VKLIW�

7KH�NH\�WRRO�WRZDUGV�WKLV�UHVXOW�LV�D�UHVXOW�DERXW�WKH�G\QDPLF�OLPLW�VKDSH�RI�WKH�MHX�GH�WDTXLQ�WUDMHFWRU\��7KLV�UHVXOW�LV�DOVR
RI�LQWHUHVW�IURP�WKH�YLHZSRLQW�RI�WKH�LQWHUDFWLQJ�SDUWLFOH�WKHRU\��EHFDXVH�LW�FDQ�EH�UHLQWHUSUHWHG�DV�D�UHVXOW�DERXW�WKH
DV\PSWRWLF�VSHHG�RI�D�VHFRQG�FODVV�SDUWLFOH�IRU�D�7$6(3�V\VWHP�ZLWK�WKH�WUDQVLWLRQ�SUREDELOLWLHV�GHILQHG�E\�WKH
UHSUHVHQWDWLRQ�WKHRU\�RI�WKH�LQILQLWH�V\PPHWULF�JURXS�
���

����0RVW�LPSRUWDQW�LQWHUQDWLRQDO�DQG�SUHVWLJLRXV�3ROLVK�DZDUGV�IRU�UHVHDUFK�DV�ZHOO�DV�RWKHU�UHVHDUFK�DFWLYLW\��SOHQDU\
OHFWXUHV�DW�FRQIHUHQFHV��LQ�FDVH�RI�UHVHDUFK�LQ�DUW��DOVR�DFWLYH�SDUWLFLSDWLRQ�LQ�LQWHUQDWLRQDO�H[KLELWLRQV��IHVWLYDOV��DUWLVWLF
HYHQWV�DQG�SURMHFWV�LQ�ILQH�DUWV��PXVLF��WKHDWUH�DQG�ILOP���LQ�(QJOLVK�
�W\SH�RI�SUL]H�DZDUG��SODFH�DQG�GDWH��

VHOHFWHG�LQYLWHG�WDONV�

�WK�(XURSHDQ�&RQJUHVV�RI�0DWKHPDWLFV
.UDNyZ��3RODQG
LQYLWHG�VSHDNHU
����

6pPLQDLUH�3KLOLSSH�)ODMROHW
,QVWLWXWH�+HQUL�3RLQFDUH��3DULV
LQYLWHG�VSHDNHU
����

:RMFLHFK�3XOLNRZVNL�0HPRULDO�/HFWXUH
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$GDP�0LFNLHZLF]�8QLYHUVLW\�LQ�3R]QDĔ
LQYLWHG�OHFWXUH
����

&RPELQDWRULFV�DQG�5HSUHVHQWDWLRQ�7KHRU\
*UDGXDWH�6FKRRO�RI�0DWKHPDWLFV��1DJR\D�8QLYHUVLW\��-DSDQ
LQYLWHG�VSHDNHU
����

PHHWLQJ�RI�WKH�(GLQEXUJK�0DWKHPDWLFDO�6RFLHW\
$EHUGHHQ�
LQYLWHG�VSHDNHU
����

6pPLQDLUH�/RWKDULQJLHQ�GH�&RPELQDWRLUH
(OOZDQJHQ��*HUPDQ\
LQYLWHG�VHULHV�RI�OHFWXUHV
����

:LQWHU�VFKRRO�³&RPELQDWRULFV�DQG�LQWHUDFWLRQV´
&HQWUH�,QWHUQDWLRQDO�GH�5HQFRQWUHV�0DWKpPDWLTXHV��/XPLQ\��)UDQFH
LQYLWHG�VHULHV�RI�OHFWXUHV
����

FRQIHUHQFH��$OJHEUDLF�&RPELQDWRULFV�LQ�5HSUHVHQWDWLRQ�7KHRU\��
&HQWUH�,QWHUQDWLRQDO�GH�5HQFRQWUHV�0DWKpPDWLTXHV��/XPLQ\��)UDQFH
LQYLWHG�VHULHV�RI�OHFWXUHV
����

VHOHFWHG�DZDUGV�

DZDUG�RI�1DURGRZH�&HQWUXP�1DXNL
����

DZDUG�RI�,QVWLWXWH�RI�0DWKHPDWLFV��3ROLVK�$FDGHP\�RI�6FLHQFHV��IRU�RXWVWDQGLQJ�PDWKHPDWLFDO�DFKLHYHPHQWV
>QDWLRQDO�DZDUG�IRU�PDWKHPDWLFLDQV�EHORZ����\HDUV�RI�DJH@
����

:DFáDZ�6LHUSLĔVNL�0HPRULDO�$ZDUG
�'LYLVLRQ�,,,�RI�3ROLVK�$FDGHP\�RI�6FLHQFHV�
����

3ROLVK�3ULPH�0LQLVWHU�$ZDUG�IRU�WKH�KDELOLWDWLRQ�GLVVHUWDWLRQ
����

DZDUG�RI�3ROLW\ND�)RXQGDWLRQ
����

6FKRODUVKLS�IRU�([FHOOHQW�<RXQJ�6FLHQWLVWV
3ROLVK�0LQLVWU\�RI�6FLHQFH�DQG�+LJKHU�(GXFDWLRQ
�����������

Strona 21 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



3/$1�%$'$ē

/S�
1D]ZD�]DGDQLD�EDGDZF]HJR

3RGPLRW�UHDOL]XMąF\�]DGDQLH
Z�MĊ]\NX�SROVNLP

��
6\PXODFMH�QXPHU\F]QH��NRPSXWHURZD�HNVSORUDFMD�Z\QLNyZ�V\PXODFML�
VWDW\VW\F]QH�WHVWRZDQLH�KLSRWH]�GRW\F]ąF\FK��QLH�JDXVVRZVNRĞFL�WUDMHNWRULL�MHX
GH�WDTXLQ

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� .RPSXWHURZH�REOLF]HQLD�V\PEROLF]QH��NRPSXWHURZR�ZVSRPDJDQD�HNVSORUDFMD
GDQ\FK�Z�SRV]XNLZDQLX�UHJXODUQRĞFL�Z�GDQ\FK

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� 8GRZRGQLHQLH�LVWQLHQLD�GHWHUPLQLVW\F]QHM�JUDQLF\�K\GURG\QDPLF]QHM�GOD
�LQVHUWLRQ�WDEOHDX��Z�DOJRU\WPLH�5RELQVRQD�6FKHQVWHGD�.QXWKD

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� =QDOH]LHQLH�RSHUDFML�QD�UHSUH]HQWDFMDFK�JUXS�SHUPXWDFML�6BQ��NWyUD�ĞOHG]LáDE\
HZROXFMĊ�WUDMHNWRULL�MHX�GH�WDTXLQ

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� 8GRZRGQLHQLH�LVWQLHQLD�G\QDPLF]Q\FK�NV]WDáWyZ�JUDQLF]Q\FK�GOD�WUDMHNWRULL�MHX
GH�WDTXLQ�GOD�ORVRZ\FK�WDEOHDX�<RXQJD�Z\SHáQLDMąF\FK�]DGDQ\�NV]WDáW

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� =EDGDQLH�WUDMHNWRULL�F]ąVWHN�GUXJLHJR�URG]DMX�GOD�PRGHOX�7$6(3�]
MHGQRURGQ\P�UR]NáDGHP�SUDZGRSRGRELHĔVWZD�QD�KLVWRULDFK

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� 8GRZRGQLHQLH�LVWQLHQLD�JUDQLF\�K\GURG\QDPLF]QHM�GOD�G\VNUHWQHJR�PRGHOX
RSUyĪQLDQLD�]ELRUQLND�]�SLDVNLHP��LWHURZDQLH�RGZ]RURZDQLD�MHX�GH�WDTXLQ�

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

�� =EDGDQLH�LVWQLHQLD��G\QDPLF]Q\FK��NV]WDáWyZ�JUDQLF]Q\FK�GOD�LQQ\FK�PRGHOL ,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL
1DXN

8:$*$��=DGDQLHP�EDGDZF]\P�QLH�MHVW�QS��]DNXS�DSDUDWXU\��XG]LDá�Z�NRQIHUHQFML��SU]\JRWRZDQLH�SXEOLNDFML�LWS��=DGDQLD
EDGDZF]H�PXV]ą�]DZLHUDü�WRĪVDPą�WUHĞü�Z�MĊ]\NX�SROVNLP�L�DQJLHOVNLP�
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)��.26=725<6�

3R]\FMD 5RN����� 5RN����� 5RN����� 5RN����� 5RN����� 5RN����� 5D]HP

� � � � � � � �

.RV]W\�EH]SRĞUHGQLH�UHDOL]DFML
SURMHNWX��Z�W\P� ������� ������� ������� ������� ������� ������ ���������

��Z\QDJURG]HQLD�ZUD]�]
SRFKRGQ\PL�L�VW\SHQGLD
QDXNRZH

������� ������� ������� ������� ������� ������ ���������

��NRV]W\�DSDUDWXU\�QDXNRZR�
EDGDZF]HM��XU]ąG]HĔ�L
RSURJUDPRZDQLD

������ � � � � � ������

��LQQH�NRV]W\�EH]SRĞUHGQLH ������� ������� ������ ������ ������ � �������

.RV]W\�SRĞUHGQLH ������� ������� ������� ������� ������� ������ �������

.RV]W\�UHDOL]DFML�SURMHNWX
RJyáHP ������� ������� ������� ������� ������� ������ ���������
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.DONXODFMD�L�X]DVDGQLHQLH�SRV]F]HJyOQ\FK�SR]\FML�NRV]WRU\VX

���,QYHVWLJDWRU���6WDII�&RVWV
D��1XPEHU�RI�,QYHVWLJDWRUV����
7KH�QXPEHU�RI�LQGLYLGXDOV�WR�FRQVWLWXWH�WKH�EDVLV�IRU�WKH�FDOFXODWLRQ�RI�DGGLWLRQDO�UHPXQHUDWLRQ�EXGJHW����

E��,QYHVWLJDWRUV��QDWXUH�RI�WKHLU�FRQWULEXWLRQ�LQ�WKH�SURMHFW�DQG�D�MXVWLILFDWLRQ�RI�LQYHVWLJDWRU�FRVWV

1R� )XOO�QDPH��
1DWXUH�RI�FRQWULEXWLRQ�LQ�WKH�SURMHFW��

7\SH�DQG�FKDUDFWHU�RI�SRVLWLRQ

(PSOR\LQJ�HQWLW\ 3URMHFW�UHODWHG
UHPXQHUDWLRQ
SHULRG��PRQWKV�

7RWDO�VDODU\
FRVW�RQ�JUDQW

�3/1�

��

SURI��GU�KDE��3LRWU�ĝQLDG\
3ULQFLSDO�,QYHVWLJDWRU
3RVLWLRQ��QR�IXOO�WLPH�SRVLWLRQ��RWKHU

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� �������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV�

$OO�WDVNV��FRRUGLQDWLRQ�RI�ZRUN��VXSHUYLVLRQ�RI�3RVW'RF��VXSHUYLVLRQ�RI�VWXGHQWV�DQG
3K'�VWXGHQWV

��

&R�LQYHVWLJDWRU��
&R�,QYHVWLJDWRU
3RVLWLRQ��IXOO�WLPH�SRVLWLRQ��SRVW�GRF�W\SH

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� �������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV� 7DVNV�����ZLWK�D�VSHFLDO�HPSKDVLV�RQ�7DVN���

��

&R�LQYHVWLJDWRU��
&R�,QYHVWLJDWRU
3RVLWLRQ��VFKRODUVKLS�SRVLWLRQ��3K'�VWXGHQW
W\SH

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� �������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV� 5HVHDUFK�WDVNV������ZLWK�PRUH�HPSKDVLV�RQ�UHSUHVHQWDWLRQ�WKHRU\�DQG�FRPELQDWRULFV�

��

&R�LQYHVWLJDWRU��
&R�,QYHVWLJDWRU
3RVLWLRQ��VFKRODUVKLS�SRVLWLRQ��3K'�VWXGHQW
W\SH

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� �������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV� 5HVHDUFK�WDVNV������ZLWK�PRUH�HPSKDVLV�RQ�SUREDELOLW\�WKHRU\�

��

&R�LQYHVWLJDWRU��
&R�,QYHVWLJDWRU
3RVLWLRQ��VFKRODUVKLS�SRVLWLRQ��VWXGHQW

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� ������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV�

5HVHDUFK�WDVNV������SURJUDPPLQJ�RI�QXPHULFDO�VLPXODWLRQV�DQG�V\PEROLF�FDOFXODWLRQV
�6DJH0DWK��3\WKRQ�

��

&R�LQYHVWLJDWRU��
&R�,QYHVWLJDWRU
3RVLWLRQ��VFKRODUVKLS�SRVLWLRQ��VWXGHQW

,QVWLWXWH�RI�0DWKHPDWLFV�RI�WKH�3ROLVK
$FDGHP\�RI�6FLHQFHV �� ������

6FRSH�RI�ZRUN�ZLWKLQ�LQGLYLGXDO�SURMHFW
WDVNV�

5HVHDUFK�WDVNV������SURJUDPPLQJ�RI�QXPHULFDO�VLPXODWLRQV�DQG�V\PEROLF�FDOFXODWLRQV
�6DJH0DWK��3\WKRQ�

7RWDO� ���������

���/LVW�RI�HTXLSPHQW�WR�EH�SXUFKDVHG�DQG�RU�EXLOW
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1R� 1D]ZD�DSDUDWXU\ 3XUFKDVLQJ�HQWLW\ <HDU�RI
SXUFKDVH

8QLW�&RVW
�3/1�

$PRXQW &RVW
�3/1�

&RQWULEXWLRQ
RI�WKH�1&1
�3/1�

��

XOWUDPRELOQ\�ODSWRS
,QVWLWXWH�RI�0DWKHPDWLFV�RI
WKH�3ROLVK�$FDGHP\�RI
6FLHQFHV

���� ����� � ������ ������

-XVWLILFDWLRQ�RI�SXUFKDVH� 7KLV�UHVHDUFK�SURSRVDO�LV�SODQQHG�WR�EH�SHUIRUPHG�ZLWK�VHYHUDO�GRPHVWLF�SDUWQHUV�ZKLFK�UHVLGH�LQ�WKH
FLWLHV�RI�:DUVDZ��7RUXĔ��3R]QDĔ��:URFáDZ��.UDNyZ�DQG�*GDĔVN��)RU�WKLV�UHDVRQ�WKH�PRELOLW\�RI�WKH
PHPEHUV�RI�WKH�WHDP�ZLOO�EH�YHU\�KLJK�DQG�XOWUDPRELOH�ODSWRSV�ZLOO�EH�HVVHQWLDO�IRU�WKH�ZRUN�FRPIRUW
ZKLOH�WUDYHOOLQJ��7KH�VDPH�DSSOLHV�WR�OHVV�IUHTXHQW�IRUHLJQ�YLVLWV�

��

ODSWRS
,QVWLWXWH�RI�0DWKHPDWLFV�RI
WKH�3ROLVK�$FDGHP\�RI
6FLHQFHV

���� ����� � ����� �����

-XVWLILFDWLRQ�RI�SXUFKDVH� 7KLV�UHVHDUFK�SURSRVDO�LV�SODQQHG�WR�EH�SHUIRUPHG�ZLWK�VHYHUDO�GRPHVWLF�SDUWQHUV�ZKLFK�UHVLGH�LQ�WKH
FLWLHV�RI�:DUVDZ��7RUXĔ��3R]QDĔ��.UDNyZ�DQG�*GDĔVN��:H�DOVR�SODQ�WR�PDNH�VHYHUDO�VFLHQWLILF�YLVLWV
DQG�FRQIHUHQFH�WULSV��,Q�RUGHU�WR�ZRUN�HIILFLHQWO\��WKH�PHPEHUV�RI�WKH�WHDP�QHHG�ODSWRSV�

��

WDEOHW�]�DNW\ZQ\P�GLJLWL]HUHP
,QVWLWXWH�RI�0DWKHPDWLFV�RI
WKH�3ROLVK�$FDGHP\�RI
6FLHQFHV

���� ����� � ������ ������

-XVWLILFDWLRQ�RI�SXUFKDVH� 6LQFH�WKH�UHVHDUFK�LV�SHUIRUPHG�LQ�FROODERUDWLRQ�ZLWK�IRUHLJQ�SDUWQHUV�ZH�QHHG�DQ�HIILFLHQW�ZD\�RI
FRPPXQLFDWLQJ�DQG�WHOHFRQIHUHQFLQJ��0DWKHPDWLFDO�UHVHDUFK�LQYROYHV�D�KHDY\�QXPEHU�RI�VNHWFKHV�
GLDJUDPV��HWF��ZKLFK�IRU�LQIRUPDO�GLVFXVVLRQV�ORRN�EHVW�ZKHQ�GUDZQ�E\�KDQG��7KLV�QDWXUDOO\�FDOOV�IRU
WKH�XVDJH�RI�GLJLWDO�LQN��/HDGLQJ�EUDQG�WDEOHW�������LQFK��������3/1��$FWLYH�GLJLWDO�SHQ��VROG
VHSDUDWHO\�������3/1

7RWDO� ��������� ���������

���2WKHU�FRVWV�MXVWLILFDWLRQ��LQ�(QJOLVK�
�3OHDVH�OLVW�DQG�MXVWLI\�W\SH�RI�FRVWV��HVWLPDWHG�FRVWV�LQ�DFFRUGDQFH�ZLWK�WKH�UHVHDUFK�SODQ�

0DWHULDOV
�H[SHQGDEOH�JRRGV�IRU�GLUHFW�XVH�LQ�WKH�SURMHFW�
&RVW�����������
:H�SODQ�WR�EX\�DURXQG����ERRNV��WKH�DYHUDJH�SULFH�LV����(85� �����3/1��WKH�WRWDO�LV����[����� �������3/1�

7KH�DQQXDO�FRVW�RI�PDWHULDOV�DQG�VPDOO�HTXLSPHQW��SDSHU��WRQHU�IRU�SULQWHUV��86%�PHPRU\�VWLFNV��H[WHUQDO�GDWD�VWRUDJH��UHPRWH�SUHVHQWDWLRQ�GHYLFHV�
HWF��LV������3/1��WKH�WRWDO�LV���[������ ��������3/1�

&RQIHUHQFHV�DQG�EXVLQHVV�WULSV
�E\�PHPEHUV�RI�WKH�UHVHDUFK�WHDP�
&RVW������������

7KH�DYHUDJH�FRVW�RI�D�GRPHVWLF�FRQIHUHQFH�LV�DURXQG������3/1��WKH�PHPEHUV�RI�WKH�WHDP�ZLOO�DWWHQG�RQ�DYHUDJH���FRQIHUHQFHV�SHU�\HDU��WKXV�WKH�WRWDO
FRVW�RI�GRPHVWLF�FRQIHUHQFHV�LV���[���[������ ��������3/1�

7KH�DYHUDJH�FRVW�RI�D�VKRUW�GRPHVWLF�WULS�LV�DURXQG�����3/1��WKH�PHPEHUV�RI�WKH�WHDP�ZLOO�PDNH�RQ�DYHUDJH����VXFK�WULSV�SHU�\HDU��WKXV�WKH�WRWDO�FRVW
RI�VKRUW�GRPHVWLF�WULSV�LV���[����[����� ��������3/1�

7KH�DYHUDJH�FRVW�RI�D�(XURSHDQ�FRQIHUHQFH�LV������3/1��GXULQJ�WKH�ZKROH�SURMHFW�ZH�SODQ�D�WRWDO�RI����VXFK�WULSV�ZKLFK�DPRXQWV�WR����[����� ����
����3/1�

7KH�DYHUDJH�FRVW�RI�D�FRQIHUHQFH�RXWVLGH�RI�(XURSH�LV�������3/1��GXULQJ�WKH�SURMHFW�ZH�SODQ���VXFK�WULSV�ZKLFK�DPRXQWV�WR��������3/1��

/HJDO�QRWH��DERYH��ZKHQHYHU�ZH�VSHDN�DERXW�D�
FRQIHUHQFH
�ZH�PHDQ�D�FRQIHUHQFH��D�VFLHQWLILF�ZRUNVKRS��D�VFLHQWLILF�VFKRRO��D�FROODERUDWLRQ��HWF�

9LVLWV�DQG�FRQVXOWDWLRQV
�WUDYHO�H[SHQVHV���WUDYHO�H[SHQVHV�E\�H[WHUQDO�FROODERUDWRUV�DQG�RU�FRQVXOWDQWV�DQG�FRVWV�RI�PHHWLQJV�
&RVW������������
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'XULQJ�WKH�UHVHDUFK�SURMHFW�ZH�SODQ�D�WRWDO�RI����YLVLWV�RI�RXU�IRUHLJQ�DQG�GRPHVWLF�FROODERUDWRUV��7KH�DYHUDJH�FRVW�RI�WKH�YLVLW��LQFOXGLQJ�WKH�WUDYHO�
KRXVLQJ�DQG�RSWLRQDOO\�WKH�FRQIHUHQFH�IHH��LV������3/1��7KH�WRWDO�FRVW�LV����[������ ���������3/1��

2WKHU�FRVWV
�VXFK�DV�GR�QRW�ILW�LQWR�RWKHU�FDWHJRULHV��LQFOXGLQJ�WKH�FRVW�RI�GLVVHPLQDWLQJ�WKH�UHVXOWV�
&RVW����������
:H�SODQ�WR�VSHQG������3/1�IRU�SXEOLFDWLRQ�IHHV�LQFOXGLQJ�RSHQ�DFFHVV�IHHV�DV�ZHOO�DV�YROXQWDU\�SXEOLFDWLRQ�IHHV��DV�ZHOO�DV�RQ�HGLWLQJ�VHUYLFHV�

���,QYHVWLJDWRUV¶�TXDOLILFDWLRQV
�4XDOLILFDWLRQV�UHTXLUHG�IURP�LQYHVWLJDWRUV�LQYROYHG�LQ�WKH�SURMHFW�

&RLQYHVWLJDWRU����3RVW�GRF��QHHGV�WR�KDYH�D�3K'�LQ�PDWKHPDWLFV��FRPSXWHU�VFLHQFH��RU�SK\VLFV��$Q�LGHDO�FDQGLGDWH�VKRXOG�KDYH�WKH
NQRZOHGJH�RI�DOJHEUDLF�FRPELQDWRULFV�DQG�UHSUHVHQWDWLRQ�WKHRU\��([SHULHQFH�LQ�SUREDELOLW\�WKHRU\�ZRXOG�EH�DGYDQWDJLRXV��$OWHUQDWLYHO\��WKH
FDQGLGDWH�VKRXOG�KDYH�WKH�H[SHULHQFH�LQ�WKHRUHWLFDO�SK\VLFV�RU�PDWKHPDWLFDO�SK\VLFV�
&RLQYHVWJDWRUV���DQG����3K'�VWXGHQWV��QHHGV�WR�KDYH�D�06F�LQ�PDWKHPDWLFV��FRPSXWHU�VFLHQFH�RU�SK\VLFV�
&RLQYHVWLJDWRUV���DQG����VWXGHQWV��QHHGV�WR�EH�VWXGHQWV�RI�PDWKHPDWLFV��FRPSXWHU�VFLHQFH��SK\VLFV�RU�UHODWHG�VWXGLHV��7KH\�QHHG
SURJUDPPLQJ�VNLOOV�LQ�ODQJXDJHV�VXFK�DV�3\WKRQ�DQG�RU�6DJH�DQG�EDVLF�NQRZOHGJH�RI�SUREDELOLW\�DQG�VWDWLVWLFV�
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*��2ĝ:,$'&=(1,$

*���2ĝ:,$'&=(1,$�.,(52:1,.$�352-(.78�SURI��GU�KDE��3LRWU�ĝQLDG\

2ĞZLDGF]DP��ĪH�]DGDQLD�EDGDZF]H��REMĊWH�QLQLHMV]\P�ZQLRVNLHP��QLH�Vą�L�QLH�E\á\�ILQDQVRZDQH�]�1DURGRZHJR�&HQWUXP��
1DXNL��MDN�UyZQLHĪ�]�LQQHJR�ĨUyGáD�
2ĞZLDGF]DP��ĪH�UyZQRF]HĞQLH�QLH�XELHJDP���XELHJDP�VLĊ�R�ILQDQVRZDQLH�W\FK�]DGDĔ�]�LQQ\FK�ĨUyGHá�
2ĞZLDGF]DP��ĪH�Z�SU]\SDGNX�X]\VNDQLD�ILQDQVRZDQLD�QD�]DGDQLD�REMĊWH�ZQLRVNLHP�]�LQQHJR�ĨUyGáD�QLH]ZáRF]QLH��
SRLQIRUPXMĊ�R�W\P�IDNFLH�1DURGRZH�&HQWUXP�1DXNL��L�

SRZLDGRPLĊ�RVREĊ�XSRZDĪQLRQą�GR�UHSUH]HQWRZDQLD�SRGPLRWX�EĊGąFHJR�ZQLRVNRGDZFą�R�UH]\JQDFML�]�XELHJDQLD�VLĊD�
R�ILQDQVRZDQLH�]DGDĔ�EDGDZF]\FK�Z�W\P�NRQNXUVLH��DOER
]UH]\JQXMĊ�]�SU]\MĊFLD�ILQDQVRZDQLD�]DGDĔ�EDGDZF]\FK�]�LQQHJR�ĨUyGáD�E�

2ĞZLDGF]DP��ĪH�Z�SU]\SDGNX�SU]\]QDQLD�GHF\]Mą�'\UHNWRUD�1&1�ILQDQVRZDQLD�QD�]DGDQLD�REMĊWH�ZQLRVNLHP����
SRZLDGRPLĊ�RVREĊ�XSRZDĪQLRQą�GR�UHSUH]HQWRZDQLD�SRGPLRWX�EĊGąFHJR�ZQLRVNRGDZFą�R�UH]\JQDFML�]H�ĞURGNyZD�
SU]\]QDQ\FK�QD�UHDOL]DFMĊ�]DGDĔ�EDGDZF]\FK�SU]H]�'\UHNWRUD�1&1�Z�W\P�NRQNXUVLH��DOER
]UH]\JQXMĊ�]�XELHJDQLD�VLĊ�R�ILQDQVRZDQLH�]DGDĔ�EDGDZF]\FK�]�LQQ\FK�ĨUyGHá�E�

2ĞZLDGF]DP��ĪH�MHVWHP�ĞZLDGRP\��ĪH���
SRGVWDZĊ�SUDZQą�SU]HWZDU]DQLD�GDQ\FK�RVRERZ\FK�SU]H]�1DURGRZH�&HQWUXP�1DXNL�VWDQRZL�DUW�����XVW����SNW��D�
XVWDZ\�]�GQLD����VLHUSQLD������U��R�RFKURQLH�GDQ\FK�RVRERZ\FK��WHNVW�MHGQROLW\��']��8��]������U��1U�����SR]������
]H�]P���±�GDQH�RVRERZH�Vą�QLH]EĊGQH�GOD�UHDOL]DFML�]DGDĔ�RNUHĞORQ\FK�Z�XVWDZLH�]�GQLD����NZLHWQLD������U��R
1DURGRZ\P�&HQWUXP�1DXNL�
GDQH�RVRERZH�]DZDUWH�ZH�ZQLRVNX�R�ILQDQVRZDQLH�SURMHNWX�EDGDZF]HJR�EĊGą�SU]HWZDU]DQH�Z\áąF]QLH�Z�FHOXE�
GRNRQDQLD�MHJR�HZDOXDFML��SU]HSURZDG]DQLD�HZDOXDFML�UHDOL]DFML�]DGDĔ�&HQWUXP�RUD]�XSRZV]HFKQLDQLD�LQIRUPDFML�R
RJáDV]DQ\FK�SU]H]�&HQWUXP�NRQNXUVDFK��D�Z�SU]\SDGNX�SU]\]QDQLD�ĞURGNyZ�ILQDQVRZ\FK�QD�UHDOL]DFMĊ�SURMHNWX
EDGDZF]HJR�Z�FHOX�QDG]RUX��NRQWUROL��RFHQ\�UHDOL]DFML�L�UR]OLF]DQLD�SURMHNWX�RUD]�VSUDZR]GDZF]RĞFL�
GDQH�RVRERZH�]DZDUWH�ZH�ZQLRVNX�]RVWDQą�XGRVWĊSQLRQH�RVRERP��NWyUH�QD�]OHFHQLH�1DURGRZHJR�&HQWUXP�1DXNLF�
GRNRQXMą�HZDOXDFML�ZQLRVNX��OXE�XF]HVWQLF]ą�Z�HZDOXDFML�UHDOL]DFML�]DGDĔ�&HQWUXP��D�Z�SU]\SDGNX�SU]\]QDQLD
ĞURGNyZ�ILQDQVRZ\FK�QD�UHDOL]DFMĊ�SURMHNWX�WDNĪH�RVRERP��NWyUH�XF]HVWQLF]ą�Z�VSUDZRZDQLX�QDG]RUX��NRQWUROL�RUD]
RFHQLH�UHDOL]DFML�SURMHNWX�EDGDZF]HJR�L�MHJR�UR]OLF]DQLX�
SRGDQLH�GDQ\FK�MHVW�GREURZROQH��SU]\�F]\P�RGPRZD�LFK�SRGDQLD�MHVW�UyZQR]QDF]QD�]�QLHSU]HND]DQLHP�ZQLRVNX�GRG�
RFHQ\�PHU\WRU\F]QHM�Z�NRQNXUVLH�
RVRE\��NWyU\FK�GDQH�Vą�SU]HWZDU]DQH�SU]H]�1DURGRZH�&HQWUXP�1DXNL�PDMą�SUDZR�GRVWĊSX�GR�WUHĞFL�VZRLFK�GDQ\FK�LH�
LFK�SRSUDZLDQLD�]JRGQLH�]�SU]HSLVDPL�XVWDZ\�R�RFKURQLH�GDQ\FK�RVRERZ\FK�

2ĞZLDGF]DP��ĪH�SURMHNW�EDGDZF]\�REHMPXMH�EDGDQLD���
Z\PDJDMąFH�]JRG\�L���OXE�SR]\W\ZQHM�RSLQLL�ZáDĞFLZHM�NRPLVML�ELRHW\F]QHM��D�
Z\PDJDMąFH�]JRG\�ZáDĞFLZHM�NRPLVML�HW\F]QHM�GV��GRĞZLDGF]HĔ�QD�]ZLHU]ĊWDFK��E�
Z\PDJDMąFH�]JRG\�QD�SRGVWDZLH�SU]HSLVyZ�R�RUJDQL]PDFK�JHQHW\F]QLH�PRG\ILNRZDQ\FK��F�
Z\PDJDMąFH�]JRG\�L���OXE�]H]ZROHQLD�QD�EDGDQLD�QD�JDWXQNDFK�FKURQLRQ\FK�OXE�QD�REV]DUDFK�REMĊW\FK�RFKURQą��G�
Z\PDJDMąFH�LQQ\FK�SR]ZROHĔ��]JRGQLH�]�]DVDGDPL�GREUHM�SUDNW\NL�Z�GDQHM�G]LHG]LQLH���G\VF\SOLQLH�QDXNRZHM��H�
NOLQLF]QH�SRGOHJDMąFH�XVWDZLH�]�GQLD���ZU]HĞQLD������U��]�SyĨQ��]P��R�SUDZLH�IDUPDFHXW\F]Q\P�OXE�XVWDZLH�]�GQLDI�
���PDMD������U��]�SyĨQ��]P��R�Z\UREDFK�PHG\F]Q\FK��

L�]RERZLą]XMĊ�VLĊ�GR�X]\VNDQLD�Z\PDJDQ\FK�]JyG��RSLQLL��]H]ZROHĔ�RUD]�SR]ZROHĔ�SU]HG�UR]SRF]ĊFLHP�UHDOL]DFML�EDGDĔ�
NWyU\FK�GRW\F]ą�

2SLV�G]LDáDĔ�SRGMĊW\FK�Z�FHOX�]DSHZQLHQLD�Z\NRQ\ZDQLD�EDGDĔ�]JRGQLH�]�]DVDGDPL�GREUHM�SUDNW\NL�Z�GDQHM�G]LHG]LQLH��
G\VF\SOLQLH�QDXNRZHM�RUD]�LQIRUPDFMD�F]\�WDNLH�]JRG\�]RVWDá\�MXĪ�Z\GDQH��EąGĨ�LQIRUPDFMH�MDN�WH�ZDUXQNL�]RVWDQą�VSHáQLRQH
�PDNV������W\V��]QDNyZ�]H�VSDFMDPL��

EG�
2ĞZLDGF]DP��ĪH�MHVWHP�DXWRUHP���ZVSyáDXWRUHP�V]F]HJyáRZHJR�L�VNUyFRQHJR�RSLVX�SURMHNWX�EDGDZF]HJR�Z�QLQLHMV]\P��
ZQLRVNX�
2ĞZLDGF]DP��ĪH���

]DSR]QDáHP�VLĊ�]�]DVDGDPL�GRUĊF]DQLD�GHF\]ML�'\UHNWRUD�1DURGRZHJR�&HQWUXP�1DXNL�D�
Z\UDĪDP�]JRGĊ�QD�GRNRQDQLH�ZHU\ILNDFML�ZQLRVNX�SU]\�SRPRF\�RSURJUDPRZDQLD�DQW\SODJLDWRZHJR�RUD]E�
XPLHV]F]HQLH�WUHĞFL�ZQLRVNX�Z�ED]LH�GDQ\FK�RSURJUDPRZDQLD�
]DSR]QDáDP�HP�VLĊ�]�WUHĞFLą�.RGHNVX�1DURGRZHJR�&HQWUXP�1DXNL�GRW\F]ąFHJR�U]HWHOQRĞFL�EDGDĔ�QDXNRZ\FK�LF�
VWDUDQLD�R�IXQGXV]H�QD�EDGDQLD�L�]RERZLą]XMĊ�VLĊ�GR�MHJR�VWRVRZDQLD�

Strona 27 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



Strona 28 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



*���2ĝ:,$'&=(1,$�262%<�26Ï%�832:$ĩ1,21(-�<&+�'2�5(35(=(172:$1,$�32'0,278�%ĉ'Ą&(*2
:1,26.2'$:&Ą

,QVW\WXW�0DWHPDW\F]Q\�3ROVNLHM�$NDGHPLL�1DXN

2ĞZLDGF]DP��ĪH�]DGDQLD�EDGDZF]H��REMĊWH�QLQLHMV]\P�ZQLRVNLHP��QLH�Vą�L�QLH�E\á\�ILQDQVRZDQH�]�1DURGRZHJR�&HQWUXP��
1DXNL��MDN�UyZQLHĪ�]�LQQHJR�ĨUyGáD��2ĞZLDGF]DP��ĪH�SRGPLRW��NWyU\�UHSUH]HQWXMĊ�QLH�XELHJD���XELHJD�VLĊ�UyZQRF]HĞQLH�R
ILQDQVRZDQLH�]DGDĔ�]�LQQ\FK�ĨUyGHá�
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1. RESEARCH PROJECT OBJECTIVES

1.1. Limit shapes. Many combinatorial structures can be viewed as discrete versions of continuous geometric
objects such as ‘surfaces’ or ‘shapes’. Good examples to keep in mind are provided by Young diagrams, Young
tableaux (Figure 2a) [Sag01] as well as by alternating sign matrices [Pro01] (which appear in a somewhat
concealed form on Figure 1a). It is then natural to ask about the asymptotic behavior of these discrete shapes
and surfaces as the size tends to infinity. In many cases, the shape of the surface of the typical random element
approaches a continuous limit. In such a case we say the model has a “limit shape”, see Figure 1b.

It should be stressed that such questions concerning the limit shape are usually formulated in the probabilistic
setup in which the considered class of combinatorial objects is equipped with some natural probability measure.

1.2. Dynamic limit shapes. Many combinatorial structures can be naturally equipped with some sort of dy-
namics which gives rise to the questions about existence of some “dynamic limit shape” which is in our focus.

A good concrete example to keep in mind is the celebrated Schützenberger’s jeu de taquin: from the initial
standard Young tableau one removes the south-west corner box (which contains the number 1, see Figure 2a);
in this way an empty cell (hole) is created. We either slide down the box directly above the hole or we slide left
the box directly right to the hole, choosing the box which carries a smaller number. We continue the sliding; in
this way the empty cell moves successively towards the boundary of the tableau, see Figure 2b.

Sample questions about the dynamical limit shape might be: is there some typical trajectory along which the
sliding occurs? Suppose we iterate the above jeu de taquin transformation; does this discrete model of draining
a two-dimensional sandpile converge to some hydrodynamic limit?

1.3. The general research goal: dynamic asymptotic combinatorics. The goal of this research proposal
is to investigate the asymptotics of large random combinatorial structures and their limit shapes and to
investigate their connection to (asymptotic) representation theory [Ker03], random matrix theory, Voiculescu’s
free probability theory [NS06], ergodic theory, statistical mechanics and mathematical physics.

Special attention will be given to dynamical aspects of such asymptotic behavior, in particular to trajec-
tories of particles and trajectories of second class particles from the interacting particle systems [Lig05],
dynamical transformations of large combinatorial structures and their hydrodynamic limits.

Specific examples which we have in mind are concentrated in (but not limited to) the class of combinatorial
objects related to algebraic combinatorics and representation theory such as random Young diagrams and
tableaux as well as combinatorial algorithms such as Robinson–Schensted–Knuth algorithm and multidi-
mensional Pitman transform as well as Schützenberger’s jeu de taquin, promotion and evacuation.

2. SIGNIFICANCE OF THE PROJECT

2.1. Limit shapes. Questions concerning the asymptotic limit shape of random combinatorial objects are very
natural and appealing to a wide range of mathematicians, as it can be seen by a variety of contexts in which they
have been asked. In particular, they were investigated by such mathematical celebrities as a Fields medal
laureate Andrei Okounkov [Oko06], Richard Stanley [Sta07], Anatoly Vershik [Ver95] and the research in
this area was appreciated by the mathematical community by invitations to give lectures on International
Congress of Mathematicians by Philippe Biane [Bia02] and on European Congress of Mathematics by PI
of this proposal [Śni13]. There are several good reasons for studying such limit shapes:

(a) (b)

Figure 1. (a) A configuration of puzzles. The colors correspond to the six possible shapes of
the tiles. (b) A larger configuration of puzzles chosen randomly, with the uniform distribution.
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Figure 2. (a) example of a standard Young tableau; the numbers are increasing along the rows
and along the columns; (b) the outcome of slidings.

• Random combinatorial objects can be often considered as models of mathematical physics and, in
particular, statistical physics [Ros81]; in this context it is indeed imperative to consider the large-scale
limit and to investigate, for example, phase transitions.

• Questions from group theory, harmonic analysis on groups, probability on groups or quantum
information theory (see, for example, [Dia03, MP02, SP12, MRŚ07]) often can be rephrased in the
language of the character theory and thus fit in the scope of the asymptotic representation theory;
if this is the case then understanding of the corresponding large random combinatorial structures is
essential for answering the original question.

• There is also the aesthetical motivation: problems related to asymptotics of random combinatorial
structures are often difficult and their solutions involve an appealing interface between seemingly dis-
tant disciplines of mathematics, such as combinatorics, analysis, harmonic analysis, ergodic theory,
representation theory [BP99], probability theory, as well as quantum theory and statistical mechanics
[RS01], see also the surveys [Oko06, Sta07, Ver95, Bia02, Śni13, Rom15].

There are several models for which a convergence towards some limit shape was proved [ST77, Ros81,
Rom06, CK01, CEP96] or at least there are some heuristic arguments [CP10, Pro01, AHRV07].

2.2. Random Young diagrams, random Young tableaux. In this proposal we concentrate on examples with
a representation-theoretic flavour; for this reason a special role is played by random Young diagrams and
random Young tableaux. For the celebrated Plancherel measure the existence of the limit shape was proved
by Logan and Shepp [LS77] as well as by Vershik and Kerov [VK77]. Kerov [Ker93] proved Central Limit
Theorem for the fluctuations of the Young diagrams around the limit shape. These results were extended by
Biane [Bia98, Bia01] and PI [Śni06a] for a very wide class of natural probability measures.

An analogue of the above result can be considered for the representations of the linear group GLd(C). For
various choices of the scaling the existence of the limit shape was proved by Biane, Bufetov, Gorin, Collins,
Novak and the PI of the current research proposal [Bia95, CŚ09, BG15, CNŚ17].

2.3. Dynamic problems. One of the aspects which makes this research proposal pionieering is the special
emphasis on dynamic problems in asymptotic combinatorics and their links with the ergodic theory. Such
dynamic problems might involve large random combinatorial structures together with some natural trasforma-
tion or the dynamic aspects of some combinatorial algorithm. We shall discuss some natural examples below.

2.3.1. RSK applied to a random input. Robinson–Schensted–Knuth algorithm (RSK) is a fundamental object
of algebraic combinatorics and representation theory of the symmetric group, in particular because of its link
with Littlewood–Richardson coefficients [Sag01, FH91, Ful97]. Thus it is natural to ask the following quite
general question: what can we say about various aspects of RSK when it is applied to a random input? Two
concrete versions of this question were investigated by PI and Romik who proved ‘asymptotic determinism of
RSK insertion’ [RŚ15] as well as proved existence of limit shapes for the bumping routes [RŚ16].

2.3.2. Jeu de taquin. The main importance of the aforementioned Sützenberger’s jeu de taquin [Sch77, Sag01,
Ful97] is as a tool for studying the combinatorics of permutations and Young tableaux, especially with regards
to the Robinson–Schensted–Knuth (RSK) algorithm and the representation theory of the symmetric groups Sn

and the linear groups GLd(C).
Systematic investigation of dynamic limit shapes related to jeu de taquin (see Section 1.2) was initiated

by PI and Romik [RŚ15, Śni14]. In the special case of the Plancherel measure on the set of infinite Young
tableaux [RŚ15] we have fully described the dynamical system provided by jeu de taquin transformation from
the viewpoint of the ergodic theory. The key component in the proof was to investigate the limit shape of the
trajectory traversed by the empty cell (Figure 2), called jeu de taquin trajectory.
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2.3.3. Mathematical physics: second class particles. Diffusive systems are often described by hydrodynamical
equations (which are nonlinear PDEs), which can develop shocks, i.e. singularities in the solution. In order to
describe the dynamics of shocks on the microscopic level it is convenient to use second class particles [Lig05].

Ferrari and Kipnis [FK95] as well as Mountford and Guiol [MG05] proved that the speed of a second class
particle in TASEP (Totally AntySymmetric Exclusion Process) [Spi70] almost surely converges to a finite
random limit. Romik and PI [RŚ15] proved an analogous result for a version of TASEP in which the jump
probabilities are given by a representation-theoretic Plancherel growth process.

2.4. Random walks and their combinatorics. Dykema and Haagerup [DH04] stated as a conjecture an infi-
nite number of combinatorial identities which generalize the classical result of Cauchy

(1) 22k =
X

p+q=k

✓
2p

p

◆✓
2q

q

◆
.

This classical identity and one of its bijective proofs have a natural interpretation in the language of random
walks on the one-dimensional lattice Z and their limit object. More specifically, the left-hand side of (1) (in
the limit as k ! 1 tends to infinity) is related to the Brownian motion. The first factor on the right-hand side
is related to the Brownian bridge [IM74] while the second factor is related to the Brownian excursion [IM74].
The bijection turns out to behave in a continuous way with respect to the limit procedure and converges to
the transformation introduced by Pitman [Pit75] in a different context. The bijection and its limit essentially
establish a measure-preserving transformation between a Brownian bridge and a Brownian excursion.

This simple bijection can be described using a fancy language as application of Robinson–Schensted–Knuth
algorithm to a word in an alphabet which consists of just two letters. By removal of the restriction on the size of
the alphabet Biane, Bougerol and O’Connell [BBO05] generalized the aforementioned result to random walks
on higher-dimensional lattices within the Weyl chamber, non-colliding random walks and the corresponding
Brownian motions, as well as higher-dimensional analogues of Pitman transform.

3. WORK PLAN

3.1. Research goal (A): RSK applied to a random input. Consider RSK algorithm applied to an i.i.d. se-
quence of letters. One of the goals of this proposal is to answer the asymptotic version of the following question:
what can we say about the time evolution of the insertion tableau as we are inserting more and more letters?
The letters are inserted at the bottom of the tableau and then they are bumped up and to the left by other letters;
this results with a random, time-dependent transformation of (a finite part) of the lattice N2 corresponding to the
positions of the boxes. We plan to show that with the right choice of the scaling this ‘semigroup’ of random
transformations converges to a specific deterministic semigroup of transformation of the quarterplane
R2
+ which can be interpreted as dynamics of an incompressible fluid.

3.2. Research goal (B): jeu de taquin. Consider a random standard Young tableau filling a large Young
diagram with some macroscopic limit shape (say, a rectangle). We plan to show that asymptotically the
trajectory traversed by the empty box in Schützenberger’s algorithm (the jeu de taquin trajectory) con-
verges to a random curve. This result would be an analogue of the aforementioned result of Romik and PI
[RŚ15] for a much wider class of probability measures on the set of Young tableaux.

Consider a random standard Young tableau just as above and let us apply the jeu de taquin transformation
several times. This can be viewed as a discrete version of draining a two-dimensional container with sand
grains. We plan to prove that such random sandpile dynamics on the subset of the lattice N2 converges
to a deterministic semigroup on a subset of R2

+.

3.3. Research goal (C): TASEP with the uniform history distribution. Consider a TASEP system with a
finite numer of particles and with a specified initial and the final state. The time evolution of such a system
(its history) consists of a finite number of steps in which a prescribed particle makes a jump. We consider a
version of TASEP dynamics with modified jump probabilities in which to each history we associate equal
probability. One of the specific goals in this proposal is to prove a dynamic limit shape theorem for the
trajectories of second class particles.

3.4. Research goal (D). Brownian motion limit of Dykema–Haagerup identities. The structure of the left-
hand side of more general Dykema–Haagerup identities than (1) suggests that they also have a very natural
combinatorial interpretation in terms of random walks on higher-dimensional lattices. However, in this case
the right-hand side counts more complicated combinatorial objects which as limits have more sophisticated
multidimensional versions of Brownian bridges and excursions. The bijective proof of Dykema–Haagerup
identities which was found by PI [Śni06b] also seems to involve a version of Robinson–Schensted–Knuth
algorithm but a much more complex one in which the given word is parsed several times and after each iteration
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the natural direction of time is reversed. One of the specific goals of the project is to check if this bijection has
a continuous measure-preserving version (á la Pitman) and to investigate what kind of information about
the mutlidimensional Brownian motion is provided by this new map and to explore its applications to
multidimensional Brownian motions, Brownian bridges, Brownian excursions, non-colliding Brownian
motions.

3.5. Research goal (E). Other problems. This research project has a quite wide scope of investigating (dy-
namic) limit shapes of various large random combinatorial structures, for this reason we also plan to attack
some other open problems, not discussed in datail in Section 2.

One of specific examples which we have in mind is proving the conjectures concerning the dynamical limit
shapes for particles in uniformly random sorting networks [AHRV07]. This part of the research proposal is
quite risky and we are not sure if this approach will turn out succesful.

We also plan to explore further applications of the asymptotic analysis of the characters of the linear groups
GLd(C) [GP15].

4. RESEARCH METHODOLOGY

Our main tools will be the combinatorial methods and objects related to the asymptotic representation
theory of the symmetric groups, in particular the Kerov–Olshanski algebra of polynomial functions on the set
of Young diagrams [KO94], Jucys–Murphy elements [CSST14], Kerov character polynomials [DFŚ10, Śni13].
We also plan to use some results and ideas from the previous work of PI with Romik [RŚ15].

We will also use the general methods of the analytic combinatorics, the algebraic combinatorics and the
enumerative combinatorics as well as the combinatorial methods of the random matrix theory [NS06].

The trajectories of jeu de taquin seem to be examples of anamalous diffusions with rather elusive proba-
bilistic characteristics. For this reason in the initial phase of the project we plan to run a series of computer
simulations on large Young diagrams in order to get a heuristic insight, for example on the question about the
(non)gaussianity of the shape fluctuations.
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[Śni13] Piotr Śniady. Combinatorics of asymptotic representation theory. In European Congress of Mathematics, pages 531–545.

Eur. Math. Soc., Zürich, 2013.
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DYNAMIC ASYMPTOTIC COMBINATORICS

PIOTR ŚNIADY

1. RESEARCH PROJECT OBJECTIVES

1.1. Combinatorics vs asymptotic combinatorics. The main subject of combina-
torics is the investigation of finite discrete structures. A good concrete example to
keep in mind are integer partitions of a given integer n, such as 5 = 4 + 1, see Fig-
ure 1a. A more sophisticated example of such a finite discrete structure is a tiling of
a square area n ⇥ n (having a specific configuration of the knobs along the bound-
ary) with square tiles, each having exactly two convex knobs and two concave knobs,
see Figure 1b. Typical questions of combinatorics involve enumeration (‘how many
tilings there are?’) and bijections which would explain coincidences in cardinalities
of various classes of objects.

The goal of asymptotic combinatorics — which happens also to be the goal of
this proposal — is to investigate the combinatorial structures and algorithms
in the limit as their size tends to infinity [Ver95]. This change of perspective has

(a) (b)

Figure 1. (a) Young diagram, a graphical representation of a partition
5 = 4 + 1. (b) A configuration of puzzles. The colors correspond
to the six possible shapes of the tiles.

(a) (b)

Figure 2. Larger versions of the combinatorial objects from Figure 1.
The shown objects were chosen randomly, with the uniform distribu-
tion. The individual boxes were not shown. For many models (such
as the ones above) there exists a limit shape for large random objects.

1
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profound implications on the type of questions which one considers; we shall discuss
it below on the specific example of the representation theory.

1.2. The key example: asymptotic representation theory. For almost all ques-
tions of the representation theory of the symmetric groups Sn there is a well-known
answer given by some combinatorial objects such as the above-mentioned integer
partitions (also known as Young diagrams, see Figure 1a) and Young tableaux (Fig-
ure 3a) and some combinatorial algorithms such as Littlewood–Richardson rule [Sag01]
and this level of understanding is fully satisfactory from the point of view of the clas-
sical combinatorics. Regretfully, as n ! 1 and the size of the group tends to infin-
ity, such combinatorial answers become quickly cumbersome and too complicated to
give a tractable answer [Bia98].

In the case of the Littlewood–Richardson rule (which gives the multiplicities of a
decomposition of a certain natural reducible representation of the symmetric group
Sn into the irreducible components) the asymptotic combinatorics would call for
investigation of the probabilistic version of the original combinatorial problem.
More specifically, this means that one should consider some natural probability mea-
sure on the set of the combinatorial objects in question (in this case: the set of irre-
ducible representations or the set of Young diagrams) and investigate the statistical
properties of the corresponding random combinatorial object, for example from the
viewpoint of some law of large numbers.

1.3. Limit shapes. Many combinatorial structures can be viewed as discrete ver-
sions of continuous geometric objects such as ‘surfaces’ or ‘shapes’, therefore they
can be embedded into this or another space of such geometric objects. Good ex-
amples to keep in mind are provided by the above-mentioned Young diagrams (Fig-
ure 1a) and Young tableaux (Figure 3a) [Sag01] as well as by alternating sign matri-
ces [Pro01] (which appear in a somewhat concealed form on Figure 1b). It is then
natural to ask about the asymptotic behavior of these discrete shapes and surfaces
as the size parameter tends to infinity. In many cases, the shape of the surface of
the typical random element approaches a continuous limit. In such a case we say
the model has a “limit shape”. This type of phenomenon is illustrated by computer
simulations on Figure 2.

It should be stressed that such questions concerning the limit shape are usually for-
mulated in the probabilistic setup (which we discussed briefly in Section 1.2 above)
in which the considered class of combinatorial objects is equipped with some natu-
ral probability measure. In particular, the above-mentioned ‘convergence to a limit
shape’ should be understood in some sense provided by the probability theory (for
example, like in Weak Law of Large Numbers, ‘in probability’).

1.4. Dynamics. Many combinatorial structures can be equipped with some sort of
dynamics. One of the ways to do it is to introduce some transformation of a given
class of structures.

A good concrete example to keep in mind is the celebrated Schützenberger’s
jeu de taquin [Sch77, Sag01, Ful97]. It is a transformation on the set of skew
(semi)standard Young tableaux. Its main importance is as a tool for studying the
combinatorics of permutations and Young tableaux, especially with regards to the
Robinson–Schensted–Knuth (RSK) algorithm and the representation theory of the
symmetric groups Sn and the linear groups GLd(C).

Jeu de taquin can be adapted to the framework of standard Young tableaux, as
follows. From the initial standard tableau one removes the south-west corner box
(which necessarily contains the number 1, see Figure 3a); in this way an empty cell
is created. We begin sliding of the boxes according to the rules depicted on Figure 4.
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Figure 3. (a) example of a standard Young tableau; the numbers are
increasing along the rows and along the columns; (b) the outcome
of slidings; (c) in the final step we subtract 1 from each box. The
highlighted boxes form the path along which the sliding occurred.

r

s

(a)

r s

(b)

r

s

(c)

Figure 4. Elementary step of the jeu de taquin transformation: (a) the
initial configuration of boxes, (b) the outcome of the slide in the case
when r < s, (c) the outcome of the slide in the case when s < r.

In this way the empty cell moves successively towards the boundary of the tableau,
see Figure 3b. In the final step we subtract 1 from each entry, see Figure 3c; in this
way a standard Young tableau is created. In this way jeu de taquin is a transformation
on the set of standard Young tableaux; alternatively one can define jeu de taquin as a
transformation on the set of infinite standard Young tableaux.

1.5. Dynamic limit shapes. Investigation of various kinds of dynamics on large
random combinatorial structures naturally gives rise to the questions about existence
of some “dynamic limit shape” which is in the focus of this proposal.

More specifically, in our guiding example of Schützenberger’s jeu de taquin, one
could ask the following concrete questions about such dynamic limit shapes.

(Q1) For a randomly chosen Young tableau filling some prescribed large Young
diagram, does the jeu de taquin trajectory have some limit shape? This kind
of question is illustrated by a computer simulation on Figure 5.

(Q2) Suppose we pursue the dynamical viewpoint even further by iterating our
transformation and consider a time evolution of our discrete combinatorial
structure. In the case of jeu de taquin this would correspond to a discrete
model of draining a two-dimensional liquid from a container: the particles
diffuse to the bottom and to the left and then they disappaer in the corner.
Is there some deterministic hydrodynamic limit of this time evolution of the
boxes?

1.6. The general research goal: dynamic asymptotic combinatorics. The goal of
this research proposal is to investigate the asymptotics of large random combina-
torial structures and their limit shapes and to investigate their connection to (as-
ymptotic) representation theory [Ker03], random matrix theory, free probability
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Figure 5. Sample jeu de taquin trajectories for a large rectangle.

theory (in the sense of Voiculescu) [NS06], ergodic theory, geometric complex-
ity theory [Lan16], statistical mechanics and mathematical physics. We plan to
prove probabilistic results such as Law of Large Numbers and Central Limit Theorem
which govern behavior of such large random combinatorial objects and algorithms.

Special attention will be given to dynamical aspects of such asymptotic behavior,
in particular to asymptotics of trajectories of particles and trajectories of second
class particles from the interacting particle systems [Lig05], dynamical transfor-
mations (in the flavor of the ergodic theory) of large combinatorial structures and
their hydrodynamic limits.

Specific examples which we have in mind are concentrated in (but not limited to)
the class of combinatorial objects related to algebraic combinatorics and representa-
tion theory such as random Young diagrams, random Young tableaux as well as
in the analogous class of combinatorial algorithms such as Robinson–Schensted–
Knuth algorithm and multidimensional Pitman transform (also with time swap-
ping) as well as Schützenberger’s jeu de taquin, promotion and evacuation.

We will highlight some selected specific topics which will be covered by the pro-
posal below in Sections 2.3.2, 2.3.4, 2.5, 2.6 below after we present the context.

2. SIGNIFICANCE OF THE PROJECT

2.1. Limit shapes. Questions concerning the asymptotic limit shape of random com-
binatorial objects (which we already discussed in Section 1.3) are very natural and
appealing to a wide range of mathematicians, as it can be seen by a variety of con-
texts in which they have been asked. In particular, they were investigated by such
mathematical celebrities as a Fields medal laureate Andrei Okounkov [Oko06],
Richard Stanley [Sta07], Anatoly Vershik [Ver95] and the research in this area
was appreciated by the mathematical community by invitations to give lectures
on International Congress of Mathematicians by Philippe Biane [Bia02] and on
European Congress of Mathematics by PI of this proposal [Śni13]. In the follow-
ing we shall discuss briefly a few selected highlights from this field.

The list of models for which a convergence towards some limit shape is known to
hold true includes:

• random partitions, sampled with the uniform distribution [ST77] (Figure 2a),
• random partitions, sampled according to the corner growth model [Ros81],
• random extremal Erdős–Szekeres permutations [Rom06],
• uniformly random plane partitions [CK01],
• random domino tilings of the Aztec diamond [CEP96].

There are also interesting examples for which proving the convergence remains an
open, challenging problem:
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• the random alternating sign matrices (Figures 1b and 2b) [CP10, Pro01],
• random sorting networks [AHRV07].

There are several good reasons for studying such limit shapes; we overview them
briefly in the following.

• Random combinatorial objects can be often considered as models of math-
ematical physics and, in particular, statistical physics; in this context it is
indeed imperative to consider the large-scale limit and to investigate, for ex-
ample, phase transitions.

• Questions from group theory, harmonic analysis on groups, probabil-
ity on groups or quantum information theory (see, for example, [Dia03,
MP02, SP12, MRŚ07]) often can be rephrased in the language of the charac-
ter theory and thus fit in the scope of the asymptotic representation theory;
if this is the case then understanding of the corresponding large random com-
binatorial structures is essential for answering the original question.

• There is also the aesthetical motivation which is twofold. Firstly, com-
puter simulations often give rise to beautiful pictures analogous to Figure 2b.
Secondly, and more importantly, problems related to asymptotics of random
combinatorial structures are often difficult and their solutions involve an ap-
pealing interface between seemingly distant disciplines of mathematics, such
as combinatorics, analysis, harmonic analysis, ergodic theory, representation
theory [BP99], probability theory, as well as quantum theory and statistical
mechanics [RS01], see also the surveys [Oko06, Sta07, Ver95, Bia02, Śni13,
Rom15].

We shall discuss some additional motivations later in Section 2.2.3.

2.2. Random Young diagrams and tableaux. In this research proposal we put ad-
ditional attention to the viewpoint of the representation theory. For this reason a spe-
cial role is played by two special classes of combinatorial objects: Young diagrams
(Figure 1a) and Young tableaux (Figure 3a) which are intimately related both to the
representation theory of the symmetric groups Sn and the representation theory of
the linear groups GLd [FH91].

2.2.1. Probability measure associated to a representation. With this viewpoint in
mind it is beneficial to replace the uniform probability measure (which appears in
most of the examples from Section 2.1) by another probability distribution which is
tailored specifically for a given problem. This construction is an example of ‘replac-
ing a difficult combinatorial problem by its simpler probabilistic version’ which we
mentioned in Section 1.2. The starting point is some given reducible representation
V of some group G with the decomposition into irreducible components given by

(1) V =
M

⇣2 bG

n⇣V
⇣ ,

where n⇣ 2 {0, 1, . . . } denotes the multiplicity of a given irreducible component
V ⇣ inside V . A typical problem of classical combinatorics would be to ‘understand’
the coefficients n⇣ which — as we discussed in Section 1.2 on the example of the
Murnaghan–Nakayama rule — might be computationally intractable. An analogous
problem of asymptotic combinatorics is more modest: to ‘understand’ the basic sta-
tistical properties of a random irreducible representation ⇣ , sampled with the distri-
bution

(2) P(⇣) := n⇣ dimV ⇣

dimV
for ⇣ 2 bG.
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In the examples which we consider, such an irreducible representation can be iden-
tified with a Young diagram, thus the latter problem fits perfectly into the general
framework which we consider in this proposal, namely random combinatorial ob-
jects and their limit shapes.

2.2.2. Examples of reducible representations and the corresponding Young diagrams.
There are several interesting examples of reducible representations for which exis-
tence of the limit shapes for the corresponding Young diagrams was proved.

• For the left-regular representation `2(Sn) of the symmetric group Sn, the
corresponding measure P from (2) is the celebrated Plancherel measure. The
existence of the limit shape for the corresponding random Young diagrams
for n ! 1 was proved by Logan and Shepp [LS77] as well as by Vershik
and Kerov [VK77]. Later on Kerov [Ker93] proved Central Limit Theorem
for the fluctuations of the Young diagrams around the limit shape.

• Biane [Bia98, Bia01] proved existence of the limit shapes for a very large
class of representations of the symmetric groups and he proved that this class
is closed under natural representation-theoretic operations such as induction,
restriction, outer product and tensor product. Biane also found a deep con-
nection between the form of the limit shapes and Voiculescu’s free probabil-
ity theory [NS06]. The PI of the current proposal [Śni06a] improved Biane’s
Law of Large Numbers as well as Kerov’s CLT by showing that the fluctua-
tions of the Young diagrams from this wide class around the limit shape are
Gaussian.

• An analogue of the above result of Biane can be considered for the represen-
tations of the linear group GLd(C): suppose that two irreducible represen-
tations which correspond to large Young diagrams are given; what can we
say about the limit shape of Young diagrams which correspond to the tensor
product of the initial representations? This kind of result is more subtle as
it depends on the choice of scaling at which the Young diagrams diverge to
infinity as the rank the rank of the group d ! 1 tends to infinity; for various
choices of the scaling the existence of the limit shape was proved by Biane,
Bufetov, Gorin, Collins, Novak and the PI of the current research proposal
[Bia95, CŚ09, BG15, CNŚ17].

2.2.3. The Young graph and its boundary. Another motivation for studying asymp-
totics of random Young diagrams and Young tableaux comes from the harmonic
analysis on the infinite symmetric group S1. More specifically, Vershik and Kerov
[VK81] found a new conceptual proof of Thoma’s classification of the extremal char-
acters of S1 [Tho64] which was based on an observation that there is a bijection —
which is a refined version of the construction from Section 2.2.1 — between the set of
the characters of the infinite symmetric group S1 and a certain class of probability
measures on the set of infinite paths in the Young graph (cf. Figure 6) or, equiva-
lently, on the set of an infinite standard Young tableaux. In this way a link between
an interesting class of random (infinite) Young tableaux, the boundary of the Young
graph (in the sense of Martin or the minimal boundary) and the harmonic analysis
on the infinite symmetric group S1 was established.

2.3. Dynamic problems. One of the aspects which makes this research proposal
pionieering is the special emphasis on dynamic problems in asymptotic combina-
torics and their links with the ergodic theory. Such dynamic problems might involve
large random combinatorial structures together with some natural trasformation or
the dynamic aspects of some combinatorial algorithm. We shall discuss some natural
examples below.
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;

· · ·

Figure 6. The Young graph. Its vertices are Young diagrams; edges
connect pairs of diagrams which differ by addition or deletion of a
single box.

2.3.1. Robinson–Schensted–Knuth algorithm applied to a random input. Robinson–
Schensted–Knuth algorithm (RSK) is a fundamental object of algebraic combina-
torics and representation theory of the symmetric group, in particular because of its
link with Littlewood–Richardson coefficients [FH91].

This algorithm is a bijection which takes as an input a word (=a finite sequence of
letters, i.e. elements of an alphabet=some linearly ordered set) and produces as an
output a pair of tableaux: the insertion tableau and the recording tableau.

The insertion tableau is a semistandard tableau constructed as follows: we start
with the empty tableau and perform a number of insertions in which consecutive
letters are being inserted into the insertion tableau. Each insertion is computed by
performing a succession of bumping steps whereby the letter is inserted into the first
row of the tableau (as far to the right as possible so that the row remains increasing
and no gaps are created), bumping an existing entry from the first row into the second
row, which results in an entry of the second row being bumped to the third row, and
so on, until finally the entry being bumped settles down in an unoccupied position.
An example is shown in Figure 7.

The recording tableau is a standard tableau which contains the information about
the order in which new entries appeared in the insertion tableau.

RSK has also an infinite version in which the input is an infinite sequence and the
output is only the recording tableau (which now becomes an infinite Young tableau).

3 5 8 18 27 31

12 16 29 39 40

14 24 45

23

33

20

�!

3 5 8 18 20 31

12 16 27 39 40

14 24 29

23 45

33

Figure 7. Elementary step of RSK algorithm: a new entry is inserted
into the insertion tableau. The highlighted entries form the bumping
route.
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From the viewpoint of algebraic combinatorics it is natural to ask the following
quite general question: what can we say about various aspects of RSK when it is
applied to a random input? A significant part of this proposal is devoted to answer-
ing various versions of this question. Before presenting the details of our research
goal we shall summarize below some known results.

Kerov and Vershik [VK86] investigated the recording tableau associated to an in-
finite sequence of independent, identically distributed (i.i.d.) random letters selected
from some alphabet. They proved that the distribution of such an infinite tableau
coincides with the probability distribution associated to a specific Thoma’s extremal
character of the infinite symmetric group S1 — the latter characters were already
discussed in Section 2.2.3. A special important example is the one in which the prob-
ability distribution on the alphabet has no atoms; the resulting probability measure
on the set of infinite Young tableaux is the celebrated Plancherel measure. It fol-
lows that the aforementioned results on the limit shape of random Young diagrams
[LS77, VK77] also apply to the outcome of RSK applied to such a random input.

Romik and PI of this proposal [RŚ16] investigated the above-mentioned special
case when RSK is applied to an i.i.d. sequence of letters with a non-atomic distribu-
tion; we proved that the bumping routes (cf. Figure 7) converge to a limit shape.

2.3.2. Specific research goal (A): RSK applied to a random input. Consider RSK
algorithm applied to an i.i.d. sequence of letters selected from some alphabet with-
out atoms. One of the goals of this proposal is to answer the asymptotic version of
the following question: what can we say about the time evolution of the insertion
tableau as we are inserting more and more letters from the word? Clearly, the let-
ters are inserted at the bottom of the tableau and then they are bumped up and to the
left by other letters; this results with a random, time-dependent transformation of (a
finite part) of the lattice N2 corresponding to the positions of the boxes. We plan to
show that with the right choice of the scaling this ‘semigroup’ of random trans-
formations converges to a specific deterministic semigroup of transformation of
the quarterplane R2

+ which can be interpreted as dynamics of an incompressible
fluid.

In a rare moment of sincerity we must admit that we do not see any deep applica-
tions of this result to the outer world and our only motivation is that this is a really
cool and natural problem.

2.3.3. Jeu de taquin. We continue discussion of Schützenberger’s jeu de taquin (see
Section 1.4). Systematic investigation of dynamic limit shapes related to jeu de
taquin (see Section 1.5) was initiated by PI and Romik [RŚ15, Śni14]. In the special
case of the Plancherel measure on the set of infinite Young tableaux [RŚ15] we have
fully described the dynamical system provided by jeu de taquin transformation from
the viewpoint of the ergodic theory. The key component in the proof was to inves-
tigate the limit shape of the trajectory traversed by the empty cell (indicated on
Figure 3 by the highlighted boxes), called jeu de taquin trajectory.

2.3.4. Specific research goal (B): jeu de taquin. Consider a random standard Young
tableau filling a large Young diagram with some macroscopic limit shape (say, a rec-
tangle). We plan to show that asymptotically the trajectory traversed by the
empty box in Schützenberger’s algorithm (the jeu de taquin trajectory) con-
verges to a random curve. This type of phenomenon is illustracted by a computer
simulation on Figure 5. This result would be an analogue of the aforementioned re-
sult of Romik and PI [RŚ15] for a much wider class of probability measures on the
set of Young tableaux.
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Consider a random standard Young tableau filling a large Young diagram with
some macroscopic limit shape (say, a rectangle). Let us apply the jeu de taquin
transformation several times. This can be viewed as a discrete version of draining
a two-dimensional container with sand grains, see question (Q2) from Section 1.5.
We plan to prove an analogue of a result claimed in Section 2.3.2 above that such
random sandpile dynamics on the subset of the lattice N2 converges to a deter-
ministic semigroup on a subset of R2

+.

2.4. Mathematical physics: second class particles. In this research proposal we
are concerned with variations of TASEP (Totally AntySymmetric Exclusion Process)
which is the default stochastic model for transport phenomena [Spi70]. It is an in-
teracting particle particle system on the integer lattice Z in which each node can be
either empty or occupied by a single particle. At each time step a single particle can
jump one node to the right, provided that this adjacent node is empty. The particle
which jumps is selected randomly and the choice of the jump probabilities depends
on the details of a model.

Diffusive systems (including TASEP) are often described by hydrodynamical equa-
tions (which are nonlinear partial differential equations), which can develop shocks,
i.e. singularities in the solution. Whereas the large scale continuous description of
shocks is well established, much less is known about the microscopic description
[BFKR10]. The first difficulty one has to overcome is to define the position of the
shock on the lattice lengthscale; one possible solution is to use the concept of second
class particles which we present below.

Let us declare that one of the particles is a second class particle. Just like a second
class passenger who has to yield a seat to any first class passenger, such a second
class particle has to jump to the left if a particle from the left attempts to jump to the
right, see Figure 8b. An alternative viewpoint is declare that a second class particle
is a pair which consists of an particle on the left and an empty node on the right, see
Figure 9. Second class particles follow the trajectories of density fluctuations, are
attracted by shocks and therefore serve as good markers for the shock position.

Ferrari and Kipnis [FK95] as well as Mountford and Guiol [MG05] proved that
the speed of a second class particle in TASEP almost surely converges to a finite
random limit.

#
(a)

#
(b)

Figure 8. A particle system with a second class particle (represented
as a diamond) and the allowed transitions involving the second class
particle. Other transitions obey the TASEP rules.
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(a)

#

(b)

Figure 9. A second class particle viewed as a pair consisting of a
particle and an empty node and its transitions.

An analogous result holds true for a version of TASEP in which the jump proba-
bilities are given by a representation-theoretic Plancherel growth process; the latter
result turns out to be equivalent to the aforementioned result of Romik and PI of this
proposal [RŚ15] about the limit shape of jeu de taquin trajectories (see Section 2.3.3).

2.5. Specific research goal (C): TASEP with the uniform history distribution.
Consider a TASEP system with a finite numer of particles and with a specified
initial and the final state. The time evolution of such a system (its history) consists
of a finite number of steps in which a prescribed particle makes a jump. We consider
a version of TASEP dynamics with modified jump probabilities in which to each
history we associate equal probability. One of the specific goals in this proposal
is to prove a dynamic limit shape theorem for the trajectories of second class
particles.

This model has an interesting feature: by modifying the boundary conditions it is
possble to obtain several rarefaction fans [FK95] which is a feature which might be
interesting from the viewpoint of mathematical physics.

2.6. Specific research goal (D): Brownian motion limit of Dykema–Haagerup
identities. Dykema and Haagerup [DH04] stated as a conjecture an infinite number
of combinatorial identities which generalize the classical result of Cauchy

(3) 22k =
X

p+q=k

✓
2p

p

◆✓
2q

q

◆
.

The simplest of these new Dykema–Haagerup identities is
(4)

33k =
X

p+q=k

✓
3p

p, p, p

◆✓
3q

q, q, q

◆
+3

X

p+q+r=k�1
r0+q0=r+q+1
p00+r00=p+r+1

✓
2p+ p00

p, p, p00

◆✓
2q + q0

q, q, q0

◆✓
r + r0 + r00

r, r0, r00

◆
.

The classical identity (3) and one of its bijective proofs have a natural interpre-
tation in the language of random walks on the one-dimensional lattice Z and their
limit object. More specifically, the left-hand side of (3) (in the limit as k ! 1 tends
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to infinity) is related to the Brownian motion. The first factor on the right-hand side
is related to the Brownian bridge [IM74] while the second factor is related to the
Brownian excursion [IM74]. The bijection turns out to behave in a continuous way
with respect to the limit procedure and converges to the transformation introduced by
Pitman [Pit75] in a different context. The bijection and its limit essentially establish
a measure-preserving transformation between a Brownian bridge and a Brownian
excursion.

This simple bijection can be described using a fancy language as application of
Robinson–Schensted–Knuth algorithm to a word in an alphabet which consists of just
two letters. By removal of the restriction on the size of the alphabet Biane, Bougerol
and O’Connell [BBO05] generalized the aforementioned result to random walks on
higher-dimensional lattices within the Weyl chamber, non-colliding random walks
and the corresponding Brownian motions, as well as higher-dimensional analogues
of Pitman transform.

The structure of the left-hand side of Dykema–Haagerup identities (such as (4))
suggests that they also have a very natural combinatorial interpretation in terms of
random walks on higher-dimensional lattices. However, in this case the right-hand
side counts more complicated combinatorial objects which as limits have more so-
phisticated multidimensional versions of Brownian bridges and excursions. The bi-
jective proof of Dykema–Haagerup identities which was found by PI [Śni06b] also
seems to involve a version of Robinson–Schensted–Knuth algorithm but a much
more complex one in which the given word is parsed several times and after each
iteration the natural direction of time is reversed. One of the specific goals of the
project is to check if this bijection has a continuous measure-preserving version
(á la Pitman) and to investigate what kind of information about the mutlidi-
mensional Brownian motion is provided by this new map and to explore its ap-
plications to multidimensional Brownian motions, Brownian bridges, Brownian
excursions, non-colliding Brownian motions.

3. WORK PLAN

3.1. Research goal (A): RSK applied to a random input. We continue discussion
from Section 2.3.2.

One of the technical results contained in the aforementioned work of Romik and PI
[RŚ15] was asymptotic determinism of RSK insertion and we think that the full power
of this result has not been exploited yet. In [RŚ16] we explained how to apply this
result in another context to investigate the limit shape of jeu de taquin trajectories. It
seems that by applying some symmetries of RSK algorithm it should be possible to
apply this asymptotic determinism of RSK insertion also to study the the dynamics
of the entries of an insertion tableau. Thus description of the asymptotics of a single
particle in the insertion tableau (which corresponds to the pointwise convergence of
a random transformation, in probability) seems to be a low risk task with the chance
of success neighboring with certainty.

It would be also interesting to describe the collective behavior of the particles
(which would correspond to convergence in much stronger topology of, say, uniform
convergence of a random transformation, in probability); for such a stronger result it
is not clear if an application of the asymptotic determinism of RSK insertion would
be a sufficient tool for such a more ambitious problem.

3.2. Research goal (B): jeu de taquin. We continue discussion from Section 2.3.4
The first naive thought would be to apply the results of Romik and PI [RŚ15].

Regretfully, this does not seem to be a good idea, as we shall discuss below. The key
observation from [RŚ15] was that a random (infinite) Young tableau with Plancherel

Strona 47 z 53

ID: 382771, MAESTRO, ST1 - stan z 2017-09-08 11:48:43



distribution can be generated as the recording tableau associated to an infinite word
(x0, x1, . . . ) of i.i.d. random letters with the uniform distribution on the unit interval
[0, 1]. Then the large-scale asymptotics of jeu de taquin trajectory is governed only
by the first entry x0. If we tried to adapt this concept to the setup of random Young
tableaux with a specific rectangular shape we would end up with a random finite word
(x0, . . . , xn) which is essentially a random Erdős–Szekeres permutation [Rom06].
By the results of Romik [Rom06], the first entry x0 of such a word converges to a
deterministic limit. On the other hand, the results of computer simulations (Figure 5)
would suggest that jeu de taquin trajectory does not converge to a single deterministic
limit, but rather to a random curve from some one-dimensional family.

This negative observation indicates that the results of [RŚ15] cannot be applied
in our context directly. However, it seems that some general ideas from that work
could still be recycled and applied for studying jeu de taquin trajectories for random
Young tableaux filling a large class of (random) (skew) Young diagrams. Roughly
speaking, the proof of RSK insertion determinism from [RŚ15] was based on in-
vestigation of combinatorics of the induction and outer product of representations.
Maybe some other operation on representations (some specific version of restriction
to a subgroup?) will turn out to be the right one for our new context. The preliminary
results seem to be encouraging and this research goal with high probability is within
our reach.

Other ingredients of the proof involve known laws of large numbers for random
Young diagrams and tableaux [Bia98, Bia01, PR07].

In the most ambitious version of this research goal which involves skew Young
tableaux, some results about the asymptotics of (reducible) characters of the sym-
metric groups Sn related to skew Young diagrams will be necessary; regretfully these
results do not seem to be available today [Sta03] and we might need to prove them
ourselves. It is not clear if out methods will be sufficient for this most general ver-
sion.

3.3. Research goal (C): TASEP with the uniform history distribution. We con-
tinue discussion from Section 2.5.

The Rost’s mapping between growth sequences of Young diagrams and time-
evolutions of particle systems [Ros81] allows to translate some statements concern-
ing Young tableaux into the language of interacting particle systems. In particular, in
our previous paper [RŚ15] we explained the relationship between the jeu de taquin
trajectory on one side and the dynamics of a second class particle on the other.

It seems therefore that the results of the Research goal (B), see Section 3.2 above,
can be to large extent translated to the language of the current research goal.

3.4. Research goal (D). Brownian motion limit of Dykema–Haagerup identities.
We continue discussion from Section 2.6

The success of this research goal is based on a deep understaning of a modification
of RSK algorithm which appears (in a somewhat concealed way) in the bijective
proof of Dykema–Haagerup identities [Śni06b]. Some preliminary promising results
in this field were obtained in a collaboration with Artur Jeż (unpublished).

3.5. Research goal (E). Other problems. This research project has a quite wide
scope of investigating (dynamic) limit shapes of various large random combinato-
rial structures, for this reason we also plan to attack some other open problems, not
discussed in datail in Section 2.

One of specific examples which we have in mind is proving the conjectures con-
cerning the dynamical limit shapes for particles in uniformly random sorting net-
works [AHRV07]. Our plan is to use Edelman–Greene bijection [EG87] and to
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reverse-engineer the problem, possibly using the ideas and techniques developed by
PI together with Romik [RŚ15]. This part of the research proposal is quite risky and
we are not sure if this approach will turn out succesful.

We also plan to explore further applications of the asymptotic analysis of the char-
acters of the linear groups GLd(C) [GP15].

4. RESEARCH METHODOLOGY

Our main tools will be the combinatorial methods and objects related to the
asymptotic representation theory of the symmetric groups, in particular the Kerov–
Olshanski algebra of polynomial functions on the set of Young diagrams [KO94],
Jucys–Murphy elements [CSST14], Kerov character polynomials [DFŚ10, Śni13].

We will also use the general methods of the analytic combinatorics [FS09],
the algebraic combinatorics [Sta13] and the enumerative combinatorics [Sta97,
Sta99], as well as the combinatorial methods of the random matrix theory [NS06].

The trajectories of jeu de taquin seem to be examples of anamalous diffusions
with rather elusive probabilistic characteristics. For this reason in the initial phase
of the project we plan to run a series of computer simulations on large Young di-
agrams in order to get a heuristic insight, for example on the question about the
(non)gaussianity of the shape fluctuations.
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[RŚ16] Dan Romik and Piotr Śniady. Limit shapes of bumping routes in the Robinson-Schensted
correspondence. Random Structures Algorithms, 48(1):171–182, 2016.

[Sag01] Bruce E. Sagan. The symmetric group, volume 203 of Graduate Texts in Mathematics.
Springer-Verlag, New York, second edition, 2001. Representations, combinatorial algo-
rithms, and symmetric functions.

[Sch77] M.-P. Schützenberger. La correspondance de Robinson. pages 59–113. Lecture Notes in
Math., Vol. 579, 1977.
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[Śni06b] Piotr Śniady. Generalized Cauchy identities, trees and multidimensional Brownian mo-
tions. I. Bijective proof of generalized Cauchy identities. Electron. J. Combin., 13(1):Re-
search Paper 62, 27, 2006.
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