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� Embryo is a forum for on-line, live and       
interactive lectures, run by students and          
faculties of  BITS-Pilani. It was conceived 
and   initiated by a group of  6 BITS Pilani 
Alumni in the Silicon Valley in 2006 with an 
aim to transform classroom education.  

� Often, a lecture or two in the right area by 
the right person can change the course of  
one's career. Embryo proposes to free      
education from the barriers of  distance, 
time and human resources. Leveraging             
web-based technologies. 

� Embryo acts as a bridge between the 
knowledge seekers (students), and the     
potential speakers. Such a powerful method 
truly realizes the dream of  borderless class-
rooms and bottomless learning resources.  

Our Team 
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Embryo hosted events at a 
Glance 

7KLV�\HDU�WKH�VLWXDWLRQV�ZHUH�GLIIHUHQW��WKH�SODWIRUP�ZDV�GLIIHUHQW�EXW�ZH�FRQWLQXHG�WR�VSUHDG�LQIRUPDWLRQ�DQG�
JXLGDQFH�WKURXJK�RXU�WDONV�DQG�QRWDEOH�VSHDNHUV��:H�VWDUWHG�RXU�\HDU�E\�KRVWLQJ�D��QHZ�VHULHV�FDOOHG��
µ4XDUDQ7LPH�&RQYHUVDWLRQV¶�WKDW�FRYHUHG�YDULRXV�ILHOGV�OLNH�&RPSXWDWLRQDO�&KHPLVWU\�DQG�%LRORJ\��)LOPRJUD�
SK\��F\EHU�VHFXULW\��*0$7�SUHSDUDWLRQ�HWF��:H�LQYLWHG�6XEUDKPDQ\DP�3XOLSDND�WR�VKHG�OLJKW�RQ�KRZ�WR�SXEOLVK�D�
UHVHDUFK�SDSHU�EHLQJ�D�FROOHJH�VWXGHQW��ZH�DOVR�KDG�+DUVK�*RHOD�DQG�$GLW\D�*RHOD�ZLWK�XV�WR�VKDUH�VRPH�LQVLJKWV�
RQ�KRZ�WR�VWDUW�LQYHVWLQJ�LQ�WKH�VWRFN�PDUNHW��)RU�&LYLO�VHUYLFHV�DVSLUDQWV�ZH�ZHUH�KRQRUHG�WR�KDYH�$QXUDM�-DLQ�
$,5-���D�%,76�3LODQL������DOXPQXV�RQ�ERDUG�ZLWK�XV�WR�VKDUH�VRPH�VWUDWHJLHV�RQ�KRZ�FDQ�%,76,$1V�FUDFN�WKH�
836&�H[DPLQDWLRQV��$QRWKHU�WDON�ZDV�KRVWHG�IRU�WKH�SHRSOH�ZKR�ZDQWHG�WR�OHDUQ�PRUH�DERXW�FU\SWRFXUUHQF\�E\�
'DYLG�<HUPDFN��DQ�0%$�KROGHU�IURP�+DUYDUG�%XVLQHVV�6FKRRO��:H�VDZ�D�KXJH�WXUQXS�IRU�RXU�SDQHO�GLVFXVVLRQ�
µ&$7�&KDPSV�����¶�IRU�DOO�WKRVH�&$7�DVSLUDQWV�WR�KHOS�WKHP�VWUDWHJL]H�DQG�VROYH�WKHLU�TXHULHV�UHJDUGLQJ�WKH�H[�
DPLQDWLRQ�DQG�DGPLVVLRQ�SURFHVV��7R�HQG�WKH�\HDU�RQ�D�KLJK�QRWH�ZH�RUJDQL]HG�D�SDQHO�GLVFXVVLRQ�FDOOHG�
µ*DWHZD\�WR�*5(¶�IRU�DOO�WKH�VWXGHQWV�ZKR�ZDQW�WR�H[FHO�LQ�WKH�ZRUOG¶V�ODUJHVW�DVVHVVPHQW�SURJUDPV�IRU�JUDGXDWH�
DGPLVVLRQV��WKH�*5(�� 

:H�QRW�RQO\�ZRUNHG�WR�JXLGH�RU�WR�DFTXDLQW�NQRZOHGJH�EXW�ZH�DOVR�KDG�HYHQWV�WR�HQWHUWDLQ�DQG�HDVH�WKH�SDQGHPLF�
FULVLV�DQG�GLIILFXOW�FLUFXPVWDQFHV��7KRXJK�ZH�ZHUH�QRW�IRUWXQDWH�HQRXJK�WR�KDYH�2DVLV�RU�%260�DQG�WKH�YRLG�RI�D�
RIIOLQH�IHVW�FDQQRW�EH�ILOOHG�ZH�WULHG�RXU�EHVW�DQG�EURXJKW�LQ�VRPH�FHOHEULWLHV�RQ�ERDUG�ZLWK�XV�YLD�RQOLQH�SODW�
IRUPV��:H�ZHUH�JUDWHIXO�WR�KDYH�EROO\ZRRG�DFWUHVV�1LPUDW .DXU�ZLWK�XV�YLD�µ,QVWD�OLYH�ZLWK�%LWV�(PEU\R¶��:H�
LQYLWHG�1D\DQD�6K\DP�IRU�DQ�LQWHUDFWLYH�VHVVLRQ�ZLWK�XV�LQ�DQ�,QVWDJUDP�/LYH�HYHQW��$QRWKHU�IXQ�HYHQW�ZDV�ZLWK�
3UDMDNWD�.RKOL�DND�0RVWO\VDQH�ZKHUH�ZH�JRW�D�FKDQFH�WR�LQWHUDFW�ZLWK�WKH�IDPRXV�\RXWXEHU��:H�GLG�QRW�UHVWULFW�
RXUVHOYHV�WR�WKH�HQWHUWDLQPHQW�LQGXVWU\�RQO\��ZH�LQYLWHG�9LMD\�6KDQNDU�RQH�RI�,QGLD¶V�WRS�FULFNHWHUV�DQG�$MD\�
-D\DUDP�DQ�DFH�EDGPLQWRQ�SOD\HU�ZLWK�XV�IRU�,QVWDJUDP�OLYH�HYHQWV�UHVSHFWLYHO\�LQ�DVVRFLDWLRQ�ZLWK�%260��:H�
KDG�D�WKULOOLQJ�MRXUQH\�WKLV�\HDU�ZLWK�PDQ\�KXUGOHV��+RZHYHU�ZH�PDGH�WKH�PRVW�RI��WKH�VLWXDWLRQ�DQG�KRSH�WKDW�
RWKHUV�FRXOG����DOVR�HQMR\�DPLGVW�ORFNGRZQ�VLWXDWLRQV� 

,Q�WKLV���WK�\HDU�RI�$32*((�DQG�WKH�QWK�HGLWLRQ�RI�$,&��$32*((�,QQRYDWLRQ�&KDOOHQJH��E\�%,76�(PEU\R��WKH�
SDUWLFLSDQWV�ZLWQHVVHG���OHDGLQJ�FRPSDQLHV�DFURVV�WKH�JOREH�FKDOOHQJLQJ�WKHLU�FULWLFDO�WKLQNLQJ��WHFKQLFDO�VNLOOV��
DQG�SUREOHP-VROYLQJ�SURILFLHQF\�E\�FDOOLQJ�WR�VROYH�WKHLU�UHDO-:RUOG�SUREOHP�VWDWHPHQW��7KH�FRORVVDO�WDVN�ZDV�
PHW�ZLWK�D�ILWWLQJ�UHZDUG��ZLWK�SUL]HV�ZRUWK�PRUH�WKDQ�����ODNK�UXSHHV��LQFOXGLQJ�FDVK����,QWHUQVKLS�RIIHUV�ZHUH�
DOVR�UHZDUGHG��7KH�FRPSDQLHV�WKLV�\HDU�ZHUH-�%RVFK��<DPDKD��=XOLS���*HUPHQWRU��)RUG��$QW�6WXGLR��*(�
+HDOWKFDUH��DQG�'HVLJQ%RDW��7KH�RQOLQH�HYHQW�VDZ�WKH�SDUWLFLSDWLRQ�RI�RYHU�����VWXGHQWV�IURP�YDULRXV�FROOHJHV� 



$XJPHQWHG�UHDOLW\��$5��LV�DQ�XSGDWHG�YHUVLRQ�RI�WKH�DFWXDO�SK\VLFDO�ZRUOG�DFKLHYHG�XVLQJ�YDULRXV�

GLJLWDO�YLVXDO�HOHPHQWV��VRXQG��RU�RWKHU�VHQVRU\�VWLPXOL�GHOLYHUHG�YLD�WHFKQRORJ\��,W�KDV�WUDYHOOHG�D�

ORQJ�MRXUQH\�IURP�D�FRQFHSW�RI�VFLHQFH-ILFWLRQ�PRYLHV�WR�D�VFLHQFH-EDVHG�UHDOLW\��$XJPHQWHG�UHDOL�

W\�LV�D�V\VWHP�WKDW�LQWHJUDWHV�WKUHH�IHDWXUHV��D�FRPELQDWLRQ�RI�QDWXUDO�DQG�YLUWXDO�ZRUOGV��UHDO-WLPH�

LQWHUDFWLRQ� RI� REMHFWV�� DQG� DSSURSULDWH� WKUHH-GLPHQVLRQDO� PDWULFXODWLRQ� RI� YLUWXDO� DQG� QDWXUDO�

WKLQJV��7KH�FRUH�WHFKQRORJ\�EHKLQG�WKH�GHYHORSPHQW�RI�$5�WHFKQRORJ\�LV�$5�FORXG�WHFKQRORJ\��

7KLV� WHFKQRORJ\�XVHV�D�XQLTXH� LQWHUIDFH� WR�SURYLGH�FRQVWDQW�� FRQWH[WXDO�DQG�FROODERUDWHG�GLJLWDO�

FRQWHQW�RYHUODLG�RQWR�LQGLYLGXDOV��LWHPV��DQG�ORFDWLRQV��7KLV�WHFKQRORJ\�HPSRZHUV�WKH�XQLILFDWLRQ�

RI� WKH� UHDO� DQG� YLUWXDO� ZRUOG� WR� FUHDWH� FDSWLYDWLQJ� H[SHULHQFHV� 

 

1RZDGD\V��ZH�FDUU\�DXJPHQWHG�UHDOLWLHV�LQ�RXU�VPDUWSKRQHV��,W�KDV�ZLGHVSUHDG�XVDJH�LQ�RXU�GD\-

WR-GD\� OLYHV� WKH� HQKDQFHG� QDYLJDWLRQ� V\VWHPV� WKDW� VKRZ� WKH� OLYH� YLHZ� RI� WKH� URDG�� WKH� JDPH����

3RNpPRQ-JR�DQG�WKH�6QDSFKDW�ILOWHUV�RI�WKHP�DUH�EDVHG�RQ�WKH�DXJPHQWHG�UHDOLW\�� �+RZHYHU��ZH�

PLJKW�XQGHUHVWLPDWH�WKH�WHFKQRORJ\�EHLQJ�UHVWULFWHG�WR�LWV�XVDJH�LQ�RXU�VPDUWSKRQHV��EXW�ZLWK�WKH�

GHYHORSPHQW� RI� DSSURSULDWH� SODWIRUPV�� $5� FDQ� EH� H[SDQGHG� WR� VRPH� JODVVHV� RU� JRJJOHV�� 7KH���

FRPPHUFLDO�XVH�RI�WKH� WHFKQRORJ\�KDV�H[SORGHG�GXH�WR�LWV�XVH�E\�PDUNHW� OHDGHUV� OLNH�0LFURVRIW��

$SSOH��*RRJOH��)DFHERRN��DQG�$PD]RQ��7KH�PDUNHW�IRU�DXJPHQWHG�UHDOLW\�LV�ZRUWK�������ELOOLRQ�

TXRWHG� E\�0DUNHWVDQG0DUNHWV��%\� WKH� HQG�RI� ������ WKHUH�ZHUH� ����PLOOLRQ�XQLWV� RI�$5�DFWLYH����

GHYLFHV��DQG�LW�LV�HVWLPDWHG�WR�JURZ�WR������ELOOLRQ�E\������ 

 

7KH�DXJPHQWHG�UHDOLW\��ZKHQ�FRPELQHG�ZLWK�RWKHU�VFLHQFH-EDVHG�WHFKQRORJLHV��FDQ�JLYH�PDQ\�YDO�

XDEOH�FRQWULEXWLRQV�WR�WKH�ZRUOG��$XJPHQWHG�UHDOLW\��PL[HG�UHDOLW\��DQG�DUWLILFLDO�LQWHOOLJHQFH�FDQ�

WRJHWKHU� IODZOHVVO\�SUHGLFW�FRQVXPHU�QHHGV�EDVHG�RQ� WKHLU�SURILOHV�� VHDUFK�KLVWRU\��DQG�SXUFKDVH�

KLVWRU\�� +XPDQ-PDFKLQH� V\VWHPV� XVLQJ� WKH� DXJPHQWHG� UHDOLW\� DQG� DUWLILFLDO� LQWHOOLJHQFH� FDQ�������

DFFXUDWHO\�GLDJQRVH�GLVHDVHV��SUHGLFW�RXWFRPHV��DQG�VXJJHVW�WKH�EHVW�FRXUVH�RI�DFWLRQ�WR�GRFWRUV��

7KHVH�WZR�WHFKQRORJLHV�WRJHWKHU�FDQ�DOVR�LQGLFDWH�WKH�SRVVLEOH�IODZV�LQ�DQ�DUFKLWHFWXUDO�SODQ� 

$XJPHQWHG�UHDOLW\�KDV�WKH�SRWHQWLDO�WR�PDNH�WKH�LPSRVVLEOH�SRVVLEOH��,W�FDQ�PDNH�RXU�OLYHV�HYHQ�

PRUH�KDVVOH-IUHH�DQG�KDV�VLJQLILFDQW�PDUNHW�SRWHQWLDO��5HPDUNDEO\�LW�KDV�UHFHLYHG�SRVLWLYH�UHYLHZV�

IURP� WKH� SHRSOH� XVLQJ� LW�� 7KH� IXWXUH� RI� DXJPHQWHG� UHDOLW\�ZLOO� HPHUJH� HQWZLQHG�ZLWK� DUWLILFLDO����

LQWHOOLJHQFH�DQG�YLUWXDO�UHDOLW\��DQG�LW�ZRXOG�DOVR�EULQJ�DQ�DUUD\�RI�VRSKLVWLFDWLRQ�LQ�WKH�LQGXVWULDO��

DVSHFW� 

AUGMENTED REALITY 
-$SRRUYD�2MKD 



7KH�0HUULDP-:HEVWHU�GHILQLWLRQ�RI�D�KXPDQRLG� LV�D�QRQKXPDQ�FUHDWXUH�RU�EHLQJ�ZLWK�FKDUDFWHULVWLFV��VXFK�DV� WKH�
DELOLW\�WR�ZDON�XSULJKW��UHVHPEOLQJ�WKRVH�RI�D�KXPDQ��7KH�GHVLJQ�PD\�EH�IRU�IXQFWLRQDO�SXUSRVHV��VXFK�DV�LQWHUDFWLQJ�
ZLWK�KXPDQ�WRROV�DQG�HQYLURQPHQWV��IRU�UHVHDUFK�WR�VWXG\�PRYHPHQW�RU�WR�FRQGXFW�WULDOV��RU�IRU�RWKHU�SXUSRVHV� 

 

:K\�DUH�WKH\�EHLQJ�FUHDWHG" 

+XPDQRLG�URERWV�DUH�PDLQO\�EHLQJ�GHYHORSHG�WR�SHUIRUP�KXPDQ�WDVNV�OLNH�SHUVRQDO�DVVLVWDQFH��WKURXJK�ZKLFK�WKH\�
VKRXOG�EH�DEOH�WR�DVVLVW�WKH�VLFN�DQG�HOGHUO\��DQG�GLUW\�RU�GDQJHURXV�MREV��6LQFH�WKH\�KDYH�WR�ZRUN�LQ�FORVH�UHODWLRQ�WR�
SHRSOH�WKH\�QHHG�WR�EH��XVHU�IULHQGO\���EH�DEOH�WR�LGHQWLI\�DQG�VLPXODWH�HPRWLRQV��VPDUW�HQRXJK�WR�QDYLJDWH�WKH 

VXUURXQGLQJV��DQG�VDWLVI\�D�WRQ�RI�RWKHU�UHTXLUHPHQWV��%XW�VRPH�KXPDQRLGV�DUH�PDGH�IRU�H[SHULPHQWDO�SXUSRVHV��$V�
WKH�QDPH�VXJJHVWV��WKH\�FDQ�RQO\�EH�XVHG�IRU�H[SHULPHQWV��VXFK�DV�ZKHQ�\RX�VWXG\�ORFRPRWLRQ�DQG�WKH�OLNHV��7KH\�
FDQ� EH� PDGH� WR� SHUIRUP� KXPDQ-OLNH� WDVNV� LQFOXGLQJ� MXPSLQJ�� UXQQLQJ�� FURVVLQJ� REVWDFOHV�� WKH� SRVVLELOLWLHV� DUH�����
HQGOHVV��6RPH�RI�WKH�PRVW�SRSXODU�KXPDQRLGV�LQ�H[LVWHQFH�ULJKW�QRZ�DUH� 

 

� $7/$6�ZDV�XQYHLOHG�LQ������DQG�ZDV�GHYHORSHG�E\�%RVWRQ�'\QDPLFV��DQG�ZDV�SURPRWHG�DV�WKH�µZRUOG¶V�PRVW�
G\QDPLF�URERW¶��,W�ZDV�PDGH�WR�FDUU\�RXW�VHDUFK�DQG�UHVFXH�PLVVLRQV��,W�FDQ�QDYLJDWH�LWV�ZD\�WKURXJK�WRXJK�WHU�
UDLQ�DQG�REVWDFOHV�LQ�LWV�SDWK�XVLQJ�LWV�UDQJH�VHQVLQJ��VWHUHR�YLVLRQ��DQG�RWKHU�VHQVRUV� 

� ,I�\RX�ORYHG�%LJ�+HUR���\RX�ZRXOG�ORYH�5REHDU��7KLV�H[SHULPHQWDO�URERW�ZDV�FRQVLGHUHG�DV�D�SRVVLEOH�VROXWLRQ�
WR�WKH�SUREOHP�RI�LQFUHDVLQJ�VKRUWDJH�RI�FDUHJLYHUV�WKDW�-DSDQ�LV�VHW�WR�ZLWQHVV�RYHU�WKH�FRXUVH�RI�WKLV�FHQWXU\��,W�
LQWHJUDWHV� WKUHH� NLQGV� RI� VHQVRUV�� LQFOXGLQJ� WRUTXH� VHQVRUV� DQG�6PDUW�5XEEHU� FDSDFLWDQFH-W\SH� WDFWLOH� VHQVRUV�
PDGH�HQWLUHO\�IURP�UXEEHU��7KLV�IDFLOLWDWHV�JHQWOH�PRYHPHQWV�WKDW�HQVXUH�WKDW�WKH�URERW�FDQ�FDUU\�RXW�SRZHU�GH�
SHQGHQW�WDVNV�VXFK�DV�OLIWLQJ�RU�FDUU\LQJ�SDWLHQWV�ZLWKRXW�FDXVLQJ�WKHP�GLVFRPIRUW�� 

� 3HSSHU�LV�EXLOW�E\�6RIW%DQN�5RERWLFV�WR�VHUYH�DV�D�KXPDQRLG�FRPSDQLRQ��3HSSHU�ZDV�PDGH�WR�FRPPXQLFDWH�QDW�
XUDOO\�DQG�LQWXLWLYHO\��,W�FDQ�UHDG�SULPDU\�KXPDQ�HPRWLRQV�VXFK�DV�DQJHU��MR\�RU�VDGQHVV�E\�LQWHUSUHWLQJ�RQH¶V�
IDFLDO�H[SUHVVLRQV��WKH�WRQH�RI�YRLFH�DQG�RWKHU�QRQ-YHUEDO�FXHV��DQG�µEHKDYH¶�DFFRUGLQJO\� 

� 6RSKLD�EHFDPH�RQH�RI�WKH�PRVW�SRSXODU�URERWV�DIWHU�VKH�ZDV�JUDQWHG�D�RQH-RI-D-NLQG�FLWL]HQVKLS�E\�WKH�.LQJGRP�
RI�6DXGL�$UDELD�LQ�������6RSKLD�ZDV�DFWLYDWHG�LQ�$SULO������DQG�GHYHORSHG�E\�+DQVRQ�5RERWLFV��+HU�$,�DOORZV�
KHU�WR�KROG�H\H�FRQWDFW��UHFRJQL]H�IDFHV�DQG�XQGHUVWDQG�KXPDQ�VSHHFK��6KH�FDQ�UHVSRQG�ZLWK�SUHZULWWHQ� ��
UHVSRQVHV�IRU� � �VSHFLILF�TXHVWLRQV�ZKLFK�JLYHV�WKH�LOOXVLRQ�RI�D�FRQYHUVDWLRQ��$OWKRXJK��VKH�PD\�ODFN�DQ\�UHDO�
FRJQL]DQFH�VKH�UHPDLQV�D�YHU\�LPSRUWDQW�DQG�LQQRYDWLYH�SURMHFW� 

HUMANOID ROBOTS  
-3UDVKDQVD�0DPJDLQ 



GENETIC ENGINEERING 
-6XKDQL�0RGL 

)URP�EDFWHULD-PDGH�LQVXOLQ�WKDW�REYLDWHV�WKH�XVH�RI�DQLPDO�SDQFUHDVHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�
LQIHFWLRXV�GLVHDVHV�DQG�LPSURYHG�WUHDWPHQWV��JHQHWLF�HQJLQHHULQJ�KDV�UHGHILQHG�PRGHUQ�PHGLFLQH��
*HQHWLF�HQJLQHHULQJ��DOVR�FDOOHG JHQHWLF�PRGLILFDWLRQ��LV�WKH�GLUHFW�PDQLSXODWLRQ�RI�DQ�RUJDQ�
LVP¶V JHQRPH XVLQJ�ELRWHFKQRORJ\��,W�LV�D�VHW�RI�WHFKQRORJLHV�XVHG�WR�FKDQJH�WKH�JHQHWLF�PDNHXS�RI�
FHOOV��LQFOXGLQJ�WKH�WUDQVIHU�RI�JHQHV�ZLWKLQ�DQG�DFURVV�VSHFLHV�ERXQGDULHV�WR�SURGXFH�LPSURYHG�RU�
QRYHO RUJDQLVPV��1HZ '1$ PD\�EH�LQVHUWHG�LQ�WKH�KRVW�JHQRPH�E\�ILUVW�LVRODWLQJ�DQG�FRS\LQJ�WKH�
JHQHWLF�PDWHULDO�RI�LQWHUHVW�XVLQJ PROHFXODU�FORQLQJ PHWKRGV�WR�JHQHUDWH�D�'1$�VHTXHQFH��RU�E\�
V\QWKHVL]LQJ�WKH�'1$�DQG�WKHQ�LQVHUWLQJ�WKLV�FRQVWUXFW�LQWR�WKH�KRVW�RUJDQLVP� *HQHV PD\�EH�UH�
PRYHG��RU�³NQRFNHG�RXW´��XVLQJ�D QXFOHDVH� *HQH�WDUJHWLQJ LV�D�GLIIHUHQW�WHFKQLTXH�WKDW�XV�
HV KRPRORJRXV�UHFRPELQDWLRQ WR�FKDQJH�DQ�HQGRJHQRXV�JHQH�DQG�FDQ�EH�XVHG�WR�GHOHWH�D�JHQH��UH�
PRYH H[RQV��DGG�D�JHQH��RU�LQWURGXFH SRLQW�PXWDWLRQV��0HGLFLQH��UHVHDUFK��LQGXVWU\�DQG�DJULFXOWXUH�
DUH�D�IHZ�VHFWRUV�ZKHUH�JHQHWLF�HQJLQHHULQJ�DSSOLHV��,W�FDQ�EH�XVHG�RQ�YDULRXV�SODQWV��DQLPDOV�DQG�
PLFURRUJDQLVPV��7KH�ILUVW�PLFURRUJDQLVP�WR�EH�JHQHWLFDOO\�PRGLILHG�ZDV�EDFWHULD��*HQHWLF�HQJL�
QHHULQJ�FDQ�EH�DSSOLHG�WR�PDQXIDFWXULQJ�RI�GUXJV��JHQH�WKHUDS\��KXPDQ�JURZWK�KRUPRQHV�DQG�YDF�
FLQHV��*HQHV�DQG�RWKHU�JHQHWLF�LQIRUPDWLRQ�IURP�D�ZLGH�UDQJH�RI�RUJDQLVPV�FDQ�EH�LQVHUWHG�LQWR�
EDFWHULD�IRU�VWRUDJH�DQG�PRGLILFDWLRQ��FUHDWLQJ�JHQHWLFDOO\�PRGLILHG�EDFWHULD�LQ�WKH�SURFHVV�� 

0HGLFLQHV�OLNH�LQVXOLQ��KXPDQ�JURZWK�KRUPRQH��DQG�YDFFLQHV��VXSSOHPHQWV�VXFK�DV�WU\SWRSKDQ��DLG�
LQ�WKH�SURGXFWLRQ�RI�IRRG��FK\PRVLQ�LQ�FKHHVH�PDNLQJ��DQG�IXHOV�DUH�SURGXFHG�XVLQJ�JHQHWLF�HQJL�
QHHULQJ��7KH�FURSV�WKDW�DUH�GURXJKW-UHVLVWDQW��GLVHDVH-UHVLVWDQW�FDQ�EH�JURZQ�XVLQJ�JHQHWLF�HQJL�
QHHULQJ��'LVHDVHV�VXFK�DV�PDODULD��GHQJXH�FDQ�EH�HOLPLQDWHG�E\�VWHULOL]LQJ�WKH�PRVTXLWRHV�XVLQJ�JH�
QHWLF�HQJLQHHULQJ��(YHQ�WKRXJK�JHQHWLF�HQJLQHHULQJ�KDV�PLQG�ERJJOLQJ�DGYDQWDJHV��WKH�SURGXFWLRQ�
RI�JHQHWLFDOO\-HQJLQHHUHG�HQWLWLHV�PD\�UHVXOW�LQ�DQ�DGYHUVH�PDQQHU�DQG�SURGXFH�XQGHVLUHG�UHVXOWV�
ZKLFK�DUH�XQIRUHVHHQ��:LWK�WKH�LQWURGXFWLRQ�RI�D�JHQHWLFDOO\-HQJLQHHUHG�HQWLW\�LQWR�RQH�HFRV\VWHP�
IRU�D�GHVLUDEOH�UHVXOW��PD\�OHDG�WR�GLVWRUWLRQ�RI�WKH�H[LVWLQJ�ELRGLYHUVLW\��*HQHWLFDOO\-HQJLQHHUHG�
FURSV�FDQ�DOVR�SURGXFH�DGYHUVH�KHDOWK�HIIHFWV��7KH�FRQFHSW�RI�JHQHWLF-HQJLQHHULQJ�LV�GHEDWHG�IRU�LWV�
ELRHWKLFV�ZKHUH�FRPPXQLW\�DJDLQVW�LW�DUJXH�RYHU�WKH�ULJKW�RI�GLVWRUWLQJ�RU�PROGLQJ�WKH�QDWXUH�DV�SHU�
RXU�QHHGV� 



'R�\RX�NQRZ�RI�WKRVH�WLPHV�ZKHQ�\RX�DUH�VR�FRQYLQFHG�RI�DQ�LQFLGHQW�RQO\�WR�GLVFRYHU�\RX�ZHUH�ZURQJ"�%XW�\RX�
FRXOG�KDYH�VZRUQ�\RX�ZHUH�ULJKW�DQG�GLGQ¶W�OLNH�D�ORW�RI�SHRSOH�DJUHH�ZLWK�\RX�WRR"�6R�KRZ�FDQ�DOO�RI�\RX�EH�
ZURQJ"�+HUHE\�LQWURGXFLQJ�0DQGHOD�(IIHFW�� 

 

2ULJLQ�RI�0DQGHOD�HIIHFW 
,Q������)LRQD�%URRPH��D�EORJJHU�DQG�D�VHOI-LGHQWLILHG�³SDUDQRUPDO�FRQVXOWDQW�´�GHWDLOHG�KRZ�VKH�UHPHPEHUHG�IRU�
PHU�6RXWK�$IULFDQ�3UHVLGHQW�1HOVRQ�0DQGHOD�G\LQJ�LQ�WKH�����V��%URRPH�ZDV�VKRFNHG�WR�GLVFRYHU�VKH�ZDV�QRW�
DORQH�LQ�WKLV��7KH�QDWLRQ�PRXUQHG��KLV�ZLIH�JDYH�D�PHPRUDEOH�HXORJ\��7KLV�ZDV�DOO�RQ�WKH�QHZV��/RWV�DQG�ORWV�RI�
SHRSOH�UHPHPEHU�WKLV�KDSSHQLQJ���2I�FRXUVH��QRQH�RI�WKLV�DFWXDOO\�KDSSHQHG��0DQGHOD�ZDV�UHOHDVHG�IURP�SULVRQ�LQ�
�����DQG�ZDV�SUHVLGHQW�RI�6RXWK�$IULFD�IURP������WR������DQG�KH�GLHG�LQ�������,W�ZDV�WKHQ�ZKHQ�WKH�WHUP�
³0DQGHOD�(IIHFW´�ZDV�FRLQHG�DQG�SHRSOH�RIILFLDOO\�VWDUWHG�WDONLQJ�DERXW�WKLV�VXSHU�FRRO�SKHQRPHQRQ� 

 

6R�ZKDW�LV�LW�H[DFWO\" 

6R�ZH�KDYH�HVWDEOLVKHG�WKDW�0DQGHOD�(IIHFW�UHIHUV�WR�D�VLWXDWLRQ�LQ�ZKLFK�D�ODUJH�PDVV�RI�SHRSOH�EHOLHYH�WKDW�DQ�
HYHQW�RFFXUUHG�ZKHQ�LW�LQ�IDFW�GLG�QRW��6R��WKHUHIRUH�LW�PXVW�EH�D�IDOVH�PHPRULHV�SKHQRPHQRQ��+RZHYHU��LW�LV�VOLJKW�
O\�GLIIHUHQW�IURP�D�³IDOVH�PHPRU\´�DV�WKLV�SKHQRPHQRQ�DIIHFWV�ODUJH�UDQGRP�JURXSV�RI�SHRSOH�ZKR�GR�QRW�VKDUH�
DQ\WKLQJ�LQ�FRPPRQ��QRW�VR�PXFK�DV�VLPLODU�HPRWLRQDO�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�HYHQW��,W�DOVR�VHHPV�VWURQJHU�
WKDQ�VLPSO\�PLVUHPHPEHULQJ�D�GHWDLO��ZKLFK�LV�ZK\�SHRSOH�WHQG�WR�EH�VR�DGDPDQW�ZLWK�FODLPV�RI�WKHLU�PHPRULHV� 

 

:KDW�FDXVHV�WKH�0DQGHOD�(IIHFW" 

��7KH�FRQFHSW�RI�IDOVH�PHPRULHV�RI�FRXUVH�GRHV�SURYLGH�RQH�SRWHQWLDO�H[SODQDWLRQ�IRU�WKH�0DQGHOD�HIIHFW��7KH�WHUP�
IDOVH�PHPRULHV�LV�SUHWW\�VHOI-H[SODQDWRU\��WKH\�DUH�XQWUXH�RU�GLVWRUWHG�UHFROOHFWLRQV�RI�DQ�HYHQW��6RPH�IDOVH�PHPR�
ULHV�FRQWDLQ�HOHPHQWV�RI�IDFW��FORVHO\�UHVHPEOLQJ�WKH�DFWXDO�HYHQW�LQ�TXHVWLRQ��+RZHYHU��RWKHUV�DUH�HQWLUHO\�IDOVH��
0HPRU\�LQDFFXUDF\�FDQ�DOVR�DULVH�IURP�ZKDW¶V�NQRZQ�DV�³VRXUFH�PRQLWRULQJ�HUURUV´��86�SURIHVVRU�RI�SV\FKRORJ\��
-LP�&RDQ��GHPRQVWUDWHG�KRZ�HDVLO\�WKLV�FDQ�KDSSHQ�XVLQJ�WKH�³/RVW�LQ�WKH�0DOO´�SURFHGXUH��7KH�ORVW-LQ-WKH-PDOO�
VWXG\�FRQFOXGHV�WKDW�DQ�HQWLUHO\�IDOVH�PHPRU\�FDQ�EH�LPSODQWHG�E\�VXJJHVWLRQ��,Q�WKH�H[SHULPHQW��SDUWLFLSDQWV�ZHUH�
JLYHQ�VKRUW�QDUUDWLYHV��DOO�VXSSRVHGO\�SURYLGHG�E\�IDPLO\�PHPEHUV��GHVFULELQJ�FKLOGKRRG�HYHQWV��DQG�DVNHG�WKHP�WR�
UHFDOO�WKH�HYHQWV��RQH�RI�WKHVH�KRZHYHU�ZDV�HQWLUHO\�IDOVH��,W�WROG�RI�WKH�SHUVRQ��DV�FKLOG�RI���RU����EHLQJ�ORVW�LQ�D�
VKRSSLQJ�PDOO�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH�EHIRUH�ILQDOO\�EHLQJ�UHVFXHG�E\�DQ�HOGHUO\�SHUVRQ�DQG�UHXQLWHG�ZLWK�
KLV�RU�KHU�IDPLO\��,Q�WKH�VWXG\��QHDUO\�����RI�WKH�VPDOO�VDPSOH�RI�SDUWLFLSDQWV�UHSRUWHG�WR�EH�DEOH�WR�UHPHPEHU�WKLV�
HYHQW��HYHQ�WKRXJK�LW�QHYHU�DFWXDOO\�RFFXUUHG��0DQ\�7KLV�ZDV�LQWHUSUHWHG�WR�PHDQ�WKDW�WKH�YHU\�DFW�RI�LPDJLQLQJ�WKH�
HYHQWV�OHG�WR�WKH�FUHDWLRQ�RI�IDOVH�PHPRULHV� 

��&RQIDEXODWLRQ�RIWHQ�GHVFULEHG�DV�³KRQHVWO\�O\LQJ´��LV�WKH�XQFRQVFLRXV�PDQXIDFWXUH�RI�IDEULFDWHG�RU�PLVLQWHUSUHWHG�
PHPRULHV��6RPHRQH�ZLWK�FRQIDEXODWLRQ�VXEFRQVFLRXVO\�FUHDWHV�VWRULHV�DV�D�ZD\�WR�FRQFHDO�WKHLU�PHPRU\�ORVV��7KH\�
DUHQ¶W�DZDUH�WKDW�WKH\�DUHQ¶W�WHOOLQJ�WKH�WUXWK��7KH\�GRQ¶W�KDYH�DQ\�GRXEW�DERXW�WKH�WKLQJV�WKH\�DUH�VD\LQJ��HYHQ�LI�
WKRVH�DURXQG�WKHP�NQRZ�WKH�VWRU\�LV�XQWUXH�� 

��,I�SHRSOH�RQ�5HGGLW�DUH�WR�EH�EHOLHYHG��WKH�FDXVH�LV�VRPHWKLQJ�HOVH�HQWLUHO\��$OWHUQDWH�8QLYHUVH�7KHRULHV�PD\�
VRXQG�VXSHU�IDU-IHWFKHG�EXW�LW�FDQ�DOZD\V�EH�D�SRVVLELOLW\��7KH�0DQGHOD�(IIHFW��DFFRUGLQJ�WR�VRPH�SHRSOH�PLJKW�EH�
HYLGHQFH�WKDW�ZH¶UH�OLYLQJ�LQ�DQ�DOWHUQDWH�UHDOLW\��(QWKXVLDVWV�FDOO�HYLGHQFH�RI�WKH�HIIHFWV�³UHVLGXH´�DV�LI�WKHUH�ZDV�D�
WLPHOLQH�WKDW�KDV�VLQFH�EHHQ�HUDVHG�DQG�ZH¶UH�RQO\�DEOH�WR�VHH�WKH�UHVLGXDO�KLQWV�RI�ZKDW�RQFH�ZDV��$�SRSXODU�WKHRU\�
LV�WKDW�&(51��WKH�(XURSHDQ�UHVHDUFK�FHQWHU��FDXVHG�D�VSOLQWHU�LQ�WLPH�DQG�VSDFH�ZKHQ�LW�ILUHG�XS�WKH�/DUJH�+DGURQ�
&ROOLGHU�LQ������DQG�VWDUWHG�IOLQJLQJ�DWRPV�DW�RWKHU�DWRPV�WR�GLVFRYHU�WKH�URRWV�RI�WKH�XQLYHUVH��+RZHYHU��WKHUH¶V�
QR�HYLGHQFH�WR�VXSSRUW�WKLV�WKHRU\� 

MANDELA EFFECT 
-3UDVKDQVD�0DPJDLQ 



,W
V�D�SRSXODU�YLHZ�WKDW�WKH�YDVWQHVV�RI�WKH�XQLYHUVH�JXDUDQWHHV�D�IULHQG�ZH�KDYH�DSDUW�IURP�XV��$�OLYLQJ�ERG\��0DMRULW\�RI�WKH�
SHUFHSWLRQV�SHRSOH�KDYH�DERXW�DOLHQV
�DSSHDUDQFH�FRPHV�IURP�+ROO\ZRRG��ZKLFK�PRVW�RI�WKH�WLPHV�DUH�LQVSLUHG�E\�WKH�KXPDQ�
ERG\�LWVHOI��ZLWK�D�IHZ�H[FHSWLRQV�OLNH�WKH������
7KH�%ORE
��0DQ\�FDOO�WKLV�D�FORVH-PLQGHG�SHUFHSWLRQ��7KH�GLIIHUHQW��ZD\V�WR�
EH�DOLYH��SUHVHQW�LQ�RXU�RZQ�ELRGLYHUVLW\�VXJJHVWV�WKRVH�JUDSKLF�GHVLJQHUV�ZHUH�QRQH�WKH�ZLVHU�� 
6R�KRZ�GR�ZH��LI�ZH�FDQ��SUHGLFW�ZKDW�RXU�DOLHQ�IULHQG�ZLOO�ORRN�OLNH"� 

 
2QH�FDQ�DUJXH�WKDW�LW
G�EH�ORJLFDO�WR�FRXQW�WKH�QXPEHU�RI�WLPHV�FHUWDLQ�IHDWXUHV�KDYH�HYROYHG�LQGHSHQGHQWO\��L�H��WKH�VDPH���
IHDWXUH�EHLQJ�HYROYHG�LQ�RQH�SODFH�ZLWKRXW�DQ\�FRQQHFWLRQ�WR�WKH�RWKHUV��DV�LW�ZRXOG�JLYH�XV�D�SUREDELOLVWLF�HGJH�RQ�ZKDW�WR�
H[SHFW�LQ�H[WUDWHUUHVWULDO�OLIH��7KH\�ZRXOG�KDYH�D�SRLQW��(�J��(\HV�KDYH�HYROYHG�LQGHSHQGHQWO\����WLPHV��HFKRORFDWLRQ�GLG�IRXU�
WLPHV��$QRWKHU�FDQ�DUJXH�WKDW�WKLV�GRHVQ
W�JLYH�UHDVRQ�WR�DVVXPH�H\HV�ZLOO�RFFXU�HYHQ�RQFH�LQ�OLIH�RQ�RWKHU�SODQHWV��(YHQ�WKH\�
ZRXOG�KDYH�D�SRLQW��1$6$�VHDUFKHV�IRU�KDELWDEOH�SODQHWV��ZLWK�KRSHV�RI�DOLHQ�OLIH�SUHVHQW�WKHUH��E\�WKH�IROORZLQJ�UXOH��)LQG�
SODQHWV�WKDW�DUH�OLNH�(DUWK��/RRN�IRU�D�SODQHW�RI�VLPLODU�VL]H�DURXQG�D�VLPLODU�VWDU�DW�D�VLPLODU�GLVWDQFH�IURP�RQH�DQRWKHU��HWF� 

 

$�VHULRXV�FRQVLGHUDWLRQ�DPRQJ�UHVHDUFKHUV�QRZ�LV�WKDW�OLIH�RQ�(DUWK�PLJKW�KDYH�VWDUWHG�LQ�ZKDW�ZRXOG�QRZ�EH�H[WUHPH������
FRQGLWLRQV�RI�KLJK�WHPSHUDWXUH�WR�XV��%XW�ZKR�DUH�ZH�WR�FDOO�VRPHWKLQJ�H[WUHPH"�$IWHU�DOO��WKRVH�PLFURVFRSLF�FUHDWXUHV�EDFN�
WKHQ�ZRXOG�SUREDEO\�EH�VXUSULVHG�WRGD\�DW�KRZ�ZH�PDQDJH�WR�VXUYLYH�LQ�WKHVH�H[WUHPH�FROG�FRQGLWLRQV�RI����GHJUHHV�&HOVLXV��
LI�WKH\�SRVVHVVHG�WKH�DELOLW\�WR�IHHO�WKDW�HPRWLRQ��$VWURSK\VLFLVWV�XVHG�WR�ORRN�IRU�SODQHWV�LQ�WKH�
*ROGLORFNV�]RQH
��L�H��KDELWD�
EOH�]RQH��D�UDQJH�RI�GLVWDQFH�IURP�D�VWDU�ZKHUH�ZDWHU�FRXOG�H[LVW�LQ�OLTXLG�VWDWH��:H�QRZ�UHDOL]H�WKDW�WKH�HQHUJ\�VRXUFH�SURYLG�
LQJ�WKDW�DGHTXDWH�KHDW�GRHVQ
W�KDYH�WR�EH�D�VWDU��-XSLWHU�NHHSV�
(XURSD
��RQH�RI�LW
V�PRRQV��ZDUP��ZKHUH�ZDWHU�KDV�H[LVWHG�LQ�
OLTXLG�VWDWH�IRU�ELOOLRQV�RI�\HDUV��LQ�RFHDQV�QR�OHVV� 
 
7R�SXW�LQ�VLPSOH�ZRUGV��WKH�NQRZOHGJH�RI�WKH�GLYHUVLW\�RI�FRQGLWLRQV�LQ�ZKLFK�OLIH�RQ�(DUWK�KDV�VXFFHHGHG�WR�DULVH��VXUYLYH��
DQG�HYROYH��KDV�PXOWLSOLHG�RXU�FKDQFHV�DQG�KRSHV�RI�ILQGLQJ�OLIH�RXWVLGH�WKLV�SODQHW� 
 
/HW
V�WDON�DERXW�ZKDW�]RRORJLVW�
$ULN�.HUVKHQEDXP
�VXJJHVWV�LQ�KLV�ERRN�
7KH�=RRORJLVW
V�JXLGH�WR�WKH�*DOD[\
��7KH�FUX[�RI�KLV�
DUJXPHQW�LV�WKDW�DOLHQV��LI�HYHU�IRXQG��ZLOO�SUREDEO\�QRW�ORRN�PXFK�GLIIHUHQW�IURP�OLIH�RQ�(DUWK��.HUVKHQEDXP�EHOLHYHV�WKDW�
³ODZV�RI�HYROXWLRQ´�JRYHUQ�ZKDW�FDQ�SRVVLEO\�KDSSHQ��GXH�WR�WKH�SK\VLFV�RI�WKH�XQLYHUVH��7KLV�LV�EHFDXVH�³DSSDUHQW�GHVLJQ´�LV�
ZKDW�VHWV�OLIH�DSDUW�IURP�QRQ-OLIH��/LYLQJ�WKLQJV�DUH�ILQH�WXQHG�IRU�WKH�JRDO�RI�UHSOLFDWLQJ�WKH�RUJDQLVP��7KH�RQO\�ZD\�WR�
DFKLHYH�WKLV�GHVLJQ�LV�WKURXJK�QDWXUDO�VHOHFWLRQ��6R��DOLHQV�DUH�OLNHO\�WR�KDYH�XQGHUJRQH��XQGHUJR�QDWXUDO�VHOHFWLRQ��7KLV�DOORZV�
XV�WR�PDNH�SUHGLFWLRQV�DERXW�WKH�ORRN�RI�DOLHQ�OLIH��7KH�RQHV�GLVFXVVHG�KHUH�ZLOO�IRFXV�RQ�DOLHQV�PRUH�FRPSOH[�WKDQ�D�YLUXV��VR�
WR�VD\� 
 
&RPSOH[LW\�RQ�(DUWK�KDV�DULVHQ�WKURXJK�D�KDQGIXO�RI�VRPHWKLQJ�FDOOHG�³PDMRU�WUDQVLWLRQV�LQ�LQGLYLGXDOLW\´��7KLV�UHIHUV�WR�WKH�
SKHQRPHQRQ�RI�LQGHSHQGHQW�RUJDQLVPV�FRPLQJ�WRJHWKHU�WR�IRUP�D�QHZ�W\SH�RI�LQGLYLGXDO� 
0RVW�OLNHO\��WKLV�LV�WKH�RQO\�DSSURDFK�WR�DGYDQFH�EH\RQG�D�VLPSOH�UHSOLFDWLQJ�PROHFXOH��+HQFH�FRPSOH[�DOLHQV�DUH�OLNHO\�WR�
KDYH�XQGHUJRQH�VLPLODU�PDMRU�WUDQVLWLRQV��:H�DUH�PDGH�XS�RI�FHOOV��ZKLFK�LQ�WXUQ�DUH�PDGH�XS�RI�QXFOHL�DQG�PLWRFKRQGULD��
ZKLFK�DUH�PDGH�XS�RI�JHQHV��7KLV�LV�D�QHVWHG�KLHUDUFK\�RI�
XQLWV
��DQG�DOLHQV�ZLOO��WRR��EH�D�UHVXOW�RI�VXFK�D�KLHUDUFK\��3HUKDSV�
WKRVH�XQLWV�ZRQ
W�EH�
FHOOV
�DV�ZH�NQRZ�WKHP��%XW�ZKDWHYHU�SDUWV�XQLWV�DUH��WKH\�ZLOO�EH�RQHV�ZKLFK�ZHUH�RQFH�IUHH�OLYLQJ� 
2XU�SDUWV�KDYH�PHFKDQLVPV�LQ�SODFH�WKDW�NHHS�DOO�WKH�SDUWV�RSHUDWLQJ�WRJHWKHU�WR�IRUP�DQ�RUJDQLVP��)RU�H[DPSOH��RXU�FHOOV�DOO�
VWDUW�DV�RQH�VLQJOH�FHOO��WKH�³]\JRWH´���7KLV�PHDQV�DOO�RXU�FHOOV�DUH�FORQHV��ZKLFK�LV�ZK\�WKH\�FRRSHUDWH�WR�PDNH�XV��$OLHQV�ZLOO�
KDYH�VLPLODU�ZD\V�RI�HQIRUFLQJ�FRRSHUDWLRQ�EHWZHHQ�WKHLU�LQWHUQDO�SDUWV��DW�HDFK�OHYHO�RI�XQLWV� 
2XU�DOLHQ�IULHQGV�PD\�QRW�KDYH�WZR�OHJV��RU�DQ\�OHJV�DW�DOO��EXW�IURP�DQ�HYROXWLRQDU\�VWDQGSRLQW��WKHLU�VWUXFWXUH�ZLOO�EH�PXFK�
PRUH�IDPLOLDU�WKDQ�ZH�PLJKW�KDYH�WKRXJKW� 
 
$OO�OLIH�RQ�(DUWK�KDV�D�FRPPRQ�'1$�FRGH��7KDW�LV��WKH�VDPH�V\VWHP�RI��-OHWWHU�FRGHG�'1$�GLFWDWHV�DQG�GLUHFWV�OLIH��DQG�LW
V�
UHSOLFDWLRQ��:H�FXUUHQWO\�KDYH�RQO\�RQH�VXFK�ZD\��6R�DV�PXFK�DV�ZH�FDQ�SUHGLFW�IURP�HYROXWLRQ��WKHUH�LV�VWLOO�D�SOHWKRUD�RI�
P\VWHU\�DZDLWLQJ�XV��DQG�D�VHD�RI�UHVHDUFKHUV�UHDG\�ZLWK�D�EODQN�VKHHW�DQG�D�SHQ�LQ�WKHLU�KDQG��$QG�ZKR�NQRZV�ZKDW� �
DGYDQFHPHQWV�EHKROG�XV�ZKHQ�WKH�WZR�ILQDOO\�PHHW� 

Evolution and Aliens 
-$PH\�$JDUZDO 



QUANTUM COMPUTING 
-6XKDQL�0RGL 

7KH�WHFKQRORJ\�VHFWRU�LV�XQGRXEWHGO\�D�KXJH�LQYHVWPHQW�RSSRUWXQLW\�IRU�LQYHVWRUV�ZRUOGZLGH��,Q�WKH�ODVW�
GHFDGH��LW�KDV�EHFRPH�WKH�ODUJHVW�VHJPHQW�RI�WKH�PDUNHW��HFOLSVLQJ�DOO�RWKHU�VHFWRUV��LQFOXGLQJ�WKH�ILQDQFLDO�
DQG�WKH�LQGXVWULDO�RQHV��1RZ�PRUH�WKDQ�HYHU��WHFKQRORJ\�LV�DVVRFLDWHG�ZLWK�LQQRYDWLRQ�DQG�LQYHQWLRQ�DQG�LW�
LV�QRZ�LQWHJUDWHG�LQWR�DOO�RWKHU�H[LVWLQJ�VHFWRUV��:LWK�WKLV�JURZLQJ�QHHG�RI�LQQRYDWLRQV�DQG�LQYHQWLRQV��
&RPSXWHUV�DUH�JHWWLQJ�VPDOOHU�DQG�IDVWHU�GD\�E\�GD\�EHFDXVH�HOHFWURQLF�FRPSRQHQWV�DUH�JHWWLQJ�VPDOOHU�DQG�
VPDOOHU��%XW�WKLV�SURFHVV�LV�DERXW�WR�PHHW�LWV�SK\VLFDO�OLPLW��(OHFWULFLW\�LV�IORZ�RI�HOHFWURQV��6LQFH�VL]H�RI�
WUDQVLVWRUV�LV�VKULQNLQJ�WR�VL]H�RI�IHZ�DWRPV��WUDQVLVWRUV�FDQQRW�EH�XVHG�DV�VZLWFK�EHFDXVH�HOHFWURQ�PD\�
WUDQVIHU�WKHPVHOYHV�WR�WKH�RWKHU�VLGH�RI�EORFNHG�SDVVDJH�E\�WKH�SURFHVV�FDOOHG�TXDQWXP�WXQQHOOLQJ� 

4XDQWXP�&RPSXWLQJ�LV�DQ�DUHD�RI�FRPSXWLQJ�IRFXVHG�RQ�GHYHORSLQJ�FRPSXWHU�WHFKQRORJ\�EDVHG�RQ�WKH�
SULQFLSOHV�RI�TXDQWXP�WKHRU\��ZKLFK�H[SODLQV�WKH�EHKDYLRXU�RI�HQHUJ\�DQG�PDWHULDO�RQ�WKH�DWRPLF�DQG�VXED�
WRPLF�OHYHOV��&ODVVLFDO�FRPSXWHUV�WKDW�ZH�XVH�WRGD\�FDQ�RQO\�HQFRGH�LQIRUPDWLRQ�LQ�ELWV�WKDW�WDNH�WKH�YDOXH�
RI���RU����7KLV�UHVWULFWV�WKHLU�DELOLW\��4XDQWXP�FRPSXWLQJ��RQ�WKH�RWKHU�KDQG��XVHV�TXDQWXP�ELWV�RU�TXELWV��,W�
KDUQHVVHV�WKH�XQLTXH�DELOLW\�RI�VXEDWRPLF�SDUWLFLSOHV�WKDW�DOORZV�WKHP�WR�H[LVW�LQ�PRUH�WKDQ�RQH�VWDWH�L�H���D�
��DQG�D���DW�WKH�VDPH�WLPH��6XSHUSRVLWLRQ�DQG�HQWDQJOHPHQW�DUH�WZR�IHDWXUHV�RI�TXDQWXP�SK\VLFV�RQ�ZKLFK�
WKHVH�VXSHUFRPSXWHUV�DUH�EDVHG��7KLV�HPSRZHUV�TXDQWXP�FRPSXWHUV�WR�KDQGOH�RSHUDWLRQV�DW�VSHHGV�H[SR�
QHQWLDOO\�KLJKHU�WKDQ�FRQYHQWLRQDO�FRPSXWHUV�DQG�DW�PXFK�OHVVHU�HQHUJ\�FRQVXPSWLRQ� 

 4XDQWXP�FRPSXWLQJ�FDQ�KHOS�LQ�DUWLILFLDO�LQWHOOLJHQFH�DQG�PDFKLQH�OHDUQLQJ�E\�SURFHVVLQJ�WKURXJK�FRP�
SOH[�SUREOHPV�LQ�YHU\�OHVV�WLPH��ZKLFK�ZRXOG�KDYH�WDNHQ�WUDGLWLRQDO�FRPSXWHUV�WKRXVDQGV�RI�\HDUV��6RPH�
RI�WKH�FULWLFDO�SUREOHPV�LQ�FRPSXWDWLRQDO�FKHPLVWU\�WKDW�FRXOG�EH�VROYHG�YLD�TXDQWXP�FRPSXWLQJ�DUH�—�LP�
SURYLQJ�WKH�QLWURJHQ-IL[DWLRQ�SURFHVV�IRU�FUHDWLQJ�DPPRQLD-EDVHG�IHUWLOL]HU��FUHDWLQJ�D�URRP-WHPSHUDWXUH�
VXSHUFRQGXFWRU��UHPRYLQJ�FDUERQ�GLR[LGH�IRU�D�EHWWHU�FOLPDWH��DQG�FUHDWLQJ�VROLG-VWDWH�EDWWHULHV��$GYDQFH�
PHQWV�LQ�FRPSXWLQJ�FRXOG�HQKDQFH�WKH�HIILFLHQF\�RI�GUXJ�GHVLJQ�DQG�GHYHORSPHQW�GUDPDWLFDOO\��E\�DOORZ�
LQJ�FRPSDQLHV�WR�FDUU\�RXW�PRUH�GUXJ�GLVFRYHULHV�WR�XQFRYHU�QHZ�PHGLFDO�WUHDWPHQWV�IRU�WKH�EHWWHU�SKDUPD�
FHXWLFDO�LQGXVWU\� 4XDQWXP�FRPSXWHUV�WDS�GLUHFWO\�LQWR�DQ�XQLPDJLQDEO\�YDVW�IDEULF�RI�UHDOLW\—WKH�VWUDQJH�
DQG�FRXQWHULQWXLWLYH�ZRUOG�RI�TXDQWXP�PHFKDQLFV�KHQFH�WDFNOLQJ�D�ORW�RI�FRPSXWDWLRQDO�SUREOHPV�HIILFLHQW�
O\�ZLWK�TXDQWXP�DOJRULWKPV�WKDQ�ZLWK�WKHLU�FODVVLFDO�FRXQWHUSDUWV� 

 


