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Abstract: In this paper, informal mathematical proofs are conceived as a form of (guided) intentional 

reasoning. In a proof, we start with a sentence – the premise; this sentence is followed by another, the 
conclusion of an inferential step.  Guided by the text, we produce an autonomous reasoning process 

that enables us to arrive at the conclusion from the premise. That reasoning process is accompanied 
by a metareasoning process. Metareasoning gives rise to a feeling of correctness, which makes us 

feel-know that the reasoning is correct. Guided by the proof, we go through small inferential steps, 
one at a time. In each of these cycles, we produce an autonomous reasoning process that “links” the 

premise to the conclusion. This enables, due to our metareasoning, to associate to the verbal 
conclusion a feeling of correctness. In each step/cycle of the proof, as a (guided) intentional reasoning 

process, we have a feeling of correctness. Overall, we reach a feeling of correctness for the whole 
proof. The main purpose of this work is to suggest that this approach allows us to address the issues 

of how does a proof functions, for us, as an enabler to ascertain the correctness of its argument, and 
how do we ascertain this correctness. 

 
 

1. Introduction 
 

Let us start the present work by considering different answers to the question of what a mathematical 
proof is.2 This will be a way to introduce what is for us the core function of a mathematical proof. 

For our purpose, the following “answers” suffice: 
 

A proof is a piece of discourse […] a proof is meant to convince its intended audience of the truth of 
its conclusion […] a proof should indicate not only that its conclusion is true (given the truth of the 
premises) but also why it is true. (Dutilh Novaes 2020, 225-6) 

 
An ordinary mathematical proof consists of an argument to convince an audience of peer experts that 

a certain mathematical claim is true and, ideally, to explain why it is true. (Tall et al. 2021, 15) 
 

A mathematical demonstration is a piece of discourse presupposing a putative audience; it puts 
forward a chain of reasoning for public scrutiny. (Dutilh Novaes 2013, 48) 

 
The first statement about proofs seems to imply that they have different functions on an equal footing. 

In this case, to show the correctness of the conclusion (by convincing of the correctness of the 
reasoning), and to explain why the conclusion is true. We agree with Dutilh Novaes that mathematical 

proofs have many functions/roles and that besides establishing the truth of a mathematical claim, 

 
1 This paper is part of my work made in the context of the research project “the genesis of geometrical knowledge” whose 
PI is José Ferreirós from the University of Seville. 
2 In the present work, we only address proofs formulated in natural language and not the so-called formal proofs that rely 
on formal languages and deductive apparatus. 
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WKHUH� DUH� ³RWKHU�� HTXDOO\�� LPSRUWDQW� UROHV� IRU� SURRIV´� �'XWLOK� 1RYDHV� ������ �����3��+RZHYHU�� ZH�
FRQVLGHU�WKDW�WKHVH�UROHV�DUH�QRW�DW�WKH�VDPH�IRRWLQJ�DV�WKDW�RI�SURRI�DV�D�SXEOLF�GLVSOD\�RI�D�³FKDLQ�RI�
FRUUHFW�UHDVRQLQJ´��,I�D�PDWKHPDWLFDO�DUJXPHQWDWLRQ�LV�QRW�FRUUHFW��ZH�PLJKW�ZDQW�WR�FDOO�LW��H�J���D�
WHQWDWLYH�SURRI�RU�D�IDXOW\�SURRI��EXW��VLPSO\��LW�LV�QRW�D�SURRI��,Q�D�ZD\��LW�LV�DQ�LVVXH�DERXW�VHPDQWLFV��
RI�ZKDW�ZH�DFFHSW�GHILQH�DV�D�PDWKHPDWLFDO�SURRI��&RQFHUQLQJ�SURRIV�LQ�ZLWK�D�QDWXUDO�ODQJXDJH��ZH�
DGRSW�$YLJDG¶V�YLHZ�RQ�IRUPDO�SURRIV��³D�VHTXHQFH�RI�D�WKRXVDQG�LQIHUHQFHV�LQ�ZKLFK�D�VLQJOH�RQH�LV�
LQFRUUHFW�LV�VLPSO\�QRW�D�SURRI´��$YLJDG���������� 
�����:H�ZRXOG�WKHQ�SUHIHU�WKH�VHFRQG�VWDWHPHQW�UHJDUGLQJ�PDWKHPDWLFDO�SURRIV��:H�PLJKW�VD\�WKDW��H�J���
LQ�FRQWHPSRUDU\�PDWKHPDWLFV��ZH�LGHDOO\�WU\�WR�H[SODLQ�ZLWK�WKH�SURRI�ZK\�D�PDWKHPDWLFDO�FODLP�LV�
WUXH��%XW�HYHQ�LI�D�SURRI�LV�QRW�H[SODQDWRU\��LW�LV�VWLOO�D�SURRI�4 
�����+RZHYHU��LQ�WKH�SUHVHQW�ZRUN��ZH�ZLOO�RQO\�DGGUHVV�WKH�FRUH�IXQFWLRQ�RI�SURRI�DV�VWUHVVHG�LQ�WKH�
WKLUG�VWDWHPHQW�DERYH��:H�PLJKW�UH�VWDWH�LW�DV�IROORZV� 
 
$�SURRI�LV�D�SLHFH�RI�GLVFRXUVH�WKDW�SXWV�IRUZDUG�D�FKDLQ�RI�UHDVRQLQJ�IRU�SXEOLF�VFUXWLQ\��ZKRVH�FRUH�
IXQFWLRQ�LV�WR�HVWDEOLVK�WKH�WUXWK�RI�D�PDWKHPDWLFDO�FODLP� 
 
%XW�OHW�XV�QRZ�FRQVLGHU�WKH�IROORZLQJ�H[FHUSW� 
 
0DWKHPDWLFV��FRQVLGHUHG�DV�D�VRFLDO�SUDFWLFH��LV�UHPDUNDEO\�VWDEOH�>«@�7KH�QRWLRQ�RI�D�PDWKHPDWLFDO�
SURRI�DSSHDUV�WR�EH�SDUWLFXODUO\�LQYDULDQW��:KLOH�WKH�VWDQGDUGV�IRU�ZKDW�FDQ�FRXQW�DV�HYLGHQFH�LQ��VD\��
SK\VLFV� RU� ELRORJ\� KDYH� FRQVLGHUDEO\� FKDQJHG� RYHU� WKH� ODVW� ����� \HDUV��ZH� FDQ� VWLOO� HYDOXDWH� DQ�
DUJXPHQW�IURP�H�J��(XFOLGHDQ�JHRPHWU\�DQG�DJUHH�RQ�LWV�FRUUHFWQHVV���&DUO����������� 
 
7KH�VWDELOLW\�RI�SURRIV�FRPHV�IURP�RXU�FDSDFLW\��HYHQ�ZLWK�³ROG´�SURRIV��WR�³HYDOXDWH�DQ�DUJXPHQW´�
DQG�DVFHUWDLQ�LWV�FRUUHFWQHVV��:H�ZLOO�UH�UH�VWDWH�WKH�QRWLRQ�RI�PDWKHPDWLFDO�SURRI�DV�IROORZV� 
 
$�SURRI�LV�D�SLHFH�RI�GLVFRXUVH�WKDW�SXWV�IRUZDUG�D�FKDLQ�RI�UHDVRQLQJ�IRU�SXEOLF�VFUXWLQ\��ZKRVH�FRUH�
IXQFWLRQ�LV�WR�HQDEOH�WKH�DXGLHQFH�WR�DVFHUWDLQ�WKH�FRUUHFWQHVV�RI�WKH�UHDVRQLQJ� 
 
7KLV�PLJKW�VHHP�HTXLYDOHQW�WR�WKH�SUHYLRXV�³GHILQLWLRQ´��EXW�LW�LV�QRW�TXLWH�VR��7KH�SURRI�GRHV�QRW�
HVWDEOLVK�WKH�WUXWK��LW�LV�DQ�HQDEOHU�IRU�XV�WR�DVFHUWDLQ�WKH�WUXWK��7KH�UHDVRQLQJ�LV�LQ�XV��QRW�LQ�WKH�SURRI��
$V�PHQWLRQHG�E\�5DY� 
 
0DWKHPDWLFDO�WH[WV�DERXQG�LQ�WHUPV�VXFK�DV�³LW�IROORZV�IURP�«�WKDW´�>«@�D�PDWKHPDWLFDO�SURRI�LQ�
JHQHUDO� RQO\� VD\V� WKDW� LW� IROORZV��QRW�ZK\� >LW� IROORZV@� >«@�ZK\� WKH� FRQVHTXHQW� IROORZV� IURP� WKH�
DQWHFHGHQWV�KDV�WR�EH�ILJXUHG�RXW�E\�WKH�UHDGHU�RI�D�SURRI���5DY������������� 
 
,Q�WKLV�ZRUN��ZH�ZDQW�WR�DGGUHVV�WKH�LVVXH�RI�KRZ�GRHV�D�SURRI�IXQFWLRQV��IRU�XV��DV�DQ�HQDEOHU�WR�
DVFHUWDLQ�WKH�FRUUHFWQHVV�RI�LWV�DUJXPHQW��DQG�KRZ�GR�ZH�DVFHUWDLQ�WKLV�FRUUHFWQHVV��:H�ZLOO�GR�VR�E\�
FRQVLGHULQJ�VRPH�RI�WKH�HDUOLHVW�SURRIV�LQ�DQFLHQW�*UHHN�JHRPHWU\��,Q�WKLV�ZD\��ZH�ZLOO�VHH�KRZ�³ZH�
FDQ�VWLOO�HYDOXDWH�DQ�DUJXPHQW�IURP�H�J��(XFOLGHDQ�JHRPHWU\�DQG�DJUHH�RQ�LWV�FRUUHFWQHVV´��&DUO�������
����� 
�����7KH�SUHVHQW�ZRUN�LV�VWUXFWXUHG�DV�IROORZV��,Q�VHFWLRQ����ZH�ZLOO�ORRN�LQ�VRPH�GHWDLO�LQWR�DQ�DQFLHQW�
JHRPHWULF� SURRI� WKDW� LV� SUHYLRXV� WR� WKRVH� LQ� (XFOLG¶V� (OHPHQWV�� 7KDW� LV� RXU� ILUVW� H[DPSOH� RI� D�
PDWKHPDWLFDO�SURRI�� ,Q�VHFWLRQ����ZH�ZLOO�SUHVHQW�D�VFKHPDWLF�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�
F\FOLFDO�SURFHVV��LQ�ZKLFK�PHWDUHDVRQLQJ�JLYHV�ULVH�WR�D�IHHOLQJ�RI�FRUUHFWQHVV�DVVRFLDWHG�ZLWK�HDFK�
UHDVRQLQJ�SURFHVV��:H�ZLOO�DGGUHVV�PDWKHPDWLFDO�SURRIV�DV�D�IRUP�RI��JXLGHG��LQWHQWLRQDO�UHDVRQLQJ��
:H�ZLOO�UHWXUQ�WR�WKH�SURRI�RI�VHFWLRQ����FRQVLGHULQJ�WKLV�SHUVSHFWLYH�RQ�PDWKHPDWLFDO�SURRI��DQG�VHH�
KRZ�WKH�SURRI�IXQFWLRQV��IRU�XV��DV�DQ�HQDEOHU�WR�DVFHUWDLQ�WKH�FRUUHFWQHVV�RI�LWV�DUJXPHQW��DQG�KRZ�
ZH�DVFHUWDLQ�LWV�FRUUHFWQHVV��7KDW�PDNHV�LW�FOHDU�KRZ�ZH�FDQ�VWLOO�HYDOXDWH�DQ�DQFLHQW�PDWKHPDWLFDO�
                                                 
3�:LWK�UHVSHFW�WR�WKH�GLIIHUHQW�IXQFWLRQV�RI�D�PDWKHPDWLFDO�SURRI��VHH��H�J���'XWLOK�1RYDHV��������������� 
4�2Q�SURRI¶V�H[SODQDWRULQHVV��VHH��H�J���'XWLOK�1RYDHV���������)RU�D�³FODVVLF´�RQ�WKH�LVVXH�VHH�6WHLQHU�������� 
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SURRI��,Q�VHFWLRQ����ZH�ZLOO�H[WHQG�WKH�SUHYLRXV�DSSURDFK�WR�WZR�SURRIV�LQFOXGHG�LQ�(XFOLG¶V�(OHPHQWV��
$�VLPSOH�VLQJOH�OHYHO�SURRI�DQG�D�SURRI�E\�FRQWUDGLFWLRQ��D�UHGXFWLR�SURRI�� 
�����:H�ZDQW�WR�VWUHVV�WKDW�LQ�WKLV�SDSHU��ZH�GR�QRW�DGGUHVV�WKH�JHRPHWULF�SURRIV�TXD�JHRPHWULF�SURRIV��
EXW�DV�HDUO\�H[DPSOHV�RI�PDWKHPDWLFDO�SURRIV��$Q�LGHD�XQGHUO\LQJ�WKH�SUHVHQW�ZRUN�LV�WKDW�LQWHQWLRQDO�
UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV�PLJKW�EH�D�JHQHUDO�IHDWXUH�RI�LQIRUPDO�PDWKHPDWLFDO�SURRIV�DQG�WKDW�
WKH�IHHOLQJ�RI�FRUUHFWQHVV�PLJKW�EH�KRZ�ZH��LQGLYLGXDOO\��DVFHUWDLQ�WKH�FRUUHFWQHVV�RI�WKH�SURRI��)RU�
WKLV�WR�EH�HYHQ�D�SRVVLELOLW\��LW�PXVW�EH�WKH�FDVH�WKDW�H[WDQW�HDUO\�SURRIV�FDQ�EH�DGGUHVVHG�LQ�WKHVH�
WHUPV��WKLV�LV�WKH�PDLQ�UHDVRQ�ZH�DGRSW�DQFLHQW�*UHHN�PDWKHPDWLFDO�SURRIV�LQ�WKH�SUHVHQW�ZRUN�5��6 
 
 
����$Q�DQFLHQW�*UHHN�SURRI�E\�+LSSRFUDWHV�RI�&KLRV 
 
7KH�HDUOLHVW�VXEVWDQWLDO�WH[W�ZLWK�PDWKHPDWLFDO�SURRIV�WKDW�KDV�VXUYLYHG��YLD�DQ�LQGLUHFW�VRXUFH��WR�WKH�
SUHVHQW�GD\�ZDV�ZULWWHQ�E\�+LSSRFUDWHV�RI�&KLRV�RQ�WKH�VXEMHFW�RI�WKH�TXDGUDWXUH�RI�OXQHV�RU�OXQXOHV��
VRPHZKHUH�GXULQJ�WKH�VHFRQG�KDOI�RI�WKH�ILIWK�FHQWXU\��VD\��EHWZHHQ���������%&(��7��+LSSRFUDWHV�LV�
VDLG�WR�KDYH�WDXJKW�JHRPHWU\�DQG�KDYH�ZULWWHQ�WKH�ILUVW�FROOHFWLRQ�RI�HOHPHQWV�RI�JHRPHWU\��7KHVH�KDG�
QRW�\HW�WKH�D[LRPDWLF�IRUPDW�WKDW�ZH�NQRZ�IURP�(XFOLG��QHLWKHU�WKHUH�LV�DQ\�UHDVRQ�WR�H[SHFW�WKHP�WR�
KDYH� KDG� D� FRKHUHQW� IRUPDW��0RVW� OLNHO\� LW� FRQVLVWHG� RI� D� ORRVH� FROOHFWLRQ� RI� NQRZQ� UHVXOWV� DQG�
WHFKQLTXHV�±�ZKLFK�ZHUH�WDNHQ�IRU�JUDQWHG�±�DQG�QHZHU�GHYHORSPHQWV�WKDW�ZHUH�REWDLQHG�XVLQJ�WKHVH�
�+¡\UXS�����D���([DPSOHV�RI�WKHVH�PLJKW�KDYH�EHHQ�WKH�UHVXOWV�REWDLQHG�E\�+LSSRFUDWHV�KLPVHOI� 
�����$FFRUGLQJ�WR�+¡\UXS��³WKLV�FROOHFWLRQ�LV�OLNHO\�WR�KDYH�EHHQ�FRQQHFWHG�WR�+LSSRFUDWHV¶V�WHDFKLQJ´�
�+¡\UXS�����E�������,Q�WKH�VDPH�ZD\��ZH�PLJKW�VSHFXODWH�WKDW�+LSSRFUDWHV¶�RZQ�UHVXOWV�PLJKW�EH�SDUW�
RI�KLV�WHDFKLQJV��:H�PLJKW�H[SHFW�WKLV�WHDFKLQJ�WR�KDYH�VRPH�DVSHFWV�LQ�FRPPRQ�WR�WKRVH�UHODWHG�WR�
(XFOLG¶V�(OHPHQWV��$FFRUGLQJ�WR�6DLWR¶V�UHFRQVWUXFWLRQ��D�WHDFKHU�ZRXOG�UHFLWH�WKH�JHQHUDO�HQXQFLDWLRQ�
RI�D�SURSRVLWLRQ�DQG��DIWHUZDUG��GUDZ�D�GLDJUDP�RQ�VDQG�RU�D�ZD[�WDEOHW��WKHQ��DIWHU�WKH�SURRI�RI�WKH�
SURSRVLWLRQ��³WKH�GLDJUDP�ZDV�SUREDEO\�HUDVHG�WR�PDNH�URRP�IRU�WKH�QH[W�SURSRVLWLRQ�WR�EH�OHDUQHG´�
�6DLWR�����������(TXLYDOHQWO\��ZH�PLJKW�FRQFHLYH�RI�+LSSRFUDWHV�WHDFKLQJ�RQ�KLV�TXDGUDWXUH�RI�OXQHV��
DV�JRLQJ�VHTXHQWLDOO\�IURP�WKH�VLPSOHVW�FDVH�WR�WKH�PRUH�FRPSOH[�RQH�8 
�����)RU�WKH�YLHZ�EHLQJ�SUHVHQW� LQ� WKH�SUHVHQW�ZRUN�� WKLV�KLVWRULFDO�VNHWFK�GRHVQ¶W�KDYH�WR�DSSURDFK�
ZKDWHYHU�PLJKW�KDYH�RFFXUUHG��+RZHYHU��LW�OHDGV�XV�LQWR�IRFXVLQJ�DQFLHQW�*UHHN�JHRPHWULFDO�SURRIV�
LQ�WHUPV�RI�ZKDW�ZH�PLJKW�FDOO�LWV�YHUEDO�H[SRVLWLRQ�WR�RWKHU�SHRSOH��7KH�EDVLF�VWDUWLQJ�LGHD�RI�WKH�
SUHVHQW�ZRUN�LV�WKDW�WKH�SURRI�PLJKW�KDYH�VSHFLILF�UROHV�IRU�LWV�LQWHQGHG�DXGLHQFH��LQ�UHODWLRQ�WR�PDNLQJ�
H[SOLFLW�ZKDW�LV�WDNHQ�LQWR�DFFRXQW�WR�DUULYH�DW�WKH�UHVXOW��LQ�SDUWLWLRQLQJ�WKH�DUJXPHQWDWLRQ�LQ�VPDOO�
VWHSV��DQG�LQ�HQDEOLQJ�WKH�FRJQLWLRQ�RI�WKH�FRUUHFWQHVV�RI�WKH�VWHSV��7KLV�ZRXOG�OHDG�WR�D�FRJQLWLRQ�RI�

                                                 
5��$QRWKHU� UHDVRQ� LV� WR� VHH� KRZ� ³ZH� FDQ� VWLOO� HYDOXDWH� DQ� DUJXPHQW� IURP� H�J�� (XFOLGHDQ� JHRPHWU\� DQG� DJUHH� RQ� LWV�
FRUUHFWQHVV´��&DUO������������ 
6�,W�ZRXOG�EH�LQWHUHVWLQJ�WR�GHWHUPLQH�LI�WKLV�LV��LQ�IDFW��WKH�JHQHUDO�FDVH�LQ�ODWHU�RU�FRQWHPSRUDU\�LQIRUPDO�SURRIV�DQG�LI�
WKHUH�DUH�H[FHSWLRQV� WR� LW��DQG� LQ� WKLV�FDVH��KRZ�FRUUHFWQHVV� LV�DUWLFXODWHG�E\�XV�ZKHQ�JXLGHG�E\� WKH�SURRI��7KHVH�DUH�
VXEMHFWV�QRW�DGGUHVVHG�KHUH� 
7�7KH�H[WDQW�WH[W��E\�6LPSOLFLXV��LV�IURP�WKH��WK�FHQWXU\�&(��,W�UHSRUWV�ZKDW�$OH[HQGHU�RI�$SKURGLVLDV�ZURWH�RQ�D�SUHYLRXV�
WH[W��IURP�DURXQG�����&(��DQG�DOVR�UHSRUWV�RQ�D�WH[W�E\�(XGHPXV��ZULWWHQ�LQ�WKH�ODWH��WK�FHQWXU\�%&(��RU�SRVVLEO\�D�ODWHU�
YHUVLRQ�RI�WKLV�WH[W���+¡\UXS�����D���+HUH��ZH�FRQVLGHU�WKH�SDUW�RI�6LPSOLFLXV¶�WH[W�UHODWHG�WR�(XGHPXV¶�DFFRXQW��7KLV�LV�
PDGH�LQ�WHUPV�RI�WKH�UHFRQVWUXFWLRQ�E\�%HFNHU�RI�WKH�(XGHPLDQ�WH[W��:H�ZLOO�DGRSW�1HW]¶V�WUDQVODWLRQ�WR�(QJOLVK�RI�WKLV�
UHFRQVWUXFWLRQ��1HW]������� 
8�5HJDUGLQJ�WKH�H[WDQW�HGLWHG�YHUVLRQ�RI�+LSSRFUDWHV¶�ZRUN��+¡\UXS�FRQVLGHUV�WKDW�WKH�WH[W�E\�$OH[HQGHU��UHSRUWHG�LQ�WKLV�
WH[W��³GUDZV�RQ�+LSSRFUDWHV¶V�WHDFKLQJ��EHLQJ�EDVHG�HLWKHU�RQ�OHFWXUH�QRWHV�RI�KLV�RU�RQ�VWXGHQWV¶�QRWHV´��+¡\UXS�����D��
������5HJDUGLQJ�WKH�(XGHPLDQ�WH[W��DOVR�UHSRUWHG�LQ�WKH�WH[W��KLV�YLHZ�LV�WKDW�³WKH�(XGHPRV�YHUVLRQ�PD\�LQVWHDG�JR�EDFN�
WR�ZKDW�+LSSRFUDWHV�SXEOLVKHG�PRUH�RIILFLDOO\´��+¡\UXS�����D��������:H�PLJKW�WKHQ�FRQFHLYH�RI�WKH�(XGHPLDQ�WH[W�WKDW�
ZH�ZLOO�FRQVLGHU�LQ�WKH�SUHVHQW�ZRUN�DV�D�ZULWWHQ�UHQGHULQJ�RI�VRPHZKDW�ORRVH�ZULWLQJ�UHODWHG�WR�WKH�RUDO�SUHVHQWDWLRQ�RI�
WKH�SURRIV� 
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WKH�FRUUHFWQHVV�RI�WKH�SURRI�DQG��EHFDXVH�RI�WKLV��RI�WKH�UHVXOW�REWDLQHG�9�10 
�����)RU�RXU�SXUSRVH��LW�LV�VXIILFLHQW�WR�DGGUHVV�WKH�ILUVW�TXDGUDWXUH�DV�JLYHQ�LQ�WKH�(XGHPLDQ�DFFRXQW�
RI�+LSSRFUDWHV¶�WH[W��,W�LV�DV�IROORZV� 
 
����6R�KH�PDGH�KLV�VWDUWLQJ�SRLQW�E\�DVVXPLQJ��DV�WKH�ILUVW�DPRQJ�WKH�WKLQJV�XVHIXO�WR�WKH�TXDGUDWXUHV��
WKDW�ERWK�WKH�VLPLODU�VHJPHQWV�RI�WKH�FLUFOHV��DQG�WKHLU�EDVHV�LQ�VTXDUH��KDYH�WKH�VDPH�UDWLR�WR�HDFK�
RWKHU� >���@� >���@� KH� ILUVW� SURYHG� E\�ZKDW�PHWKRG� D� TXDGUDWXUH�ZDV� SRVVLEOH�� RI� D� OXQXOH� KDYLQJ� D�
VHPLFLUFOH�DV�LWV�RXWHU�FLUFXPIHUHQFH������+H�GLG�WKLV�DIWHU�KH�FLUFXPVFULEHG�D�VHPLFLUFOH�DERXW�D�ULJKW�
DQJOHG�LVRVFHOHV�WULDQJOH�DQG��DERXW�WKH�EDVH���KH�GUHZ!�D�VHJPHQW�RI�D�FLUFOH��VLPLODU�WR�WKRVH�WDNHQ�
DZD\�E\�WKH�MRLQHG��OLQHV!������$QG��WKH�VHJPHQW�DERXW� WKH�EDVH�EHLQJ�HTXDO� WR�ERWK��VHJPHQWV!�
DERXW�WKH�RWKHU��VLGHV!��DQG�DGGLQJ�DV�FRPPRQ�WKH�SDUW�RI�WKH�WULDQJOH�ZKLFK�LV�DERYH�WKH�VHJPHQW�
DERXW�WKH�EDVH��WKH�OXQXOH�VKDOO�EH�HTXDO�WR�WKH�WULDQJOH������6R�WKH�OXQXOH��KDYLQJ�EHHQ�SURYHG�HTXDO�
WR�WKH�WULDQJOH��FRXOG�EH�VTXDUHG�������,Q�WKLV�ZD\��WDNLQJ�WKH�RXWHU�FLUFXPIHUHQFH�RI�D�VHPLFLUFOH�DV�
WKH��RXWHU�FLUFXPIHUHQFH!�RI�WKH�OXQXOH��KH�UHDGLO\�VTXDUHG�WKH�OXQXOH���1HW]�������������11 
 
/HW�XV�LPDJLQH�+LSSRFUDWHV�VHDWHG�ZLWK�D�ZD[�WDEOHW�LQ�KLV�KDQGV�ZLWK�KLV�VWXGHQWV�VHDWHG�LQ�IURQW�RI�
KLP��+H�PLJKW�KDYH�VWDUWHG��H�J���E\�PHQWLRQLQJ�WKDW�KH�ZRXOG�DGGUHVV�WKH�TXDGUDWXUH�RI�OXQHV��L�H���
WKH�LVVXH�RI�ILQGLQJ�D� ILJXUH�±�ZKRVH�DUHD�ZH�NQRZ�±�WKDW�KDV�WKH�VDPH�DUHD�DV�D�OXQH���$IWHU�WKH�
³HQXQFLDWLRQ´�RI�ZKDW�LV�JRLQJ�WR�EH�SURYHG��+LSSRFUDWHV�ZRXOG�PHQWLRQ�WKH�JHRPHWULF�NQRZOHGJH�
XVHIXO� WR�DUULYH�DW� WKH�LQWHQGHG�UHVXOW��6RPH�RI�WKLV�NQRZOHGJH�LV�VR�ZHOO�NQRZQ�WKDW�+LSSRFUDWHV�
ZRXOG�OHDYH�LW�LPSOLFLW��,Q�WKLV�ZD\��VLPSOH�DULWKPHWLF�RI�DUHDV��DGGLWLYLW\�DQG�VXEWUDFWLYLW\�RI�DUHDV��
DQG�WKH�3\WKDJRUHDQ�UXOH�ZRXOG�QRW�EH�PHQWLRQHG�H[SOLFLWO\��+H�RQO\�PHQWLRQV�WKDW�ERWK�WKH�VLPLODU�
VHJPHQWV�RI� WKH�FLUFOHV� DQG� WKHLU�EDVHV� LQ� VTXDUH�KDYH� WKH�VDPH�UDWLR� WR�HDFK�RWKHU��$FFRUGLQJ� WR�
+¡\UXS��WKLV�SULQFLSOH��OLNH�WKH�3\WKDJRUHDQ�UXOH��DQG�WKH�VLPSOH�DULWKPHWLF�RI�DUHDV��³ZHUH�NQRZQ�
VLQFH�ZHOO�DERYH�D�PLOOHQQLXP�>%&(@�LQ�1HDU�(DVWHUQ�SUDFWLFDO�DQG�VFULEDO�JHRPHWU\´��+¡\UXS�����D��
������+H�ZRXOG�WKHQ�SURFHHG�WR�WKH�GUDZLQJ�RI�D�GLDJUDP��IRU�WKH�FDVH�RI�D�OXQXOH�KDYLQJ�D�VHPLFLUFOH�
DV� LWV� RXWHU� FLUFXPIHUHQFH��� $FFRUGLQJ� WR� WKH� UHFRQVWUXFWHG� WH[W�� +LSSRFUDWHV� ZRXOG� VWDUW� E\�
FLUFXPVFULELQJ�D�VHPLFLUFOH�DERXW�D�SUHYLRXVO\�GUDZQ�ULJKW�DQJOHG�LVRVFHOHV�WULDQJOH��7KLV�JLYHV�ULVH�
WR�WZR�VHJPHQWV�RI�FLUFOH��HDFK�KDYLQJ�D�VLGH�RI�WKH�WULDQJOH�DV�LWV�EDVH��VHH�ILJXUH����� 
 

 
 
)LJXUH����,QLWLDO�GUDZLQJ�ZLWK�D�VHPLFLUFOH�FLUFXPVFULELQJ�DQ�LVRVFHOHV�WULDQJOH 
 
7KHQ� +LSSRFUDWHV� PLJKW� KDYH� FRPSOHWHG� D� VTXDUH� ZLWK� VLGHV� HTXDO� WR� WKH� EDVH� RI� WKH� WULDQJOH��
$IWHUZDUG��KH�ZRXOG�XVH�WKH�ORZHU�FRUQHU�RI�WKLV�VTXDUH�DV�WKH�FHQWHU�RI�DQRWKHU�FLUFOH��DQG�KH�ZRXOG�
GUDZ�DERXW�WKH�EDVH�RI�WKH�WULDQJOH�D�VHJPHQW�RI�D�FLUFOH��VHH�ILJXUH���� 
 
                                                 
9�:H�GR�QRW�FRQVLGHU�WKDW�PDWKHPDWLFDO�SURRIV�PLJKW�QRW�KDYH�JRQH�WKURXJK�KLVWRULFDO�FKDQJHV�UHJDUGLQJ�WKHLU�³FRJQLWLYH�
IXQFWLRQLQJ´��L�H���WKHLU�GLYHUVH�FRJQLWLYH�UROHV�LQ�UHODWLRQ�WR��H�J���FODULI\LQJ�WKH�SUHVXSSRVLWLRQ�WDNHQ�LQWR�DFFRXQW��WKH�
FRUUHFWQHVV�RI�WKH�VWHSV��WKH�XVH�RI�GLDJUDPV�LQ�WKH�SURRI��WKH�UHJLPHQWDWLRQ�RI�WKH�ODQJXDJH�DGRSWHG�LQ�WKH�SURRI��WKH�NLQG�
RI�DUJXPHQWDWLRQ�VWUDWHJLHV�DGRSWHG��WKH�UROH�RI�IRUPDO�ODQJXDJHV��EHLQJ�³H[SODQDWRU\´��HWF����,Q�WKLV�ZD\��KHUH��ZH�RQO\�
HQGHDYRU�WR�FDSWXUH�LPSRUWDQW�DVSHFWV�RI�PDWKHPDWLFDO�SURRIV�WKDW�FDQ�EH�IRXQG�LQ�LWV�HDUOLHVW�H[DPSOHV��,I�DQG�KRZ�WKHVH�
PLJKW�KDYH�HYROYHG�LQ�WLPH�LV�D�VXEMHFW�ZH�GR�QRW�WDFNOH�KHUH� 
10�$V� WKH�UHDGHU�ZLOO�VRRQ�VHH��ZH�RQO\� IRFXV�RQ�D�JHRPHWULF�SURRI� LQ�UHODWLRQ� WR� LWV�EHLQJ�DQ�RUDO�RU�ZULWWHQ�SLHFH�RI�
OLQJXLVWLF�DUJXPHQW��7KLV�LV�RQO\�D�SDUWLDO�DSSURDFK�WR�JHRPHWULF�SURRI��+HUH��ZH�GR�QRW�WU\�WR�JLYH�D�JOREDO�SHUVSHFWLYH�
RQ�DQFLHQW�*UHHN�JHRPHWULF�SURRI��,Q�SDUWLFXODU��ZH�GR�QRW�DGGUHVV�WKH�LVVXH�RI�WKH�UROH�RI�GLDJUDPV�LQ�WKH�SURRI��RQ�WKLV��
VHH��H�J���'DO�0DJUR�DQG�*DUFtD�3pUH]�������� 
11�7KH�QXPEHULQJ�RI�HDFK�VHQWHQFH�LV�QRW�SDUW�RI�WKH�DQFLHQW�WH[W��RU�WKH�FRQWHPSRUDU\�UHFRQVWUXFWLRQ���,W�ZDV�PDGH�E\�
1HW]�WR�HDVH�UHIHUHQFH��1HW]�������������:H�OHDYH�LW�VLQFH�LW�SURYLGHV�D�FOHDU�VHSDUDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�SDUWV�RI�WKH�
WH[W� 



 � 

 
 
 
)LJXUH����&RPSOHWLRQ�RI�WKH�GUDZLQJ�RI�WKH�OXQH 
 
7KLV�VHJPHQW�RI�FLUFOH�LV�VLPLODU�WR�WKH�WZR�SUHYLRXV�VHJPHQWV�RI�FLUFOH��VLQFH�WKLV�VHJPHQW�PDNHV�XS�
WKH� VDPH�SDUW�RI� D� FLUFOH� DV� WKH�RWKHU� WZR���$OVR�� VLQFH�ZH�KDYH�D� ULJKW�DQJOHG� LVRVFHOHV� WULDQJOH��
DFFRUGLQJ�WR�WKH�3\WKDJRUHDQ�UXOH��WKH�EDVH�LQ�VTXDUH�LV�HTXDO�WR��WKH�VXP�RI��WKH�VLGHV�LQ�VTXDUH��WKLV�
LV�OHIW�LPSOLFLW�VLQFH��DV�PHQWLRQHG��LV�WDNHQ�WR�EH�ZHOO�NQRZQ�E\�WKH�LQWHQGHG�DXGLHQFH���$IWHU�WKH�
FRPSOHWLRQ�RI�WKH�GLDJUDP��+LSSRFUDWHV�VWDUWV�KLV�DUJXPHQWDWLRQ�SURSHU��7KLV�LV�JLYHQ�YHU\�FRQFLVHO\�
LQ�SDUW�����RI�WKH�WH[W�DERYH� 
 
7KH�VHJPHQW�DERXW�WKH�EDVH�EHLQJ�HTXDO�WR�ERWK��VHJPHQWV!�DERXW�WKH�RWKHU��VLGHV!��DQG�DGGLQJ�DV�
FRPPRQ�WKH�SDUW�RI�WKH�WULDQJOH�ZKLFK�LV�DERYH�WKH�VHJPHQW�DERXW�WKH�EDVH��WKH�OXQXOH�VKDOO�EH�HTXDO�
WR�WKH�WULDQJOH���1HW]����������� 
 
+HUH�� +LSSRFUDWHV� XVHV� WKH� DERYH�PHQWLRQHG� SULQFLSOH� WRJHWKHU� ZLWK� WKH� 3\WKDJRUHDQ� UXOH� DQG�
FRQFOXGHV�WKDW� WKH�VHJPHQW�RI�FLUFOH�DERXW� WKH�EDVH�LV�HTXDO� WR� WKH�VXP�RI�WKH�VHJPHQWV�RI� FLUFOHV�
DERXW� WKH�VLGHV��:LWK� WKH�DLG�RI� WKH�GLDJUDP��+LSSRFUDWHV� ³DGGV´� WKH�SDUW�RI� WKH� WULDQJOH�ZKLFK� LV�
DERYH�WKH�VHJPHQW�WR�WKH�WZR�VPDOO�VHJPHQWV�RI�FLUFOH��7KLV�³DGGLQJ´�FDQ�EH�VLPSO\�PDGH�E\�SRLQWLQJ�
LQ�WKH�GLDJUDP�WR�WKH�WKUHH�UHJLRQV�WKDW�PXVW�EH�FRQVLGHUHG�DV�D�ZKROH�DUHD��VHH�ILJXUH���OHIW���+HUH��
+LSSRFUDWHV�LV�XVLQJ�WKH�VLPSOH�DULWKPHWLF�RI�DUHDV��7KLV�DUHD�LV�HTXDO�WR�WKDW�UHVXOWLQJ�IURP�³DGGLQJ´�
WKH�SDUW�RI�WKH�WULDQJOH�ZKLFK�LV�DERYH�WKH�VHJPHQW�RI�FLUFOH�WR�WKLV�VHJPHQW�RI�FLUFOH��VHH�ILJXUH���
ULJKW���,Q�WKLV�ZD\��+LSSRFUDWHV�SURYHV�WKDW�WKH�DUHD�RI�WKH�OXQH�LV�HTXDO�WR�WKH�DUHD�RI�WKH�WULDQJOH��
7KLV�FRQFOXGHV�+LSSRFUDWHV¶�³H[SRVLWLRQ´�DV�UHQGHUHG�LQ�WKH�H[WDQW�ZULWWHQ�WH[W� 
 
 

 
 

 

 
)LJXUH����7ZR�ZD\V�RI�GRLQJ�WKH�³YLVXDO�RSHUDWLRQ´�RI�DGGLQJ�DUHDV�RI�ILJXUHV 
 
$V� +¡\UXS� PHQWLRQV�� WKH� DUJXPHQWDWLRQ� LV� PDGH� RQ� D� VLQJOH� OHYHO�� EHLQJ� GLUHFWO\� EDVHG� RQ� WKH�
JHRPHWULF�NQRZOHGJH�XVHIXO�WR�DUULYH�DW�WKH�LQWHQGHG�UHVXOW���+¡\UXS�����D��������$OVR��WKH�DUJXPHQW�
LV�� UHDOO\�� D� VHTXHQFH� RI� DUJXPHQWV�� HDFK� OD\LQJ� WKH� JURXQG� IRU� WKH� QH[W� RQH�� ,Q� D� GLGDFWLF� RUDO�
SUHVHQWDWLRQ��ZH�FDQ�H[SDQG�WKH�FRQGHQVHG�ZULWWHQ�UHQGHULQJ�RI�WKH�DUJXPHQWV�DV�D�VHTXHQFH�RI�VWHSV��
HDFK�RQH�KDYLQJ�D�VLQJOH�OHYHO��L�H���UHO\LQJ�GLUHFWO\�RQ�WKH�JHRPHWULF�NQRZOHGJH�DGPLWWHG�ZLWKRXW�
SURRI��� 2QH� FRXOG� VWDUW� E\� PHQWLRQ� WKH� 3\WKDJRUHDQ� UXOH�� VRPHWKLQJ� OLNH� WKH� HQXQFLDWLRQ� RI�
SURSRVLWLRQ� ��� RI� ERRN� �� RI� (XFOLG¶V�(OHPHQWV�� ³LQ� ULJKW�DQJOHG� WULDQJOHV� WKH� VTXDUH� RQ� WKH� VLGH�
VXEWHQGLQJ�WKH�ULJKW�DQJOH�LV�HTXDO�WR�WKH�VTXDUHV�RQ�WKH�VLGHV�FRQWDLQLQJ�WKH�ULJKW�DQJOH´��+HDWK�������
������ )LJXUH� �� VKRZV� WKH� H[DPSOH� WKDW� LV� UHOHYDQW� LQ� +LSSRFUDWHV¶� SURRI�� WKDW� RI� D� ULJKW�DQJOHG�
LVRVFHOHV�WULDQJOH��,Q�WKLV�FDVH��WKH�DUHD��L�H���WKH�VLGH�LQ�VTXDUH��RI�WKH�WZR�VPDOOHU�VTXDUHV�LV�WKH�VDPH� 

 



 � 

 
 
)LJXUH�����7KH�3\WKDJRUHDQ�UXOH�IRU�WKH�FDVH�RI�D�ULJKW�DQJOHG�LVRVFHOHV�WULDQJOH 
 
,Q�WKH�VHFRQG�VWHS��ZH�ZRXOG�UHFDOO�WKH�SULQFLSOH�DGRSWHG�DW�WKH�EHJLQQLQJ�RI�WKH�SUHVHQWDWLRQ���ERWK�
WKH�VLPLODU�VHJPHQWV�RI�WKH�FLUFOHV�DQG�WKHLU�EDVHV�LQ�VTXDUH�KDYH�WKH�VDPH�UDWLR�WR�HDFK�RWKHU��:H�FDQ�
LPDJLQH�DQ�DX[LOLDU\�ILJXUH�OLNH�ILJXUH����ZKLFK�JLYHV�D�YLVXDO�UHQGHULQJ�RI�WKLV�IRU�WKH�FDVH�DW�KDQG��
WKDW�RI�D�ULJKW�DQJOHG�LVRVFHOHV�WULDQJOH� 
 

 
 
)LJXUH����3\WKDJRUHDQ�UXOH�SOXV�WKH�³VLPLODU�VHJPHQWV�SULQFLSOH´ 
 
:LWK�WKH�DLG�RI�ILJXUH����ZH�FRQFOXGH�LQ�VWHS�WKUHH�WKDW�³WKH�VHJPHQW�DERXW�WKH�EDVH�>LV@�HTXDO�WR�ERWK�
�VHJPHQWV!� DERXW� WKH� RWKHU� �VLGHV!´� �1HW]� ������ ������ 7KDW� LV� WKH� FUXFLDO� UHVXOW� REWDLQHG� E\�
+LSSRFUDWHV� 
�����:H� WKHQ� JR� LQWR� WKH� ³VHFRQG� SDUW´� RI� WKH� SURRI�� +HUH�� ZH� WDNH� DGYDQWDJH� RI� WKH�ZHOO�NQRZQ�
JHRPHWULF� NQRZOHGJH� DERXW� WKH� DGGLWLYLW\� RI� DUHDV�� 7KDW� FDQ� EH� PDGH� ³GLUHFWO\� RQ´� ILJXUH� ��
FRQVWUXFWHG�GXULQJ�WKH�LQLWLDO�SDUW�RI�WKH�GHPRQVWUDWLRQ�SUHVHQWDWLRQ��DV�GHVFULEHG�DERYH�XVLQJ�ILJXUHV�
�� OHIW� DQG��� ULJKW��7KH� OLQJXLVWLF� UHQGHULQJ�RI� WKLV� SURFHGXUH� LV� JLYHQ� LQ� WKH�SURRI� DV�� ³DGGLQJ�DV�
FRPPRQ�WKH�SDUW�RI�WKH�WULDQJOH�ZKLFK�LV�DERYH�WKH�VHJPHQW�DERXW�WKH�EDVH´��1HW]�������������$QG��
ZKHQ�GRLQJ�WKLV��ZH�ILQDOO\�FRQFOXGH�WKDW�³WKH�OXQXOH�VKDOO�EH�HTXDO�WR�WKH�WULDQJOH´��1HW]������������ 
:H�ZRXOG�HQG�WKH�SUHVHQWDWLRQ�RI�WKH�SURRI�E\�WDNLQJ�VWRFN�RQ�WKH�UHVXOW�MXVW�REWDLQHG�ZLWK�ZKDW�ZH�
PLJKW�FRQFHLYH�DV�D�FRPPHQWDU\��³����6R�WKH�OXQXOH��KDYLQJ�EHHQ�SURYHG�HTXDO�WR�WKH�WULDQJOH��FRXOG�
EH�VTXDUHG�������,Q�WKLV�ZD\��WDNLQJ�WKH�RXWHU�FLUFXPIHUHQFH�RI�D�VHPLFLUFOH�DV�WKH��RXWHU�FLUFXPIHUHQFH!�
RI�WKH�OXQXOH��KH�UHDGLO\�VTXDUHG�WKH�OXQXOH´��1HW]�������������7KLV�³FRPPHQWDU\´�KDV�WZR�SDUWV��7KH�
ILUVW�FDOOV�DWWHQWLRQ�WR�WKH�IDFW�WKDW�VRPHWKLQJ�H[WUDRUGLQDU\�ZDV�MXVW�GRQH��ZH�VTXDUHG�WKH�OXQH��7KDW�
PXVW�EH�XQGHUVWRRG�LQ�LWV�KLVWRULFDO�FRQWH[W��7KH�TXDGUDWXUH�RI�WKH�OXQH�LV�D�SDUWLFXODU�YHUVLRQ�RI�WKH�
PRUH�JHQHUDO�SUREOHP�RI�WKH�TXDGUDWXUH�RI�WKH�FLUFOH��L�H���ILQGLQJ�WKH�H[DFW�DUHD�RI�D�FLUFOH��ZKLFK��LQ�
SUDFWLFH��FRUUHVSRQGV�WR�ILQGLQJ�D�UHFWLOLQHDU�ILJXUH�ZLWK�WKH�VDPH�DUHD�RI�D�FLUFOH���+LSSRFUDWHV��IRU�
WKH�ILUVW�WLPH��VKRZHG�WKDW�WKH�DUHD�RI�D�FLUFXODU�VKDSHG�ILJXUH�±�D�OXQH�±�ZDV�H[DFWO\�HTXDO�WR�WKH�DUHD�
RI�D�UHFWLOLQHDU�ILJXUH�±�D�ULJKW�DQJOHG�LVRVFHOHV�WULDQJOH��$V�.QRUU�PHQWLRQHG��³DQ�LPSRUWDQW�SULQFLSOH�
KDV�EHHQ�HVWDEOLVKHG��WKDW�FXUYLOLQHDU�ILJXUHV��VSHFLILFDOO\�WKRVH�DVVRFLDWHG�ZLWK�FLUFXODU�DUFV��DUH�QRW�



 � 

GLIIHUHQW�LQ�NLQG�IURP�UHFWLOLQHDU�ILJXUHV�DV�IDU�DV�WKHLU�TXDGUDELOLW\�LV�FRQFHUQHG´��.QRUU������������
7KH�VHFRQG�SDUW�RI�WKH�FRPPHQWDU\�FDOOV�DWWHQWLRQ�WR�WKH�IDFW�WKDW�WKH�UHVXOW�LV�QRW�JHQHUDO��LW�UHODWHV�
WR� D� YHU\� SDUWLFXODU� OXQH�� 2QH� LQ� ZKLFK� WKH� RXWHU� FLUFXPIHUHQFH� RI� D� VHPLFLUFOH� LV� WKH� RXWHU�
FLUFXPIHUHQFH�RI�WKH�OXQH��+HUH��+LSSRFUDWHV�FRQFOXGHV�KLV�SUHVHQWDWLRQ�RI�KLV�SURRI�WR�KLV�VWXGHQWV��
+H�PLJKW�WKHQ�JR�RQ�DQG�SUHVHQW�VRPH�RWKHU�UHVXOW�LQFOXGHG�LQ�KLV�(OHPHQWV� 
 
 
���,QWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV� 
 
7R�EHWWHU�IUDPH�WKH�GLVFXVVLRQ�RI�WKLV�VHFWLRQ��ZH�PLJKW�VWDUW�ZLWK�D�FRXSOH�RI�³VOXJ�OLQHV´��³ODQJXDJH�
LV�QRW�WKRXJKW��DQG�YLFH�YHUVD´��-DFNHQGRII�����������³/DQJXDJH�DQG�WKRXJKW�DUH�QRW�WKH�VDPH�WKLQJ´�
�)HGRUHQNR�DQG�9DUOH\������������ 
�����2QH�ZD\�LQ�ZKLFK�WKH�GLIIHUHQWLDWLRQ�RI�WKRXJKW�DQG�ODQJXDJH�FDQ�EH�XQGHUVWRRG�LV�E\�WDNLQJ�LQWR�
DFFRXQW�WKH�EUDLQ�UHJLRQV�LQ�ZKLFK�WKH�QHXUDO�FRUUHODWHV�RI�GLIIHUHQW�FRJQLWLYH�SURFHVVHV�DUH�RFFXUULQJ��
7KH�SRLQW�LV�WR�GHWHUPLQH�LI�UHJLRQV�DVVRFLDWHG�ZLWK�ODQJXDJH�DUH�DFWLYH�GXULQJ�WKH�GLIIHUHQW�FRJQLWLYH�
SURFHVVHV��LQ�D�ZD\�WKDW�ZH�PLJKW�FRQVLGHU�WKDW�ODQJXDJH�KDV�D�UROH�LQ�WKHVH�SURFHVVHV���7KHUH�DUH�
UREXVW�ILQGLQJV�WKDW�OHG�XV�WR�FRQVLGHU�WKDW�ODQJXDJH�LV�QRW�GHWHUPLQDQW�LQ�PDQ\�FRJQLWLYH�SURFHVVHV�
LQ�ZKLFK��DW�ILUVW��ZH�PLJKW�H[SHFW�ODQJXDJH�WR�KDYH�D�UHOHYDQW�UROH���)HGRUHQNR�DQG�9DUOH\�JLYH�D�
FODULI\LQJ�DVVHVVPHQW�RI�WKH�VLWXDWLRQ� 
 
/DQJXDJH�SURFHVVLQJ�UHOLHV�RQ�D�VHW�RI�VSHFLDOL]HG�EUDLQ�UHJLRQV� >«@�7KHVH�UHJLRQV�DUH�QRW�DFWLYH�
ZKHQ�ZH�HQJDJH�LQ�PDQ\�IRUPV�RI�FRPSOH[�WKRXJKW��LQFOXGLQJ�DULWKPHWLF��VROYLQJ�FRPSOH[�SUREOHPV��
OLVWHQLQJ�WR�PXVLF��WKLQNLQJ�DERXW�RWKHU�SHRSOH¶V�PHQWDO�VWDWHV��RU�QDYLJDWLRQ�WKH�ZRUOG��)XUWKHUPRUH��
DOO� WKHVH� QRQOLQJXLVWLF� DELOLWLHV� IXUWKHU� DSSHDU� WR� UHPDLQ� LQWDFW� IROORZLQJ�GDPDJH� WR� WKH� ODQJXDJH�
V\VWHP�� VXJJHVWLQJ� WKDW� OLQJXLVWLF� UHSUHVHQWDWLRQV� DUH� QRW� FUXFLDO� IRU� PXFK� RI� KXPDQ� WKRXJKW��
�)HGRUHQNR�DQG�9DUOH\����������� 
 
6LQFH�LQ�WKLV�ZRUN�RXU�LQWHUHVW�FHQWHUV�RQ�PDWKHPDWLFDO�SURRIV�DQG�WKHLU�³DVVRFLDWHG´�UHDVRQLQJ��ZH�
ZLOO� FRQVLGHU� UHVXOWV� WKDW� EHDU� GLUHFWO\� RQ� WKH� DSSURDFK� EHLQJ� GHYHORSHG� KHUH�� ZH� ZLOO� VWDUW� E\�
PHQWLRQLQJ�D�IHZ�UHVXOWV�UHJDUGLQJ�WKH�LVVXH�RI�WKH�UROH�RI�ODQJXDJH�LQ�ZKDW�ZH�FDQ�EURDGO\�QDPH�DV�
FRQGLWLRQDO�W\SH�RI�UHDVRQLQJ��0RQWL�HW�DO��������0RQWL��3DUVRQV��DQG�2VKHUVRQ��������&RHW]HH�DQG�
0RQWL��������,Q�D�VHW�RI�H[SHULPHQWV��SDUWLFLSDQWV�KDG�WR�DVVHVV�WKH�FRUUHFWQHVV�RI�VLPSOH�RU�PRUH�
FRPSOH[�DUJXPHQWV�WKDW�FRUUHVSRQGHG�WR�WKRVH�RI�SURSRVLWLRQDO�ORJLF��2QH�H[DPSOH�RI�DQ�DUJXPHQW�
LV�DV�IROORZV� 
 
,I�WKH�EORFN�LV�HLWKHU�URXQG�RU�ODUJH�WKHQ�LW�LV�QRW�EOXH 
7KH�EORFN�LV�URXQG 
 
7KH�EORFN�LV�QRW�EOXH��0RQWL�HW�DO�������������� 
 
7KH� H[SHULPHQWDO� UHVXOWV� LQGLFDWH� WKDW� WKH� UROH� RI� ODQJXDJH� LV� RQO\� WKDW� RI� GHFRGLQJ� WKH� YHUEDOO\�
SUHVHQWHG�DUJXPHQW�LQWR�³QRQ�OLQJXLVWLF�VWUXFWXUDO�UHSUHVHQWDWLRQV´��0RQWL�HW�DO������������������7KH�
QHXUDO�VXEWUDFW�RI�GHGXFWLYH�UHDVRQLQJ�SURSHU�LV�ORFDWHG�LQ�UHJLRQV�QRW�UHODWHG�WR�ODQJXDJH��&RHW]HH�
DQG�0RQWL��������:KDW�ZH�PLJKW�FDOO�FRQGLWLRQDO�UHDVRQLQJ�LV�PDGH�ZLWKRXW�UHVRUW�WR�ODQJXDJH� 
�����7KLV�NLQG�RI�UHVXOW�LI�JHQHUDOL]HG�ZRXOG�LPSO\�WKDW�ODQJXDJH�KDV�QR�³DFWLYH´�UROH�LQ�UHDVRQLQJ��LW�
ZRXOG�EH�RQO\�D�PHDQV�WR�FRPPXQLFDWH�WKH�UHVXOW�RI�UHDVRQLQJ�RU�WR��VRPHKRZ��H[SUHVV�OLQJXLVWLFDOO\�
WKH�UHDVRQLQJ�SURFHVV��WKDW�ZRXOG�EH�LQGHSHQGHQW�RI�ODQJXDJH���7KDW�LV�QRW�WKH�FDVH� 
�����:RUN�RQ��HYHU\GD\��DUJXPHQWDWLYH�UHDVRQLQJ��IRXQG�D�QHXUDO�EDVLV�IRU�WKLV�UHDVRQLQJ�WKDW�ODUJHO\�
GLIIHUV�IURP�WKH�QHXUDO�EDVLV�SUHYLRXVO\�DVVRFLDWHG�ZLWK�ORJLFDO�UHDVRQLQJ��3UDGR�HW�DO���������7KLV�
UHVXOW�LV�QRW�LQFRPSDWLEOH�ZLWK�WKH�RQHV�PHQWLRQHG�MXVW�DERYH�VLQFH�LW�KDV�EHHQ�QRWLFHG�WKDW�WKH�QHXUDO�
QHWZRUN�WKDW�XQGHUSLQV�ORJLFDO�UHDVRQLQJ�LV�WDVN�GHSHQGHQW��*RHO�DQG�:DHFKWHU������� 
�����)URP�WKHVH�UHVXOWV��ZH�PLJKW�H[SHFW�WKDW�DQ�HYHQWXDO�UROH�RI�ODQJXDJH�LQ�UHDVRQLQJ�PLJKW�GHSHQG�



 � 

RQ� WKH� SDUWLFXODU� UHDVRQLQJ� EHLQJ�PDGH� DQG� WKDW� WKH� UHVXOWV� E\�0RQWL� DQG� FR�ZRUNHUV� GR� QRW�� E\�
WKHPVHOYHV��VHUYH�WR�FRQFOXGH�WKDW��LQ�WKH�FDVH�RI�PRUH�FRPSOH[�UHDVRQLQJ��WKH�ODQJXDJH¶V�RQO\�UROH�
LV�WKDW�RI�³GHFRGLQJ�YHUEDOO\�SUHVHQWHG�LQIRUPDWLRQ´��&RHW]HH�HW�DO������������ 
�����7KHUH�LV��LQ�IDFW��UHVHDUFK�VXJJHVWLQJ�WKDW�ODQJXDJH�GRHV�KDYH�D�UROH�LQ�FRPSOH[�UHDVRQLQJ��)RU�
H[DPSOH�� %DOGR� HW� DO�� ������� PDGH� D� VHULHV� RI� VWXGLHV� FRPSDULQJ� WKH� SHUIRUPDQFH� RQ� FRPSOH[�
UHDVRQLQJ� WDVNV� RI� D� JURXS� RI� ODQJXDJH�LPSDLUHG� �DSKDVLF�� VWURNH� SDWLHQWV�ZLWK� DQRWKHU� JURXS� RI�
SDWLHQWV�ZLWK�WKHLU�ODQJXDJH�IDFXOWLHV�LQWDFW��7KH�ILQGLQJV�RI�WKHVH�VWXGLHV�DUH�DV�IROORZV� 
 
7KH�DSKDVLF�JURXS�DV�D�ZKROH�ZDV�GLVSURSRUWLRQDWHO\�LPSDLUHG�RQ�UHDVRQLQJ�WDVNV�UHODWLYH�WR�WKH�QRQ�
DSKDVLF�JURXS��EXW�WKH�WZR�JURXSV�VKRZHG�FRPSDUDEOH�SHUIRUPDQFH�RQ�RWKHU�FRJQLWLYHO\�GHPDQGLQJ�
WDVNV�WKDW�GLG�QRW�LQYROYH�UHDVRQLQJ���%DOGR�HW�DO���������� 
 
7KHVH�UHVXOWV�SRLQW�WR�ODQJXDJH�KDYLQJ�D�IDFLOLWDWLQJ�UROH�LQ�UHDVRQLQJ��7KH�UHVXOWV�LQ�%DOGR�HW�DO���������
VXJJHVW�WKDW�WKH�FDSDFLW\�WR�IRUPXODWH�DQG�FRPSUHKHQG�ODQJXDJH�³LV�PRVW�VWURQJO\�UHODWHG�WR�UHDVRQLQJ�
SHUIRUPDQFH´��%DOGR�HW�DO������������7KDW��WRJHWKHU�ZLWK�RWKHU�SUHYLRXV�VWXGLHV�PHQWLRQHG�LQ�%DOGR�
HW� DO�� �������� SRLQWV� WR� D� SRVVLEOH� UROH� RI� LQQHU� VSHHFK�� RU�PRUH� JHQHUDOO\�� WDONLQJ� WR� RQHVHOI�� LQ�
IDFLOLWDWLQJ�UHDVRQLQJ��%DOGR�HW�DO�����������12�7KH�DXWKRUV¶�SRVLWLRQ�LV�WKDW�³ODQJXDJH�FDQ�µIDFLOLWDWH¶�
DQG�LV�µVXSSRUWLYH¶�RI�KLJKHU�OHYHO�UHDVRQLQJ�FDSDFLW\´��%DOGR�HW�DO������������ 
�����,Q�ZKDW�IROORZV��ZH�ZLOO�GHYHORS�DQ�DSSURDFK�WR�DQFLHQW�*UHHN�JHRPHWULFDO�SURRIV�EDVHG�RQ�WKLV�
YLHZ��EXW��IRU�WKDW�WR�EH�SRVVLEOH��ZH�QHHG�D�PRGHO�RI�KRZ�VSHDNLQJ�WR�RQHVHOI�FDQ�KDYH�D�IDFLOLWDWLQJ�
RU�VXSSRUWLQJ�UROH�LQ�UHDVRQLQJ� 
�����+HUH��ZH�ZLOO�DGRSW�)UDQNLVK¶V�PRGHO�RI� LQWHQWLRQDO� UHDVRQLQJ��)UDQNLVK��������%\� LQWHQWLRQDO�
UHDVRQLQJ��ZH�PHDQ�D�³GHOLEHUDWH��LQWHQWLRQDOO\�FRQWUROOHG�UHDVRQLQJ´��)UDQNLVK������������LQ�ZKLFK�
ZH�ZRUN�RXW�LQ�D�VHTXHQFH�RI�VWHSV�RU�³DFWLRQV´��H�J���D�PDWKHPDWLFDO�SUREOHP��)UDQNLVK�������������� 
�����)UDQNLVK�FRQFHLYHV�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV��)UDQNLVK��������������/HW¶V�VD\�
WKDW�ZH�EHJLQ�ZLWK�D�ZULWWHQ��RU�VSRNHQ��VHQWHQFH�PDGH�RI�OLQJXLVWLF�H[SUHVVLRQV�DQG�HYHQ�V\PEROLF�
RQHV��H�J���IURP�PDWKHPDWLFV����,Q�)UDQNLVK¶V�PRGHO��³ZH�VWDUW�ZLWK�>WKH@�VHQWHQFH��LQWHUSUHW�LW�DV�D�
VWHS�LQ�DQ�DUJXPHQW��IRUP�D�EHOLHI�DERXW�WKH�QH[W�VWHS��DGG�WKDW�VHQWHQFH��DQG�VR�RQ´��)UDQNLVK�������
�����)LJXUH���LOOXVWUDWHV�WKH�F\FOHV��)RUPLQJ�D�EHOLHI�DQG�SURGXFLQJ�D�QHZ�VHQWHQFH�ZRXOG�EH�WKH�UHVXOW�
RI�DXWRQRPRXV��QRQ�FRQVFLRXV�UHDVRQLQJ��7KDW�LPSOLHV�WKDW��ZKLOH�WKH�UHDVRQLQJ�F\FOH�LV�LQWHQWLRQDO�
±�ZH�DUH�LQWHQWLRQDOO\�³LPPHUVHG´�LQ�WKH�F\FOH�±��³WKH�SURFHVVHV�WKDW�JXLGH�DQG�VXSSRUW�WKLV�UHDVRQLQJ�
ZLOO�EH�DXWRQRPRXV´��)UDQNLVK������������,Q�WKLV�ZD\��³LQWHQWLRQDO�UHDVRQLQJ�LV�QRW�ZKROO\�LQWHQWLRQDO��
EXW�JXLGHG�DQG�PHGLDWHG�E\�DXWRQRPRXV�UHDVRQLQJ´��)UDQNLVK����������� 
 
 

 
 
)LJXUH����)UDQNLVK¶V�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV 
                                                 
12�)RU�RXU�SXUSRVH��ZH�ZLOO�WUHDW�LQQHU�VSHHFK�DQG�RYHUW�VSHHFK�DV�HTXLYDOHQW��7KDW�LV��JUDWLQJ�D�IDFLOLWDWLQJ�UROH�WR�VSHDNLQJ�
WR� RQHVHOI�� ZH�ZLOO� FRQVLGHU� WKDW� GRLQJ� WKLV� RYHUWO\� RU� FRYHUWO\� GRHV� QRW� DIIHFW� RXU� ³SHUIRUPDQFH´�ZKHQ� IROORZLQJ� D�
PDWKHPDWLFDO�SURRI��OLNH�WKH�RQHV�FRQVLGHUHG�LQ�WKH�SUHVHQW�ZRUN��+RZHYHU��LW�PXVW�EH�QRWLFHG�WKDW�LQQHU�VSHHFK�DQG�RXWHU�
VSHHFK�DUH�QRW�WKH�VDPH��&XUUHQW�UHVHDUFK�LQGLFDWHV�WKDW��IRU�DGXOWV�� LQQHU�VSHHFK�LV�LPSRYHULVKHG�DW�SKRQRORJLFDO�DQG�
SKRQHWLF�OHYHOV��6WHSKDQ��6DDOEDFK��DQG�5RVVL���������� 



 � 

 
:KDW� LV� WKH� UROH� RI� ODQJXDJH� WKHQ"� � ,Q� )UDQNLVK¶V� YLHZ�� ³HYHQ� LI� XWWHUDQFHV�ZHUH�PHUHO\� SDVVLQJ�
LQIRUPDWLRQ�� WKH\�ZRXOG� VWLOO� EH� HVVHQWLDO� FRPSRQHQWV� LQ� D� ODUJHU�� WHPSRUDOO\� H[WHQGHG� UHDVRQLQJ�
SURFHVV��VLQFH�WKHUH�PD\�EH�QR�LQWHUQDO�FKDQQHOV�WR�SDVV�WKH�LQIRUPDWLRQ´��)UDQNLVK������������,Q�WKLV�
ZD\��ZKHQ�ZH�UHDG�RU�XWWHU�D�VHQWHQFH��DV�D�VWHS�RI�DQ�DUJXPHQW���³>RXU@�ODQJXDJH�FRPSUHKHQVLRQ�
V\VWHP�LQWHUSUHWV�LW��DQG�LWV�FRQWHQW�LV�JOREDOO\�EURDGFDVW�WR�RWKHU�PHQWDO�VXEV\VWHPV´��)UDQNLVK�������
�����$OVR��LQ�KLV�YLHZ��³LW�LV�QRW�WKH�FDVH�WKDW�WKH�XWWHUDQFHV�DUH�VLPSO\�>EURDGFDVWLQJ@�LQIRUPDWLRQ��
7KH\�DUH�SDVVLQJ�LW�RQ�LQ�D�FHUWDLQ�FRQWH[W�>«@�(DFK�XWWHUDQFH�LV�LQWHUSUHWHG�LQ�WKH�FRQWH[W�RI�SUHFHGLQJ�
XWWHUDQFHV´� �)UDQNLVK� ������ ����13��)LQDOO\�� )UDQNLVK� DOVR� FRQVLGHUV� WKDW� WKH� SURFHVV� RI� OLQJXLVWLF�
DUWLFXODWLRQ�RI�WKH�UHVXOW�RI�DXWRQRPRXV�UHDVRQLQJ�³SURIRXQGO\�VKDSHV�WKH�RYHUDOO�UHDVRQLQJ�SURFHVV´�
�)UDQNLVK� ������ ����� 7KLV� LV� VR� EHFDXVH� ³GLIIHUHQW� FKRLFHV� RI� XWWHUDQFH� PD\� WDNH� WKH� SURFHVV� LQ�
FRPSOHWHO\� GLIIHUHQW� GLUHFWLRQV´� �)UDQNLVK� ������ ���� 14��� 15��7KDW� ILWV� ZHOO� ZLWK� ERWK� YLHZV� ZH�
PHQWLRQHG�DERYH��:H�PLJKW�VWLOO�KDYH�QRQ�OLQJXLVWLF�UHDVRQLQJ��OLNH�0RQWL�DQG�FR�ZRUNHUV�FRQVLGHU�
WKDW�LV�WKH�FDVH�ZLWK�FRQGLWLRQDO�UHDVRQLQJ��ZKLFK�JXLGHV�DQG�PHGLDWHV�WKH�LQWHQWLRQDO�UHDVRQLQJ���%XW�
WKHVH�PRPHQWV�RI�DXWRQRPRXV� UHDVRQLQJ�DUH�HPEHGGHG� LQ�DQ� LQWHQWLRQDO�DQG� OLQJXLVWLFDOO\�GULYHQ�
F\FOH��ZKHUH�ZH�ILQG�WKH�IDFLOLWDWLQJ�RU�VXSSRUWLYH�UROH�RI�ODQJXDJH�16 
�����7KHUH�LV��LQ�RXU�YLHZ��D�FUXFLDO�DVSHFW�RI�WKH�F\FOLFDO�SURFHVV�SURSRVHG�E\�)UDQNLVK�QRW�GHYHORSHG�
LQ�KLV�ZRUN��ZKLFK�KDV�HQRUPRXV�FRQVHTXHQFHV�ZKHQ�DGGUHVVLQJ�D�PDWKHPDWLFDO�SURRI� LQ�WHUPV�RI�
LQWHQWLRQDO�UHDVRQLQJ� 
�����/HW�XV�UHWXUQ�WR�)UDQNLVK¶V�PHQWLRQV�WR�RQH�DVSHFW�RI� WKH�UHDVRQLQJ�F\FOH��EHOLHI��+H�JDYH�WZR�
H[DPSOHV�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV��D�ORQJ�GLYLVLRQ�DQG�DQ�HYHU\GD\�VSHHFK�EDVHG�
UHDVRQLQJ�SURFHVV��,Q�WKH�FDVH�RI�WKH�ORQJ�GLYLVLRQ� 
 
:H�EHJLQ�E\�ZULWLQJ�RXW�WKH�ILJXUHV�LQ�D�FHUWDLQ�IRUPDW�>«@�DQG�DXWRQRPRXV�SURFHVVHV�LQWHUSUHW�WKHP�
DV� SRVLQJ� D� VLPSOHU� GLYLVLRQ� SUREOHP� >���@� DXWRQRPRXV� SURFHVVHV� WKHQ�JHQHUDWH� D� EHOLHI� DERXW� WKH�
VROXWLRQ�WR�WKLV�VXESUREOHP�DQG�D�GHFLVLRQ�WR�ZULWH�GRZQ�IXUWKHU�V\PEROV�H[SUHVVLQJ�LW���)UDQNLVK�
��������� 
 
1RWLFH�WKDW�DFFRUGLQJ�WR�)UDQNLVK��WKH�UHVXOW�RI�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�LV�QRW�VR�PXFK�D�
³VROXWLRQ´�EXW�D�EHOLHI�DERXW�WKH�VROXWLRQ� 
�����(OVHZKHUH��)UDQNLVK�PHQWLRQV�WKDW�³MXGJLQJ�WKDW�S�>LV�WKH�FDVH@�UHVXOWV�LQ�P\�IRUPLQJ�WKH�EHOLHI�
WKDW�S�>LV�WKH�FDVH@´��)UDQNLVK�����������+H�DOVR�PHQWLRQV�WKDW�³D�MXGJPHQW�SURGXFHV�D�VHWWOHG�EHOLHI´�
�)UDQNLVK�����������:H�FRXOG�UH�IUDPH�WKLV�DQG�VD\�WKDW�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�SURGXFHV�
QRW�VR�PXFK�D�VROXWLRQ�EXW�D�EHOLHI�WKDW�D�VROXWLRQ�LV�WKH�FDVH� 
�����7KDW�LV�ZK\�)UDQNLVK�PHQWLRQV�WKH�GHFLVLRQ�³WR�FRPPXQLFDWH�D�EHOLHI´��)UDQNLVK�����������DQG�
WKDW� ³VSHHFK� SURGXFWLRQ� VWDUWV�ZLWK� D� EHOLHI��ZKRVH� FRQWHQW� LV� WKH�PHVVDJH� WR� EH� FRPPXQLFDWHG´�
�)UDQNLVK�����������6R��LQ�)UDQNLVK¶V�DFFRXQW��LW�LV�QRW�VR�PXFK�WKH�VROXWLRQ�S�WKDW�LV�H[SUHVVHG�EXW�

                                                 
13�7KLV�LV�SDUWLFXODUO\�WKH�FDVH�ZLWK�ZULWWHQ�VHQWHQFHV�LQ�D�JHRPHWULF�SURRI��OLNH�WKH�RQHV�ZH�DUH�FRQVLGHULQJ�KHUH� 
14�(YLGHQWO\��WKLV�LV�DOVR�WKH�FDVH�ZKHQ�WKH�GLIIHUHQW�FKRLFHV�RI�ZULWWHQ�VHQWHQFHV�PDGH�E\�WKH�DXWKRU�RI�D�SURRI��OHDG�XV�LQ�
RXU�UHDVRQLQJ�SURFHVV� 
15�7KHUH�DUH�PDQ\�YLHZV�RQ�WKH�UROH�RI�ODQJXDJH�LQ�UHDVRQLQJ��VHH��H�J���&ODUN�������&DUUXWKHUV�������/XS\DQ�������'RYH�
������+LQ]HQ�HW�DO����������)RU�RXU�SXUSRVH��ZH�GR�QRW�KDYH�WR�PDNH�SUHFLVH�WKLV�UROH��,W�VXIILFHV�WKH�IROORZLQJ��D��FRQVLGHU�
WKDW�WKHUH�LV�D�UROH��HYHQ�LI�OHIW�VRPHZKDW�XQGHILQHG��DV�H[SHULPHQWDO�UHVHDUFK�VXJJHVWV��E��ZKDWHYHU�WKH�SUHFLVH�UROH�V��
PLJKW�EH�LW� LV�VXFK�WKDW�KXPDQV�HQJDJH�LQ�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV�DORQJ�WKH�OLQHV�RI�WKH�VFKHPDWLF�
PRGHO�DGRSWHG�KHUH��DQ�DGDSWDWLRQ�RI�)UDQNLVK¶V�PRGHO�� 
16�,W�PLJKW�EH�WKH�FDVH�WKDW�DXWRQRPRXV�UHDVRQLQJ�FDQQRW�EH�FRQVLGHUHG�WRWDOO\�QRQ�OLQJXLVWLF�LQ�WKH�FDVH�RI�JHRPHWULF�
UHDVRQLQJ��$V�ZH�NQRZ��JHRPHWULF�REMHFWV�UHO\�RQ�OLQJXLVWLF�GHILQLWLRQV��H�J���³D�OLQH�LV�EUHDGWKOHVV�OHQJWK´��+HDWK�������
�������6HYHUDO�VWXGLHV�UHJDUGLQJ�DEVWUDFW�FRQFHSWV�show that the processing of abstract concepts depends more on language 
areas of the brain when compared to concrete concepts (see, e.g., Wang, Conder, Blitzer and Shinkareva 2010; Shallice 
and Cooper 2013; Binder 2016). That points to the possibility that geometric reasoning, dependent on abstract concepts 
as it is, might not be completely non-linguistic. However, this does not affect the views of this work. For us, the different 
³PRGXOHV´�RI�WKH�VFKHPDWLF�PRGHO�WKDW�ZH�GHYHORS�KHUH��H�J���DXWRQRPRXV�UHDVRQLQJ��DUH�OLNH�³EODFN�ER[HV´��WKHLU�LQWHUQDO�
workings are not addressed in the present work.   
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WKH�EHOLHI�WKDW�S�LV�WKH�FDVH�17�,W�LV�UDWKHU�XQFOHDU�LI�WKHUH�DUH�UHDVRQV�WR�VXSSRVH�WKDW�ZKDW�LV�H[SUHVVHG�
FRUUHVSRQGV�QRW�WR�S�EXW�WR�WKH�EHOLHI�WKDW�S�LV�WKH�FDVH��,Q�WKH�ORQJ�GLYLVLRQ�FDVH��LW�LV�VXSSRVHG�WKDW�
ZH�ZULWH�QHZ�PDWKHPDWLFDO�V\PEROV�FRUUHVSRQGLQJ�WR�IXUWKHU�VWHSV�LQ�WKH�GLYLVLRQ��'R�WKHVH�VHQWHQFHV�
H[SUHVV�S�RU�WKH�EHOLHI�WKDW�S�LV�WKH�FDVH"�7KH\�VHHP�WR�EH�DQ�H[SUHVVLRQ�RI�WKH�RXWSXW�RI�DXWRQRPRXV�
UHDVRQLQJ�±�LQ�WKLV�FDVH��D�SDUWLFXODU�DULWKPHWLF�UHVXOW�±�DQG�QRW�DQ�H[SUHVVLRQ�RI�WKH�EHOLHI�WKDW�WKLV�
DULWKPHWLF� UHVXOW� LV� WKH�FDVH��:H�ILQG� WKLV�DSSURDFK� LQ� WHUPV�RI�EHOLHI�D�ELW�FXPEHUVRPH�DQG�HYHQ�
FRQIXVLQJ� 
�����,Q�RXU�YLHZ��LQ�WKH�VSHHFK�EDVHG�UHDVRQLQJ�H[DPSOH��)UDQNLVK��XQQRWLFLQJ��WRXFKHV�XSRQ�ZKDW�ZH�
WDNH� WR� EH� D� EHWWHU� ZD\� WR� IUDPH� LQWHQWLRQDO� UHDVRQLQJ�� � 7KLV� H[DPSOH� FRQVLVWV� RI� VSHHFK�EDVHG�
HYHU\GD\�UHDVRQLQJ��,W�JRHV�DV�IROORZV��³VXSSRVH�,�KDYH�EHHQ�LQYLWHG�WR�D�SDUW\�ZLWK�FROOHDJXHV�IURP�
ZRUN��,�GRQ¶W�ILQG�P\VHOI�VWURQJO\�GLVSRVHG�WR�UHVSRQG�RQH�ZD\�RU�WKH�RWKHU��EXW�,�QHHG�WR�JLYH�DQ�
DQVZHU�� VR� ,� HQJDJH� LQ� LQWHQWLRQDO� UHDVRQLQJ´� �)UDQNLVK� ������ ����� 7KH� UHDVRQLQJ� F\FOH� JRHV� DV�
IROORZV� 
 
,� EHJLQ� E\� TXHVWLRQLQJ�P\VHOI� >«@� ³'R� ,� UHDOO\�ZDQW� WR� JR"´� >«@� ,� KHDU�P\�RZQ�XWWHUDQFH��P\�
ODQJXDJH�FRPSUHKHQVLRQ�V\VWHP�LQWHUSUHWV� LW��DQG�LWV�FRQWHQW� LV�JOREDOO\�EURDGFDVW� WR�RWKHU�PHQWDO�
VXEV\VWHPV��0\�PLQGUHDGLQJ�IDFXOW\�LQWHUSUHWV�PH�DV�UHTXHVWLQJ�LQIRUPDWLRQ�DERXW�WKH�SDUW\�RU�DQ�
HYDOXDWLRQ�RI� LW�� DQG� IXUWKHU� DXWRPDWLF�SURFHVVHV� WKURZ�XS�D�SUHGLFWLRQ��EDVHG�RQ� H[SHULHQFH� WKDW�
+HQU\�ZLOO�EH�WKHUH��7KLV�PHVVDJH�LV�VHOHFWHG�IRU�H[SUHVVLRQ�>«@�DQG�,�XWWHU�WKH�ZRUGV��³+HQU\�ZLOO�
SUREDEO\�EH�WKHUH´��$JDLQ��WKLV�XWWHUDQFH�LV�KHDUG�DQG�LQWHUSUHWHG��>«@�$JDLQ��D�UHVSRQVH�LV�VHOHFWHG�
DQG�DUWLFXODWHG��+H¶OO�ZDQW�WR�WDON�DERXW�EXGJHW�FXWV¶�>«@�0\�DIIHFWLYH�UHVSRQVH�±�OHW�XV�VXSSRVH�±�LV�
VWURQJO\�QHJDWLYH��DQG�,�FRQFOXGH�E\�XWWHULQJ��³,�FDQ¶W�IDFH�WKDW��,�ZRQ¶W�JR´���)UDQNLVK���������� 
 
:KLOH�SUHYLRXVO\��)UDQNLVK�PHQWLRQHG� WKDW�KLV�PRGHO�³DSSOLHV� WR�VSHHFK�LQYROYLQJ�UHDVRQLQJ� WRR´�
�)UDQNLVK������������KH��LQDGYHUWHQWO\��GRHV�QRW�XVH�WKH�WHUP�³EHOLHI´�LQ�KLV�H[DPSOH��LQVWHDG��)UDQNLVK�
PHQWLRQV�DQ�³DIIHFWLYH�UHVSRQVH´� 
�����7KDW�FRQQHFWV�ZLWK�ZKDW�ZH�FRQVLGHU�WR�EH�D�EHWWHU�ZD\�WR�IUDPH�LQWHQWLRQDO�UHDVRQLQJ�ZLWKRXW�
UHVRUW�WR�D�QRWLRQ�RI�EHOLHI��,W�KDV�EHHQ�QRWLFHG�WKDW�GLIIHUHQW�FRJQLWLYH�SURFHVVHV�DUH�DFFRPSDQLHG�E\�
PHWDFRJQLWLYH�SURFHVVHV��&RQFHUQLQJ� UHDVRQLQJ��ZH� DOVR�KDYH�ZKDW�ZH�PLJKW�FDOO�PHWDUHDVRQLQJ���
0HWDUHDVRQLQJ�SURYLGHV�PRQLWRULQJ�RI�WKH�UHDVRQLQJ�SURFHVV��,W�JLYHV�DQ�³DODUP�VLJQDO´�LI�DQ\WKLQJ�
JRHV�ZURQJ��HQDEOLQJ�XV�WR�FRUUHFW��FRQWURO��LQFRUUHFW�UHDVRQLQJV�18�$FFRUGLQJ�WR�)LHGOHU��$FNHUPDQ��
DQG�6FDUDPSL��³PHWDFRJQLWLRQ�LV�XELTXLWRXV�EHFDXVH�YLUWXDOO\�DOO�FRJQLWLYH�RSHUDWLRQV�DUH�PRQLWRUHG�
DQG�FRQWUROOHG��EHIRUH��GXULQJ��DQG�DIWHU�WKHLU�H[HFXWLRQ´��)LHGOHU��$FNHUPDQ��DQG�6FDUDPSL������������
$�FUXFLDO�DVSHFW�RI�PHWDFRJQLWLRQ�LV�WKDW�LW�OHDGV�WR�D�³VXEMHFWLYH�IHHOLQJ´��)LHGOHU��$FNHUPDQ��DQG�
6FDUDPSL������������,Q�WKH�FDVH�RI�PHWDUHDVRQLQJ��ZH�KDYH�ZKDW�ZH�PLJKW�FDOO�D�IHHOLQJ�RI�ULJKWQHVV�
�$FNHUPDQ�DQG�7KRPSVRQ��������$Q�LPSRUWDQW�DVSHFW�RI�WKHVH�³VXEMHFWLYH�IHHOLQJV´�LV�WKDW�WKH\�KDYH�
GLIIHUHQW�GHJUHHV�RU�LQWHQVLWLHV��OLNH�RWKHU�DIIHFWV�19�:H�FDQ�JR�IURP�D�ORZ�IHHOLQJ�RI�ULJKWQHVV�WR�D�
VWURQJ�IHHOLQJ�RI�ULJKWQHVV��:H�FDQ�HYHQ�KDYH�D�IHHOLQJ�RI�HUURU�20��21�� 

                                                 
17�)UDQNLVK¶V�QRWLRQ�RI�EHOLHI�LV�GHYHORSHG�LQ�)UDQNLVK���������+HUH��ZH�GR�QRW�KDYH�WR�DGGUHVV�LW�LQ�DQ\�GHWDLO��,Q�WKH�
VFKHPDWLF�PRGHO�RI� LQWHQWLRQDO� UHDVRQLQJ�ZH�DGRSW�� WKHUH� LV�QR�QHHG� IRU� WKH�QRWLRQ�RI�EHOLHI�� LQVWHDG��ZH� LQFRUSRUDWH�
PHWDUHDVRQLQJ�DQG�LWV�FRQVHTXHQFHV�LQWR�WKH�PRGHO� 
18�,W�LV�JHQHUDOO\�DJUHHG�XSRQ�WKDW�PHWDUHDVRQLQJ�LV�GHSHQGHQW�RQ�KHXULVWLF�FXHV��VHH��H�J���$FNHUPDQ��������7KLV�LVVXH�LV�
QRW�HVVHQWLDO�IRU�WKH�SUHVHQW�ZRUN��VR�ZH�ZLOO�QRW�DGGUHVV�LW� 
19�$FFRUGLQJ�WR�(INOLGHV��³µDIIHFW¶�LV�D�JHQHULF�WHUP�IRU�HPRWLRQV�DQG�RWKHU�PHQWDO�VWDWHV�WKDW�KDYH�WKH�TXDOLW\�RI�SOHDVDQW�
XQSOHDVDQW��VXFK�DV�IHHOLQJV��PRRG��PRWLYHV��RU�DVSHFWV�RI�WKH�VHOI��H�J���VHOI�HVWHHP´��(INOLGHV�����������$OVR��DFFRUGLQJ�
WR�(INOLGHV��D�SDUWLFXODU�FKDUDFWHULVWLF�RI�PHWDFRJQLWLYH�IHHOLQJV�RU�DIIHFWV�LV�WKDW�WKH\� ³KDYH�D�GXDO�FKDUDFWHU��WKDW�LV��D�
FRJQLWLYH�DQG�DQ�DIIHFWLYH�RQH´� �(INOLGHV�����������)RU�RXU�SXUSRVH�� LW� VXIILFHV� WR� VD\� WKDW� WKH\�DUH�SDUW�RI� ³H[SOLFLW´�
PHWDFRJQLWLRQ�±�L�H���FRQVFLRXV�PHWDFRJQLWLRQ�±�WKDW�LV�VXEMHFWLYHO\�H[SHULHQFHG�DV�D�IHHOLQJ�WR�ZKLFK�D�GHVFULSWLYH�ODEHO�
FDQ�EH�DWWDFKHG�WR��)RU�H[DPSOH��WKH�IHHOLQJ�RI�ULJKWQHVV�FDQ�EH�DFFRPSDQLHG�E\�WKH�YHUEDO�ODEHO�³,�IHOO�LW�LV�ULJKW´� 
20�$FFRUGLQJ�WR�$FNHUPDQ�DQG�7KRPSVRQ��IRU�WKH�WLPH�EHLQJ��³LW�LV�QRW�FOHDU�ZKHWKHU�D�IHHOLQJ�RI�HUURU�LV�TXDOLWDWLYHO\�
GLIIHUHQW�IURP�D�ORZ�IHHOLQJ�RI�ULJKWQHVV�RU�ZKHWKHU�WKH\�UHSUHVHQW�WZR�HQGV�RI�D�VLQJOH�GLPHQVLRQ�RI�FHUWDLQW\´��$FNHUPDQ�
DQG�7KRPSVRQ������������ 
21�(YHQ�LI�ZH�WDNH�LQVSLUDWLRQ�IURP�)UDQNLVK¶V�VSHHFK�EDVHG�UHDVRQLQJ�H[DPSOH�ZLWK�LWV�³DIIHFWLYH�UHVSRQVH´��RXU�DSSURDFK�
LV�TXLWH�GLIIHUHQW�DQG�EDVHG�RQ�PHWDUHDVRQLQJ�� 
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�����$FFRUGLQJ�WR�WKLV�YLHZ��WKH�RXWSXW�RI�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�LV�QRW�RQO\��H�J���D�OLQJXLVWLF�
H[SUHVVLRQ��LW�LV�WKLV�FRQVFLRXV�H[SUHVVLRQ�DFFRPSDQLHG�E\�D�FRQVFLRXV�DIIHFW�±�D�ZHDNHU�RU�VWURQJHU�
IHHOLQJ�RI�ULJKWQHVV�RU�FRUUHFWQHVV�22 
�����:H�WKLQN�WKDW�ZKHQ�WDNLQJ�PHWDUHDVRQLQJ�LQWR�DFFRXQW�ZH�VKRXOG�UH�IUDPH�)UDQNLVK¶V�PRGHO�RI�
LQWHQWLRQDO�UHDVRQLQJ��VLQFH�LQ�RXU�YLHZ�LW�LV�FRQIODWLQJ�WZR�DVSHFWV�RI�WKH�UHDVRQLQJ�LQ�RQH�QRWLRQ��,W�
LV�QRW�WKH�FDVH�WKDW�WKH�RXWSXW�RI�WKH�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�LV��H�J���³,�EHOLHI�S´��LW�LV�³S´�SOXV�
D�IHHOLQJ�RI�FRUUHFWQHVV�±�L�H���WKH�IHHOLQJ�WKDW�WKH�UHDVRQLQJ�LV�FRUUHFW��$V�ZH�KDYH�PHQWLRQHG��)UDQNLVK�
KLQWV�DW�WKLV�ZKHQ��LQ�WKH�FDVH�RI�HYHU\GD\�VSHHFK�EDVHG�UHDVRQLQJ��KH�PHQWLRQV�DQ�³DIIHFWLYH�UHVSRQVH´�
DFFRPSDQ\LQJ��RU�SUHYLRXV�WR��WKH�OLQJXLVWLF�H[SUHVVLRQ�RI�WKH�FRQFOXVLRQ�±�WKH�OLQJXLVWLF�³RXWSXW´�RI�
WKH�UHDVRQLQJ��³,�FDQ¶W�IDFH�WKDW��,�ZRQ¶W�JR´� 
�����:H�ZLOO�UHIRUPXODWH�WKH�VFKHPDWLF�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV�WDNLQJ�LQWR�
DFFRXQW�WKDW�WKH�FRQFOXVLRQ�RI�D�UHDVRQLQJ�SURFHVV�FRPHV�DORQJ�ZLWK�ZKDW�ZH�PLJKW�FDOO�D�IHHOLQJ�RI�
FRUUHFWQHVV��2XU�VFKHPDWLF�PRGHO�LV�SUHVHQWHG�LQ�ILJXUH���EHOORZ�23��24 
 
 

 
 

)LJXUH����6FKHPDWLF�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV 
 
/HW�XV�UHWXUQ�WR�+LSSRFUDWHV¶�SURRI�E\�WDNLQJ�LQWR�DFFRXQW�WKH�SUHVHQW�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�
DV�D�F\FOLFDO�SURFHVV�� ,I�ZH�LPDJLQH�+LSSRFUDWHV�DV�PDNLQJ�WKH�SURRI�IRU� WKH�ILUVW� WLPH��ZH�ZRXOG�
DGGUHVV�LW�IURP�WKH�SHUVSHFWLYH�RI�RXU�VFKHPDWLF�PRGHO�DV�LW�LV��%XW�ZH�ZDQW�WR�DGGUHVV�WKH�SURRI�DV�
SUHVHQWHG�RUDOO\�RU�LQ�ZULWWHQ�IRUP�WR�RWKHU�SHRSOH��:H�VXJJHVW�WKDW�WKH�SURRI�PLJKW�EH�DGGUHVVHG�DV�
D�IRUP�RI�JXLGHG�LQWHQWLRQDO�UHDVRQLQJ��7KH�SURRI�JXLGHV�XV�LQWR�UHSURGXFLQJ�UHFUHDWLQJ�D�F\FOH�RI�
UHDVRQLQJV��7KH�LQLWLDO�SKDVH�SUHYLRXV�WR�WKH�SURRI�SURSHU�LV�ZKDW�ZH�PLJKW�FDOO� WKH�VHWWLQJ�RI�WKH�
VWDJH��7KHUH�LV�D�VRUW�RI�HQXQFLDWLRQ�RI�ZKDW�WKH�SURRI�LV�LQWHQGHG�WR�VKRZ��WKH�JHRPHWULF�NQRZOHGJH�
XVHIXO�IRU�WKH�SURRI�LV�PHQWLRQHG�DQG�WKH�ILJXUH�WKDW�ZLOO�DLG�RXU�UHDVRQLQJ�LV�GUDZQ��7KHQ�ZH�VWDUW�
                                                 
22�6LQFH�ZH�ZLOO�EH�FRQVLGHULQJ�WKH�IHHOLQJ�RI�ULJKWQHVV�LQ�WKH�FRQWH[W�RI�PDWKHPDWLFDO�SURRIV��ZH�SUHIHU�WR�DGRSW�WKH�WHUP�
IHHOLQJ�RI�FRUUHFWQHVV� 
23�,Q�WKH�ILJXUH��WKH�UHODWLYH�SRVLWLRQ�RI�WKH�GLIIHUHQW�FRPSRQHQWV�LV�QRW�LQWHQGHG�WR�LPSO\�WKDW�DV�QHXURORJLFDO�SURFHVVHV�
WKHLU�WHPSRUDO�RUGHU�FRUUHVSRQGV�WR�ZKDW�LV�GHSLFWHG��(YHQ�LI�ZH�RQO\�KDG�WR�DGGUHVV�LVVXHV�UHODWHG�WR�WKH�FRPSRQHQW�RI�
PHWDUHDVRQLQJ�ZH�GR�QRW�NQRZ��DV�D�SURFHVV��KRZ�LW�EOHQGV�ZLWK�WKH�RWKHU�SURFHVVHV��:H�NQRZ�WKDW�PHWDFRJQLWLRQ�UHOLHV�
RQ�GRPDLQ�JHQHUDO�UHVRXUFHV�EXW�DOVR�RQ�GRPDLQ�VSHFLILF�FRPSRQHQWV��9DFFDUR�DQG�)OHPLQJ�������VHH�DOVR�5RXDXOW�HW�DO��
�������$FFRUGLQJO\�� ³UHFHQW� QHXURLPDJLQJ� VWXGLHV� KDYH� KLJKOLJKWHG� ERWK� GRPDLQ�JHQHUDO� DQG� GRPDLQ�VSHFLILF� QHXUDO�
VXEVWUDWHV´��9DFFDUR�DQG�)OHPLQJ������������'LIIHUHQW�PHWDUHDVRQLQJ�SURFHVVHV�FDQ�KDYH�D�GLIIHUHQW�QHXUDO�XQGHUSLQQLQJ��
7KLV�VXJJHVWV�WKDW�WKHVH�SURFHVVHV�PLJKW�³EOHQG´�GLIIHUHQWO\�ZLWK�WKH�FRUUHVSRQGLQJ�UHDVRQLQJ�SURFHVVHV��ZKLFK�FDQ�DOVR�
UHO\�RQ�GLIIHUHQW�GRPDLQ�VSHFLILF�FRPSRQHQWV��VHH��H�J���%DUWOH\�HW�DO�������� 
24��:H� GR� QRW� LQFOXGH� DQ� LQGHSHQGHQW� FRPSRQHQW� FRUUHVSRQGLQJ� WR� WKH� LQWHQWLRQ� WR� H[SUHVV� YHUEDOO\� WKH� FRQFOXVLRQ�
�³VROXWLRQ´��RI�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��:H�WDNH�WKH�LQWHQWLRQ��DV�FRQFHLYHG�ZLWKLQ�/HYHOW¶V�PRGHO�RI�ODQJXDJH�
SURGXFWLRQ�� OLNH� )UDQNLVK� GRHV�� VHH� /HYHOW� �������� WR� EH� DOUHDG\� SDUW� RI� WKH� VHWWLQJ� LQWR� PRWLRQ� RI� WKH� DXWRQRPRXV�
UHDVRQLQJ��L�H���WKH�UHDVRQLQJ�EHJLQV�ZLWK�D�OLQJXLVWLF�H[SUHVVLRQ��DQG�LV�VXFK�WKDW�LW�KDV�DV�DQ�³RXWSXW´�DQRWKHU�OLQJXLVWLF�
H[SUHVVLRQ��RU�ZKDW�ZH�PLJKW�FDOO�DQ�DXJPHQWHG�OLQJXLVWLF�H[SUHVVLRQ��L�H���D�OLQJXLVWLF�H[SUHVVLRQ�DXJPHQWHG�ZLWK��H�J���
V\PEROV�DQG�GUDZLQJV�RI�PDWKHPDWLFDO�QDWXUH�� 
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RXU�SURRI�� 
�����7KH�VWUXFWXUH�RI�WKH�SURRI�ILWV�ZLWKLQ�WKH�VFKHPDWLF�PRGHO�SURSRVHG��2QH�RI�WKH�PDLQ�DVSHFWV�RI�
LQWHQWLRQDO�UHDVRQLQJ�DV�D�F\FOLFDO�SURFHVV�LV�WKDW�ZH�GR�QRW�MXPS�WR�D�ILQDO�FRQFOXVLRQ�IURP�DQ�LQLWLDO�
OLQJXLVWLF�H[SUHVVLRQ��VHQWHQFH���WKHUH�LV�LQ�)UDQNLVK¶V�ZRUGV�D�³GHOLEHUDWLYH�PDVWLFDWLRQ´��)UDQNLVK�
�����������)URP�VHQWHQFH���ZH�JR�WR�VHQWHQFH���WKURXJK�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��DQG�VR�RQ�
XQWLO�WKH�ILQDO�FRQFOXVLRQ�LV�UHDFKHG�LQ��VD\��VHQWHQFH�Q��7KH�RUDO�RU�ZULWWHQ�SURRI�JXLGHV�XV�WKURXJK�
F\FOHV�LQ�ZKLFK�ZH�IDFH�WKH�SUHPLVH�DQG�WKH�FRQFOXVLRQ�RI�D�UHDVRQLQJ�SURFHVV��ZH�VXJJHVW�WKDW�WKLV�
OHDGV�XV�LQWR�SURGXFLQJ�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�WKDW�FRQQHFWV�WKH�OLQJXLVWLF�H[SUHVVLRQV�RU�
VHQWHQFHV��:H�SURGXFH�RU�UHSURGXFH�WKH�UHDVRQLQJ�SURFHVV�WKDW�OLQNV�WKH�WZR�VHQWHQFHV�25�,Q�WKLV�ZD\��
DW�WKH�EHJLQQLQJ�RI�+LSSRFUDWHV¶�SURRI��ZH�ZRXOG�KDYH�WKH�VHQWHQFH�FRUUHVSRQGLQJ�WR�WKH�JHRPHWULF�
SULQFLSOH�DGRSWHG�DV�D�VWDUWLQJ�SRLQW�RI�WKH�SURRI��ERWK�WKH�VLPLODU�VHJPHQWV�RI�WKH�FLUFOHV��DQG�WKHLU�
EDVHV� LQ� VTXDUH��KDYH� WKH�VDPH�UDWLR� WR�HDFK�RWKHU��:H�PXVW�DOVR� WDNH� WKH�3\WKDJRUHDQ� UXOH� WR�EH�
LPSOLFLWO\�IRUPXODWHG��DW�OHDVW�LW�LV�³LQ�WKH�EDFN´�RI�WKH�VWXGHQWV¶�PLQGV���$OVR��WKHVH�SULQFLSOHV�DUH�WR�
EH�WDNHQ�LQWR�DFFRXQW�IRU� WKH�FDVH�RI�WKH�SDUWLFXODU�ILJXUH�WKDW�ZDV�GUDZQ��VLQFH�ZH�DUH�QRW� LQ� WKH�
FRQWH[W�RI�WKH�VDPH�PDWKHPDWLFDO�SUDFWLFH��ZH�PLJKW�DOVR�DGRSW�DQ�DX[LOLDU\�ILJXUH���� 
 
 
 
 

 

 
 
)LJXUH����'UDZLQJ�RI�D�OXQH�DQG�D�WULDQJOH�DV�FRQVWUXFWHG�GXULQJ�WKH�SURRI��OHIW���DX[LOLDU\�ILJXUH��ULJKW� 
 
 
:LWK�WKH�DLG�RI�WKH�DERYH�ILJXUHV��ZH�FRQILUP�WKH�FRUUHFWQHVV�RI�WKH�FRQFOXVLRQ�DV�JLYHQ��H�J���LQ�WKH�
WH[W��³WKH�VHJPHQW�DERXW�WKH�EDVH�>LV@�HTXDO�WR�ERWK��VHJPHQWV!�DERXW�WKH�RWKHU��VLGHV!´��1HW]�������
������7KDW�LV��ZH�SURGXFH�RU�UHSURGXFH�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�WKDW�OHDGV�XV�LQWR�IHHOLQJ�
WKDW� WKH� FRQFOXVLRQ� LV� FRUUHFW�� :H� VXJJHVW� WKDW� WKLV� LV� WKH� FUXFLDO� DVSHFW� SURYLGHG� E\� IUDPLQJ�
PDWKHPDWLFDO�SURRIV�DV�D�IRUP�RI��JXLGHG��LQWHQWLRQDO�UHDVRQLQJ��%\�GLYLGLQJ�WKH�SURRI�LQWR�VXESURRIV��
RQH�VWHS�DW�D�WLPH��ZH�FDQ�UHSURGXFH�WKH�UHDVRQLQJ�WKDW�FRQQHFWV�HDFK�VWHS��DQG�RXU�PHWDUHDVRQLQJ�
JHQHUDWHV�D�IHHOLQJ�RI�ULJKWQHVV�RU�FRUUHFWQHVV�DVVRFLDWHG�WR�HDFK�VWHS� 
�����+DYLQJ�FRQFOXGHG�D�F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ�ZH�JR�LQWR�DQRWKHU��KDYLQJ�WKH�FRQFOXVLRQ�RI�
WKH� SUHYLRXV� VWHS� DV� WKH� VWDUWLQJ� OLQJXLVWLF� H[SUHVVLRQ� IRU� WKH� QH[W� RQH�� ,Q� WKLV� FDVH��ZH� WDNH� LQWR�
DFFRXQW�WKH�SUHYLRXV�FRQFOXVLRQ�DQG�WKH�JHRPHWULF�NQRZOHGJH�DERXW�WKH�DGGLWLYLW\�RI�DUHDV��DJDLQ�LQ�
WKH�FRQWH[W�RI�WKH�SDUWLFXODU�ILJXUH�EHLQJ�FRQVLGHUHG��:H�DUH�DOVR�JLYHQ�D�SUHVFULSWLRQ�RI�ZKDW�WR�GR��
WR�HQDEOH�WKH�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��:H�PXVW�³>DGG@�DV�FRPPRQ�WKH�SDUW�RI�WKH�WULDQJOH�ZKLFK�
LV�DERYH�WKH�VHJPHQW�DERXW�WKH�EDVH´��1HW]�������������)ROORZLQJ�WKH�³LQVWUXFWLRQV´��ZH�DUH�OHG�LQWR�
DQ� DXWRQRPRXV� UHDVRQLQJ� SURFHVV� WKDW� HQDEOHV� XV� WR� FRQILUP� WKH� FRUUHFWQHVV� RI� WKH� SUHVHQWHG�
FRQFOXVLRQ��³WKH�OXQXOH�VKDOO�EH�HTXDO�WR�WKH�WULDQJOH´��1HW]������������26�7KH�DXWRQRPRXV�UHDVRQLQJ�

                                                 
25��:H�ZDQW� WR� FODULI\�ZK\�ZH� VD\� WKDW�ZH� SURGXFH� RU� UHSURGXFH� WKH� UHDVRQLQJ� SURFHVV� WKDW� OLQNV� WKH� WZR� VHQWHQFHV��
$FFRUGLQJ�WR�WKH�SUHVHQW�DSSURDFK��ZH�DUH�JXLGHG��H�J���E\�WKH�ZULWWHQ�WH[W�RI�WKH�SURRI��ZKLFK�ZRUNV�IRU�XV�DV�D�ZULWWHQ�
UHQGHULQJ� RI� DQ� LQWHQWLRQDO� UHDVRQLQJ� SURFHVV� �D� F\FOLFDO� RQH��� )RU� HDFK� VWHS�F\FOH�� ZH� DUH� ³LQGXFHG´� LQWR�
JHQHUDWLQJ�SURGXFLQJ�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�WKDW�³OLQNV´�WKH�SUHPLVH�ZLWK�WKH�FRQFOXVLRQ��,W�PLJKW�EH�WKH�FDVH�
WKDW�ZKHQ�SURGXFLQJ�WKH�UHDVRQLQJ�ZH�DUH��DFWXDOO\��UHSURGXFLQJ�WKH�³RULJLQDO´�UHDVRQLQJ�E\�WKH�DXWKRU�RI�WKH�SURRI�� 
26�$JDLQ��ZH�PXVW�UHPDUN�WKDW�RXU�LQWHQWLRQ�LV�QRW�WR�SURYLGH�D�FRPSOHWH�PRGHO�RI�JHRPHWULF�SURRI��,W�LV�HYLGHQW�WKDW�WKHUH�
LV�D�³YLVXDO�FKDUDFWHU´�WR�WKLV�UHDVRQLQJ��EXW�RXU�LQWHUHVW�LV�LQ�WKH�UROH�RI�PHWDUHDVRQLQJ�LQ�HDFK�F\FOH�RI�WKH�SURRI�DV� D�
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SURFHVV�LV�DFFRPSDQLHG�E\�D�PHWDUHDVRQLQJ�SURFHVV� WKDW�JLYHV�ULVH�WR�D�IHHOLQJ�RI�FRUUHFWQHVV��:H�
FRQILUP�E\�SURGXFLQJ�UHSURGXFLQJ�WKH�DXWRQRPRXV�UHDVRQLQJ�WKDW�LW�LV�FRUUHFW� 
�����:H�SURSRVH�WKDW�WKH�IRUP�JLYHQ�WR�PDWKHPDWLFDO�SURRIV�LV�VXFK�WKDW�LW�HQDEOHV�WKHP�WR�IXQFWLRQ�DV�
D�IRUP�RI��JXLGHG��LQWHQWLRQDO�UHDVRQLQJV�DV�F\FOLFDO�SURFHVVHV�VR�WKDW�ZH�FDQ�KDYH�D�VWURQJ�IHHOLQJ�
RI�FRUUHFWQHVV�LQ�HDFK�VWHS�RI�WKH�SURRI��7KDW�LV��DFFHSWLQJ�WKH�FRUUHFWQHVV�RI�VHQWHQFH���DV�JLYHQ��ZH�
FDQ�PRYH�WKURXJK�WKH�SURRI��VWHS�E\�VWHS��JHQHUDWLQJ�VWURQJ�IHHOLQJV�RI�FRUUHFWQHVV�DVVRFLDWHG�ZLWK�
VHQWHQFHV�������DQG�VR�RQ��XQWLO�WKH�ILQDO�VWHS�ZKHUH�ZH�UHDFK�WKH�LQWHQGHG�FRQFOXVLRQ�RI�WKH�SURRI� 
�����7KHUH�PLJKW�EH�LPSRUWDQW�GLIIHUHQFHV�EHWZHHQ�WKH�VFKHPDWLF�PRGHO�RI�LQWHQWLRQDO�UHDVRQLQJ�DV�D�
F\FOLFDO�SURFHVV�DQG�)UDQNLVK¶V�PRGHO��)UDQNLVK¶V�FKRLFH�RI�ZRUGV� LQ� WKH� VSHHFK�EDVHG� UHDVRQLQJ�
H[DPSOH seems to imply that a person imagines himself/herself at the party and notes his/her affective 
response to the scenario. The affective response would be the evidential base of the judgment that 
he/she does not want to go. If this is the case, this is a completely different role from that of the 
IHHOLQJV�RI�FRUUHFWQHVV�RQH�H[SHULHQFHV�LQ�ZRUNLQJ�RXW�D�SURRI��7KLV�ODWWHU�³IHHOLQJ´�LV�QRW�SDUW�RI�WKH�
evidential base for judging the correctness of the proof. Metareasoning is an autonomous process that 
accompanies the also autonoPRXV�SURFHVV�RI�UHDVRQLQJ��HYHQ�LI�ERWK�DUH�³HPEHGGHG´�LQ�DQ�LQWHQWLRQDO�
reasoning process). The PHWDFRJQLWLYH�³IHHOLQJ´�LQ�LWV�GXDO�QDWXUH��RI�D�FRJQLWLYH�DQG�DQ�DIIHFWLYH�RQH��
LV�ZKDW�PDNHV�XV�IHOO�NQRZ�WKDW�WKH�LQIHUHQWLDO�VWHS�LV�FRUUHFW��HYHQ�LI�ZH�PLJKW�EH�ZURQJ���7KH�³HY�
LGHQFH´�LV�KLGGHQ�LQ�WKH�UHDVRQLQJ�DQG�PHWDUHDVRQLQJ�SURFHVVHV��:H�RQO\�KDYH�WKH�SUHPLVH�DQG�WKH�
FRQFOXVLRQ��*XLGHG�E\�WKH�WH[W��ZH�PXVW�JR�WKURXJK�WKH�UHDVRQLQJ�SURFHVV�RXUVHOYHV��LW�LV�WKH�³RXWSXW´�
RI�WKH�PHWDUHDVRQLQJ�SURFHVV��WKH�IHHOLQJ�NQRZLQJ�RI�FRUUHFWQHVV��ZKLFK��DV�D�³VXEMHFWLYH´��L�H���FRQ�
VFLRXV��PHQWDO�SKHQRPHQRQ��PDNHV�XV�³DZDUH´��VR�WR�VSHDN��RI�WKH�FRUUHFWQHVV�RI�WKH�LQIHUHQWLDO�VWHS� 
�����,W�LV�LPSRUWDQW�WR�QRWLFH�WKDW�KDYLQJ�D�VWURQJ�IHHOLQJ�RI�WKH�FRUUHFWQHVV�RI�HDFK�VWHS��DQG�EHFDXVH�
RI�WKLV�RI�WKH�ZKROH�SURRI��GRHV�QRW�LPSO\�WKDW�ZH�DUH�ULJKW��2XU�PHWDUHDVRQLQJ�PLJKW�EH�OHDGLQJ�XV�
DVWUD\��:H�FDQ� IHOO�NQRZ� WKDW�D� UHDVRQLQJ�SURFHVV� LV� FRUUHFW�� L�H���ZH�FDQ�KDYH�D� VWURQJ� IHHOLQJ�RI�
FRUUHFWQHVV�DVVRFLDWHG�ZLWK�WKH�UHDVRQLQJ�SURFHVV��EXW��XOWLPDWHO\��EH�FRPSOHWHO\�ZURQJ��,Q�IDFW��LW�LV�
NQRZQ� WKDW� WKHUH� DUH� LPSRUWDQW� ELDVHV� UHJDUGLQJ� WKH� IHHOLQJV� RI� ULJKWQHVV� JHQHUDWHG� E\� RXU�
PHWDUHDVRQLQJ�SURFHVVHV��VHH��H�J���)LHGOHU��$FNHUPDQ��DQG�6FDUDPSL�������� 
�����,Q� WKLV� FDVH�� LI�� XOWLPDWHO\�� DFFHSWLQJ�� H�J��� +LSSRFUDWHV¶� SURRI� DV� FRUUHFW� GHSHQGV� RQ� RXU�
PHWDUHDVRQLQJ�WKHQ�FDQ�ZH�EH�VXUH�WKDW�WKH�SURRI�LV�³UHDOO\´�FRUUHFW"�+HUH��ZH�RQO\�VXJJHVW�WKDW�WKH�
³REMHFWLYLW\´�RI�WKH�FRUUHFWQHVV�RI�WKH�SURRI�FRXOG�EH�WKH�UHVXOW�RI�D�UREXVW�LQWHUVXEMHFWLYLW\��D�VWURQJ�
IHHOLQJ�RI�FRUUHFWQHVV��VKDUHG�E\�PDQ\��WKDW�UHVXOWV�IURP�JURXS�GLVFXVVLRQV�WKDW�HQDEOH�WR�DUULYH�DW�WKLV�
VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV�IRU�PRVW�RI�WKH�SDUWLFLSDQWV��RU�HYHQ�WR�LPSURYH�WKH�SURRI��H�J���LI�WKH\�
ILQG�UHDVRQLQJ�JDSV��XQFOHDU�SDVVDJHV��WKLQJV�OHIW�LPSOLFLW��HWF����LQ�D�ZD\�WKDW�WKLV�VKDUHG�VWURQJ�IHHOLQJ�
LV�ILQDOO\�UHDFKHG��7KHUH�DUH��KRZHYHU��LVVXHV�UHJDUGLQJ�WKH�HIIHFWLYHQHVV�RI�JURXS�GLVFXVVLRQV��VHH��
H�J���6LOYHU��0HOOHUV��DQG�7HWORFN�������%DQJ�DQG�)ULWK��������6R��WKHUH�LV�QR�VLPSOH�DQVZHU� 
 
 
���7ZR�SURRIV�IURP�(XFOLG¶V�(OHPHQWV 
 
+RZ�JHRPHWULF�UHVXOWV�ZHUH�SURYHG�FKDQJHG�IURP�WKH�WLPH�RI�+LSSRFUDWHV�WR�WKDW�RI�(XFOLG��URXJKO\�
RQH�DQG�D�KDOI�FHQWXULHV�ODWHU��VHH��H�J���0XHOOHU��������,Q�WKH�FDVH�RI�+LSSRFUDWHV��DV�ZH�KDYH�VHHQ��
JHQHUDO�JHRPHWULFDO�SULQFLSOHV�ZHUH�XVHG�ZLWKRXW�EHLQJ�SURYHG��:LWK�(XFOLG��ZH�GR�QRW�KDYH� WKDW�
DQ\PRUH��(XFOLG¶V�DVVXPSWLRQV�DUH�PXFK�VLPSOHU�WKDQ�WKRVH�DGPLWWHG�E\�+LSSRFUDWHV�� ,Q�(XFOLG¶V�
(OHPHQWV��ZH�ILQG�GHILQLWLRQV�OLNH�WKDW�RI�SRLQW��VWUDLJKW� OLQH��RU�FLUFOH��+HDWK�������������ZH�DOVR�
KDYH�SRVWXODWHV��OLNH�WKH�RQHV�WKDW�OLFHQVH�WKH�FRQVWUXFWLRQ�RI�D�VWUDLJKW�OLQH��RU�D�FLUFOH��+HDWK�������
������ WKHUH�DUH�DOVR�FRPPRQ�QRWLRQV� WKDW�PDNH�PRUH�SUHFLVH�JHQHUDO�SULQFLSOHV� WKDW�ZHUH�DSSOLHG�
LQWXLWLYHO\�E\�+LSSRFUDWHV��LQ�SDUWLFXODU�LQ�WKH�FRQWH[W�RI�DGGLWLRQ�RI�DUHDV��)RU�H[DPSOH��ZH�FDQ�WDNH�
+LSSRFUDWHV�WR�XVH�WKH�IROORZLQJ�FRPPRQ�QRWLRQ��³LI�HTXDOV�EH�DGGHG�WR�HTXDOV��WKH�ZKROHV�DUH�HTXDO´�
�+HDWK������������ 
�����6LQFH�ZH�RQO\�DGPLW�D�IHZ�YHU\�EDVLF�DVVXPSWLRQV��HYHQ�WKH�VLPSOHVW�JHRPHWULF�UHVXOWV�PXVW�EH�

                                                 
IRUP�RI�JXLGHG�LQWHQWLRQDO�UHDVRQLQJ��QRW�LQ�WKH�ZRUNLQJV�RI�WKH�DXWRQRPRXV�UHDVRQLQJ�SURFHVV� 
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SURYHG��7KLV�LPSOLHV�WKDW��FRQWUDU\�WR�WKH�FDVH�RI�+LSSRFUDWHV��WKH�SURRIV�KDYH�JHQHUDOO\�PRUH�WKDQ�D�
VLQJOH�OHYHO��,Q�WKLV�ZD\��EHVLGHV�UHO\LQJ�RQ�WKH�DGPLWWHG�DVVXPSWLRQV��D�SURRI�PD\�UHO\�RQ�SUHYLRXVO\�
SURYHG�SURSRVLWLRQV��7KLV�FDQ�FUHDWH�D�TXLWH�FRPSOH[�VWUXFWXUH��)RU�H[DPSOH��D�SURRI�RI�D�UHVXOW�WKDW�
VHHPV�TXLWH�VLPSOH�OLNH�WKDW�RI�FRQVWUXFWLQJ��IURP�D�SRLQW��D�SHUSHQGLFXODU�WR�D�JLYHQ�OLQH�LV�PDGH�LQ�
(XFOLG¶V�(OHPHQWV�LQ�SURSRVLWLRQ����RI�ERRN���27�)RU�WKDW�SXUSRVH��(XFOLG�QRW�RQO\�WDNHV�LQWR�DFFRXQW�
DGPLWWHG�DVVXPSWLRQV�OLNH�SRVWXODWHV���DQG����WKDW�OLFHQVH�WKH�FRQVWUXFWLRQ�RI�D�VWUDLJKW�OLQH�DQG�D�
FLUFOH�� UHVSHFWLYHO\�� EXW� DOVR� SUHYLRXVO\� SURYHG� SURSRVLWLRQV�� LQ� WKLV� FDVH�� SURSRVLWLRQ� ��� %XW�
SURSRVLWLRQ���UHOLHV�RQ�SURSRVLWLRQ����ZKLFK�UHOLHV�RQ�SURSRVLWLRQ����ZKLFK�UHOLHV�RQ�SURSRVLWLRQV���
DQG� ��� 3URSRVLWLRQ� �� VWDQGV� RQ� LWV� RZQ�� LW� RQO\� UHOLHV� RQ� WKH� DGPLWWHG� DVVXPSWLRQV�� QRW� RQ� RWKHU�
SUHYLRXV�SURSRVLWLRQV���3URSRVLWLRQ���UHOLHV�RQ�SURSRVLWLRQ����ZKLFK�GHSHQGV�RQ�SURSRVLWLRQ����ZKLFK�
VWDQGV�RQ�LWV�RZQ��+HDWK�������SDJHV����������28�7KLV�LV�WKH�JHQHUDO�FDVH�IRU�WKH�SURRIV�LQ�(XFOLG¶V�
(OHPHQWV� 
�����7R�DGGUHVV�(XFOLGHDQ�JHRPHWULF�SURRIV�LQ�WHUPV�RI��JXLGHG��LQWHQWLRQDO�UHDVRQLQJ��ZH�WKLQN�LW�LV�
FOHDUHU� LI� ZH� VWDUW� E\� DGGUHVVLQJ� D� SURSRVLWLRQ� WKDW� GRHV� QRW� GHSHQG� RQ� RWKHU� SUHYLRXVO\� SURYHG�
SURSRVLWLRQV� 
�����7KH�VLPSOHVW�FDVH�LV�WKDW�RI�WKH�ILUVW�SURSRVLWLRQ�LQ�WKH�(OHPHQWV�RI�(XFOLG��,�����7KH�(XFOLGHDQ�WH[W�
LV�DV�IROORZV� 
 
2Q�D�JLYHQ�ILQLWH�VWUDLJKW�OLQH�WR�FRQVWUXFW�DQ�HTXLODWHUDO�WULDQJOH� 
 

 
 
/HW�$%�EH�WKH�JLYHQ�ILQLWH�VWUDLJKW�OLQH� 
7KXV�LW�LV�UHTXLUHG�WR�FRQVWUXFW�DQ�HTXLODWHUDO�WULDQJOH�RQ�WKH�VWUDLJKW�OLQH�$%� 
 
:LWK�FHQWHU�$�DQG�GLVWDQFH�$%�OHW�WKH�FLUFOH�%&'�EH�GHVFULEHG��>3RVW���@ 
DJDLQ��ZLWK�FHQWHU�%�DQG�GLVWDQFH�%$�OHW�WKH�FLUFOH�$&(�EH�GHVFULEHG��>3RVW���@ 
DQG�IURP�WKH�SRLQW�&��LQ�ZKLFK�WKH�FLUFOHV�FXW�RQH�DQRWKHU��WR�WKH�SRLQWV�$��% 
OHW�WKH�VWUDLJKW�OLQHV�&$��&%�EH�MRLQHG��>3RVW��,@ 
1RZ��VLQFH�WKH�SRLQW�$�LV�WKH�FHQWHU�RI�WKH�FLUFOH�&'%��$&�LV�HTXDO�WR�$%��>'HI��,�@ 
$JDLQ��VLQFH�WKH�SRLQW�%�LV�WKH�FHQWHU�RI�WKH�FLUFOH�&$(��%&�LV�HTXDO�WR�%$��>'HI��,�@ 
%XW�&$�ZDV�DOVR�SURYHG�HTXDO�WR�$%��WKHUHIRUH�HDFK�RI�WKH�VWUDLJKW�OLQHV�&$��&%�LV�HTXDO�WR�$%� 
$QG�WKLQJV�ZKLFK�DUH�HTXDO�WR�WKH�VDPH�WKLQJ�DUH�DOVR�HTXDO�WR�RQH�DQRWKHU��>&��1���@ 
WKHUHIRUH�&$�LV�DOVR�HTXDO�WR�&%� 
7KHUHIRUH�WKH�WKUHH�VWUDLJKW�OLQHV�&$��$%��%&�DUH�HTXDO�WR�RQH�DQRWKHU� 
7KHUHIRUH�WKH�WULDQJOH�$%&�LV�HTXLODWHUDO��DQG�LW�KDV�EHHQ�FRQVWUXFWHG�RQ�WKH�JLYHQ�ILQLWH�VWUDLJKW�OLQH�
$%� 
�%HLQJ��ZKDW�LW�ZDV�UHTXLUHG�WR�GR���+HDWK�������SS���������� 
 
7KH�VWUXFWXUH�RI�WKH�(XFOLGHDQ�SURRI�KDV�SRLQWV�LQ�FRPPRQ�WR�WKDW�RI�+LSSRFUDWHV��EXW�DOVR�GLIIHUHQFHV��

                                                 
27�:H�PXVW�QRWLFH�WKDW�ZH�DUH�QRW�VLPSO\�FRQVWUXFWLQJ�D�SHUSHQGLFXODU��ZH�DUH�GRLQJ�WKDW�ZKLOH�SURYLQJ�WKDW�WKH�FRQVWUXFWHG�
OLQH�LV��DFWXDOO\��SHUSHQGLFXODU�WR�WKH�JLYHQ�OLQH� 
28�:KLOH�(XFOLG�FRQVWUXFWV�D�SHUSHQGLFXODU�IURP�WKH�DGPLWWHG�DVVXPSWLRQV�E\�UHO\LQJ�RQ�DQ�LQWULFDWH�DVVHPEODJH�RI�SURRIV��
+LSSRFUDWHV�VLPSO\�WDNHV�WKLV�UHVXOW�IRU�JUDQWHG�XVLQJ�2LQRSLGHV¶�FRQVWUXFWLRQ�ZLWKRXW�SURRI��RU�HYHQ�ROGHU�SUDFWLWLRQHUV¶�
PHWKRGV��+¡\UXS�����D������� 
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,Q�WKH�ILUVW��ZH�KDYH�DQ�H[SOLFLW�HQXQFLDWLRQ�RI�WKH�SURSRVLWLRQ�WKDW�ZLOO�EH�GHPRQVWUDWHG��,W�LV�QRW�FOHDU�
LI� ZH� PLJKW� KDYH� WKDW� ZLWK� +LSSRFUDWHV� RU� VRPH� PRUH� YDJXH� LQWURGXFWLRQ�� ,Q� KLV� FDVH�� ZKDW� LV�
PHQWLRQHG�DV�WKH�VWDUWLQJ�SRLQW�LV�WKH�JHRPHWULF�SULQFLSOH�EHLQJ�DVVXPHG�DQG�QHFHVVDU\�IRU�WKH�SURRI��
7KLV�GRHV�QRW�RFFXU�ZLWK�(XFOLG��7KHUH�DUH�QR�SULQFLSOHV�DVVXPHG��(XFOLGHDQ�DVVXPSWLRQV�DUH�PXFK�
PRUH�EDVLF��GHILQLWLRQV��SRVWXODWHV��DQG�FRPPRQ�QRWLRQV���DQG�WKH\�DUH�XVHG�WKURXJKRXW�WKH�SURRI��
XVXDOO\�ZLWKRXW�EHLQJ�PHQWLRQHG��7KHQ��LQ�ERWK�SURRIV��ZH�KDYH�WKH�FRQVWUXFWLRQ�RI�D�JHRPHWULF�ILJXUH��
DQG�LW�LV�DIWHUZDUG�WKDW�ZH�KDYH�ZKDW�KHUH�ZH�DGGUHVV�DV�WKH�ZULWWHQ�UHQGHULQJ�RI�D�F\FOLFDO�SURFHVV�
RI� LQWHQWLRQDO� UHDVRQLQJ�� 7KH� UHDGHU� JRHV� WKURXJK� DXWRQRPRXV� UHDVRQLQJ� DQG� PHWDUHDVRQLQJ�
SURFHVVHV�ZKLOH�IROORZLQJ�WKH�SURRI��L�H���KDYLQJ�WKH�YHUEDO�SUHPLVH�V��DQG�WKH�YHUEDO�FRQFOXVLRQ��WKH�
UHDGHU�±�RU�WKH�OLVWHQHU�RI�DQ�RUDO�SUHVHQWDWLRQ�±�ZLOO�JR�WKURXJK�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�
WKDW�JLYHV�ULVH�WR�D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV� 
�����$QDO\]LQJ�WKH�VWUXFWXUH�RI�WKH�SURRI�LQ�,���LQ�WHUPV�RI�LQWHQWLRQDO�UHDVRQLQJ��ZH�VWDUW�ZLWK�D�VLPSOH�
F\FOH�WKDW�OHDGV�IURP�VHQWHQFH����³SRLQW�$�LV�WKH�FHQWHU�RI�WKH�FLUFOH�&'%´���DV�D�SUHPLVH�29�WR�WKH�
FRQFOXVLRQ�LQ�VHQWHQFH����³$&� LV�HTXDO�WR�$%´���:H�ZRXOG�WKHQ�VWDUW�D�QHZ�F\FOH�ZLWK�VHQWHQFH���
�³SRLQW�%� LV� WKH�FHQWHU�RI�WKH�FLUFOH�&$(´��DV�D�QHZ�SUHPLVH�IRU�DQRWKHU�DXWRQRPRXV�UHDVRQLQJ�30�
ZKLFK�KDV�DV�LWV�YHUEDO�FRQFOXVLRQ�VHQWHQFH����³%&�LV�HTXDO�WR�%$´���6HQWHQFH���ZLOO�EH�RQH�RI�WKH�
SUHPLVHV�RI�D�WKLUG�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��WKLV�UHDVRQLQJ�SURFHVV�LV�PDGH�E\�WDNLQJ�VHQWHQFH�
���³&$�ZDV�DOVR�SURYHG�HTXDO�WR�$%´��DOVR�DV�D�SUHPLVH��7KH�FRQFOXVLRQ�RI�WKLV�F\FOH�LV�VHQWHQFH���
�³HDFK�RI�WKH�VWUDLJKW�OLQHV�&$��&%�LV�HTXDO�WR�$%´���6HQWHQFH���ZLOO�EH�RQH�RI�WKH�SUHPLVHV�IRU�D�QHZ�
F\FOH�� WRJHWKHU�ZLWK� VHQWHQFH� �� �³WKLQJV�ZKLFK� DUH� HTXDO� WR� WKH� VDPH� WKLQJ� DUH� DOVR� HTXDO� WR� RQH�
DQRWKHU´���7KH�FRQFOXVLRQ�RI�WKLV�F\FOH�LV�VHQWHQFH����³&$�LV�DOVR�HTXDO�WR�&%´���,Q�WKH�QH[W�F\FOH��ZH�
KDYH�WKUHH�SUHPLVHV�DQG�RQO\�VHQWHQFH���LV�H[SOLFLW��7KLV�UHDVRQLQJ�F\FOH�VWDUWV�ZLWK�VHQWHQFH����³&$�
LV�DOVR�HTXDO�WR�&%´��EXW�DOVR�WDNHV�LQWR�DFFRXQW�SUHYLRXV�FRQFOXVLRQV�QRZ�DV�SUHPLVHV��VHQWHQFH���
�³%&�LV�HTXDO�WR�%$´���DQG�VHQWHQFH����³&$�ZDV�DOVR�SURYHG�HTXDO�WR�$%´���7KH�FRQFOXVLRQ�LV�VHQWHQFH�
���³WKUHH�VWUDLJKW�OLQHV�&$��$%��%&�DUH�HTXDO�WR�RQH�DQRWKHU´���,Q�WKH�ILQDO�F\FOH��VHQWHQFH���EHFRPHV�
WKH�SUHPLVH�IRU�DQRWKHU��JXLGHG��DXWRQRPRXV�UHDVRQLQJ�SURFHVV��ZKLFK�PXVW�OHDG�WR�WKH�FRQFOXVLRQ�
�³WKH�WULDQJOH�$%&�LV�HTXLODWHUDO´���DV�VHQWHQFH����31 
�����7KH� SURRI� RI� ,��� FRQVLVWV� RI� �� F\FOHV� RI� LQWHQWLRQDO� UHDVRQLQJ�� ,Q� HDFK� RI� WKHVH� F\FOHV�� RXU�
PHWDUHDVRQLQJ�JHQHUDWHV�D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV�UHJDUGLQJ�WKH�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�
EHLQJ�PDGH� 
�����7KH�SURRI�RI�,���LV�D�ELW�PRUH�JHQHUDO�WKDQ�WKH�VFKHPDWLF�PRGHO�SURSRVHG�E\�)UDQNLVK��������DQG�
IXUWKHU�HODERUDWHG�LQ�WKH�SUHVHQW�SDSHU��$V�ZH�KDYH�MXVW�VHHQ��LQ�JHQHUDO��WKH�YHUEDO�FRQFOXVLRQ�RI�D�
F\FOH�LV�QRW��MXVW�E\�LWVHOI��WDNHQ�WR�EH�WKH�SUHPLVH�RI�WKH�IROORZLQJ�F\FOH��7KLV�LV�WKH�FDVH�RQO\�ZLWK�
F\FOH����IURP�VHQWHQFH���WR�VHQWHQFH����0RUH�JHQHUDOO\��ZH�DGG�H[SOLFLWO\��RU�LPSOLFLWO\��OLNH�ZKHQ�
JRLQJ�IURP�VHQWHQFH���WR�VHQWHQFH����SUHYLRXV�FRQFOXVLRQV�DV�SUHPLVHV�WR�HQDEOH�D�QHZ�UHDVRQLQJ�
F\FOH��RU�HYHQ�DQ�DVVXPSWLRQ��OLNH�FRPPRQ�QRWLRQ���LQ�F\FOH�����+RZHYHU��HYHQ�LI�D�ELW�PRUH�FRPSOH[��
ZH�VWLOO�KDYH�D�VWUXFWXUH�RI�D��F\FOLFDO��LQWHQWLRQDO�UHDVRQLQJ�SURFHVV� 
�����:H�ZLOO�QRZ�FRQVLGHU�DQRWKHU�W\SH�RI�SURRI�WKDW�ZDV�SHUYDVLYH�LQ�DQFLHQW�*UHHN�PDWKHPDWLFV��LW�
LV�FDOOHG�LQ�/DWLQ�³UHGXFWLR�DG�DEVXUGXP´��VHH��H�J���1HW]�������+HDWK��������:H�ZLOO�FDOO�LW�VLPSO\�D�
UHGXFWLR�SURRI� 
�����7KH� IRUP�RI� D� UHGXFWLR�SURRI� LV�� VFKHPDWLFDOO\�� DV� IROORZV�� WR�SURYH�3�� DVVXPH�QRW�3��GHULYH� D�
³FRQWUDGLFWLRQ´��L�H���GHULYH�DQ�REYLRXVO\�IDOVH�UHVXOW��OLNH�D�JHRPHWULF�VWDWHPHQW�DQG�LWV�RSSRVLWH��H�J���
$%� �&'�DQG�$%�z�&'���&RQFOXGH�WKDW�3�LV�WUXH��&XQQLQJKDP����������� 
                                                 
29�:H�GR�QRW�LQFOXGH�³VLQFH´�DV�SDUW�RI�WKH�SUHPLVH��LW�ZRUNV�DV�DQ�H[SOLFLW�LQGLFDWRU�WKDW�ZKDW�IROORZV�LV�WKH�SUHPLVH��:H�
DOVR�ZLOO�QRW�LQFOXGH�³WKHUHIRUH´�DV�SDUW�RI�WKH�FRQFOXVLRQ��LW�ZRUNV�DV�DQ�H[SOLFLW�³FRQQHFWRU´��OLQNLQJ�WKH�SUHPLVH�WR�WKH�
FRQFOXVLRQ��VHH�1HW]�������������� 
30�0RUH�DSSURSULDWHO\��LW�LV�D�JXLGHG�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�VLQFH�WKH�UHDGHU�KDV�DW�KLV�KHU�GLVSRVDO�DOVR�WKH�YHUEDO�
FRQFOXVLRQ�RI�WKH�UHDVRQLQJ��,Q�WKH�PRGHUQ�YHUVLRQ�RI�WKH�WH[W��VRPHWLPHV�LW�LV�LQGLFDWHG�ZKDW�DVVXPSWLRQ�LV�XVHG�GXULQJ�
WKH�UHDVRQLQJ��,Q�WKLV�FDVH��LW�LV�WKH�GHILQLWLRQ�RI�FLUFOH��>'HI����@���7KLV�GHILQLWLRQ�LV�XVHG�LQ�WKH�FRQWH[W�RI�WKH�ILJXUH�WR�
DUULYH�DW�WKH�FRQFOXVLRQ��+HUH��ZH�GR�QRW�WU\�WR�DGGUHVV�WKLV�FRPSOH[�UHDVRQLQJ�FRPELQLQJ�OLQJXLVWLF�GHILQLWLRQV�DQG�YLVXDO�
FXHV� 
31�:KLOH�LW�LV�QRW�LQGLFDWHG�LQ�WKH�WH[W��ZH�PXVW�WDNH�WKH�UHDVRQLQJ�WR�EH�PDGH�E\�WDNLQJ�LQWR�DFFRXQW�WKH�GHILQLWLRQ�RI�
HTXLODWHUDO�WULDQJOH��'HI������VHH�+HDWK�������������� 



 �� 

�����$QFLHQW�*UHHN�SURRIV�WKDW�DGRSW�D�UHGXFWLR�VWUDWHJ\�KDYH�D�YHU\�IL[HG�DUJXPHQWDWLYH�VWUXFWXUH��DV�
GHVFULEHG�E\�1HW]��������������6LPSOLI\LQJ��ZKHQ�ZH�LQWHQG�WR�SURYH�D�JHRPHWULFDO�VWDWHPHQW�3��ZH�
XVH�³IRU�LI´� WR� LQWURGXFH�WKH�QHJDWLRQ�RI�3��L�H���QRW�3��DQG�D�FRQVHTXHQFH�RI�QRW�3��$�VHTXHQFH�RI�
³DUJXPHQWV´�IROORZV��L�H���WKH�YHUEDO�H[SUHVVLRQV�FRUUHVSRQGLQJ�WR�SUHPLVHV�DQG�FRQFOXVLRQV���OHDGLQJ�
WR� VRPH�SURSHUW\�� ³ZKLFK� LV� LPSRVVLEOH�DEVXUG´� �1HW]�������������$IWHUZDUG��ZH� ILQG� WKH�FUXFLDO�
DUJXPHQWV�LQ�WKH�UHGXFWLR�SURRI��)LUVW��ZH�KDYH�³WKHUHIRUH�QRW��QRW�3�´��VHFRQG��ZH�KDYH�³WKHUHIRUH�
3´� 
�����+HUH��D�SDXVH�LV�QHFHVVDU\��$V�PHQWLRQHG�E\�'XWLOK�1RYDHV��WKH�VWHS�RI�JRLQJ�IURP�UHDFKLQJ�DQ�
DEVXUG�UHVXOW�WR�FRQFOXGH�WKDW�3�LV�WKH�FDVH��ZKLFK�LQ�WKH�(XFOLGHDQ�SURRI�LV�PDGH�LQ�WZR�VWHSV��DV�ZH�
KDYH�MXVW�VHHQ���³VWURQJO\�UHOLHV�RQ�D�QXPEHU�RI�DVVXPSWLRQV��DQG�LI�WKHVH�DUH�QRW�LQ�SODFH�WKHQ�WKH�
DUJXPHQW�GRHV�QRW�JR�WKURXJK´��'XWLOK�1RYDHV��������������7KHVH�DUH�UHODWHG�WR�ZKDW�FDQ�EH�QDPHG�
WKH�FXOSULW�SUREOHP�DQG�WKH�DFW�RI�IDLWK�SUREOHP��7KH�ILUVW�SUREOHP�LV�GHVFULEHG�E\�'XWLOK�1RYDHV�DV�
IROORZV� 
 
:H�VWDUW�ZLWK�WKH�LQLWLDO�DVVXPSWLRQ��ZKLFK�ZH�LQWHQG�WR�SURYH�WR�EH�IDOVH��EXW�DORQJ�WKH�ZD\�ZH�DYDLO�
RXUVHOYHV� RI� DX[LOLDU\� K\SRWKHVHV�SUHPLVHV�� 1RZ�� LW� LV� WKH� FRQMXQFWLRQ� RI� DOO� WKHVH� SUHPLVHV� DQG�
K\SRWKHVHV�WKDW�OHDGV�WR�DEVXUGLW\��DQG�LW�LV�QRW�LPPHGLDWHO\�FOHDU�ZKHWKHU�ZH�FDQ�VLQJOH�RXW�RQH�RI�
WKHP�DV�WKH�FXOSULW�WR�EH�UHMHFWHG���'XWLOK�1RYDHV������������ 
 
7R�DYRLG�WKH�FXOSULW�SUREOHP��ZH�PXVW�DVVXPH�WKDW�³ZH�FDQ�LVRODWH�WKH�FXOSULW´��'XWLOK�1RYDHV�������
�������)RU�WKDW��³ZKDW�LV�UHTXLUHG�LV�WKDW�DOO�DX[LOLDU\�DVVXPSWLRQV��SUHPLVHV�XVHG�LQ�WKH�DUJXPHQW�
KDYH�D�KLJKHU�GHJUHH�RI�FHUWDLQW\�WR�XV�WKDQ�WKH�LQLWLDO�DVVXPSWLRQ�WKDW�LV�VLQJOHG�RXW�WR�EH�UHMHFWHG´�
�'XWLOK�1RYDHV������������� 
�����7KH�VHFRQG�SUREOHP�FDQ� WKH�VWDWHG� DV� IROORZV�� ³+RZ�GRHV�RQH�JR� IURP� LW�EHLQJ�D�EDG� LGHD� WR�
PDLQWDLQ�WKH�K\SRWKHVLV�WR�LW�EHLQJ�D�JRRG�LGHD�WR�PDLQWDLQ�LWV�FRQWUDGLFWRU\"´��'XWLOK�1RYDHV�������
�������$FFRUGLQJ�WR�'XWLOK�1RYDHV��³$�UHGXFWLR�DG�DEVXUGXP�DOVR�VWDUWV�ZLWK�WKH�WDFLW�DVVXPSWLRQ�RI�
DQ�H[KDXVWLYH�HQXPHUDWLRQ�RI�FDVHV��IRU�D�JLYHQ�SURSRVLWLRQ�$��HLWKHU�$�LV�WKH�FDVH�RU�LWV�FRQWUDGLFWRU\�
LV�WKH�FDVH��DQG�QRW�ERWK´��'XWLOK�1RYDHV��������������$FFRUGLQJO\� 
 
,I�ZH�FDQ�EH�VXUH�WKDW�WKH�HQXPHUDWLRQ�RI�FDVHV�LV�WUXO\�H[KDXVWLYH��L�H���H[FOXGHG�PLGGOH�KROGV�LQ�WKH�
UHOHYDQW� VLWXDWLRQ��� DQG� WKDW�ZH�ZLOO� QRW� HQG�XS� LQ� D� VLWXDWLRQ�RI� DSRULD�ZKHUH� DOO� RSWLRQV� OHDG� WR�
DEVXUGLW\��WKHQ�ZH�FDQ�VDIHO\�FRQFOXGH�QRW�S�DIWHU�VKRZLQJ�WKDW�S�OHDGV�WR�DEVXUGLW\���'XWLOK�1RYDHV�
����������� 
 
+HUH��ZH�ZDQW�WR�VXJJHVW�WKDW�WKH�FXOSULW�SUREOHP�DQG�WKH�DFW�RI�IDLWK�SUREOHP�DUH�DYRLGHG�LQ�(XFOLGHDQ�
JHRPHWU\�DQG�DUH�GHDOW�ZLWK��HDFK�RQH��RQH�VWHS�DW�D�WLPH��LQ�WKH�ILQDO�VWDJHV�RI�WKH� DUJXPHQWDWLYH�
VWUXFWXUH�RI�(XFOLGHDQ�UHGXFWLR�SURRIV��$V�PHQWLRQHG�LQ�WKH�DUJXPHQWDWLYH�VWUXFWXUH�WKHUH�LV�RQH�SRLQW�
LQ�ZKLFK�ZH�UHDFK�VRPH�SURSHUW\�ZKLFK�LV� LPSRVVLEOH�DEVXUG��$IWHUZDUG��ZH�GHDO�ZLWK�WKH�FXOSULW�
SUREOHP��WKHUHIRUH�QRW��QRW�3���7KHUH�LV�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�WKDW�LGHQWLILHV�QRW�3�DV�WKH�
FXOSULW��DQG�QRW�VRPH�RWKHU�DVVXPSWLRQ�RU�VHW�RI�DVVXPSWLRQV���7KHQ�ZH�IDFH�WKH�DFW�RI�IDLWK�SUREOHP��
WKHUHIRUH�3��L�H���WKH�UHMHFWLRQ�RI�QRW�3�OHDGV�WR�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV�WKDW�HQDEOHV�XV�WR�
FRQFOXGH�WKDW�3�LV�WKH�FDVH��:H�ZLOO�FRQVLGHU�DQ�H[DPSOH�RI�D�UHGXFWLR�SURRI�WR�VHH�KRZ�WKLV�LV�GRQH�
DQG� KRZ� D� UHGXFWLR� SURRI� FDQ� EH� DGGUHVVHG� IURP� WKH� SHUVSHFWLYH� RI� SURRI� DV� D� IRUP� RI� �JXLGHG��
LQWHQWLRQDO�UHDVRQLQJ� 
�����:H�ZLOO�FRQVLGHU�WKH�ILUVW�UHGXFWLR�SURRI�LQ�WKH�(OHPHQWV��WKDW�RI�SURSRVLWLRQ���RI�ERRN����,�����7KH�
WH[W�RI�SURSRVLWLRQ�,���UHDFKHG�XV�DV�IROORZV�32 
 
,I�LQ�D�WULDQJOH�WZR�DQJOHV�EH�HTXDO�WR�RQH�DQRWKHU��WKH�VLGHV�ZKLFK�VXEWHQG�WKH�HTXDO�DQJOHV�ZLOO�DOVR�
EH�HTXDO�WR�RQH�DQRWKHU� 
 
                                                 
32�+HUH��OLNH�LQ�WKH�FDVH�RI�,����ZH�DUH�FRQVLGHULQJ�DQ�(QJOLVK�WUDQVODWLRQ�RI�WKH�VWDQGDUG�HGLWLRQ�RI�WKH�(OHPHQWV��2Q�WKLV�
VHH��H�J���9LWUDF�������� 
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/HW�$%&�EH�D�WULDQJOH�KDYLQJ�WKH�DQJOH�$%&�HTXDO�WR�WKH�DQJOH�$&%� 
,�VD\�WKDW�WKH�VLGH�$%�LV�DOVR�HTXDO�WR�WKH�VLGH�$&� 
)RU��LI�$%�LV�XQHTXDO�WR�$&��RQH�RI�WKHP�LV�JUHDWHU��>&�1�@33 
/HW�$%�EH�JUHDWHU��DQG�IURP�$%�WKH�JUHDWHU�OHW�'%�EH�FXW�RII�HTXDO�WR�$&�WKH�OHVV��>,��@ 
OHW�'&�EH�MRLQHG��>3RVW���@ 
7KHQ��VLQFH�'%�LV�HTXDO�WR�$&��DQG�%&�LV�FRPPRQ��WKH�WZR�VLGHV�'%��%&�DUH�HTXDO�WR�WKH�WZR�VLGHV�
$&��&%�UHVSHFWLYHO\� 
DQG�WKH�DQJOH�'%&�LV�HTXDO�WR�WKH�DQJOH�$&%� 
WKHUHIRUH�WKH�EDVH�'&�LV�HTXDO�WR�WKH�EDVH�$%��DQG�WKH�WULDQJOH�'%&�ZLOO�EH�HTXDO�WR�WKH�WULDQJOH�$&%��
>,��@34 
WKH�OHVV�WR�WKH�JUHDWHU� 
ZKLFK�LV�DEVXUG�>&�1���@� 
7KHUHIRUH�$%�LV�QRW�XQHTXDO�WR�$&� 
LW�LV�WKHUHIRUH�HTXDO�WR�LW���+HDWK������������� 
7KXV��LI�D�WULDQJOH�KDV�WZR�DQJOHV�HTXDO�WR�RQH�DQRWKHU�WKHQ�WKH�VLGHV�VXEWHQGLQJ�WKH�HTXDO�DQJOHV�ZLOO�
DOVR�EH�HTXDO�WR�RQH�DQRWKHU���:KLFK�LV��WKH�YHU\�WKLQJ�LW�ZDV�UHTXLUHG�WR�VKRZ�35 
 
7KH�GHPRQVWUDWLRQ�VWDUWV�ZLWK�D�WULDQJOH�$%&�ZLWK�WZR�HTXDO�DQJOHV��$%&�DQG�$&%��:KDW�ZH�ZDQW�
WR�VKRZ�LV�WKDW�WKH�FRUUHVSRQGLQJ�VLGHV�DUH�HTXDO��L�H���$%� �$&��:H�VWDUW�RXU�SURRI�E\�DVVXPLQJ�WKH�
³RSSRVLWH´�SURSHUW\�$%�z�$&��WKDW�WKH\�DUH�³RSSRVLWH´�IROORZV�IURP�WKH�³VROXWLRQ´�WR�WKH�DFW�RI�IDLWK�
SUREOHP���7KH�ILUVW�LQWHQWLRQDO�UHDVRQLQJ�SURFHVV�VWDUWV�ZLWK�WKLV�LQLWLDO�DVVXPSWLRQ��RXU�VHQWHQFH����
DQG�OHDGV�XV�WR�WKH�FRQFOXVLRQ��³RQH�LV�JUHDWHU´��RXU�VHQWHQFH�����7R�UHDFK�WKH�FRQFOXVLRQ�XVH�LV�PDGH�
RI�WKH�SUHYLRXVO\�XQPHQWLRQHG�FRPPRQ�QRWLRQ��LI�WZR�TXDQWLWLHV�DUH�XQHTXDO��WKHQ�RQH�LV�JUHDWHU�RU�
OHVVHU�WKDQ�WKH�RWKHU��VHH��H�J���-R\FH������� 
�����$IWHU�WKLV�ILUVW�F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ�WKDW�LQFOXGHV�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��ZH�
KDYH�ZKDW�ZH�PLJKW�FDOO�WKH�³LQVHUWLRQ´�RI�DQRWKHU�FRQVWUXFWLRQ��7KLV�LV�PDGH�LQ�³VHQWHQFH��´��³/HW�
$%�EH�JUHDWHU��DQG�IURP�$%�WKH�JUHDWHU�OHW�'%�EH�FXW�RII�HTXDO�WR�$&�WKH�OHVV��OHW�'&�EH�MRLQHG´��7KH�
QHZ�ILJXUH�VKRZV�WKDW�WKH�WULDQJOH�'%&�LV�VPDOOHU�WKDQ�WKH�WULDQJOH�$&%�36��37�7KLV�³SURSHUW\´�ZLOO�EH�
LPSRUWDQW�ODWHU�VLQFH�LW�ZLOO�OHDG�WR�D�FRQWUDGLFWLRQ�ZLWK�DQRWKHU�SURSHUW\�WKDW�ZLOO�EH�GHGXFHG�ODWHU� 
�����7KH�LQWHQWLRQDO�UHDVRQLQJ�SURFHVV�UHVXPHV�ZLWK�D�F\FOH�JRLQJ�IURP�VHQWHQFH����³'%�LV�HTXDO�WR�
$&��DQG�%&�LV�FRPPRQ´��WR�VHQWHQFH����³WKH�WZR�VLGHV�'%��%&�DUH�HTXDO�WR�WKH�WZR�VLGHV�$&��&%�
UHVSHFWLYHO\��DQG�WKH�DQJOH�'%&� LV�HTXDO�WR�WKH�DQJOH�$&%´���7KH��JXLGHG��DXWRQRPRXV�UHDVRQLQJ�
                                                 
33�$FFRUGLQJ�WR�-R\FH���������WKHUH�DUH�RWKHU�SURSHUWLHV�RI�TXDQWLWLHV�RU�PDJQLWXGHV��DQJOHV��OHQJWKV��DUHDV��HWF���WKDW�DUH�
FRQVLGHUHG�LQ�,����EHVLGHV�WKH�RQHV�WKDW�DUH�PDGH�H[SOLFLW�DV�FRPPRQ�QRWLRQV��,Q�-R\FH¶V�YLHZ��KHUH��(XFOLG�XVHV�D�FRPPRQ�
QRWLRQ�WKDW�ZDV�QRW�LQFOXGHG�LQ�WKH�LQLWLDO�DVVXPSWLRQV��,W�PLJKW�EH�VRPHWKLQJ�OLNH�WKLV��LI�WZR�TXDQWLWLHV�DUH�XQHTXDO��WKHQ�
RQH�LV�JUHDWHU�RU�OHVVHU�WKDQ�WKH�RWKHU� 
34�1RWLFH�WKDW�WKH�SURRI�LQ�,���LV�QRW�D�VLQJOH�OHYHO�SURRI�VLQFH�LW�UHOLHV�RQ�RWKHU�SUHYLRXVO\�SURYHG�SURSRVLWLRQV�EHVLGHV�WKH�
JHQHUDO�DVVXPSWLRQV��GHILQLWLRQV��SRVWXODWHV��DQG�FRPPRQ�QRWLRQV�� 
35�7KHVH�ODVW�VHQWHQFHV�DUH�IURP�WKH�WUDQVODWLRQ�E\�)LW]SDWULFN������������VLQFH�LQ�+HDWK¶V�WUDQVODWLRQ�LW�LV�OHIW�LQFRPSOHWH� 
36�2Q�GLDJUDPV�LQ�UHGXFWLR�SURRIV��VHH��H�J���'DO�0DJUR�DQG�9DOHQWH�������� 
37�,Q�D�ZD\��LQ�WKH�FRQWH[W�RI�VHQWHQFH���DQG�WKH�FRUUHVSRQGLQJ�GUDZLQJ�DULVHV�D�UHDVRQLQJ�SURFHVV�OHDGLQJ�WR�WKH�FRQFOXVLRQ�
WKDW�WKH�WULDQJOH�'%&�LV�VPDOOHU�WKDQ�WKH�WULDQJOH�$&%��6LQFH��RQO\�ODWHU��WKLV�FRQFOXVLRQ�LV�WDNHQ�LQWR�DFFRXQW��LW�PLJKW�
ZHOO� EH� WKH� FDVH� WKDW� WKLV� UHDVRQLQJ� SURFHVV� RQO\� RFFXUV� DW� WKLV� ODWHU� VWDJH�� ,Q� WKLV� ZD\�� ZH�ZLOO� OHDYH� LW� DV� LPSOLFLW�
VRPHZKHUH�GXULQJ�WKH�F\FOHV��DQG�ZH�ZLOO�QRW�FRQVLGHU�WKDW��DW�WKLV�SRLQW��ZH�KDYH�D�F\FOH�RI�WKH�UHDVRQLQJ�SURFHVV� 
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SURFHVV��OHDGLQJ�IURP�SUHPLVH���WR�FRQFOXVLRQ����XVHV�SURSHUWLHV�RI�WKH�WULDQJOHV�DV�GHSLFWHG�LQ�WKH�
ILJXUH�DQG�JLYHQ�LQ�WKH�WH[W��7KH�FRQFOXVLRQ�DV�JLYHQ�LQ�VHQWHQFH���EHFRPHV�D�SUHPLVH�IRU�WKH�QH[W�
F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ��OHDGLQJ�WR�VHQWHQFH����³WKH�EDVH�'&�LV�HTXDO�WR�WKH�EDVH�$%��DQG�WKH�
WULDQJOH�'%&�ZLOO�EH�HTXDO�WR�WKH�WULDQJOH�$&%´���7KH��JXLGHG��DXWRQRPRXV�UHDVRQLQJ�SURFHVV�LV�WR�
EH�PDGH�E\�UHVRUW�WR�SURSRVLWLRQ�,����DV�LQGLFDWHG�E\�WKH�LQFOXVLRQ�LQ�WKH�WH[W�RI�>,��@���7KDW�LV�RXU�WKLUG�
F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ��LQFOXGLQJ�WKH�F\FOH�IURP�VHQWHQFH���WR�VHQWHQFH�����,Q�WKH�SUHYLRXV�
FRQFOXVLRQ��ZH�UHDFKHG�WKH�UHVXOW�WKDW�WKH�WULDQJOH�'%&�LV�HTXDO�WR�WKH�WULDQJOH�$&%��7KLV�SDUW�RI�WKH�
FRQFOXVLRQ��WRJHWKHU�ZLWK�WKH�SUHYLRXVO\�REWDLQHG�UHVXOW��DV�D�FRQVHTXHQFH�RI�WKH�FRQVWUXFWLRQ�GXH�WR�
VHQWHQFH����WKDW�WKH�WULDQJOH�'%&�LV�VPDOOHU�WKDQ�WKH�WULDQJOH�$&%��ZRUN�DV�WKH�SUHPLVVHV�IRU�WKH�QH[W�
F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ��F\FOH�QXPEHU�����7KH�YHUEDO�FRQFOXVLRQ�RI�WKLV�UHDVRQLQJ��LQ�VHQWHQFH�
��� LV� WKDW� ³WKH� OHVV� >LV� HTXDO@� WR� WKH� JUHDWHU´��7KLV� FRQFOXVLRQ� LV� WKH� VWDUW� RI� DQRWKHU� DXWRQRPRXV�
UHDVRQLQJ�SURFHVV�WKDW�OHDGV�WR�WKH�FRQFOXVLRQ��DV�VWDWHG�LQ�VHQWHQFH����WKDW�WKH�SUHYLRXV�UHVXOW�LV�DEVXUG��
'XULQJ� WKH� DXWRQRPRXV� UHDVRQLQJ� SURFHVVHV�� RXU� PHWDUHDVRQLQJ� JHQHUDWHG� D� VWURQJ� IHHOLQJ� RI�
FRUUHFWQHVV�IRU�HDFK�RQH��$W�WKLV�SRLQW��ZH�PLJKW�IHHO�FRQILGHQW�WKDW�VR�IDU��RXU�SURRI�LV�FRUUHFW� 
�����:H�ZLOO�QRZ�FRQVLGHU�WKH�WZR�ILQDO�F\FOHV��ZKLFK�DUH�WKH�PRVW�FRPSOH[�RQHV�VLQFH�LQ�WKH�ILUVW��ZH�
DGGUHVV��LPSOLFLWO\��WKH�FXOSULW�SUREOHP�DQG��LQ�WKH�VHFRQG��WKH�DFW�RI�IDLWK�SUREOHP��� 
�����$IWHU�DUULYLQJ��LQ�VHQWHQFH����DW�WKH�FRQFOXVLRQ�WKDW�DQ�DEVXUG�UHVXOW�ZDV�UHDFKHG��ZH�JR�LQWR�D�QHZ�
F\FOH�RI�LQWHQWLRQDO�UHDVRQLQJ��WDNLQJ�WKLV�DEVXUGLW\�DV�WKH�SUHPLVH��7KH�FRQFOXVLRQ�RI�WKLV�DXWRQRPRXV�
UHDVRQLQJ� SURFHVV� LV� JLYHQ� LQ� VHQWHQFH� ��� ³$%� LV� QRW� XQHTXDO� WR�$&´38���L�H��� ZH� GHQ\� WKH� LQLWLDO�
DVVXPSWLRQ�WKDW�$%�LV�XQHTXDO�WR�$&���,Q�WKLV�F\FOH�RI��JXLGHG��LQWHQWLRQDO�UHDVRQLQJ��ZH�UHDVRQ�WR�
WKH�UHMHFWLRQ�RI�WKH�LQLWLDO�DVVXPSWLRQ�$%�z�$&��,W�LV�KHUH�WKDW�WKH�FXOSULW�SUREOHP�LV�IDFHG��6LQFH�WKHUH�
DUH�QR�DX[LOLDU\�DVVXPSWLRQV�EHVLGHV�WKH�LQLWLDO�DVVXPSWLRQ�39�ZH�XVH�WKLV�NQRZOHGJH�LQ�WKH�UHDVRQLQJ�
DQG�FRQFOXGH�WKDW�WKH�DEVXUG�UHVXOW�WKDW�WULDQJOH�'%&� �WULDQJOH�$&%�DQG�WULDQJOH�'%&�z� WULDQJOH�
$&%�IROORZV�IURP�WKH�LQLWLDO�DVVXPSWLRQ��6LQFH�WKHUH�LV�RQH�UHDVRQLQJ�F\FOH�WR�DGGUHVV� WKH�FXOSULW�
SUREOHP�� WKH�PHWDUHDVRQLQJ� GXULQJ� WKLV� F\FOH� JHQHUDWHV� D� VWURQJ� IHHOLQJ� RI� WKH� FRUUHFWQHVV� RI� WKH�
FRQFOXVLRQ��LQ�WKLV�ZD\�³GLVVLSDWLQJ´�DQ\�GRXEWV�ZH�PLJKW�KDYH�LQ�WKLV�LQIHUHQWLDO�VWHS�FRQFHUQLQJ�WKH�
FXOSULW�SUREOHP� 
�����,Q�F\FOH����WKH�ILQDO�F\FOH�RI�RXU��JXLGHG��LQWHQWLRQDO�UHDVRQLQJ��ZH�WDNH�VHQWHQFH����³$%�LV�QRW�
XQHTXDO�WR�$&´��DV�WKH�SUHPLVH�IRU�DQRWKHU�UHDVRQLQJ�SURFHVV��WKH�VHYHQWK�UHDVRQLQJ�SURFHVV���7KH�
DFW�RI�IDLWK�SUREOHP�LV�IDFHG�GXULQJ�WKLV�UHDVRQLQJ�SURFHVV��$V�PHQWLRQHG�E\�)LW]SDWULFN��KHUH�ZH�XVH�
D�SUHYLRXVO\�XQPHQWLRQHG�FRPPRQ�QRWLRQ��LI�WZR�TXDQWLWLHV�DUH�QRW�XQHTXDO�WKHQ�WKH\�PXVW�EH�HTXDO�
�)LW]SDWULFN� ������ ����� 7KLV� FRPPRQ� QRWLRQ� LPSOLHV� WKDW�� IRU� TXDQWLWLHV�� WKHUH� DUH� QR� RWKHU�
FDVHV�RSWLRQV�WKDW�PLJKW�OHDG�WR�DQ�DFW�RI�IDLWK�SUREOHP��,I� WZR�OHQJWKV�DUH�QRW�XQHTXDO� WKHQ�WKHVH�
OHQJWKV�PXVW�EH�HTXDO��WKHUH�LV�QR�RWKHU�RSWLRQ��7KH�UHDVRQLQJ�SURFHVV�WDNLQJ�LQWR�DFFRXQW�WKLV�HYLGHQW�
SURSHUW\� RI� TXDQWLWLHV� OHDGV� WR� WKH� FRQFOXVLRQ�� ³LW� LV� WKHUHIRUH� HTXDO� WR� LW´�� L�H���$%�  �$&�40��%\�
DGGUHVVLQJ�MXVW�WKH�DFW�RI�IDLWK�SUREOHP�LQ�WKLV�ODVW�F\FOH��ZH�JHQHUDWH�D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV�
WKDW�³GLVVLSDWHV´�DQ\�GRXEWV�ZH�PLJKW�KDYH�FRQFHUQLQJ�WKH�DFW�RI�IDLWK�SUREOHP�41 
�����$V�ZH�VHH��UHGXFWLR�SURRIV�ILW�QLFHO\�ZLWKLQ�D�SHUVSHFWLYH�RQ�SURRIV�DV�D�IRUP�RI�JXLGHG�LQWHQWLRQDO�
UHDVRQLQJ�42 
                                                 
38�:H�KDYH�QRW�LQFOXGHG�WKH�FRQQHFWLYH�³WKHUHIRUH´� 
39��$OO� WKH� RWKHU� ³DVVXPSWLRQV´� DUH� WDNHQ� WR� EH� ³WUXH´� �GHILQLWLRQV�� SRVWXODWHV�� FRPPRQ� QRWLRQV�� RU� SURYHG� WR� EH� WUXH�
�SURSRVLWLRQV�,���DQG�,���� 
40�:H�GR�QRW�IDFH�DQ\�ULVN�RI�KDYLQJ�D�VLWXDWLRQ�RI�DSRULD�ZKHUH�DOO�RSWLRQV�OHDG�WR�DEVXUGLW\��:H�KDYH�GHWHUPLQHG�WKDW�LI�
WKH�WULDQJOH�KDG�WKH�VLGHV�$%�DQG�$&�XQHTXDO��WKHUH�ZRXOG�EH�DQ�DEVXUG�FRQVHTXHQFH��WKDW�RI�WZR�WULDQJOHV�EHLQJ�DW�WKH�
VDPH�WLPH�HTXDO�DQG�GLIIHUHQW��7KH�RQO\�DOWHUQDWLYH�WKDW�UHPDLQV�LV�WKDW�WKH�VLGHV�$%�DQG�$&��RI�WKH�WULDQJOH��DUH�HTXDO��,I�
WKLV�DOVR�OHDGV�WR�DEVXUG�FRQVHTXHQFHV��WKHQ�SXUH�JHRPHWU\�ZRXOG�QRW�EH�FRQVLVWHQW� 
41�,W�LV�QRW�QHFHVVDU\�WKDW�ZH�DUH�FRQVFLRXV�RI�WKHVH�SUREOHPV��WR�LQWXLWLYHO\�DGGUHVV�WKHP�LQ�GLIIHUHQW�F\FOHV�RI�LQWHQWLRQDO�
UHDVRQLQJ��7KDW�DQFLHQW�*UHHN�PDWKHPDWLFLDQV�PDGH�WKLV�VXJJHVWV�WKDW�WKH\�KDG�D�JUDVS�RI�VRPH�³GLIILFXOWLHV´�WKDW�KDG�WR�
EH� DGGUHVVHG� EHIRUH� DUULYLQJ� DW� WKH� FRQFOXVLRQ�� %\� KDYLQJ� WZR� F\FOHV� RI� UHDVRQLQJ�� RQH� IRU� HDFK� ³GLIILFXOW\´�� WKH\�
LPSURYHG�WKH�IHHOLQJ�RI�FRUUHFWQHVV�IRU�HDFK�RQH��LQ�WKLV�ZD\��SURYLGLQJ�D�VWURQJHU�IHHOLQJ�WKDW��RYHUDOO��WKH�SURRI�LV�FRUUHFW� 
42�7KLV�LV�QRW�WR�VD\�WKDW�WKHUH�DUH�QR�RWKHU�DSSURDFKHV�WKDW�JLYH�DQ�HQOLJKWHQLQJ�SHUVSHFWLYH�RQ�PDWKHPDWLFDO�SURRIV��LQ�
JHQHUDO��DQG�UHGXFWLR�SURRIV��LQ�SDUWLFXODU��:H�DUH�WKLQNLQJ��LQ�SDUWLFXODU��DERXW�WKH�GLDORJLFDO�FRQFHSWLRQ�RI�PDWKHPDWLFDO�
SURRI� �'XWLOK�1RYDHV�������������DQG� WKH�YLHZ�RI�PDWKHPDWLFDO�SURRI�DV�DXGLHQFH�UHIOHFWLYH�DUJXPHQWDWLRQ� �$VKWRQ�
�������+RZHYHU��LW�LV�EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�ZRUN�WR�DGGUHVV�WKH�ILWWLQJ�RI�WKH�DSSURDFK�GHYHORSHG�KHUH�ZLWK�
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���)XUWKHU�FRPPHQWV 
 
/HW�XV�UHWXUQ�WR�ZKDW�ZH�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��ZH�ZHUH�JRLQJ�WR�VHH�KRZ�ZH�VWLOO�FDQ�HYDOXDWH�
DQ�DQFLHQW�PDWKHPDWLFDO�SURRI�DQG�DJUHH�RQ�LWV�FRUUHFWQHVV��7R�EH�PRUH�SUHFLVH��RXU�SXUSRVH�ZDV��LQ�
UHODWLRQ�WR�DQFLHQW�*UHHN�SURRIV��WR�VHH�KRZ�GRHV�D�SURRI�IXQFWLRQV��IRU�XV��DV�DQ�HQDEOHU�WR�DVFHUWDLQ�
LWV�FRUUHFWQHVV��DQG�KRZ�GR�ZH��DFWXDOO\��DVFHUWDLQ�WKLV�FRUUHFWQHVV��7KH�PDWKHPDWLFDO�SURRI�ZRUNV�DV�
D�JXLGHG�LQWHQWLRQDO�UHDVRQLQJ�SURFHVV��*,53���RU�EHWWHU��F\FOHV�RI�WKHVH��(DFK�F\FOH�FRUUHVSRQGV�WR�
ZKDW�ZH�XVXDOO\� FDOO� DQ� LQIHUHQWLDO� VWHS� WKDW� JRHV� IURP� D� SUHPLVH� WR� D� FRQFOXVLRQ� �ERWK� JLYHQ� DV�
OLQJXLVWLF� H[SUHVVLRQV� ±� VHQWHQFHV��� ,Q� HDFK� F\FOH�� WKHVH� H[SUHVVLRQV� DUH� ³FRQQHFWHG´� E\� DQ�
DXWRQRPRXV� UHDVRQLQJ� SURFHVV� WKDW� SURGXFHV�UHSURGXFHV� D� UHDVRQLQJ� SURFHVV� WKDW� OHDGV� IURP� WKH�
SUHPLVH� WR� WKH� FRQFOXVLRQ��7KLV� ³IRUPDW´�RI� WKH� SURRI� HQKDQFHV� WKH�PHWDUHDVRQLQJ�SURFHVVHV� WKDW�
DFFRPSDQ\� WKH� UHDVRQLQJ� SURFHVVHV�� :H� KDYH� D� VHTXHQFH� RI� ³VPDOO´� UHDVRQLQJ� VWHSV�� HDFK�
DFFRPSDQLHG�E\�D�PHWDUHDVRQLQJ�SURFHVV��,W�LV�RXU�PHWDUHDVRQLQJ�WKDW�FUHDWHV�D�IHHOLQJ�NQRZLQJ�RI�
FRUUHFWQHVV�DVVRFLDWHG�ZLWK�WKH�YHUEDO�FRQFOXVLRQ�RI�DQ�DXWRQRPRXV�UHDVRQLQJ�SURFHVV��$W�WKH�HQG�RI�
DQ� LQIHUHQWLDO�VWHS��L�H���D�F\FOH�RI� LQWHQWLRQDO� UHDVRQLQJ���ZH�KDYH�D�YHUEDOL]HG�FRQFOXVLRQ�DULVLQJ�
IURP�RXU�UHDVRQLQJ�³PDFKLQHU\´�DQG�LW�FRPHV�ZLWK�D�ZHDNHU�RU�VWURQJHU�IHHOLQJ�RI�LWV�FRUUHFWQHVV��
)HHOLQJ�NQRZLQJ� WKDW� WKH� FRQFOXVLRQ� LV� FRUUHFW��ZH�PRYH�RQ�ZLWK� WKH� SURRI�� DGRSWLQJ� WKLV� YHUEDO�
FRQFOXVLRQ� DV� WKH� VWDUWLQJ� SRLQW� IRU� DQRWKHU� F\FOH� RI� UHDVRQLQJ� WKDW�PXVW� OHDG� WR� WKH� QH[W� YHUEDO�
FRQFOXVLRQ�SUHVHQWHG�LQ�WKH�SURRI��7KDW�JRHV�RQ�XQWLO�WKH�ODVW�FRQFOXVLRQ�WKDW�HQGV�WKH�SURRI�LV�UHDFKHG��
+DYLQJ�D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV�DVVRFLDWHG�ZLWK�HYHU\�³LQIHUHQWLDO�VWHS´�HQDEOHV�XV�WR�DVVHVV�
WKH�FRUUHFWQHVV�RI�WKH�ZKROH�PDWKHPDWLFDO�SURRI� 
�����$V�PHQWLRQHG�DW�WKH�HQG�RI�VHFWLRQ����WKDW�RQH�LQGLYLGXDO�PLJKW�KDYH�D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV�
DVVRFLDWHG�ZLWK�D�PDWKHPDWLFDO�SURRI�GRHV�WR�LPSO\�WKDW�KH�VKH�LV�QRW�ZURQJ��VLQFH�WKHUH�DUH�LPSRUWDQW�
ELDVHV�UHJDUGLQJ�WKH�IHHOLQJV�RI�ULJKWQHVV�JHQHUDWHG�E\�RXU�PHWDUHDVRQLQJ�SURFHVVHV��6R��KRZ�FDQ�ZH�
UHDFK� WKH� LGHD� WKDW� D� SURRI� LV� ³REMHFWLYHO\´� FRUUHFW"�$FFRUGLQJ� WR� WKH� YLHZ� SURSRVHG� KHUH�� WKH�
³REMHFWLYLW\´� RI� WKH� FRUUHFWQHVV� RI� D� SURRI�PXVW� EH� EXLOW� RQ� WRS� RI� LQGLYLGXDO� VWURQJ� IHHOLQJV� RI�
FRUUHFWQHVV��:H�K\SRWKHVL]H�WKDW�WKH�³REMHFWLYLW\´�RI�WKH�FRUUHFWQHVV�RI�PDWKHPDWLFDO�SURRIV�FRXOG�EH�
WKH�UHVXOW�RI�D�UREXVW�LQWHUVXEMHFWLYLW\��D�VWURQJ�IHHOLQJ�RI�FRUUHFWQHVV��VKDUHG�E\�PDQ\��%XW�WKLV�LV�DQ�
LVVXH�WR�EH�DGGUHVVHG�HOVHZKHUH� 
 
� 
���&RGD��,V�DQ�DSSURDFK�LQ�WHUPV�RI�*,53V�UHDOO\�DERXW�PDWKHPDWLFDO�SURRIV" 
 
+HUH��ZH�ZLOO�FRQVLGHU� WKH�SRVLWLRQ�RI�D�K\SRWKHWLFDO� UHDGHU��6NHSWLF��6KH�KH�PLJKW�DUJXH� WKDW� WKH�
DSSURDFK�SUHVHQWHG�LQ�WKH�SUHVHQW�ZRUN�LV�QRW�UHDOO\�DERXW�PDWKHPDWLFV�VLQFH�it pays no attention to 
distinctive features of mathematical proof such as the use of notation that partially encodes rigor in 
its syntax, the use of diagrams,�DQG�VR�RQ��$V�LW�LV��6NHSWLF�PLJKW�VD\�WKDW�the approach to mathematical 
proofs as a GIRP could have been illustrated just as well with, say, legal reasoning or the verbal logic 
problems from general intelligence tests. 
�����7KH�ILUVW�SDUW�RI�DQ�DQVZHU�ZRXOG�EH�WKDW�WKLV�LV�TXLWH�VR��+HUH��ZH�IRFXV�RQ�FRPPRQDOLWLHV��QRW�
VSHFLILFLWLHV�� WKDW� LV�� RQ� DVSHFWV� RI�PDWKHPDWLFDO� SURRIV� WKDW� FDQ�EH� VKDUHG�ZLWK�KXPDQ� UHDVRQLQJ�
ZLWK�DERXW�GLIIHUHQW�KXPDQ�SUDFWLFHV��DFWLYLWLHV��HWF���7KH�³distinctive features of mathematical proof´�
can then be addressed from within this approach in terms of GIRPs. 
�����:KDW�WKLV�DSSURDFK�EULQJV�WR�WKH�IRUH�LV�WKH�UROH�RI�PHWDFRJQLWLRQ�DOVR�LQ�PDWKHPDWLFDO�UHDVRQLQJ�
DQG��PRUH�VSHFLILFDOO\��LQ�PDWKHPDWLFDO�SURRIV��,W�LV�D�PHWDUHDVRQLQJ�SURFHVV�UHODWHG�WR�WKH�PDWKHPDW�
LFDO�UHDVRQLQJ�SURFHVV�WKDW�JLYHV�ULVH�WR�D�IHHOLQJ�RI�FRUUHFWQHVV��$QG�\HV��WKLV�LV�D�FRPPRQ�IHDWXUH�RI�
KXPDQ�UHDVRQLQJ��³PHWDFRJQLWLRQ�LV�XELTXLWRXV�EHFDXVH�YLUWXDOO\�DOO�FRJQLWLYH�RSHUDWLRQV�DUH�PRQL�
WRUHG�DQG�FRQWUROOHG��EHIRUH��GXULQJ��DQG�DIWHU� WKHLU�H[HFXWLRQ´� �)LHGOHU��$FNHUPDQ��DQG�6FDUDPSL�
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�����������5HJDUGLQJ�RXU�H[SHULHQFLQJ�RI�PHWDUHDVRQLQJ�DV�D�³VXEMHFWLYH�IHHOLQJ´�ZH�PXVW�QRWLFH�WKDW�
WKLV�LV�QRW�DQ�³HPRWLRQDO´�UHVSRQVH��:H�NQRZ�WKDW�WKH�UHDVRQLQJ�LV�FRUUHFW�EHFDXVH�ZH�IHHO�WKDW�WKH�
UHDVRQLQJ�LV�FRUUHFW���:KDW�ZH�PHDQ�LV�WKDW�WKLV�³IHHO´�DV�DQ�DIIHFW�FDQ�EH�PRUH�RI�D�FRJQLWLYH�QDWXUH�
DQG�OHVV�RI�DQ�DIIHFWLYH�RQH��$V�PHQWLRQHG��D�SDUWLFXODU�FKDUDFWHULVWLF�RI�PHWDFRJQLWLYH�IHHOLQJV�RU�
DIIHFWV�LV�WKDW�WKH\�³KDYH�D�GXDO�FKDUDFWHU��WKDW�LV��D�FRJQLWLYH�DQG�DQ�DIIHFWLYH�RQH´��(INOLGHV�������
����6R��ZH�GR�QRW�KDYH�WR�WKLQN�RI�PHWDFRJQLWLRQ�DV�JLYLQJ�ULVH�WR�EXUVWV�RI�HPRWLRQDO�UHVSRQVHV�ZKLOH�
ZH�IROORZ�D�SURRI��,I�LW�PDNHV�XV�PRUH�FRPIRUWDEOH��ZH�PLJKW�WKLQN�DERXW�WKH�³RXWSXW´�RI�PHWDUHD�
VRQLQJ�DV�D�³SXUHU´�VWURQJ�³NQRZLQJ´�WKDW�WKH�LQIHUHQWLDO�VWHS�LV�FRUUHFW��ZH�IHOO�NQRZ�LWV�FRUUHFWQHVV��� 
�����1RZ��WR�WKH�VHFRQG�SDUW�RI�WKH�DQVZHU��0DWKHPDWLFDO�VSHFLILFLWLHV�DUH�WR�EH�IRXQG�LQ�WKH�UHDVRQLQJ�
SURFHVV�DQG�DFFRPSDQ\LQJ�PHWDUHDVRQLQJ�SURFHVV�WKDW�RFFXUV�LQ�HDFK�F\FOH�RI�D�*,53��1RZDGD\V��
JHRPHWULF�FRJQLWLRQ�DQG�UHDVRQLQJ�DUH�VWLOO�SRRUO\�XQGHUVWRRG�43�7KLV�LV�QRW�WR�VD\�WKDW�ZH�PXVW�ZDLW�
IRU�VFLHQFH�WR�RSHQ�WKH�³EODFN�ER[HV´�RI��JHRPHWULF��DXWRQRPRXV�UHDVRQLQJ�DQG�PHWDUHDVRQLQJ�WR�VHH�
JHRPHWULF� VSHFLILFLW\� DW�ZRUN� LQ� D� JHRPHWULF� SURRI� DV� D�*,53.�44� 45 We have seen an example of 
mathematical specificity in the present paper.  6NHSWLF�ZRXOG�KDYH�WR�DJUHH�WKDW�UHGXFWLR�SURRIV�DUH�D�
KDOOPDUN�RI�PDWKHPDWLFV�QRW�WR�EH�IRXQG�LQ�RWKHU�KXPDQ�SUDFWLFHV��H�J���LQ�legal reasoning). And there 
is a good reason for this that is made clear by addressing mathematical proofs as GIRPs. As we have 
seen, to be able to adopt a UHGXFWLR�SURRI�ZH�PXVW�IDFH�WKH�FXOSULW�SUREOHP�DQG�WKH�DFW�RI�IDLWK�SUREOHP��
,I� WKHVH�DUH�QRW�DYRLGHG��³WKH�DUJXPHQW�GRHV�QRW�JR� WKURXJK´� �'XWLOK�1RYDHV�������������� ,W� LV�D�
VSHFLILFLW\�RI�PDWKHPDWLFV��JHRPHWU\��LQ�WKLV�FDVH��WKDW�ZH�GR�QRW�KDYH�WKHVH�SUREOHPV��$V�ZH�KDYH�
VHHQ��WKH�FXOSULW�SUREOHP�LV�IDFHG�LQ�RQH�RI�WKH�F\FOHV�RI�WKH�JHRPHWULF�SURRI�DV�D�*,53��6LQFH�WKHUH�
DUH�QR�DX[LOLDU\�DVVXPSWLRQV�EHVLGHV�WKH�LQLWLDO�DVVXPSWLRQ�� WKH�SUREOHP�VLPSO\�GRHV�QRW�DULVH��DV�
PHQWLRQHG��VLQFH�WKHUH�LV�RQH�UHDVRQLQJ�F\FOH�WR�DGGUHVV�WKH�FXOSULW�SUREOHP��WKH�PHWDUHDVRQLQJ�GXULQJ�
WKLV�F\FOH�JHQHUDWHV�D�VWURQJ�IHHOLQJ�RI�WKH�FRUUHFWQHVV�RI�WKH�FRQFOXVLRQ���,Q�WKH�VDPH�ZD\��WKHUH�LV�
DQRWKHU�F\FOH�LQ�ZKLFK�WKH�DFW�RI�IDLWK�SUREOHP�LV�³GLVVLSDWHG´��,W�VLPSO\�GRHV�QRW�DULVH�GXH�WR�WKH�
VSHFLILFLW\� RI� JHRPHWU\�� 7KDW� LV� DQ� H[DPSOH� ZKHUH� 6NHSWLF� FDQ� ILQG� D� distinctive feature of 
mathematical proof DW�ZRUN�³GLUHFWO\´�RQ�WKH�PDWKHPDWLFDO�SURRI�DV�D�*,53� 
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