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Preface

7KH�('6$&�UDQ�LWV�ILUVW�SURJUDP�RQ���0D\�������FRPSXWLQJ�D�WDEOH�RI�VTXDUHV�
7KH�&RPSXWHU�/DERUDWRU\�LV�FHOHEUDWLQJ�WKH�ILIWLHWK�DQQLYHUVDU\�RI�WKLV�KLVWRULF
HYHQW��ZKHQ�WKH�IXOO�VFDOH�HOHFWURQLF��VWRUHG�SURJUDP��GLJLWDO�FRPSXWHU�EXLOW�E\
0DXULFH�:LONHV�DQG�KLV�WHDP�FDPH�LQWR�RSHUDWLRQ���7KH�ZRUN�GRQH�E\�WKHVH
SLRQHHULQJ�IRUW\�QLQHUV�PDUNHG�D�PDMRU�VWHS�LQ�WKH�GHYHORSPHQW�RI�PRGHUQ
FRPSXWHUV�

0HPEHUV�RI�WKH�0DWKHPDWLFDO�/DERUDWRU\�LQ�0D\�����

7RS�URZ��IURP�OHIW�
'��:LOOLV��-��6WDQOH\��/��)RUHPDQ��*��6WHYHQV��6��%DUWRQ��3��)DUPHU��3��&KDPEHUODLQ�
0LGGOH�URZ��IURP�OHIW�

+��6PLWK��&��0XPIRUG��+��3\H��$��7KRPDV��(��0F.HH��-��6WHHO�
%RWWRP�URZ��IURP�OHIW�

5��%RQKDP�&DUWHU��(��0XWFK��:��5HQZLFN��0��:LONHV��-��%HQQHWW�
'��:KHHOHU��%��:RUVOH\�

¦)LQDOO\��DQG�UDWKHU�VXGGHQO\��RQ���0D\�������WKH�PDFKLQH�UHDG�LQ�D�SURJUDP�WDSH
IRU�FRPSXWLQJ�D�WDEOH�RI�VTXDUHV�DQG�SULQWHG�WKH�UHVXOWV���'DYLG�:KHHOHU
LPPHGLDWHO\�VHW�DERXW�ZULWLQJ�D�SURJUDP�IRU�FRPSXWLQJ�SULPH�QXPEHUV�DQG�D�GD\
RU�WZR�ODWHU�WKLV�SURJUDP�KDG�DOVR�UXQ�§
>0�9��:LONHV��0HPRLUV�RI�D�&RPSXWHU�3LRQHHU��0,7�3UHVV��������S����@
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Introduction

7KH�('6$&����FHOHEUDWLRQ�LV�GHVLJQHG�WR�FDSWXUH�WKH�ZRUN�DQG�OLIH�RI�WKH
/DERUDWRU\�DW�WKH�WLPH�WKDW�('6$&�ZDV�EXLOW�DQG�FDPH�LQWR�XVH�IRU�UHVHDUFK�DQG
WKHQ�WHDFKLQJ��DQG�WR�IROORZ�WKH�GHYHORSPHQW�RI�WKH�/DERUDWRU\�LQ�WKH�ILIW\�\HDUV
VLQFH������WKURXJK�LWV�UHVHDUFK��WHDFKLQJ�DQG�WKH�SURYLVLRQ�RI�D�FRPSXWLQJ�VHUYLFH�
7KH�PHHWLQJ�IHDWXUHV�WDONV�E\�WKH�SLRQHHUV�WKHPVHOYHV��DQG�E\�ODWHU�PHPEHUV�RI�WKH
/DERUDWRU\��D�VKRZ�RI�KLVWRULF�H[KLELWV�IRFXVVLQJ�RQ�WKH�('6$&��LQ�LWV�FRQWH[W�RI
WKH�/DERUDWRU\©V�HDUOLHU�FDOFXODWLQJ�PDFKLQHV�DQG�VXFFHVVRU�PDFKLQHV�WR�WKH�SUHVHQW
GD\���VRPH�('6$&�VLPXODWRUV��GHPRQVWUDWLRQV�RI�FXUUHQW�UHVHDUFK��DQG�DQ
H[KLELWLRQ�RQ�WKH�&RPSXWLQJ�6HUYLFH�

35�	�.,%6-
&DPEULGJH
$SULO�����

:H�DUH�YHU\�JUDWHIXO�WR�WKH�IROORZLQJ�IRU�WKHLU�VSRQVRUVKLS�RI�('6$&����

• $50�/LPLWHG

• $7	7�/DERUDWRULHV�&DPEULGJH

• &DPEULGJH�&U\VWDOORJUDSKLF�'DWD�&HQWUH

• 0DUNV�DQG�6SHQFHU�SOF

• 0LFURVRIW�5HVHDUFK�/LPLWHG��&DPEULGJH
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Programme

Thursday 15 April

���������� +LVWRULF�REMHFWV�H[KLELWLRQ &RPPRQ�5RRP

('6$&�VLPXODWRUV 'LVFXVVLRQ�5RRP

&XUUHQW�UHVHDUFK�¤�GHPRQVWUDWLRQV�DQG�GLVSOD\V &RFNFURIW��

&RPSXWLQJ�6HUYLFH�H[KLELWLRQ $XVWLQ�VWDLUFDVH
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('6$&���¤�JHWWLQJ�LW�DOO�JRLQJ

���� 3URIHVVRU�'DYLG�:KHHOHU
('6$&��

��������� %UHDN

���� &RPSXWHU�/DERUDWRU\�(QJLQHHUV
,QFLGHQWV�DQG�DQHFGRWHV

���� 3URIHVVRU�5RJHU�1HHGKDP
7KH�7LWDQ�\HDUV

���� 'U�'DYLG�+DUWOH\
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�����	����� 7KH�('6$&�ILOP %DEEDJH�/HFWXUH�7KHDWUH
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('6$&�VLPXODWRUV 'LVFXVVLRQ�5RRP
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��������� 5HFHSWLRQ 8QLYHUVLW\�&RPELQDWLRQ
5RRP

����� 'LQQHU 6W�-RKQ©V�&ROOHJH�+DOO

6SHDNHU�¤�3URIHVVRU�6LU�3HWHU�6ZLQQHUWRQ�'\HU
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Friday 16 April

���������� 7DONV %DEEDJH�/HFWXUH�7KHDWUH
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����� 'U�)UDQN�.LQJ
7HDFKLQJ�LW�VWUDLJKW

����������� %UHDN

����� 'U�6WHZDUW�/DQJ
'LVSOD\LQJ�GLPHQVLRQV

����� 'U�-RKQ�'DXJPDQ
(\HLQJ�WKH�XVHU

����� 3URIHVVRU�,DQ�/HVOLH
:KDW�DERXW�WKH�IXWXUH"

����� 'U�.DUHQ�6SlUFN�-RQHV
&RQFOXVLRQ�¤�JHWWLQJ�WKHUH

���������� +LVWRULF�REMHFWV�H[KLELWLRQ &RPPRQ�5RRP

('6$&�VLPXODWRUV 'LVFXVVLRQ�5RRP

&XUUHQW�UHVHDUFK�¤�GHPRQVWUDWLRQV�DQG�GLVSOD\V &RFNFURIW��

&RPSXWLQJ�6HUYLFH�H[KLELWLRQ $XVWLQ�VWDLUFDVH

1HZ�&RPSXWHU�/DERUDWRU\�%XLOGLQJ�SODQV 73�
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Abstracts of talks

Robin Milner:  Introduction – a new discipline

7KHUH�LV�QR�GRXEW�WKDW�LQ�0D\������D�QHZ�IRUP�RI�KXPDQ�DFWLYLW\�EHJDQ��ZKLFK�LV
DOUHDG\�PRUH�VLJQLILFDQW�WKDQ�WHOHSKRQH�DQG�WHOHYLVLRQ��DQG�ZLOO�VRRQ�RXWVWULS
SULQWLQJ���7KHVH�DUH�DOO�LQQRYDWLRQV�ZKLFK�SXW�D�QHZ�HQJLQHHULQJ�WULXPSK�LQ�WKH
KDQGV�RI�RUGLQDU\�SHRSOH��DQG�WKH\�DUH�DOO�WKLQJV�ZKRVH�LPSDFW�RQ�RXU�OLYHV�FRXOG
QRW�EH�IXOO\�SHUFHLYHG�DW�WKH�VWDUW���:KDW�ZDV�DFKLHYHG�LQ�WKH��WKHQ��0DWKHPDWLFDO
/DERUDWRU\�DW�&DPEULGJH�ZDV�D�PDUULDJH�RI�DOO�WKH�VXEWO\�UHODWHG�LGHDV�DERXW
SURJUDP��PHPRU\��VXEURXWLQH��VHOI�PDQLSXODWLRQ�HWF��ZLWK�WKH�ULJKW�WHFKQRORJ\��WR
SURYLGH�RUGLQDU\�SHRSOH��DW�OHDVW��RUGLQDU\�VFLHQWLVWV��ZLWK�VRPHWKLQJ�VR�UHOLDEOH
WKDW�QRW�RQO\�FRXOG�WKH\�DGPLUH�WKH�LGHDV�LQWHOOHFWXDOO\��EXW�WKH\�FRXOG�XVH�WKHP�LQ�D
FRPPRQSODFH�PDQQHU��7KLV�ZDV�WKH�PLUDFOH��IRU�VR�LW�QRZ�VHHPV�

7KH�RXWFRPH�RI�WKLV�QHZ�KXPDQ�SUDFWLFH�ZDV�WZRIROG��ILUVW��D�FRPSXWLQJ�VHUYLFH�WR
PDQDJH�WKH�SUDFWLFH��VHFRQG��D�QHZ�LQWHOOHFWXDO�GLVFLSOLQH�DULVLQJ�IURP�WKH�SUDFWLFH�
�7KHVH�DUH�VWDWHG�LQ�QR�SDUWLFXODU�RUGHU����,Q�RWKHU�ZRUGV��WKH�8QLYHUVLW\©V�WHDFKLQJ
DQG�UHVHDUFK�LQWR�FRPSXWHU�VFLHQFH�DQG�WKH�8QLYHUVLW\�&RPSXWLQJ�6HUYLFH�ZHUH
ERUQ�DV�WKH�VDPH�LQIDQW��RU�DV�6LDPHVH�WZLQV��LQ�&DPEULGJH�LQ������

7KLV�LQIDQW�LV�QRZ�WZR����\HDU�ROG�DGXOWV��DQG�LQ�('6$&����ZH�DUH�JRLQJ�WR�KHDU
ZKDW�WKH\�KDYH�EHHQ�GRLQJ�DOO�WKHLU�OLYHV���,I�\RX�IROORZ�WKH�KLVWRU\�RI�WKH�ZKROH
/DERUDWRU\��\RX�DUH�VWUXFN�E\�WKH�ZD\�WKH�WZR�DFWLYLWLHV�KDYH�EHHQ�LQWHUZRYHQ�
$FWXDOO\��LW�VRRQ�EHFDPH�WKUHH�DFWLYLWLHV�EHFDXVH�WKH�DFDGHPLF�SDUW�GHYHORSHG�LWV
WHDFKLQJ�LQ�WDQGHP�ZLWK�LWV�UHVHDUFK���2Q�WKH�VHUYLFH�VLGH�\RX�FDQ�VHH�KRZ�RQH
PDFKLQH�DIWHU�DQRWKHU��GHYHORSHG�IURP�UHVHDUFK���EHFDPH�WKH�FRPSXWLQJ�VHUYDQW��RQ
WKH�DFDGHPLF�VLGH�\RX�FDQ�VHH�KRZ�WKH�SUDFWLFH�RI�FRPSXWLQJ�OHG�WR�RQH�UHVHDUFK
VWUDQG�DIWHU�DQRWKHU��QHZ�SURJUDPPLQJ�ODQJXDJHV��LQLWLDWLYHV�LQ�FRPPXQLFDWLRQ�
FRPSXWHU�DLGHG�GHVLJQ��IRUPDO�IRXQGDWLRQV��DQG�UHFHQWO\�D�IOXUU\�RI�QHZ�WKLQJV�
7HDFKLQJ��DV�LW�VKRXOG��KDV�DOZD\V�GHYHORSHG�LQ�RUGHU�WR�WUDQVPLW�ZKDWHYHU�VKRZV
VLJQV�RI�ODVWLQJ�PRUH�WKDQ�D�IHZ�\HDUV�

,Q�WKHVH�WZR�GD\V�ZH�DUH�OXFN\�WR�EH�DEOH�WR�KHDU�IURP�VR�PDQ\�ZKR�WRRN�SDUW�LQ
WKLV�H[FLWLQJ�GHYHORSPHQW��7KH�JUHDWHVW�OXFN�RI�DOO�LV�WR�KDYH�ZLWK�XV�0DXULFH
:LONHV�DQG�'DYLG�:KHHOHU��ZKR�EHJDQ�LW�DOO��WR�JLYH�XV�D�ILUVW�KDQG�UHSRUW�RI�WKH
EHJLQQLQJV���7KH�FRQFHUQV�RI�WKRVH�ZKR�IROORZ�FDQ�QHYHU�EH�WKH�VDPH�DV�WKRVH�ZKR
FUHDWH�D�EUHDNWKURXJK��EHFDXVH�WKDW�YHU\�HYHQW�KDV�FKDQJHG�RXU�WKLQNLQJ���%XW�ZH
KRSH�WR�JDLQ�VRPH�LPSUHVVLRQ�RI�KRZ�WKH\�WKRXJKW�DQG�IHOW��ZKHQ�WKH\�JDYH
FRPSXWLQJ�SUDFWLFH�WR�WKH�ZRUOG�DW�ODUJH���,W�LV�D�YHU\�JUHDW�SULYLOHJH�IRU�PH�WR�FKDLU
D�VHVVLRQ�LQ�ZKLFK�WKHVH�WZR�SLRQHHUV�FDQ�ERWK�WDNH�SDUW�

5RELQ�0LOQHU�ZHQW�RQ�DQ�('6$&�FRXUVH�LQ�������EXW�RQO\�MRLQHG�WKH�FRPSXWLQJ
SURIHVVLRQ��)HUUDQWL��LQ��������$IWHU�VSHOOV�DW�WKH�&LW\�8QLYHUVLW\��8QLYHUVLW\�&ROOHJH
6ZDQVHD�DQG�WKH�$,�/DERUDWRU\�DW�6WDQIRUG�8QLYHUVLW\�KH�MRLQHG�WKH�WHDFKLQJ�VWDII
DW�(GLQEXUJK�8QLYHUVLW\�LQ��������+H�FDPH�WR�&DPEULGJH�LQ�������DQG�WRRN�RYHU�DV
+HDG�RI�WKH�&RPSXWHU�/DERUDWRU\�RQ���-DQ��������+H�KDV�PDLQO\�ZRUNHG�LQ
VHPDQWLF�WKHRULHV�RI�FRPSXWDWLRQ��SDUWLFXODUO\�RI�LQWHUDFWLYH�V\VWHPV��DOVR�LQ
PDFKLQH�DVVLVWHG�UHDVRQLQJ�DQG�SURJUDPPLQJ�ODQJXDJH�GHVLJQ�
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Maurice Wilkes:  EDSAC 1 – getting it all going

,W�LV�QRW�HDV\�WR�JHW�RYHU�WR�SHRSOH�WRGD\�ZKDW�&DPEULGJH�ZDV�OLNH�LQ�6HSWHPEHU
�����ZKHQ�,�ZDV�UHOHDVHG�IURP�ZDU�VHUYLFH���7KHUH�ZDV�XQLYHUVDO�H[FLWHPHQW�LQ�WKH
DLU�DQG�DQ�LQIHFWLRXV�HQWKXVLDVP�WR�UH�HVWDEOLVK�SHDFHWLPH�YDOXHV�DIWHU�WKH�PDGQHVV
RI�ZDU��$W�DOO�OHYHOV�LQ�WKH�8QLYHUVLW\��WKHUH�ZDV�HQFRXUDJHPHQW�IRU�WKRVH�ZKR�NQHZ
ZKDW�WKH\�ZDQWHG�WR�GR��7KLV�LQFOXGHG�D�V\PSDWKHWLF�DWWLWXGH�WR�IXQGLQJ�

0\�UHPLW�ZDV�WR�JHW�WKH�0DWKV�/DE�JRLQJ�DV�DQ�DFDGHPLF�GHSDUWPHQW�DQG�WR�LQLWLDWH
D�UHVHDUFK�SURJUDPPH���,�ILUVW�KDG�WR�ILQG�RXW�DERXW�WKH�GHYHORSPHQWV�LQ�FRPSXWLQJ
PDFKLQHU\�WKDW�KDG�WDNHQ�SODFH�LQ�WKH�8QLWHG�6WDWHV�GXULQJ�WKH�ODWWHU�SDUW�RI�WKH
ZDU���0\�RZQ�ZDU�ZRUN�KDG�EHHQ�ODUJHO\�FRQFHUQHG�ZLWK�UDGDU�DQG�WKH�VRUW�RI
HOHFWURQLFV�WKDW�ZHQW�ZLWK�LW�

)RUWXQDWHO\��WKHUH�ZHUH�SHRSOH�RQ�KDQG�IURP�ZKRP�,�FRXOG�OHDUQ���0\�SUREOHP�ZDV
WR�EH�VXUH�WKDW�,�KDG�OHDUQHG�HYHU\WKLQJ�WKDW�ZDV�UHOHYDQW���,W�ZDV�DWWHQGLQJ�WKH
IDPRXV�FRXUVH�RI�OHFWXUHV�LQ�3KLODGHOSKLD�WKDW�JDYH�PH�FRQILGHQFH���:KHQ�,�ZDONHG
XS�WKH�JDQJ�SODQN�RI�WKH�506�4XHHQ�0DU\�LQ�6HSWHPEHU������RQ�P\�ZD\�KRPH��,
IHOW�WKDW�,�NQHZ�ZKDW�KDG�EHHQ�GRQH�DQG�KDG�VRPH�LGHD�RI�ZKDW�,�FRXOG�SHUKDSV
DWWHPSW�

'XULQJ�WKH�YR\DJH��,�VRUWHG�RXW�P\�LGHDV�DQG�PDGH�D�IHZ�URXJK�QRWHV���%DFN�LQ
&DPEULGJH��DQ�DEOH�WHDP�EHJDQ�WR�JDWKHU�DURXQG�PH���7KH\�EURXJKW�WKHLU�RZQ
VNLOOV�DQG�LGHDV�WR�EHDU��DQG�LW�ZDV�WKHLU�HIIRUWV�WKDW�PDGH�WKH�('6$&�D�UHDOLW\�
7KH\�JDYH�WKH�0DWKV�/DE�LWV�RZQ�VSHFLDO�DWPRVSKHUH�DQG�PDGH�LW�DQ�H[FLWLQJ�SODFH
WR�ZRUN�

0DXULFH�:LONHV�ZHQW�XS�WR�&DPEULGJH�8QLYHUVLW\�LQ������DQG�VWXGLHG
PDWKHPDWLFDO�SK\VLFV�DQG�RWKHU�VXEMHFWV���,Q������KH�EHFDPH�D�JUDGXDWH�VWXGHQW�LQ
WKH�&DYHQGLVK�/DERUDWRU\��GRLQJ�H[SHULPHQWDO�UHVHDUFK�RQ�WKH�SURSDJDWLRQ�RI
UDGLR�ZDYHV�LQ�WKH�LRQRVSKHUH���7KLV�OHG�WR�DQ�LQWHUHVW�LQ�WLGDO�PRWLRQ�LQ�WKH
DWPRVSKHUH�DQG�KLV�ILUVW�ERRN�ZDV�RQ�WKLV�VXEMHFW���,W�DOVR�OHG�WR�DQ�LQWHUHVW�LQ
FRPSXWLQJ�PHWKRGV�DQG��ZKHQ�KH�UHWXUQHG�WR�&DPEULGJH�LQ������DIWHU�ZDU�VHUYLFH�
KH�EHFDPH�KHDG�RI�WKH�&RPSXWHU�/DERUDWRU\��WKHQ�FDOOHG�WKH�0DWKHPDWLFDO
/DERUDWRU\�

,Q�WKH�VXPPHU�RI�������:LONHV�DWWHQGHG�WKH�IDPRXV�0RRUH�6FKRRO�OHFWXUHV�RQ
HOHFWURQLF�FRPSXWHUV�LQ�3KLODGHOSKLD���2Q�KLV�UHWXUQ��KH�VHW�DERXW�EXLOGLQJ�WKH
('6$&��ZKLFK�EHJDQ�WR�ZRUN�LQ�0D\��������,Q�������KH�SXEOLVKHG�MRLQWO\�ZLWK
WZR�FROOHDJXHV��'DYLG�:KHHOHU�DQG�6WDQOH\�*LOO��WKH�ILUVW�ERRN�WR�DSSHDU�RQ
FRPSXWHU�SURJUDPPLQJ��$W�WKLV�WLPH��KH�SXW�IRUZDUG�KLV�SURSRVDOV�IRU
PLFURSURJUDPPLQJ��D�V\VWHP�ZKLFK�ODWHU�EHFDPH�DGRSWHG�ZLGHO\�LQ�WKH�LQGXVWU\�
,Q�������KH�SXEOLVKHG�WKH�ILUVW�SDSHU�RQ�FDFKH�PHPRULHV��IROORZHG�ODWHU�E\�D�ERRN
RQ�WLPH�VKDULQJ�

,Q�������LW�DSSHDUHG�WR�:LONHV�WKDW�WKH�WLPH�KDG�FRPH�ZKHQ�ORFDO�DUHD�QHWZRUNV
EDVHG�RQ�WUDGLWLRQDO�WHOHFRPPXQLFDWLRQ�WHFKQRORJ\�PLJKW�SURILWDEOH�EH�UHSODFHG�E\
QHWZRUNV�RI�PXFK�ZLGHU�EDQGZLGWK�EDVHG�RQ�FRPSXWHU�WHFKQRORJ\���7KH�GHVLJQ
VWXG\�IRU�ZKDW�EHFDPH�NQRZQ�DV�WKH�&DPEULGJH�5LQJ�ZDV�SXEOLVKHG�LQ��������7KH
&DPEULGJH�0RGHO�'LVWULEXWHG�6\VWHP��D�SLRQHHULQJ�FOLHQW�VHUYHU�V\VWHP��GHVFULEHG
E\�:LONHV�DQG�1HHGKDP�LQ�������ZDV�EDVHG�RQ�WKLV�ULQJ�

6LQFH������:LONHV�KDV�ZRUNHG�LQ�LQGXVWU\��ILUVW�ZLWK�'(&�LQ�0DVVDFKXVHWWV�DQG
QRZ�ZLWK�$7	7�/DERUDWRULHV��&DPEULGJH��(QJODQG��ZKHUH�KH�LV�D�VWDII�FRQVXOWDQW�
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David Wheeler:  EDSAC 2

7KLV�ZDV�WKH�VHFRQG�FRPSXWHU�EXLOW�LQ�WKH�0DWKHPDWLFDO�/DERUDWRU\���'HVLJQ�ZRUN
VWDUWHG�ZLWK�D�JUDQW�IURP�WKH�1XIILHOG�)RXQGDWLRQ�LQ�������H[SORLWLQJ�WKH
NQRZOHGJH�EXLOW�XS�IURP�WKH�RSHUDWLRQ�RI�('6$&�����('6$&���ZDV�DOVR�XVHG�LQ�WKH
GHVLJQ�DQG�PDNLQJ�RI�WKH�ZLULQJ�VFKHGXOHV�

('6$&���ZDV�D�PLFURSURJUDPPHG�PDFKLQH���7KH�PLFURSURJUDP�ZDV�KHOG�LQ�WKH
ZLULQJ�RI�D�FRQWURO�PDWUL[�RI������FRUHV�RI���PP�IHUULWH�FRUHV���7KLV�PDGH�WKH
FRQFHSW�HPLQHQWO\�SUDFWLFDO���('6$&���ZDV�YHU\�¨XVHU�IULHQGO\©��VLQFH�WKH�XVXDO
DQRPDOLHV�ZHUH�FRSHG�ZLWK�LQ�WKH�PLFURSURJUDP�DQG�520�

7R�HDVH�PDLQWHQDQFH��LW�KDG�D�SOXJJHG�ELW�VOLFH�GHVLJQ�IRU�WKH�DULWKPHWLF�XQLW�DQG
LQGH[�UHJLVWHUV���7KH�VWRUH�XVHG�IHUULWH�FRUHV�DQG�ZH�LQLWLDWHG�WKHLU�SURGXFWLRQ�DW
0XOODUGV��0HPRU\�VL]H�IHUULWH�FRUHV���PP��ZHUH�XVHG�LQ�D�520�LQ�ZKLFK�HDFK�FRUH
KHOG�IRXU�ELWV�EXW�XVHG�WKH�VDPH�DPSOLILHUV�DQG�GULYHV�DV�WKH�RUGLQDU\�PHPRU\���7KH
����ZRUGV�KHOG�DOO�WKH�FRPPRQO\�XVHG�URXWLQHV�VXFK�DV�DVVHPEOHU��SULQW�
WULJRQRPHWULF�IXQFWLRQV�HWF�

7KH�LQSXW�DQG�RXWSXW�ZHUH�E\�SDSHU�WDSH��,QSXW�XVHG�ODERUDWRU\�GHVLJQHG�SDSHU
WDSH�UHDGHUV�ZKLFK�RSHUDWHG�DW������FKDUDFWHUV�SHU�VHFRQG�DQG�FRXOG�VWRS�LQVWDQWO\�
7KH�RXWSXW�ZDV�FRQVLGHUDEO\�VORZHU�LQLWLDOO\���+RZHYHU�LQ�WKH�FRXUVH�RI�('6$&��©V
OLIH�PDQ\�RXWSXW�GHYLFHV�ZHUH�DGGHG�LQFOXGLQJ�D�OLQH�SULQWHU��FXUYH�SORWWHU�
SKRWRJUDSKLF�LPDJHU��DQG�WZR�KLJK�VSHHG�SXQFKHV�

0DJQHWLF�WDSHV�DQG�D�VWRUH�H[WHQVLRQ�RI���.�ZRUGV�DGGHG�WR�WKH�PDFKLQH©V�SRZHU
IRU�WKH�ELJJHU�MREV��DQG�HQDEOHG�DQ�$XWRFRGH�WR�EH�XVHG�

7KH�('6$&���ODVWHG�DERXW�D�GHFDGH�DQG�KDG�PDQ\�KXQGUHGV�RI�XVHUV�DQG
SURJUDPPHUV���,W�FDXVHG�PRVW�GHSDUWPHQWV�WR�EHFRPH�FRPSXWHU�FRQVFLRXV��ZKLFK
VWRRG�WKHP�LQ�JRRG�VWHDG�IRU�WKLQJV�WR�FRPH��,Q�P\�RSLQLRQ�LW�ZDV�WKH�PRVW
VXFFHVVIXO�RI�WKH�ODERUDWRU\�FRPSXWHUV���,W�XWLOLVHG�WKH�H[SHULHQFH�JDLQHG�LQ�UXQQLQJ
('6$&��LW�GLG�QRW�KDYH�ZHDULVRPH�FRPSDWLELOLW\�UHTXLUHPHQWV��LW�PDWFKHG�WKH
FXUUHQW�XVHU�QHHGV�DGPLUDEO\��DQG�JDYH�WKH�JUHDWHVW�VWHS�IRUZDUG�LQ�SHUIRUPDQFH�RI
WKH�ODERUDWRU\�FRPSXWHUV�

7ZR�1REHO�SUL]HV�DURVH�IURP�ZRUN�GRQH�RQ�WKH�('6$&����EXW�PRUH�LPSRUWDQWO\
WKH�8QLYHUVLW\�EHFDPH�FRPSXWHU�DZDUH�DQG�RULJLQDWHG�FDOFXODWLRQ�PHWKRGV�LQ�PDQ\
ILHOGV�

'DYLG�:KHHOHU�MRLQHG�WKH�0DWKHPDWLFDO�/DERUDWRU\�LQ�-XQH������DV�D�UHVHDUFK
VWXGHQW���:URWH�WKH�ILUVW�SURJUDPV�IRU�WKH�('6$&���$ZDUGHG�WKH�3K'�LQ�������WKH
ILUVW�LQ�&RPSXWHU�6FLHQFH����:HQW�WR�WKH�8QLYHUVLW\�RI�,OOLQRLV���������)URP�����
ZRUNHG�RQ�WKH�GHVLJQ�RI�('6$&���DQG�KDV�EHHQ�FRQWULEXWLQJ�WR�/DERUDWRU\
SURMHFWV�VLQFH�WKHQ���5HWLUHG�LQ������
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The Engineers:  Incidents and anecdotes

,Q�������0DXULFH�:LONHV�ZDV�MRLQHG�DW�WKH�0DWKHPDWLFDO�/DERUDWRU\�E\�(ULF
0XWFK�IURP�75(�0DOYHUQ�DQG�3KLOLS�)DUPHU���$OVR�FDPH�%LOO�5HQZLFN��D�GHVLJQ
HQJLQHHU�ZKR�KDG�ZRUNHG�RQ�UDGDU�IRU�WKH�5R\DO�1DY\���7KHVH�IRXU�WKHQ�EHJDQ�WR
UHFUXLW�D�WHDP�RI�HQJLQHHUV�WR�EXLOW�('6$&�����7KH\�FDPH�IURP�D�YDULHW\�RI
EDFNJURXQGV�ZLWK�GLIIHULQJ�VNLOOV���$V�IDU�DV�FDQ�EH�UHPHPEHUHG�WKH\�ZHUH�

 *RUGRQ�6WHYHQV�¤�DQ�LQVWUXPHQW�PDNHU�IURP�8QLFDP�,QVWUXPHQWV�

 6LG�%DUWRQ�DQG�3HWHU�&KDPEHUODLQ�¤�ERWK�VWUDLJKW�IURP�WKH�5$)�DIWHU�WKH
ZDU�KDG�ILQLVKHG�

 5R\�3LJJRWW�¤�VWUDLJKW�IURP�VFKRRO�

 %LOO�/HQDHUWV�¤�VHFRQGHG�IURP�-RH�/\RQV�

7KH\�ZHUH�MRLQHG�ODWHU�WKH�QH[W�\HDU�E\�

 'LFN�.LPSWRQ�¤�VWUDLJKW�IURP�VFKRRO�

7KHQ�D�ELW�ODWHU�VWLOO�E\�

 /HQ�)RUHPDQ�DQG�,YRU�5H\QROGV�¤�DOVR�IURP�VFKRRO�

)URP�WKH�HDUO\�����V�PDQ\�PRUH�HQJLQHHUV�ZHUH�UHFUXLWHG�WR�ZRUN�RQ�('6$&���

&RPSRQHQWV�IRU�('6$&�ZHUH�SXUFKDVHG�HLWKHU�WKURXJK�RUGLQDU\�WUDGH�FKDQQHOV�RU
IURP�D�*RYHUQPHQW�VWRUH�WKDW�ZH�ZHUH�DOORZHG�WR�XVH���7KH�YDOYHV�ZHUH�D�JLIW�IURP
WKH�0LQLVWU\�RI�6XSSO\�RI��XQXVHG��VXUSOXV�VWRFN���+RZHYHU��PXFK�ORFDO�DGDSWDWLRQ
DQG�LQJHQXLW\�ZDV�UHTXLUHG���*RUGRQ�6WHYHQV�EXLOW�WKH�ILUVW�SDSHU�WDSH�UHDGHU�
3DSHU�WDSH�SXQFKHV�DQG�SULQWHUV�ZHUH�REWDLQHG��EXW�KDG�WR�EH�PRGLILHG�WR�ZRUN�RQ
('6$&�

$OO�WKH�HQJLQHHUV�ZRUH�ZKLWH�FRDWV��D�QHFHVVDU\�SUHFDXWLRQ���)DXOW�ILQGLQJ�ZDV�YHU\
PXFK�DQ�KLW�DQG�PLVV�DIIDLU�LQ�WKRVH�HDUO\�GD\V��ZLWK�WKH�RQO\�GLDJQRVWLF
LQVWUXPHQWV�EHLQJ�DQ�$YRPHWHU�DQG�D�IDLUO\�SULPLWLYH�RVFLOORVFRSH���9DOYHV�ZHUH
FKDQJHG�VHTXHQWLDOO\�XQWLO�WKH�IDXOW\�RQH�ZDV�ORFDWHG�

7KHUH�PXVW�EH�D�ORW�RI�VWRULHV�WR�UHWHOO�IURP�WKRVH�HDUO\�SLRQHHULQJ�GD\V��DQG
KRSHIXOO\�ZH�ZLOO�EH�DEOH�WR�UHFDOO�VRPH�RI�WKHP��IURP�WKRVH�ZKR�DUH�OHIW�
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*RUGRQ�6WHYHQV�FDPH�IURP�8QLFDP�,QVWUXPHQW�&R��DV�WKH�/DE©V�ILUVW�6FLHQWLILF
,QVWUXPHQW�0DNHU�LQ��������,Q������KH�EHFDPH�6HQLRU�$VVLVWDQW�ORRNLQJ�DIWHU
DFFRXQWV�DQG�JHQHUDOO\�DQ\WKLQJ�WKDW�QHHGHG�DWWHQWLRQ���5HWLUHG�LQ������

5LFKDUG�.LPSWRQ�VWDUWHG�DW�WKH�0DWKHPDWLFDO�/DERUDWRU\�VWUDLJKW�IURP�VFKRRO�LQ
6HSWHPEHU������DV�D�ODE�DVVLVWDQW���:RUNHG�RQ�('6$&���DQG�DIWHU�UHWXUQLQJ�IURP
1DWLRQDO�6HUYLFH�LQ�������GLG�DOO�WKH�EDFNZLULQJ�RQ�('6$&���LQ�WKH�QH[W���
PRQWKV����&RQVWUXFWHG�SHULSKHUDOV�IRU�7LWDQ�DQG�WKH�SURWRW\SH�SDJH�IRU�&$3�
5HWLUHG�LQ������

+HUEHUW�1RUULV�MRLQHG�WKH�/DE�IURP�(QJLQHHULQJ�LQ������DV�DQ�,QVWUXPHQW�0DNHU
WR�DVVLVW�*RUGRQ�6WHYHQV���/HIW�LQ������WR�WDNH�XS�D�WHDFKLQJ�SRVW�DW�WKH�0DQRU
6FKRRO���1RZ�UHWLUHG�

,YRU�5H\QROGV�VWDUWHG�VWUDLJKW�IURP�VFKRRO�LQ������DV�D�MXQLRU�ODE�DVVLVWDQW���+H
ZDV�LQYROYHG�LQ�EXLOGLQJ�VHYHUDO�SURWRW\SH�H[SHULPHQWDO�FLUFXLWV���+H�OHIW�WR�ZRUN
IRU�'H�+DYLOODQG�3URSHOORUV�LQ����������EXW�UHWXUQHG�LQ������IRU�D�\HDU�WR�GHVLJQ
&KDVVLV���IRU�('6$&�����7KHQ�ZHQW�WR�%ULWLVK�$HURVSDFH���5HWLUHG�LQ�-XO\������

9LF�&OD\GRQ�MRLQHG�0DWKV�/DE�IURP�(QJLQHHULQJ�LQ������DV�DQ�,QVWUXPHQW�0DNHU�
:RUNHG�RQ�ERWK�('6$&���DQG�����7KHQ�KHDGHG�WKH�WHDP�RI�0HFKDQLFDO�(QJLQHHUV
ZRUNLQJ�RQ�7LWDQ��PDLQWDLQLQJ�DOO�WKH�SHULSKHUDO�HTXLSPHQW���:DV�LQYROYHG�LQ�WKH
HDUO\�GD\V�RI�WKH�+DUGZDUH�0DLQWHQDQFH�6HUYLFH���5HWLUHG�LQ������

.HQ�&R[�MRLQHG�WKH�/DE�LQ�'HFHPEHU������IURP�3\H��WR�ZRUN�DV�D�0DLQWHQDQFH
(QJLQHHU�RQ�('6$&�����0RYHG�WR�7LWDQ�LQ��������6HW�XS�WKH�+DUGZDUH
0DLQWHQDQFH�6HUYLFH�LQ������DQG�RQ�6LG�%DUWRQ©V�UHWLUHPHQW�EHFDPH�&KLHI�(QJLQHHU
LQ��������5HWLUHG�LQ������

3HWHU�%HQQHWW�MRLQHG�IURP�3\H�LQ�0DUFK������DV�D�0DLQWHQDQFH�(QJLQHHU�IRU
('6$&�����7UDLQHG�WR�PDLQWDLQ�WKH�'(&�3'3�����:RUNHG�RQ�7LWDQ�DQG�WKHQ�&$3
DQG�WKH�&DPEULGJH�'DWD�5LQJ���5HWLUHG�LQ������

-RKQ�/RNHU�FDPH�IURP�3\H�LQ�$SULO������WR�ZRUN�RQ�SHULSKHUDOV�LQ�WKH�7DSH
3UHSDUDWLRQ�5RRP���$�\HDU�ODWHU�MRLQHG�WKH�WHDP�RI�HQJLQHHUV�RQ�('6$&���
:RUNHG�RQ�WKH�('6$&���/LQHSULQWHU�ZLWK�1RUPDQ�8QZLQ���,Q������KHOSHG�WR
GHVLJQ�DQG�EXLOG�WKH�0XOWLSOH[HU�IRU�7HOHW\SHV�RQ�7LWDQ���5HWLUHG�LQ������

5R\�%D\OH\�MRLQHG�WKH�/DE�LQ���������IURP�0DUVKDOOV�WR�KHOS�ZLWK�WKH
FRPPLVVLRQLQJ�RI�7LWDQ��DV�6LG�%DUWRQ©V�GHSXW\���/HIW�LQ������WR�ZRUN�IRU�WKH�05&
+XPDQ�*HQHWLFV�*URXS�LQ�(GLQEXUJK���5HWLUHG�LQ�WKH�$XWXPQ�RI������

'DYLG�3ULQFH�MRLQHG�WKH�/DE�LQ�-XQH������IURP�-RGUHOO�%DQN�WR�ZRUN�RQ�WKH�7XQQHO
'LRGH�6ODYH�6WRUH�IRU�7LWDQ���$�\HDU�ODWHU�MRLQHG�WKH�WHDP�RI�HQJLQHHUV�ILUVW
FRPPLVVLRQLQJ�DQG�WKHQ�PDLQWDLQLQJ�7LWDQ���:RUNHG�RQ�&$3��DQG�WKHQ�LQ�����
VWDUWHG�WKH�+DUGZDUH�0DLQWHQDQFH�6HUYLFH�ZLWK�.HQ�&R[���$SSRLQWHG�&KLHI
(QJLQHHU�LQ������
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Roger Needham:  The Titan years

7KH�/DE�VFHQH�LQ�WKH�VL[WLHV�DQG�RQ�ZDV�KXJHO\�LQIOXHQFHG�E\�WKH�7LWDQ�SURMHFW���,W
ZDV�WKH�ODVW�WLPH�ZH�KDG�D�PDMRU�SDUW�LQ�EXLOGLQJ�WKH�PDFKLQH�WKDW�ZRXOG�SURYLGH
WKH�8QLYHUVLW\©V�SULQFLSDO�VHUYLFH��ZKLFK�ZDV�GRQH�EHFDXVH�RI�SRYHUW\���+RZHYHU�WKH
7LWDQ�KDG�LQQRYDWLYH�KDUGZDUH��KDG�DQ�RSHUDWLQJ�V\VWHP�WKDW�LQ�VWUXFWXUH�DQG
FRQFHSWV�ZDV�ZD\�DKHDG��DQG�OHG�LQ�DQ�LQGLUHFW�ZD\�WR�DGYDQFHV�LQ�XQGHUVWDQGLQJ
RI�SURJUDPPLQJ�ODQJXDJHV���:KLOH�WKH�V\VWHP�ZDV�EHLQJ�GHYHORSHG��0DXULFH�:LONHV
EHFDPH�DZDUH�RI�DFWLYLWLHV�DW�0,7�ZKLFK�OHG�WR�WKH�&766�¤�WKH�ILUVW�WLPH�VKDULQJ
V\VWHP�RI�LWV�W\SH���+H�FDPH�EDFN�GHWHUPLQHG�WKDW�&DPEULGJH�VKRXOG�EH�LQ�WKDW
JDPH��DQG�WKH�7LWDQ�SURMHFW��ERWK�KDUGZDUH�DQG�VRIWZDUH��ZDV�ZUHQFKHG�RQWR�D
QHZ�FRXUVH���,Q�WKH�HYHQW�D�V\VWHP�UHVXOWHG�WKDW�ZDV�IDU�IURP�EHLQJ�D�&766�FRS\
DQG�KDG�VRPH�JRRG�IHDWXUHV�WKDW�ZHUH�UDUHO\�IRXQG�PXFK�ODWHU���7KH�PXOWLSOH�DFFHVV
V\VWHP�ZDV�WKURZQ�RSHQ�WR�WKH�XQLYHUVLW\�SXEOLF�LQ�HDUO\������¤�DQG�WKLV�ZRXOG
DOPRVW�FHUWDLQO\�QRW�KDYH�KDSSHQHG�KDG�ZH�EHHQ�ULFKHU�LQ������

,Q������D�VXEVWDQWLDO�JUDQW�ZDV�REWDLQHG�IURP�WKH��6FLHQFH�5HVHDUFK�&RXQFLO�WR
H[SORLW�WKH�IDFLOLWLHV�WKDW�ZHUH�WKHQ�FOHDUO\�SUHGLFWDEOH���,W�ZDV�HQWLWOHG�¦5HVHDUFK�LQ
&RPSXWHU�6FLHQFH§�DQG�OHIW�WKH�MXGJHPHQW�RI�ZKDW�DFWXDOO\�WR�GR�HQWLUHO\�WR�:LONHV
¤�D�FRQWUDVW�ZLWK�WKH�6ZLQGRQ�EXUHDXFUDF\�RI�WRGD\�ZLWK�LWV�GHOLYHUDEOHV�
EHQHILFLDULHV��SURJUHVV�FKDUWV��PLOHVWRQHV��PLOOVWRQHV��DQG�ZKDW�KDYH�\RX��\RX�KDYH
WR�JR�LQWR�LQGXVWU\�WR�DYRLG�WKDW�QRZ�¤�H[SHUWR�FUHGH����$V�D�UHVXOW�RI�UHFUXLWLQJ
&KDUOHV�/DQJ��RQH�RI�WKH�WKLQJV�GRQH�ZDV�WR�JR�LQ�IRU�UHVHDUFK�RQ�PHFKDQLFDO�&$'�
7KLV�DFWLYLW\�ODVWHG�ILIWHHQ�\HDUV��DQG�RXW�RI�LW�FDPH�QXPHURXV�ORFDO�FRPSDQLHV�DQG
WKH�&$'�&HQWUH��DW�ILUVW�D�JRYHUQPHQW�SURMHFW�RSHUDWHG�XQGHU�FRQWUDFW�E\�,&/���7KH
LPSHWXV�IRU�VHWWLQJ�WKH�&$'�&HQWUH�XS�ZDV�VSHFLILFDOO\�WKH�/DE©V�RSHUDWLQJ
VRIWZDUH��WKH�&HQWUH�VWLOO�IORXULVKHV�DV�DQ�LQGHSHQGHQW�FRPSDQ\�DQG�LV�WDQJLEOH
HYLGHQFH�RI�WKH�VXFFHVVHV�RI�WKH�VL[WLHV�

5RJHU�1HHGKDP�XVHG�WKH�('6$&�ZKHQ�WDNLQJ�WKH�'LSORPD�LQ�1XPHULFDO�$QDO\VLV
DQG�$XWRPDWLF�&RPSXWLQJ�LQ����������%HFDPH�D�UHVHDUFK�VWXGHQW��WKHQ�HPSOR\HH�LQ
WKH�0DWKHPDWLFDO�/DERUDWRU\�LQ�������ZKHUH�KH�FRQWLQXHG�WR�ZRUN��PDLQO\�LQ�WKH
V\VWHPV�DUHD��XQWLO��������+HDG�RI�'HSDUWPHQW�����������1RZ�0DQDJLQJ�'LUHFWRU
RI�0LFURVRIW�5HVHDUFK�/LPLWHG�LQ�&DPEULGJH�
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David Hartley:  Serving the University

,Q������WKH�UHPLW�RI�WKH�0DWKHPDWLFDO�/DERUDWRU\�LQFOXGHG�WKH�UHTXLUHPHQW�¦WR
SURYLGH�D�FRPSXWLQJ�VHUYLFH�IRU�JHQHUDO�XVH��DQG�WR�EH�D�FHQWUH�IRU�WKH�GHYHORSPHQW
RI�FRPSXWDWLRQDO�WHFKQLTXHV�LQ�WKH�8QLYHUVLW\�§��%XW�FRPSXWHUV�DV�ZH�QRZ�NQRZ
WKHP�GLG�QRW�H[LVW��VR�D�JRRG�GHDO�RI�5�	�'�ZDV�QHHGHG�EHIRUH�WKLV�UHPLW�FRXOG�EH
VDWLVILHG��,W�PLJKW�EH�VDLG�WKDW�WKH�&RPSXWLQJ�6HUYLFH�ZDV�WKH�KRUVH�WR�EH�IROORZHG�
YHU\�FORVHO\��E\�WKH�FDUW�RI�&RPSXWHU�6FLHQFH�

,Q������LW�ZDV�VWDWHG�WKDW��¦RYHU�WKH�ODVW�WZHQW\�ILYH�\HDUV�WKH�/DERUDWRU\�KDV
EHFRPH�D�VHUYLFH�GHSDUWPHQW�FRPSDUDEOH�RQO\�ZLWK�WKH�8QLYHUVLW\�/LEUDU\�§
&RPSXWLQJ�DV�DQ�DFDGHPLF�VXEMHFW�DQG�FRPSXWLQJ�DV�D�8QLYHUVLW\�ZLGH�VHUYLFH�KDG
JRQH�DORQJ�KDQG�LQ�JORYH�IRU�D�JRRG�PDQ\�\HDUV��WKH�RQH�EDUHO\�GLVWLQJXLVKDEOH
IURP�WKH�RWKHU��%XW�WKH�GLVWLQFWLRQ�EHFDPH�PRUH�PDUNHG�DQG�ZDV�IRUPDOO\�UHDOLVHG
ZLWK�D�PDMRU�UHRUJDQLVDWLRQ�LQ������

%HWZHHQ������DQG�������FRPSXWHUV�ZHUH�GLIILFXOW�WR�PDNH��GLIILFXOW�WR�NHHS
UXQQLQJ�DQG�GLIILFXOW�WR�XVH��6LQFH�������HYHU\WKLQJ�KDV�EHFRPH�SURJUHVVLYHO\�HDVLHU
XQWLO�WRGD\��ZKHUH�HYHU\�DFDGHPLF�KDV�DW�OHDVW�RQH�FRPSXWHU�RQ�KLV�KHU�GHVN��DQG
WKH�&RPSXWLQJ�6HUYLFH�KDV�FKDQJHG�JUHDWO\�DV�D�UHVXOW�

,�ZLOO�LOOXVWUDWH�VRPH�RI�WKH�LPSRUWDQW�IHDWXUHV�RI�WKH�GHYHORSPHQW�RI�WKH�&RPSXWLQJ
6HUYLFH�WKDW�FKDUDFWHULVH�WKHVH�FKDQJHV�

'DYLG�+DUWOH\�WRRN�WKH�'LSORPD�LQ�1XPHULFDO�$QDO\VLV�DQG�$XWRPDWLF�&RPSXWLQJ
LQ����������WKHQ�UHVHDUFK�VWXGHQW�LQ�SURJUDPPLQJ�ODQJXDJHV�DQG�FRPSLOHUV�¤
GHYHORSHG�('6$&���$XWRFRGH���9DULHW\�RI�UHVHDUFK�SRVWV��PDLQO\�ZRUNLQJ�RQ�&3/
DQG�WKH�7LWDQ�RSHUDWLQJ�V\VWHP��8QLYHUVLW\�/HFWXUHU�LQ��������'LUHFWRU�RI�WKH
8QLYHUVLW\�&RPSXWLQJ�6HUYLFH�IURP�WKH�UH�RUJDQLVDWLRQ�LQ������XQWLO��������/HIW�WR
EHFRPH�&KLHI�([HFXWLYH�RI�8.(51$��D�FRPSDQ\�GHYHORSLQJ�DQG�RSHUDWLQJ�WKH
-$1(7�QHWZRUN���6LQFH�������([HFXWLYH�'LUHFWRU�RI�WKH�&DPEULGJH
&U\VWDOORJUDSKLF�'DWD�&HQWUH��DOVR�FXUUHQWO\�'HSXW\�3UHVLGHQW�RI�WKH�%ULWLVK
&RPSXWHU�6RFLHW\�
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Andy Hopper:  Rings and things

:RUN�RQ�KLJK�VSHHG�FRPPXQLFDWLRQV�EHJXQ�LQ������ZLWK�WKH�GHVLJQ�DQG
FRQVWUXFWLRQ�RI�WKH�&DPEULGJH�5LQJ���7KLV�SURYLGHG����0ESV�RI�VKDUHG�EDQGZLGWK
DQG�XOWLPDWHO\�XS�WR�����GHYLFHV�ZHUH�LQWHUFRQQHFWHG�RQ�WKUHH�ULQJV���$Q�LQWHJUDWHG
YHUVLRQ�ZDV�EHJXQ�LQ�������WRJHWKHU�ZLWK�WKH�DVVRFLDWHG�&$'�SURMHFW���7KLV�ZDV�D
SHULRG�RI�H[SDQVLRQ�DQG�FR�RSHUDWLYH�HIIRUW�ZKLFK�LQFOXGHG�IDFXOW\��HQJLQHHUV��DQG
VWXGHQWV�LQ�ZKDW�ZDV�VWLOO�HVVHQWLDOO\�D�VPDOO�ODERUDWRU\�

)DVWHU�ULQJV�ZHUH�FRQVWUXFWHG�LQ�WKH�����V�DQG�RSHUDWHG�DW�VSHHGV�RI�XS�WR����
0ESV�IRU�WKH�&DPEULGJH�)DVW�5LQJ��&)5���DQG�XS�WR���*%SV�IRU�WKH�&DPEULGJH
%DFNERQH�5LQJ��&%5����7KH�ODWWHU�UDQ�URXQG�&DPEULGJH�DQG�LQWHUFRQQHFWHG�ORFDO
&)5�FOXVWHUV���&RQVLGHUDEOH�H[SHULHQFH�RI�9/6,�GHVLJQ�FRQWLQXHG�WR�EH�DFTXLUHG
�QRW�DOZD\V�SRVLWLYH���ZKLFK�LQ�WXUQ�JDYH�D�VWLPXOXV�WR�WKH�IRUPDO�YHULILFDWLRQ
UHVHDUFK�JRLQJ�RQ�LQ�WKH�ODERUDWRU\�

7KH�SOHQWLIXO�EDQGZLGWK�SURYLGHG�E\�WKHVH�SLRQHHULQJ�FRPPXQLFDWLRQV
DUFKLWHFWXUHV�PDGH�SRVVLEOH�WKH�FRQVWUXFWLRQ�RI�PDQ\�H[SHULPHQWDO�DSSOLFDWLRQV�
7KHVH�UDQJHG�IURP�HDUO\�FOLHQW�VHUYHU�V\VWHPV�DW�WKH�HQG�RI�WKH���V��&DPEULGJH
0RGHO�'LVWULEXWHG�6\VWHP��WR�QHWZRUNHG�PXOWLPHGLD�V\VWHPV�DW�WKH�HQG�RI�WKH���V
�3DQGRUD��

6RPH�RI�WKH�GHYLFHV�DWWDFKHG�WR�WKHVH�QHWZRUNV�DUH�QRWHZRUWK\���$Q�HDUO\�ZLUH�ZUDS
PDFKLQH�ZDV�HVVHQWLDOO\�D�VWDWHOHVV�SHULSKHUDO���7KH�ILUVW�ODVHU�SULQWHU�JDYH�XS�WKH
JKRVW�DIWHU�DOPRVW�D�TXDUWHU�PLOOLRQ�FRSLHV���7KH�ULQJ�WHOHSKRQH�V\VWHPV�DQWLFLSDWHG
FRUUHFWO\�WKH�TXDOLW\�RI�DXGLR�RQ�WKH�LQWHUQHW���7KH�YLGHR�DSSOLFDWLRQV�FRXOG�GLVWRUW
SHRSOH�OLNH�D�FUD]\�PLUURU�

7KH�GHVLJQ�DQG�XVH�RI�FRPPXQLFDWLRQV�V\VWHPV�KDV�EHHQ�DQ�LPSRUWDQW�SDUW�RI�OLIH�LQ
WKH�ODERUDWRU\�IRU�PDQ\�\HDUV�DQG�KDV�KHOSHG�SDYH�WKH�ZD\�IRU�WKH�LQWHUQHW�WRGD\��,W
KDV�DOVR�EHHQ�WUHPHQGRXV�IXQ�

$QG\�+RSSHU�UHFHLYHG�WKH�%6F�GHJUHH�IURP�WKH�8QLYHULW\�RI�:DOHV�LQ������DQG�WKH
3K'�GHJUHH�IURP�WKH�8QLYHUVLW\�RI�&DPEULGJH�LQ��������+H�ZDV�HOHFWHG�D�)HOORZ�RI
WKH�5R\DO�$FDGHP\�RI�(QJLQHHULQJ�LQ��������+H�LV�3URIHVVRU�RI�&RPPXQLFDWLRQV
(QJLQHHULQJ�DW�WKH�&DPEULGJH�8QLYHUVLW\�(QJLQHHULQJ�'HSDUWPHQW���+H�LV�0DQDJLQJ
'LUHFWRU�RI�$7	7�/DERUDWRULHV�&DPEULGJH��IRUPHUO\�WKH�2OLYHWWL�	�2UDFOH
5HVHDUFK�/DERUDWRU\���DQG�D�)RXQGLQJ�'LUHFWRU�RI�9LUDWD�/WG��7HOHPHGLD�6\VWHPV
/WG��$GDSWLYH�%URDGEDQG�/WG�DQG�$FRUQ�&RPSXWHU�*URXS�SOF�



��

Michael Gordon:  Proving computers correct

7KH�&RPSXWHU�/DERUDWRU\�ZDV�DQ�HDUO\�SLRQHHU�RI�WKH�¦IRUPDO�YHULILFDWLRQ§�RI
KDUGZDUH���)RUPDO�YHULILFDWLRQ�GLIIHUV�IURP�WUDGLWLRQDO�VLPXODWLRQ�EDVHG�YHULILFDWLRQ
LQ�XVLQJ�DXWRPDWHG�UHDVRQLQJ�VRIWZDUH�WR�FRQVWUXFW�PDWKHPDWLFDO�FRUUHFWQHVV
SURRIV���7KHVH�SURRIV�HVWDEOLVK�FRUUHFW�IXQFWLRQLQJ�IRU�DOO�SRVVLEOH�VHTXHQFHV�RI
LQSXWV��QRW�MXVW�IRU�D�ILQLWH�QXPEHU�RI�VLPXODWHG�WHVW�FDVHV�

2QH�RI�WKH�ILUVW�IRUPDO�YHULILFDWLRQV�RI�D�FRPSOHWH�FRPSXWHU�GHVLJQ�ZDV�GRQH�DW
&DPEULGJH���7KH�PDFKLQH�ZDV�WULYLDO�E\�WRGD\©V�VWDQGDUGV��WZHQW\�VL[�PLFUR
LQVWUXFWLRQ��HLJKW�PDFKLQH�LQVWUXFWLRQV��VL[�UHJLVWHUV�DQG�FRQWUROOHG�E\�D�IRXU�ZD\
VZLWFK�RQ�WKH�IURQW�SDQHO���KRZHYHU�LW�EHFDPH�D�VWDQGDUG�YHULILFDWLRQ�EHQFKPDUN�
7KH�SURRI�ZDV�SHUIRUPHG�E\�-HII�-R\FH��D�UHVHDUFKHU�YLVLWLQJ�IURP�WKH�8QLYHUVLW\�RI
&DOJDU\���+H�VXEVHTXHQWO\�PDGH�D�VLQJOH�FKLS�LPSOHPHQWDWLRQ�RI�WKLV�FRPSXWHU�DW
;HUR[�3$5&�DQG�WKHQ�FDPH�WR�&DPEULGJH�DV�D�JUDGXDWH�VWXGHQW�

$�PDMRU�SURMHFW�DW�&DPEULGJH�LQ�WKH�����V�ZDV�WKH�YHULILFDWLRQ�RI�WKH�9,3(5�FKLS�
GHVLJQHG�DW�WKH�5R\DO�6LJQDOV�DQG�5DGDU�(VWDEOLVKPHQW���7KLV�ZDV�SUREDEO\�WKH�ILUVW
VXFFHVVIXO�DSSOLFDWLRQ�RI�IRUPDO�YHULILFDWLRQ�WR�D�UHDO�GHVLJQ���7KH�UHVHDUFK�ZDV
GRQH�E\�$YUD�&RKQ�DQG�:DL�:RQJ�DW�&DPEULGJH�DQG�ODLG�WKH�IRXQGDWLRQ�IRU�ODWHU
PRUH�DGYDQFHG�ZRUN�DURXQG�WKH�ZRUOG���7KH�9,3(5�SURMHFW�DOVR�UDLVHG�PDQ\�LVVXHV
DERXW�ZKDW�ZDV�DFWXDOO\�DFKLHYDEOH�E\�IRUPDO�YHULILFDWLRQ��DQG�SURYRNHG�PXFK�
VRPHWLPHV�KHDWHG��GLVFXVVLRQ�

7RGD\��LQ�WKH�ODWH�����V��SURFHVVRUV�DUH�VR�FRPSOH[�WKDW�WKH�H[DPSOHV�VWXGLHG�LQ
WKH�����V�ORRN�OXGLFURXVO\�VLPSOH���7KH�IRUPDO�YHULILFDWLRQ�RI�FRPSOHWH�SURFHVVRU
GHVLJQV�LV�QRZ�FRQVLGHUHG�LQWUDFWDEOH�DQG�ZRUN�IRFXVVHV�RQ�IUDJPHQWV��OLNH
SLSHOLQHV���+RZHYHU��WKLV�PD\�RQO\�EH�D�VKRUW�OLYHG�SKDVH�DQG�WKHUH�DUH�VLJQV�WKDW
ZKROH�SURFHVVRU�IRUPDO�YHULILFDWLRQ�VRRQ�ZLOO�DJDLQ�EHFRPH�DQ�DFWLYH�UHVHDUFK�DUHD�

0LNH�*RUGRQ�OHDUQHG�QXPHULFDO�DQDO\VLV�IURP�0DXULFH�:LONHV�ZKHQ�VWXG\LQJ
PDWKHPDWLFV�DW�&DPEULGJH��:RUNHG�IRU�D�3K'�IURP�WKH�'HSDUWPHQW�RI�0DFKLQH
,QWHOOLJHQFH�LQ�(GLQEXUJK�DQG�WKHQ�UHWXUQHG�WR�&DPEULGJH�IRU�WKH�'LSORPD�LQ
/LQJXLVWLFV��IROORZHG�E\�ILUVW�MRE�DV�UHVHDUFK�DVVLVWDQW�WR�-RKQ�0F&DUWK\�DW
6WDQIRUG���5HWXUQHG�WR�(GLQEXUJK�WR�ZRUN�DV�D�UHVHDUFK�DVVLVWDQW�WR�5RELQ�0LOQHU�
WKHQ�EDFN�WR�&DPEULGJH�IRU�JRRG�DV�/HFWXUHU��WKHQ�5HDGHU��WKHQ�3URIHVVRU�
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Frank King:  Teaching it straight

7KH���������'LSORPD�&RXUVH�LQ�1XPHULFDO�$QDO\VLV�DQG�$XWRPDWLF�$XWRPDWLF
&RPSXWLQJ�ZDV�WKH�ILUVW�IRUPDO�FRXUVH�OHDGLQJ�WR�D�XQLYHUVLW\�TXDOLILFDWLRQ�LQ
FRPSXWLQJ�DQ\ZKHUH�LQ�WKH�ZRUOG���7KLV�WDON�FKDUWV�WKH�SURJUHVV�RI�ERWK�WKH�LQ�
KRXVH�WHDFKLQJ�RI�FRPSXWLQJ�DQG�WKH�H[WUD�GHSDUWPHQWDO�WHDFKLQJ�VLQFH�WKRVH�HDUO\
GD\V�

2YHU�WKH�\HDUV�WKH�LQ�KRXVH�WHDFKLQJ�KDV�ZLWQHVVHG�WKH�VXFFHVVLYH�LQWURGXFWLRQ�RI
WKH�RQH��WZR��DQG�QRZ�WKUHH�\HDU�&RPSXWHU�6FLHQFH�7ULSRV��WKH�WHUP�¦FRPSXWHU
VFLHQFH§�LWVHOI�UHIOHFWLQJ�WKH�GHYHORSPHQW�RI�WKH�VXEMHFW���6RPH�HDUO\�SURMHFWV�ZRXOG
DOVR�QRZ�EH�PRUH�VXLWDEOH�DV�LQWURGXFWRU\�H[HUFLVHV���$VVRFLDWHG�ZLWK�WKH�FKDQJHV�LQ
FRQWHQW�KDYH�EHHQ�FKDQJHV�LQ�WKH�DVVHVVPHQW�PHWKRGV�

8QWLO�WKH�ODWH�����V�WKH�SULQFLSDO�H[WUD�GHSDUWPHQWDO�WHDFKLQJ�FRQVLVWHG�RI�VWXGHQWV
IURP�RWKHU�GHSDUWPHQWV�VLWWLQJ�LQ�RQ�VHOHFWHG�'LSORPD�OHFWXUHV���$�PDMRU
GHYHORSPHQW�ZDV�WKH�LQWURGXFWLRQ�RI�WHOHYLVLRQ�E\�'DYLG�+DUWOH\�LQ��������2WKHU
QRWDEOH�PLOHVWRQHV�LQFOXGH�WKH�LQWURGXFWLRQ�RI�FRXUVHV�IRU�$UWV�VWXGHQWV��DQG�WKH
LQFUHGLEOH�SHUVLVWHQFH�EXW�HYHQWXDO�GHPLVH�RI�)2575$1�

7KHUH�KDV�EHHQ�D�ORQJ�WHUP�WUHQG�DZD\�IURP�WHDFKLQJ�SURJUDPPLQJ�WR�WKH�WHDFKLQJ
RI�DSSOLFDWLRQV���$OPRVW�HYHU\RQH�QRZ�XVHV�VRPH�NLQG�RI�ZRUG�SURFHVVRU�DQG�HYHQ
PDWKHPDWLFLDQV�KDYH�DSSUHFLDWHG�WKDW�VSUHDGVKHHWV�DUH�QRW�MXVW�WRROV�IRU
DFFRXQWDQWV�

1RZ�D�/HFWXUHU�LQ�WKH�&RPSXWHU�/DERUDWRU\��)UDQN�.LQJ�ZDV�VXSHUYLVHG�LQ�WKH
0DWKHPDWLFDO�/DERUDWRU\�DV�DQ�XQGHUJUDGXDWH�LQ�WKH�HDUO\�����V�DQG�EHFDPH�D
VHULRXV�XVHU�ZKHQ�D�UHVHDUFK�VWXGHQW���+H�ZDV�DSSRLQWHG�D�8QLYHUVLW\�'HPRQVWUDWRU
E\�:LONHV�LQ������DQG�FKDUJHG�ZLWK�RYHUVHHLQJ�H[WUD�'HSDUWPHQWDO�WHDFKLQJ���7KLV
WHDFKLQJ�KDV�FKDQJHG�PDQ\�WLPHV�EXW�KH�LV�VWLOO�GRLQJ�LW�
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Stewart Lang:  Displaying dimensions

¦$�SLFWXUH�LV�ZRUWK�D�WKRXVDQG�ZRUGV§��RU�VR�WKH�WUDGLWLRQDO�VD\LQJ�JRHV�

:KHUH�WKH�SLFWXUH�ZLOO�OHDG�XV�LQ�WKH�QH[W����\HDUV�LV�XQZLWWLQJO\�D�PDWWHU�RI�GDLO\
LQWHUHVW�WR�DOO�FRPSXWHU�XVHUV���7KH�YDVW�PDMRULW\�RI�FRPSXWHU�LQSXW�DQG�RXWSXW
WRGD\�LV�WKURXJK�FRPSXWHU�GLVSOD\V���<HW��WKH�ILUVW�LQWHUDFWLYH�GLVSOD\V�RI�WKH�����
HUD�LQ�&DPEULGJH�ZHUH�KDUGO\�XVHU�IULHQGO\�DQG�ZHUH�FOHDUO\�LWHPV�RI�PDMRU�FDSLWDO
H[SHQGLWXUH�LQYROYLQJ�UDFNV�RI�HOHFWURQLFV�DQG�JUHDW�OHDSV�RI�IDLWK�E\�WKH�IXQGLQJ
ERGLHV���7KH�LQSXW�RXWSXW�PRGHO�RI�WKH�FRPSXWHU�IURP�WKH�����V�WR�WKH�����V�ZDV
RQH�RI�SDSHU�¤�SDSHU�WDSH��SDSHU�FDUGV�DQG�WHOHW\SH�RU�OLQH�SULQWHU�OLVWLQJV���:LWKLQ�D
GHFDGH�WKH�ZKROH�SDUDGLJP�IRU�XVHUV�KDG�FKDQJHG�IRUHYHU��DQG�DUJXDEO\�IRU�WKH
EHWWHU�

7RGD\�LQWHUDFWLYH�JUDSKLFV�LV�FRPPRQSODFH�IRU�FRPSXWHU�RXWSXW��DQG�D�PDMRU
FRPSRQHQW�RI�PRVW�XVHU�LQSXW�V\VWHPV��IURP�GHVNWRSV�WR�KDQGKHOGV��IURP�JDPHV�WR
QXPEHU�FUXQFKLQJ��IURP�WKH�VXEOLPH�WR�WKH�ULGLFXORXV��LW�LV�QRZ�WKH�FRPSXWHU
GLVSOD\�WKDW�LV�WKH�SUHGRPLQDQW�PHGLXP�IRU�LQWHUDFWLRQ���7KH�LQSXW�RXWSXW�PRGHO�LV
RQH�RI�PRYLQJ�DQG�WUDQVLWRU\�LPDJHV�LQ�SKRVSKRU��OLTXLG�FU\VWDO��RU�OLJKW�HPLWWLQJ
GLRGHV���7KH�/DE�KDV�EHHQ�VHHQ�DOO�RI�WKHVH�FKDQJHV��W\SLFDOO\�IURP�WKH�YLHZSRLQW�RI
WKH�VRIWZDUH�DQG�V\VWHP�GHYHORSHU��DW�WLPHV��DOVR��IURP�WKH�YLHZSRLQW�RI�WKH�GLVSOD\
GHYHORSHU�

7KLV�WDON�ZLOO�ORRN�EDFN�DW�VRPH�RI�WKH�GLVSOD\V�LQ�WKH�KLVWRU\�RI�WKH�/DE���7KH�WDON
ZLOO�DOVR�ORRN�IRUZDUG�EULHIO\�WR�WKH�QH[W�JHQHUDWLRQ�RI�GLVSOD\V�DYDLODEOH�WR�WKH�/DE
DQG�LWV�XVHU�FRPPXQLW\�LQ�&DPEULGJH���/RRNLQJ�EDFN���IURP�WKH�3'3���DQG
7\SH�����FDWKRGH�UD\�WXEH�GLVSOD\�RI������WR�WKH�FRORXU�GHVNWRS�GLVSOD\V�RI�WRGD\�
/RRNLQJ�IRUZDUG���IURP�WKH�VPDOOHVW�SRVWDJH�VWDPS�VL]H�GLVSOD\�WR�WKH�WUXO\�ZDOO�
VL]HG�GD\�JOR�ELOOERDUG��DQG�IURP�WKH�OXPLQHVFHQW�SODVWLF�SLQKHDG�WR�WKH�IXOO\�WKUHH�
GLPHQVLRQDO�GLVSOD\�

7KH�FKDQJH�IURP�KDUG�FRS\�WR�VRIW�FRS\�KDV�EHHQ�DQ�RXWVWDQGLQJ�SKHQRPHQRQ�RI
WKH�ODVW����\HDUV�RI�FRPSXWLQJ���%XW��WKH�QH[W����\HDUV�RIIHU�HYHQ�JUHDWHU�FKDQJHV�LQ
GLVSOD\V�WKDQ�WKH�ODVW����\HDUV��DQG�HYHQ�JUHDWHU�FKDQJHV�LQ�VRIW�FRS\�SDUDGLJPV�WR
JR�ZLWK�WKRVH�QHZ�GLVSOD\V�

:KDW�WKHQ�ZLOO�D�SLFWXUH�EH"

6WHZDUW�/DQJ�VWDUWHG�ZLWK�FRPSXWHU�JUDSKLFV�LQ������RQ�WKH�3'3�������OLQNHG�WR
7LWDQ��GXULQJ�WKH�'LSORPD�LQ�&RPSXWHU�6FLHQFH���%HFDPH�D�UHVHDUFK�VWXGHQW�DQG
XVHG�WKH�3'3����9HFWRU�*HQHUDO�JUDSKLFV�V\VWHP�H[WHQVLYHO\�LQ�KLV�3K'�UHVHDUFK�LQ
WKH�/DE���/HIW�WKH�/DE�LQ������WR�GHYHORS�V\VWHP�VRIWZDUH�IRU�PLFURFRPSXWHUV�
&R�IRXQGHG�0LFUR�)RFXV�*URXS�SOF�LQ�������QRZ�0(5$17�SOF���ZKLFK�GHYHORSHG
&2%2/�FRPSLOHUV�IRU�PLFURFRPSXWHUV�DQG�PRYHG�ZLWK�0LFUR�)RFXV�WR�3DOR�$OWR�
5HWXUQHG�WR�WKH�/DE�DV�D�YLVLWRU�LQ������WR�LQYHVWLJDWH�DXWRVWHUHRVFRSLF�JUDSKLFV
GLVSOD\V��&R�IRXQGHG�$6'�6\VWHPV�/LPLWHG�LQ������WR�FRPPHUFLDOLVH�DXWRVWHUHR
WHFKQRORJ\��DQG�LV�QRZ�WKH�FRPSDQ\©V�&KLHI�([HFXWLYH�



��

John Daugman:  Eyeing the user

,ULV�UHFRJQLWLRQ�LOOXVWUDWHV�ZRUN�LQ�FRPSXWHU�YLVLRQ��SDWWHUQ�UHFRJQLWLRQ��DQG�WKH
PDQ�PDFKLQH�LQWHUIDFH���7KH�SXUSRVH�LV�UHDO�WLPH��KLJK�FRQILGHQFH�UHFRJQLWLRQ�RI�D
SHUVRQ©V�LGHQWLW\�E\�PDWKHPDWLFDO�DQDO\VLV�RI�WKH�UDQGRP�SDWWHUQV�WKDW�DUH�YLVLEOH
ZLWKLQ�WKH�LULV�RI�DQ�H\H�IURP�VRPH�GLVWDQFH���%HFDXVH�WKH�LULV�LV�D�SURWHFWHG�LQWHUQDO
RUJDQ�ZKRVH�UDQGRP�WH[WXUH�LV�VWDEOH�WKURXJKRXW�OLIH��LW�FDQ�VHUYH�DV�D�NLQG�RI
OLYLQJ�SDVVZRUG�WKDW�RQH�QHHG�QRW�UHPHPEHU�EXW�RQH�DOZD\V�FDUULHV�DORQJ�
5HFRJQLWLRQ�GHFLVLRQV�DUH�PDGH�ZLWK�FRQILGHQFH�OHYHOV�KLJK�HQRXJK�WR�VXSSRUW�UDSLG
H[KDXVWLYH�VHDUFKHV�WKURXJK�QDWLRQDO�VL]HG�GDWDEDVHV�

$OJRULWKPV�,�KDYH�GHYHORSHG�LQ�&DPEULGJH�DUH�WRGD\�WKH�EDVLV�IRU�DOO�LULV
UHFRJQLWLRQ�V\VWHPV�ZRUOGZLGH���,Q�$PHULFD�DQG�-DSDQ��WKH�PDLQ�XVHV�DUH�SK\VLFDO
HQWU\�FRQWURO�DQG�YDULRXV�*RYHUQPHQW�SURJUDPPHV���,Q�%ULWDLQ��7KH�1DWLRQZLGH
%XLOGLQJ�6RFLHW\�LQWURGXFHG�LULV�UHFRJQLWLRQ�LQWR�LWV�FDVK�GLVSHQVLQJ�PDFKLQHV��LQ
OLHX�RI�3,1�QXPEHUV��LQ��������%H\RQG�+LJK�6WUHHW�EDQNLQJ��LULV�UHFRJQLWLRQ�LV
IRUHFDVW�WR�SOD\�D�UROH�LQ�D�ZLGH�UDQJH�RI�RWKHU�DSSOLFDWLRQV�ZKHUHYHU�D�SHUVRQ©V
LGHQWLW\�PXVW�EH�HVWDEOLVKHG�RU�FRQILUPHG���7KHVH�LQFOXGH�SDVVSRUW�FRQWURO�
HOHFWURQLF�FRPPHUFH��EHQHILWV�SD\PHQW��EXLOGLQJ�HQWU\��DFFHVV�WR�SULYLOHJHG
LQIRUPDWLRQ��GULYLQJ�OLFHQVHV��IRUHQVLF�DQG�FRUUHFWLRQDO�DSSOLFDWLRQV��FRPSXWHU
ORJLQ��RU�DQ\�WUDQVDFWLRQ�LQ�ZKLFK�SHUVRQDO�LGHQWLILFDWLRQ�FXUUHQWO\�UHOLHV�RQ�NH\V�
FDUGV��GRFXPHQWV��SDVVZRUGV�RU�3,1V�

-RKQ�'DXJPDQ�KDV�EHHQ�D�/HFWXUHU�VLQFH������LQ�WKH�/DE��ZKHUH�KH�WHDFKHV�FRXUVHV
LQ�&RPSXWHU�9LVLRQ��1HXUDO�&RPSXWLQJ��,QIRUPDWLRQ�7KHRU\�DQG�&RGLQJ��DQG
&RQWLQXRXV�0DWKHPDWLFV���+H�REWDLQHG�KLV�GHJUHHV�DW�+DUYDUG�8QLYHUVLW\��ZKHUH�KH
DOVR�MRLQHG�WKH�IDFXOW\��DQG�ZDV�WKHQ�DZDUGHG�WKH�3UHVLGHQWLDO�<RXQJ�,QYHVWLJDWRU
$ZDUG�E\�WKH�86�1DWLRQDO�6FLHQFH�)RXQGDWLRQ���%HIRUH�FRPLQJ�WR�&DPEULGJH�KH
KHOG�WKH�7RVKLED�(QGRZHG�&KDLU�LQ�&RPSXWHU�6FLHQFH�DW�WKH�7RN\R�,QVWLWXWH�RI
7HFKQRORJ\���+H�UHFHLYHG�WKH������,QIRUPDWLRQ�7HFKQRORJ\�$ZDUG�RI�WKH�%ULWLVK
&RPSXWHU�6RFLHW\��DQG�KLV�LQYHQWLRQ�IRU�LULV�UHFRJQLWLRQ�ZDV�GHVLJQDWHG�D
0LOOHQQLXP�3URGXFW�E\�WKH�'HVLJQ�&RXQFLO�
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Ian Leslie:  What about the future?

5DWKHU�WKDQ�JHWWLQJ�LQYROYHG�LQ�D�FU\VWDO�EDOO�H[HUFLVH�ZKLFK�ZLOO�RQO\�EH�RI
HPEDUUDVVPHQW�WR�PH�LQ�\HDUV�WR�FRPH��,�ZRXOG�OLNH�WR�SRLQW�RXW�VRPH�DUHDV�RI
FXUUHQW�H[FLWHPHQW�LQ�WKH�UHVHDUFK�WKDW�LV�JRLQJ�RQ�LQ�WKH�/DERUDWRU\���,�KRSH�,�DP
IRUJLYHQ�IRU�EHJLQQLQJ�E\�ORRNLQJ�DW�P\�RZQ�JURXS©V�DFWLYLWLHV�EHIRUH�PRYLQJ
IXUWKHU�DILHOG�

,Q�P\�RZQ�DUHD�RI�UHVHDUFK��QDPHO\�QHWZRUNV�DQG�RSHUDWLQJ�V\VWHPV��WKHUH�DUH�D
QXPEHU�RI�JHQHUDO�WKHPHV��LQFOXGLQJ�FRQYHUJHQFH�RI�FRPPXQLFDWLRQV�DQG
FRPSXWLQJ��WKH�LQFUHDVHG�UHOLDQFH�ZH�DOO�SODFH�RQ�V\VWHPV��DQG�WKH�RSHQLQJ�XS�RI
QHWZRUN�FRQWURO��7KH\�DUH�RI�FRXUVH�LQWHUUHODWHG�DQG�,�ZRXOG�OLNH�WR�WDNH�D�EULHI
ORRN�DW�WKHLU�LPSOLFDWLRQV���7KLV�LV�SHUKDSV�WR�WDNH�D�YLHZ�RI�WKH�VXEMHFW�IURP�DERYH�

/RRNLQJ�DW�WKLQJV�LQ�D�ERWWRP�XS�IDVKLRQ��EDVH�OHYHO�WHFKQRORJ\�¤�LQ�SDUWLFXODU
VHPLFRQGXFWRU�WHFKQRORJ\�¤�LPSURYHV�DW�D�UHDVRQDEO\�SUHGLFWDEOH�UDWH���6R�GR
VRPHZKDW�¦KLJKHU�OHYHO§�GHYLFHV�VXFK�DV�SURFHVVRUV��PHPRU\�FKLSV�DQG�ODVHUV���%XW
WKHVH�W\SHV�RI�GHYLFH�KDYH�GLIIHUHQW�UDWHV�RI�LPSURYHPHQW��VR�V\VWHP�DUFKLWHFWXUHV
RSWLPLVHG�IRU�FXUUHQW�GHYLFH�FKDUDFWHULVWLFV�ZLOO�UHYHDO�IDXOW�OLQHV�ZKHQ�VFDOHG�XS�WR
JR�IDVWHU��FKHDSHU��DQG�ELJJHU��+HUHLQ��KRZHYHU��DOVR�OLH�RSSRUWXQLWLHV��WKHVH�UDQJH
IURP�QHZ�ZRUNVWDWLRQ�DUFKLWHFWXUHV�WR�WKH�LQIUDVWUXFWXUDO�JOXH�WKDW�NHHSV�JOREDO
GLVWULEXWHG�V\VWHPV�UXQQLQJ�VPRRWKO\�DQG�VHFXUHO\�ZKLOH�FRQWLQXDOO\�HYROYLQJ�

7KHVH�GHYHORSPHQWV�DOVR�FUHDWH�GLVFRQWLQXLWLHV�¤�WR�ERUURZ�-RKQ�7D\ORU©V�SKUDVH�¤
RI�RWKHU�VRUWV��LQ�SDUWLFXODU�ZLWK�UHVSHFW�WR�KXPDQ�PDFKLQH�LQWHUDFWLRQ���6WHSSLQJ
EDFN�RQH�FRXOG�VLPSO\�UHJDUG�WKLV�DV�DQRWKHU�IDXOW�OLQH�LQ�FXUUHQW�DUFKLWHFWXUHV�
KXPDQV�DUHQ©W�DGYDQFLQJ�LQ�SURFHVVLQJ�DQG�SHUFHSWLRQ�SRZHU�DV�IDVW�DV�FRPSXWHUV
DUH���,Q�IDFW��WKH�QDWXUH�RI�KXPDQ�PDFKLQH�LQWHUDFWLRQ�LV�XQGHU�SURIRXQG�FKDQJH�
([FLWLQJ�DV�WKLV�LV��WKHUH�ZLOO�EH�HYHQ�PRUH�H[FLWLQJ�GHYHORSPHQWV�DV�ZH�EHJLQ�WR
H[DPLQH�WKH�DSSOLFDWLRQV�ZKLFK�EHFRPH�SRVVLEOH���6RPH�RI�WKHVH�DSSOLFDWLRQV�OLH
EH\RQG�ZKDW�ZH�PD\�FRQVLGHU�FRPSXWHU�VFLHQFH��ZH�QRZ�VHH�FRQYHUJHQFH�RI
FRQWHQW�ZLWK�FRPPXQLFDWLRQV�DQG�FRPSXWDWLRQ�

,QWHUHVWLQJO\��VXFFHVV�LQ�P\�SDUW�RI�WKH�VXEMHFW��ZKHUH�VXFFHVV�PLJKW�EH�JDXJHG�LQ
WHUPV�RI�JHWWLQJ�LGHDV�LQWR�XVH�LQ�WKH�UHDO�ZRUOG��EULQJV�PRUH�SUHVVXUH�WR�EHDU�RQ�WKH
IRXQGDWLRQV�RI�WKH�VXEMHFW���6RFLHW\�LV�EHFRPLQJ�PRUH�DQG�PRUH�UHOLDQW�RQ
WHFKQRORJ\�PXFK�RI�ZKLFK�KDV�FRPH�WR�PDUNHW�YHU\�TXLFNO\��DQG�WKLV�WUHQG�ZLOO
FRQWLQXH���7KH�<�.�EXJ�LV�RQO\�DQ�LQGLFDWLRQ�RI�WKH�SUREOHPV�DKHDG�LI�ZH�GR�QRW
KDYH�D�EHWWHU�XQGHUVWDQGLQJ�QRW�MXVW�RI�KRZ�V\VWHPV�XVXDOO\�EHKDYH��EXW�RI�WKH
UDQJH�RI�WKHLU�SRVVLEOH�EHKDYLRXUV��2QO\�ZLWK�WKLV�IXOOHU�XQGHUVWDQGLQJ�ZH�ZLOO�EH
DEOH�WR�GHYHORS�EHWWHU�PHDQV�RI�EXLOGLQJ�PRUH�UREXVW�V\VWHPV�

7KH�/DERUDWRU\�LV�SXUVXLQJ�UHVHDUFK�LQ�DOO�RI�WKHVH�DUHDV���,�KRSH�WR�EH�DEOH�WR�JLYH�D
WDVWHU�RI�WKH�LPPHGLDWH�IXWXUH�RI�WKH�/DERUDWRU\©V�UHVHDUFK�

,DQ�/HVOLH�EHJDQ�D�3K'�LQ�WKH�/DERUDWRU\�LQ�WKH�DUHD�RI�FRPSXWHU�FRPPXQLFDWLRQV
LQ��������+H�EHFDPH�D�UHVHDUFK�DVVLVWDQW�LQ������DQG�MRLQHG�WKH�WHDFKLQJ�VWDII�RI
WKH�'HSDUWPHQW�LQ�������EHFRPLQJ�3URIHVVRU�RI�&RPSXWHU�6FLHQFH��7HDFKLQJ�DQG
5HVHDUFK��LQ��������+LV�UHVHDUFK�LQWHUHVWV�LQFOXGH�RSHUDWLQJ�V\VWHPV��QHWZRUNV�DQG
PRUH�SDUWLFXODUO\�WKHLU�UHVRXUFH�PDQDJHPHQW�DQG�SHUIRUPDQFH�
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Karen Spärck Jones:  Conclusion – getting there

6\VWHPV�KDYH�DOZD\V�EHHQ�WKH�IRFXV�RI�WKH�/DERUDWRU\©V�UHVHDUFK���%XW�ZKDW
¨V\VWHPV©�DUH��LQ�IRUP�DQG�IXQFWLRQ�DQG�LQ�WKHRU\�DQG�SUDFWLFH��KDV�FRQWLQXDOO\
JURZQ���7KH�/DERUDWRU\©V�ZRUN�LV�WKXV�SURWHDQ���7KH�WDON�ZLOO�LOOXVWUDWH�WKH�ULFK
YDULHW\��IURP�VHOI�WLPHG�FLUFXLWV��WR�SURRI�RI�VHFXULW\�SURWRFROV��WR�VSRNHQ�GRFXPHQW
UHWULHYDO��RI�WKH�UHVHDUFK�EHLQJ�GRQH�DV�WKH�/DERUDWRU\�KHDGV�IRU�LWV�QH[W�ILIW\�\HDUV
LQ�FRPSXWLQJ�

.DUHQ�6SlUFN�-RQHV�ZDV�D�YLFDULRXV�('6$&���XVHU��YLD�5RJHU�1HHGKDP���WKHQ�DQ
HDUO\�7LWDQ�XVHU���$�UHVHDUFK�IHOORZ�DQG�DVVRFLDWH�LQ�WKH�/DERUDWRU\�IURP���������
ZRUNLQJ�RQ�QDWXUDO�ODQJXDJH�DQG�LQIRUPDWLRQ�SURFHVVLQJ��$SSRLQWHG�WR�VWDII�LQ
������QRZ�D�5HDGHU���2UJDQLVHU��('6$&����FHOHEUDWLRQ�
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Historic objects exhibition

Overseer:  Chris Hadley

7KH�('6$&����KLVWRULFDO�H[KLELWLRQ�VKRZV�REMHFWV�DVVRFLDWHG�ZLWK�WKH�/DERUDWRU\©V
PDMRU�PDFKLQHV��IRFXVVLQJ�RQ�WKH�('6$&�����,W�FRYHUV�SUH�('6$&�FDOFXODWLQJ
PDFKLQHV��('6$&���REMHFWV��DQG�WKHQ�LWHPV�DVVRFLDWHG�ZLWK�('6$&����7LWDQ��WKH
&$3��WKH�&DPEULGJH�5LQJ��WKH�&DPEULGJH�0RGHO�'LVWULEXWHG�6\VWHP�DQG�WKH
5DLQERZ�GLVSOD\��OHDGLQJ�WR�WKH�SUHVHQW�$XWRVWHUHR�GLVSOD\�

$ORQJ�ZLWK�PDFKLQHV��FRPSRQHQWV�DQG�GHYLFHV�WKH�H[KLELWLRQ�LQFOXGHV�GRFXPHQWV�¤
WKH�('6$&�ORJ�ERRN��GHVLJQ�GUDZLQJV��HDUO\�SURMHFW�OLVWV��3URFHHGLQJV�RI�WKH�����
&DPEULGJH�&RQIHUHQFH��HWF��¤�WRJHWKHU�ZLWK�SKRWRJUDSKV��HVSHFLDOO\�RI�('6$&��
DQG�('6$&����ZLWK�HDUO\�/DERUDWRU\�VWDII���:H�DUH�SDUWLFXODUO\�JUDWHIXO�WR�'DYLG
:KHHOHU�IRU�KHOSLQJ�ZLWK�WKH�LGHQWLILFDWLRQ�DQG�GHVFULSWLRQ�RI�WKHVH�DUWHIDFWV�

7KHVH�GRFXPHQWV�DUH�VXSSRUWHG�E\�LOOXVWUDWLYH�PDWHULDO�VKRZLQJ��IRU�H[DPSOH��WKH
('6$&���RUGHU�FRGH��HDUO\�/DERUDWRU\�3K'�WKHVLV�WLWOHV�DQG�'LSORPD�GLVVHUWDWLRQ
WRSLFV�

7KH�FRPSDQLRQ�H[KLELWLRQ�RQ�WKH�&RPSXWLQJ�6HUYLFH�WDNHV�XS�WKH�WKHPH�RI�VHUYLFH
SURYLVLRQ�DQG�GHYHORSPHQW��EHJXQ�ZLWK�WKH�0DWKHPDWLFDO�/DERUDWRU\©V�RULJLQDO
FDOFXODWLQJ�PDFKLQHV�DQG�HQKDQFHG�WKURXJK�WKH�('6$&���SURMHFWV�

Millionaire calculating machine
$Q�H[DPSOH�RI�D�YHU\�HDUO\�FDOFXODWLQJ�PDFKLQH��IURP�DERXW��������7KH�PHFKDQLVP
ZDV�XQXVXDO�IRU�WKH�WLPH�LQ�WKDW�LW�KDG�D�PXOWLSOLFDWLRQ�XQLW�¤�LW�ZDV�PRUH�FRPPRQ
WR�SHUIRUP�PXOWLSOLFDWLRQ�DV�D�VHTXHQFH�RI�DGGLWLRQV�

Brunsviga and Double Brunsviga hand calculating machine
7KHVH�DUH�%UXQVYLJD�KDQG�FDOFXODWLQJ�PDFKLQHV���7KH\�ZHUH�XVHG�LQ�WKH�/DERUDWRU\
IURP�DERXW������XQWLO�WKH�HDUO\�����V���$IWHU�('6$&�VWDUWHG�WKH\�ZHUH�XVHG�IRU
WHDFKLQJ�FODVVHV�LQ�QXPHULFDO�DQDO\VLV���2ULJLQDOO\�WKH�/DE�ZDV�VHW�XS�VR�WKHUH�ZHUH
VRPH�FDOFXODWRUV�OLNH�WKLV�WR�SURYLGH�FRPSXWLQJ�IRU�WKH�8QLYHUVLW\��DQG�VFLHQFH
VWXGHQWV�XVHG�VXFK�PDFKLQHV�WR�GR�WKHLU�FDOFXODWLRQV���$�QXPEHU�FDQ�EH�VHW�E\
PHDQV�RI�WKH�NH\V��ZKLFK�FDQ�WKHQ�EH�DGGHG�LQWR�WKH�DFFXPXODWRU�E\�WXUQLQJ�WKH
KDQGOH��RU�VXEWUDFWHG�E\�WXUQLQJ�LW�WKH�RWKHU�ZD\���,Q�DGGLWLRQ�WKH�DFFXPXODWRU�DW
WKH�ERWWRP�ZLOO�PRYH�WR�WKH�ULJKW�DQG�WR�WKH�OHIW��ZKLFK�DOORZV�D�PXOWLSOLFDWLRQ�DV�D
VHTXHQFH�RI�DGGLWLRQV�DQG�VKLIWV��RU�GLYLVLRQ�E\�GRLQJ�WKH�VDPH�EDFNZDUGV�ZLWK
VXEWUDFWLRQ����7KH�GRXEOH�%UXQVYLJD�ZDV�GHVLJQHG�WR�SHUIRUP�FDOFXODWLRQV�ZLWK
FRPSOH[�QXPEHUV�

Facit hand calculating machine
7KH�)DFLW�KDQG�FDOFXODWLQJ�PDFKLQH�GDWHV�IURP�WKH�����V��DQG�WKHLU�PDLQ�XVH�LQ�WKH
0DWKHPDWLFDO�/DERUDWRU\�ZDV�IRU�WHDFKLQJ�QXPHULFDO�DQDO\VLV���7KH�PRGH�RI
ZRUNLQJ�LV�DSSUR[LPDWHO\�WKH�VDPH�DV�WKH�%UXQVYLJD�ZLWK�VRPH�UHILQHPHQWV�

Marchant electrical calculator
0DUFKDQW�HOHFWULFDOO\�GULYHQ�KDQG�FDOFXODWRUV�ZHUH�LQWURGXFHG�LQWR�WKH
0DWKHPDWLFDO�/DERUDWRU\�GXULQJ�WKH�ZDU���7KH\�ZHUH�SDUW�RI�WKH�8QLYHUVLW\
&RPSXWLQJ�6HUYLFH�IRU�XVH�E\�PHPEHUV�RI�RWKHU�GHSDUWPHQWV���7KH�PRGH�RI�XVH�LV
VLPLODU�WR�WKDW�RI�WKH�%UXQVYLJD�DQG�WKH�)DFLW��EXW�WKH�RSHUDWLRQV�DUH�DXWRPDWHG
UDWKHU�WKDQ�GULYHQ�E\�KDQG�
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Mathematical Laboratory door
7KLV�ZDV�WKH�GRRU�WR�&RUQ�([FKDQJH�6WUHHW�IURP�WKH�ROG�0DWKHPDWLFDO�/DERUDWRU\�
,W�ZDV�XQRIILFLDOO\�VDYHG�DQG�KDV�EHFRPH�D�KLVWRULFDO�UHOLF�UHFRUGLQJ�UHWLULQJ
PHPEHUV�RI�WKH�/DERUDWRU\���,W�ZDV�PHQWLRQHG�LQ�)UHG�+R\OH©V�VFLHQFH�ILFWLRQ�ERRN
¦7KH�%ODFN�&ORXG§�

09�:LONHV�	�('6$&���PHUFXU\�GHOD\�OLQHV

EDSAC 1 log book
7KH�('6$&���/RJ�ERRN�ZDV�VWDUWHG�RQ���0D\��������7KH�PDFKLQH�KDG�EHHQ
ZRUNLQJ�DQG�EHHQ�FRPPLVVLRQHG�EHIRUH�WKHQ�EXW�QR�UHFRUGV�ZHUH�NHSW�DQG�VR
DXWKHQWLF�GDWHV�FDQQRW�EH�JLYHQ���,W�VWDUWHG�ZLWK�DQ�LQIRUPDO�V\VWHP�DQG�SURSHU
FRPSXWLQJ�GLGQ©W�VWDUW�XQWLO�DERXW�WKUHH�PRQWKV�ODWHU���7KH�ILUVW�SURJUDP�SULQWHG�D
WDEOH�RI�VTXDUHV�DQG�ZDV�FRPSOHWHO\�DXWRPDWLF���,Q�RWKHU�ZRUGV�WKH�SURJUDP�ZDV
UHDG�LQ�IURP�SXQFKHG�SDSHU�WDSH��LW�GLG�D�FRPSXWDWLRQ�RI�WZR�PLQXWHV�WKLUW\
VHFRQGV��LQFOXGLQJ�SULQWLQJ�WKH�UHVXOWV�RQ�D�WHOHSULQWHU�¤�WKH�ZKROH�ZDV�DXWRPDWLF
DSDUW�IURP�SUHVVLQJ�WKH�VWDUW�EXWWRQ�

EDSAC 1 chassis
7KLV�LV�D�FKDVVLV�IURP�('6$&���ZKLFK�KDG�ILIWHHQ�UDFNV��HDFK�RI�ZKLFK�KHOG�ILYH�WR
WHQ�FKDVVLV���7KHVH�ZHUH�ZLUHG�LQ�SHUPDQHQWO\���7KH�ZLULQJ�ZDV�XQGHUQHDWK�DQG�WKH
EDFN�ZLULQJ�FRQQHFWHG�FKDVVLV�DFURVV�WKH�IXOO�URRP�ZKLFK�ZDV�DERXW����IW�E\����IW�
7KH�SXUSRVH�RI�WKLV�SDUWLFXODU�FKDVVLV�LV�XQNQRZQ�EXW�D�FKDVVLV�RI�WKLV�VL]H�ZRXOG
W\SLFDOO\�UXQ�RQH�PHPRU\�WDQN�LQ�WKH�PHPRU\�VWRULQJ����ZRUGV��RU�RQH�ZRUG�RI�DQ
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DFFXPXODWRU��RU�KDOI�D�ZRUG�RI�WKH�LQVWUXFWLRQ�UHJLVWHU���5DFNV�RI�VLPLODU�VL]H�ZHUH
XVHG�WR�PDNH�DGGHUV�DQG�RWKHU�VHOHFWLRQ�GHYLFHV���,Q�WKH�YHU\�HDUO\�GD\V�RQ�WKH
PHPRU\�FKDVVLV�WKH�PHPRU\�ZDV�FOHDUHG�E\�WRXFKLQJ�D�GLRGH�DW�RQH�HQG�¤�DOWKRXJK
ODWHU�D�SUHVV�EXWWRQ�ZDV�ILWWHG�WR�FOHDU�WKH�HQWLUH�VWRUH���,W�ZDV�PDQXIDFWXUHG�E\
0RUOH\�DQG�'XNH��DQ�HOHFWULFDO�ZLULQJ�ZRUNVKRS�KHUH�LQ�&DPEULGJH��DIWHU�WKH
SURWRW\SHV�KDG�EHHQ�PDGH�LQ�WKH�0DWKHPDWLFDO�/DERUDWRU\�

Creed paper tape reader, used with EDSAC 1
7KLV�LWHP�LV�D�SDSHU�WDSH�UHDGHU�TXLWH�VWDQGDUG�DW�WKH�HQG�RI�WKH�ZDU�¤�LW�ZDV�XVHG
LQ�WHOHJUDSK\���,W�ZDV�DGDSWHG�IRU�XVH�LQ�WKH�WDSH�URRP�DOWKRXJK�DV�LW�RQO\�ZRUNV�DW
��FKDUDFWHUV�D�VHFRQG�LW�ZDV�ODWHU�UHSODFHG�E\�WDSH�UHDGHUV�PDQXIDFWXUHG�LQ�WKH
0DWKHPDWLFDO�/DERUDWRU\���,W�ZDV�XVHG�IRU�SUHSDULQJ�SDSHU�WDSHV�WR�EH�IHG�LQWR�WKH
('6$&��EXW�ZDV�QRW�DFWXDOO\�SK\VLFDOO\�FRQQHFWHG���,Q�SUHSDULQJ�D�SURJUDP�D�XVHU
PLJKW�ZLVK�WR�LQFRUSRUDWH�D�OLEUDU\�URXWLQH���,W�ZDV�SRVVLEOH�WR�FRS\�D�OLEUDU\�WDSH
DQG�SDUW�RI�WKH�SURJUDP�WDSH�DQG�DVVHPEOH�D�FRPSOHWH�SURJUDP�WDSH�IURP�WKHVH
LQGLYLGXDO�SDUWV�¤�DQG�VR�WKH�WDSH�URRP�FRQWDLQHG�D�QXPEHU�RI�WDSH�UHDGHUV�DQG
SXQFKHUV���7KH�RXWSXW�ZDV�D�VWDQGDUG�WHOHJUDSK�VHULDO�FRGH�¤�('6$&���KDG�D
SDUDOOHO�LQSXW�RI���ELWV�VR�LW�FRXOG�QRW�EH�XVHG�WKHUH�EXW�LW�FRXOG�EH�XVHG�DV�D�WDSH
UHDGHU�WR�FRS\�DQG�GULYH�D�VLPLODU�SXQFK�

EDSAC 1 mercury delay line
7KLV�LV�D�PHUFXU\�GHOD\�OLQH��XVHG�DV�PHPRU\�LQ�('6$&����7KH�PDLQ�PHPRU\
FRQVLVWHG�RI�WZR�EDWWHULHV�RI����WDQNV��HDFK���IHHW�ORQJ���7KLV�SDUWLFXODU�GHOD\�OLQH
ZDV�XVHG�IRU�KROGLQJ�RQH�ZRUG�RI����ELWV���$Q�RVFLOODWRU�GURYH�D�TXDUW]�FU\VWDO
WUDQVGXFHU�DW�RQH�HQG���7KH�VRXQG�ZDYHV�WUDYHOOHG�WKURXJK�WKH�PHUFXU\�ZLWKLQ�WKH
WXEH�DQG�ZHUH�SLFNHG�XS�E\�D�TXDUW]�WUDQVGXFHU�DW�WKH�RWKHU�HQG���7KH�OHQJWK�LV
VXFK�WKDW����SXOVHV�FRXOG�EH�WUDYHOOLQJ�WKURXJK�WKH�WXEH�DW�DQ\�RQH�WLPH��HDFK�DERXW
RQH�PLFURVHFRQG�ORQJ��VHQW�HYHU\�WZR�PLFURVHFRQGV���7KHUH�ZDV�D�FLUFXLW�LQ�D
FKDVVLV�ZKLFK�WRRN�WKH�VLJQDO�FRPLQJ�RXW��DPSOLILHG�LW��DQG�FRQYHUWHG�LW�LQWR�D
YROWDJH�SXOVH���7KLV�ZDV�WKHQ�$1'HG�ZLWK�D�FORFN�SXOVH�DQG�VHQW�EDFN��RU�SRVVLEO\�
DFFRUGLQJ�WR�FRQWURO�ZDYH�IRUPV��VRPH�QHZ�LQIRUPDWLRQ�ZDV�IHG�LQ�¤�VR�LW�FRXOG
KROG�WKH�LQIRUPDWLRQ�DV�ORQJ�DV�ZDV�QHFHVVDU\���7KH�DWWHQXDWLRQ�ZDV�VR�VPDOO�RQ�WKH
XOWUDVRQLF�SXOVHV�WKDW�LW�ZDV�SRVVLEOH�IRU�D�SXOVH�WR�EH�UHIOHFWHG�IURP�WKH�IDU�HQG
ZKLFK�ZRXOG�FDXVH�LQWHUIHUHQFH�¤�WKHUH�LV�D�VFUHZ�DW�WKH�WRS�ZKLFK�FRXOG�EH�VFUHZHG
LQWR�WKH�PHUFXU\�WR�LQFUHDVH�WKH�DWWHQXDWLRQ�ZKLFK�SUHYHQWHG�WKLV�KDSSHQLQJ���7KH
VL[�IRRW�ORQJ�WDQNV�GLG�QRW�QHHG�WKLV�LQFUHDVHG�DWWHQXDWLRQ���7KH�WXEH�ZDV�ILOOHG
ZLWK�PHUFXU\�EHFDXVH�WKLV�KDSSHQHG�WR�PDWFK�WKH�FKDUDFWHULVWLFV�RI�TXDUW]�FU\VWDOV
WUDQVGXFHUV��VR�WKHUH�ZDV�D�JRRG�LPSHGDQFH�PDWFK�

EDSAC 1 thermostat
7KLV�LV�D�WKHUPRVWDW��PDGH�IURP�D�PHUFXU\�WKHUPRPHWHU���$W�WKH�DSSURSULDWH�KHLJKW
RI�PHUFXU\�WZR�FLUFXLWV�VKRUWHG�DQG�WKLV�ZDV�XVHG�WR�FRQWURO�WKH�WHPSHUDWXUH�RI�WKH
PHUFXU\�GHOD\�OLQHV�XVHG�E\�('6$&�����7KH�GHOD\�OLQHV�ZHUH�SXW�LQ�D�FRIILQ�OLNH
ER[��DQG�WKH�WKHUPRVWDW�ZDV�DUUDQJHG�WR�NHHS�WKH�WHPSHUDWXUH�FRQVWDQW�VR�WKH
QXPEHU�RI�SXOVHV�LQ�HDFK�GHOD\�OLQH�UHPDLQHG�LQYDULDQW���,W�ZDV�PDGH�LQ�WKH�/DE�E\
KDQG��WKHUH�EHLQJ�QR�FRPPHUFLDOO\�DYDLODEOH�GHYLFHV�DYDLODEOH�DW�WKH�WLPH�

EDSAC 1 valve lifter
$�GHYLFH��PDGH�LQ�WKH�0DWKHPDWLFDO�/DERUDWRU\��IRU�OLIWLQJ�KRW�YDOYHV�GXULQJ
RSHUDWLRQ�
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6$�%DUWRQ�	�('6$&���FKDVVLV�FRQVWUXFWLRQ�ZLWK�PLQLDWXUH�YDOYHV

EDSAC 2 chassis (various)
('6$&���ZDV�PDGH�RI�D�QXPEHU�RI�VXFK�SOXJ�LQ�XQLWV��WKH�PRGXODU�FRQVWUXFWLRQ
DOORZLQJ�HDV\�PDLQWHQDQFH���7KH�EXON�RI�WKH�PDFKLQH�FRQVLVWHG�RI����LGHQWLFDO�ORQJ
FKDVVLV��HDFK�RI�ZKLFK�ZDV�RQH�SDUW�RI�WKH�DULWKPHWLF�XQLW�DQG�FRQWDLQHG�VL[�RQH�ELW
UHJLVWHUV��DQ�DGGHU��D�FRPSOHPHQWHU��DQG�FRQQHFWLRQV�WR�WKH�UHVW�RI�WKH�PDFKLQH�
7KHUH�ZHUH�RWKHU�VKRUWHU�FKDVVLV�HDFK�RI�ZKLFK�FRQWUROOHG�RQH�ELW�RI�WKH�PDJQHWLF
FRUH�PHPRU\���7KH�IRUP�RI�FRQVWUXFWLRQ�LV�VXFK�WKDW�DLU�FRXOG�EH�EORZQ�WKURXJK
VLGHZD\V�WR�NHHS�WKH�FRPSRQHQWV�FRRO��LQ�FRQWUDVW�WR�WKH�('6$&���ZKLFK�UHOLHG�RQ
QDWXUDO�FLUFXODWLRQ�RI�DLU�URXQG�WKH�YDOYHV����7KH�VFUHZ�DW�RQH�HQG�DQG�WXUQ�NQRE�DW
WKH�RWKHU�ZHUH�XVHG�WR�SK\VLFDOO\�IRUFH�D�SOXJ�LQWR�D�VRFNHW�WR�PDNH�UHOLDEOH
FRQWDFWV�

Paper tape reader, used with EDSAC 2
7KLV�LV�D�SKRWR�HOHFWULF�WDSH�UHDGHU�ZKLFK�ZDV�GHYHORSHG�DW�WKH�0DWKHPDWLFDO
/DERUDWRU\���,W�FRXOG�UHDG�LQ�SDSHU�WDSH�DW�D�WKRXVDQG�FKDUDFWHUV�D�VHFRQG�ZLWK�WKH
DELOLW\�WR�VWRS�RQ�D�VLQJOH�FKDUDFWHU���,W�KDV�D�PRWRU�ZKLFK�UHYROYHV�D�F\OLQGHU�ZKLFK
LV�SUHVVHG�DJDLQVW�WKH�WDSH�WR�SXOO�LW�IRUZDUG�¤�WKHUH�LV�D�EUDNH�ZKLFK�LV�DFWXDWHG�E\
HOHFWURPDJQHW�XQGHUQHDWK�DQG�ZKLFK�LV�VWURQJ�HQRXJK�WR�VWRS�WKH�WDSH�LQ�VSLWH�RI
WKH�URWRU�SXOOLQJ�LW�IRUZDUGV���7KHUH�LV�DQ�HVVHQWLDO�EXWWRQ�RQ�WKH�WRS�ZKLFK�DOORZV
WKH�WDSH�WR�EH�HMHFWHG�DW�IXOO�VSHHG�ZLWKRXW�EHLQJ�UHDG���7KLV�LV�RQO\�FDSDEOH�RI
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UHDGLQJ�D���KROH�WDSH�XQOLNH�RWKHUV�ZKLFK�ZHUH�GHYHORSHG�IURP�WKLV�E\�(OOLRWV�DQG
WKH�(QJLQHHULQJ�ZRUNVKRS���7KHVH�ZHUH�ILUVW�XVHG�ZLWK�('6$&���EXW�FRQWLQXHG�LQ
XVH�XQWLO�WKH�����V�

EDSAC 2 engineer’s control panel
7KLV�FRQWURO�SDQHO�DOORZHG�DQ�HQJLQHHU�WR�UXQ�WKH�FRPSXWHU��WR�GR�VLQJOH�RUGHUV�
DQG�WR�GR�VLQJOH�PLFUR�VWHSV���,W�ZDV�DW�WKH�EDFN�RI�WKH�PDFKLQH�DQG�LQGLFDWRU�OLJKWV
HQDEOHG�WKH�HQJLQHHU�WR�WUDFH�WKH�FRXUVH�RI�WKH�UHJLVWHU�WUDQVIHUV�RU�FRPSXWDWLRQ�
7KHUH�ZDV�D�VSHHG�FRQWURO��DQG��YROXPH�FRQWUROOHG�ORXGVSHDNHU�

Magnetic tape holder, used with EDSAC 2
('6$&���XVHG�RQH�LQFK�PDJQHWLF�WDSH�DQG�WKLV�ZDV�KHOG�RQ�UHHOV���2QH�RI�WKH
LQWHUHVWLQJ�DVSHFWV�RI�WKLV�PDJQHWLF�WDSH�V\VWHP�ZDV�WKDW�WKH�KHDGV�UDQ�RXW�RI
FRQWDFW�ZLWK�WKH�WDSH��UHVXOWLQJ�LQ�WKHRU\�LQ�LQGHILQLWH�OLIH�EXW�OHVV�UHVROXWLRQ���7KH
WDSHV�ZHUH�VWRUHG�LQ�WKHVH�PHWDO�ER[HV�WR�SUHYHQW�PDJQHWLF�LQIOXHQFH�DIIHFWLQJ�WKH
WDSHV���7KLV�SDUWLFXODU�UHHO�RULJLQDOO\�KDG�WKH�DXWRFRGH�FRPSLOHU�IRU�('6$&�����7KH
'(&&$�GHYLFH�ZDV�SDUWO\�GHYHORSHG�LQ�WKH�/DE�EXW�PDQXIDFWXUHG�E\�'(&&$�

Creed tape perforator, used with EDSAC 2
7KLV�LV�D�NH\ERDUG�SHUIRUDWRU�PDGH�E\�&UHHG���,Q�QRUPDO�XVH�WKH�NH\ERDUG�LV�XVHG
DQG�LW�SURGXFHV�D�SDSHU�WDSH�IURP�D�UROO�ZLWK�XS�WR���KROHV�SXQFKHG�DFURVV�WKH�WDSH�
([WUD�VROHQRLGV�ZHUH�DGGHG�ZKLFK�FRXOG�DFWXDWH�WKH�SXQFKHV��DQG�WKH\�ZHUH�XVHG�DV
D�IDVW�RXWSXW�IRU�ERWK�('6$&���DQG�('6$&����UXQQLQJ�DW�DERXW����FKDUDFWHUV�SHU
VHFRQG���7KLV�SDUWLFXODU�RQH�ZDV�FRQQHFWHG�WR�('6$&�����7KH\�ZHUH�DOVR�XVHG�LQ
WKH�WDSH�SUHSDUDWLRQ�URRP�IRU�FRS\LQJ�WDSHV���(YHQWXDOO\�WKH\�ZHUH�UHSODFHG�E\�D
KLJK�VSHHG�&UHHG�SXQFK�DQG�WHOHW\SH������FKDUDFWHUV�D�VHFRQG��

EDSAC 2 control matrix component and production moulds
7KH�FRQWURO�PDWUL[�KRXVHG�WKH�IHUULWH�FRUHV�ZKLFK�VWRUHG�WKH�PLFURSURJUDP�IRU
('6$&����7KLV�SODVWLF�KRXVLQJ�FRQWDLQHG������PP�FRUHV�DQG�DVVRFLDWHG�ZLULQJ����
VXFK�XQLWV�ZHUH�QHHGHG��LQ�DQ���[���IODW�DUUD\���PDNLQJ������FRUHV�LQ�DOO��6PDOOHU
FRUH�PHPRULHV�ZHUH�XVHG�LQ�RWKHU�SDUWV�RI�('6$&���

7LWDQ�XQGHU�FRQVWUXFWLRQ��IURP�WKH�SXEOLF�JDOOHU\�
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Titan console
7KLV�FRQVROH�ZDV�WKH�PDLQ�RSHUDWLQJ�FRQVROH�RI�WKH�7LWDQ���,Q�SUDFWLFH�LW�ZDV�RQO\
XVHG�E\�WKH�HQJLQHHUV�

Titan card
2QH�ERDUG�IURP�WKH�7LWDQ��ZKLFK�ZDV�HVVHQWLDOO\�D�VOLJKWO\�FXW�GRZQ�$WODV
FRPSXWHU���7KH�$WODV�ZDV�PDGH�RI�ER[HV�HDFK�RI�ZKLFK�KDG�ILIW\�VXFK�ERDUGV�LQ�
DQG�DOWRJHWKHU�WKHUH�ZHUH����ER[HV�WR�D�UDFN�DQG���UDFNV�LQ�WKH�FDVH�RI�WKH�7LWDQ���,W
LOOXVWUDWHV�WKH�FLUFXLW�WHFKQLTXHV�RI�WKH�WLPH�¤�XVLQJ�VWDQGDUG�WUDQVLVWRUV��LQGLYLGXDO
GLRGHV��LQGLYLGXDO�UHVLVWRUV�¤�L�H��WUDQVLVWRUV�KDG�EHHQ�LQYHQWHG�EXW�LQWHJUDWHG
FLUFXLWV�KDG�QRW���7KH�PDFKLQHV�FRXOG�EH�UHSDLUHG�HDVLO\�GXH�WR�LQWHUFKDQJHDELOLW\�RI
SDUWV���7KH�GLIIHUHQW�ERDUG�W\SHV�ZHUH�QXPEHUHG�DFFRUGLQJ�WR�WKH�ZHOO�NQRZQ
UHVLVWRU�FRORXU�FRGH��WKH�WKUHH�SODVWLF�WDEV�RQ�RQH�VLGH��

Magnetic disc for Titan
7KLV�LV�D�PDJQHWLF�GLVN�VXSSOLHG�E\�'DWD�3URGXFWV�IRU�WKH�7LWDQ�FRPSXWHU���7KH
HQWLUH�XQLW�ZDV�PDGH�RI����RU����RI�WKHVH��7KH\�XWLOLVHG�PRYLQJ�PDJQHWLF�KHDGV
VLPLODUO\�WR�WRGD\
V�GLVN�GULYHV���7KLV�ZDV�WKH�EXON�PHPRU\�IRU�WKH�7LWDQ�DQG�LW
VWRUHG�TXLWH�D�ODUJH�DPRXQW�RI�GDWD�IRU�WKH�WLPH���,W�VWRUHG�GDWD�LQ�����ZRUG�EORFNV
OLNH�D�PDJQHWLF�WDSH���3URGXFWV�OLNH�WKLV�ZHUH�VXEMHFW�WR�GHVWUXFWLYH�FRQWDPLQDWLRQ�¤
LI�WKH�PDJQHWLF�KHDG�WRXFKHG�WKH�VXUIDFH�LW�VFUDSHG�RII�PDJQHWLF�SDUWLFOHV�ZKLFK
WKHQ�FDPH�EHWZHHQ�WKH�UHDG�ZULWH�KHDG�DQG�WKH�GLVN�DQG�FDXVHG�PRUH�SDUWLFOHV�WR�EH
FUHDWHG��WKXV�OHDGLQJ�WR�WKH�FDWDVWURSKLF�GHVWUXFWLRQ�RI�WKH�GLVN���7KLV�KDSSHQHG
RFFDVLRQDOO\���'DWD�3URGXFWV�ZHUH�DQ�$PHULFDQ�FRPSDQ\�ZKR�VSHFLDOLVHG�LQ
SULQWHUV�DQG�GLVN�VWRUHV�

Disc controller board from Titan
7KLV�LV�RQH�RI�WKH�ERDUGV�LQ�WKH�'DWD�3URGXFWV�GLVN�FRQWUROOHU�XVHG�ZLWK�WKH�7LWDQ
FRPSXWHU���,W�FRQWDLQHG�D�ODUJH�QXPEHU�RI�PDJQHWLF�UHHG�VZLWFKHV�ZKLFK�ZHUH�XVHG
WR�SRVLWLRQ�WKH�DUP�DQG�WKHVH�ZHUH�FRQWUROOHG�E\�WUDQVLVWRUV�DQG�FRLOV��7KLV�ZDV�MXVW
RQH�RI�WKH�FRPSRQHQWV�RI�WKH�7LWDQ�GLVN�XQLW��PDGH�E\�'DWD�3URGXFWV�LQ�&DOLIRUQLD�

Ferrite core memory
7KLV�LV�D�W\SLFDO�IHUULWH�FRUH�PHPRU\�SODQH��,W�FRQWDLQV����[����FRUHV�ZLWK���ZLUHV
WKURXJK�HDFK�FRUH��7KHVH�ZHUH�WKH�ILUVW�UHOLDEOH�IDVW�PHPRULHV�PDGH�IRU�FRPSXWHUV�
(YHU\�VLQJOH�ELW�ZDV�VWRUHG�RQ�D�ULQJ�RI�IHUULWH�DQG�WKHUH�ZHUH�WKUHH�ZLUHV�SDVVLQJ
WKURXJK�ZLWK�DQ�;�GULYH��D�<�GULYH�DQG�D�VHQVRU��DQG�LI�ERWK�WKH�;�DQG�WKH�<�GULYH
ZHUH�DSSOLHG�WKH�FRUH�ZRXOG�VZLWFK�¤�WKH�WKLUG�ZLUH�SLFNHG�XS�WKH�VLJQDO��7KH�FRUHV
KDG�DQ�LQKHUHQW�VTXDUH�ORRS�SURSHUW\�ZKLFK�PDGH�WKLV�SRVVLEOH��LI�\RX�RQO\�KDOI
GLVWXUEHG�WKH�FRUH�LW�GLG�QRW�VZLWFK�PDJQHWLVDWLRQ�EXW�LI�\RX�JDYH�D�IXOO�ZULWH�ZLWK
ERWK�;�DQG�<�LW�ZRXOG�VZLWFK�PDJQHWLVDWLRQ���7KH�PRGH�RI�RSHUDWLRQ�ZDV�WR�UHDG�D
ELW�DQG�LI�D�VLJQDO�FDPH�RXW�WKDW�ELW�ZRXOG�EH�ZULWWHQ�EDFN�¤�LW�ZDV�D�VR�FDOOHG
GLVUXSWLYH�UHDG���,W�WRRN�DERXW�WZR�GHFDGHV�EHIRUH�WKH\�ZHUH�VXSHUVHGHG�E\
LQWHJUDWHG�FLUFXLWV�EHFDXVH�WKH�IHUULWH�DQG�PDQXIDFWXULQJ�SURFHVV�EHFDPH�VWHDGLO\
FKHDSHU��,Q�WKH���V�WKH\�ZHUH�KDQG�ZLUHG�DQG�WKHQ�ODWHU�WKH\�ZHUH�ZLUHG�LQ�WKH�)DU
(DVW�¤�WKHLU�VL]H�UHGXFHG�DQG�WKHLU�VSHHG�LQFUHDVHG�DQG�VR�WKH\�ODVWHG�D�VXUSULVLQJO\
ORQJ�WLPH�

Titan B ferrite core store
7KLV�XQLW�ZDV�XVHG�RQ�WKH�7LWDQ�¤�D�VR�FDOOHG�%�FRUH�VWRUH���,W�KDV�����ZRUGV�RI���
ELWV�DQG�ZDV�XVHG�IRU�VWRULQJ�WKH�%�UHJLVWHUV�DVVRFLDWHG�ZLWK�WKH�RUGHU�FRGH���,W�KDG
IRU�WKH�WLPH�D�YHU\�UDSLG�DFFHVV�RI�DERXW�KDOI�D�PLFURVHFRQG��DQG�DV�LW�VWRUHG�D�IDLU
QXPEHU�RI�UHJLVWHUV�LW�DOORZHG�YHUVDWLOLW\�WR�WKH�SURJUDP��,W�ZDV�IDLUO\�LQWHQVLYHO\
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XVHG�VR�WKH�FRLOV�ZRXOG�WHQG�WR�JHW�D�OLWWOH�KRW���7KH\�ZHUH�ZRUNLQJ�DW�WKH�KLJKHVW
VSHHG�SRVVLEOH�DQG�RLO�ZDV�SXW�LQ�WR�DOORZ�IRU�KHDW�GLVVLSDWLRQ�

Elliot tape reader
7KLV�LV�D�WDSH�UHDGHU�PDGH�E\�(OOLRW�ZKLFK�ZDV�FRSLHG�IURP�RQH�GHVLJQHG�LQ�WKH
&RPSXWHU�/DE���7KH�SULQFLSOHV�DUH�YHU\�VLPSOH�EXW�LW�ZHQW�FRQVLGHUDEO\�IDVWHU�WKDQ
RWKHU�WDSH�UHDGHUV�RI�WKH�WLPH���7KHUH�ZDV�D�FRQWLQXRXVO\�UXQQLQJ�UROOHU�DQG
XQGHUQHDWK�WKDW�D�SLQFK�UROOHU�RSHUDWHG�E\�HOHFWURPDJQHW�DQG�ZKHQ�WKHVH�WZR
FORVHG�WKH�WDSH�ZDV�GUDZQ�WKURXJK�WKH�WDSH�UHDGHU���$�VODE�RI�PHWDO�UHVWLQJ�RQ�WRS
RI�WKH�WDSH�FRXOG�EH�DWWUDFWHG�E\�DQ�HOHFWURPDJQHW�XQGHUQHDWK�DQG�ZKHQ�WKLV
KDSSHQHG�LW�DSSOLHG�D�IULFWLRQDO�IRUFH�DQG�WKH�WDSH�VWRSSHG�LPPHGLDWHO\���,W�FRXOG
UXQ�DW�D������FKDUDFWHUV�D�VHFRQG�DQG�VWRS�ZLWKLQ�KDOI�D�FKDUDFWHU�GLVWDQFH��D
WZHQWLHWK�RI�DQ�LQFK����$Q�LQWHUHVWLQJ�SDUW�RI�WKH�GHVLJQ�LV�WKH�EUDNHV���:KHQ�LW�ZDV
RULJLQDOO\�WULHG�LW�ZDV�GLVFRYHUHG�WKDW�XQGHU�FHUWDLQ�FRQGLWLRQV�LW�VHW�RII�HQRUPRXV
YLEUDWLRQV�LQ�WKH�WDSH�UHDGHU�DQG�VR�GLGQ
W�ZRUN���,W�ZDV�DOVR�GLVFRYHUHG�WKDW�E\
OD\LQJ�D�ILQJHU�RQ�WKH�WRS�LW�ZRXOG�WKHQ�ZRUN���7KH�ILQJHU�LV�UHSODFHG�LQ�WKLV�GHVLJQ
E\�D�OLWWOH�VODE�RI�IRDP�EHWZHHQ�WKH�WZR�SDUWV�RI�WKH�EUDNH�ZKLFK�VHUYHV�WKH�VDPH
SXUSRVH���$QRWKHU�SDUW�RI�WKH�GHVLJQ�ZDV�D�SXVK�EXWWRQ�ZKLFK�FDXVHG�WKH�UHVW�RI�WKH
WDSH�WR�EH�HMHFWHG�DW�KLJK�VSHHG�IURP�WKH�WDSH�UHDGHU���3DUW�RI�WKH�GHVLJQ�LVQ
W�KHUH�¤
VRPH�PHDQV�RI�FROOHFWLQJ�WKH�WDSH�ZKLFK�LV�VSLQQLQJ�RXW�DW�KLJK�VSHHG�LV�QHHGHG��IRU
ZKLFK�ODUJH�HPSW\�FDUGERDUG�ER[HV�SURYHG�VXLWDEOH�

Rollerball tracking device
7KLV�GHYLFH�ZKLFK�ZDV�PDGH�IRU�PRYLQJ�D�SRLQW�RQ�D�VFUHHQ�LQ�D�VLPLODU�ZD\�WR�D
WUDFNHUEDOO���7KH�\HOORZ�VSKHUH�ZRXOG�PRYH�WKH�SRLQWHU�RQ�WKH�VFUHHQ��DQG�LW�FDQ�EH
WKRXJKW�RI�DV�DQ�XSVLGH�GRZQ�PRXVH���7KHVH�UROOHU�EDOOV�VWLOO�H[LVW�RQ�VRPH
FRPSXWHUV�WRGD\�EXW�WKLV�RQH�ZDV�GHVLJQHG�DQG�EXLOW�LQ�WKH�/DE�LQ�WKH�HDUO\���
V���,W
LV�RQH�RI�VHYHUDO�QRYHO�GHYLFHV�GHYHORSHG�KHUH�WR�EH�DWWDFKHG�WR�JUDSKLFDO�GLVSOD\
GHYLFHV�

PDP-7 joystick
7KLV�ZDV�XVHG�IRU�FRQWUROOLQJ�WKH�JUDSKLFDO�SRLQWHU�RQ�D�JUDSKLFV�GLVSOD\�ZKLFK�ZDV
GULYHQ�E\�WKH�3'3���FRQQHFWHG�WR�WKH�7LWDQ��,W�ZDV�PDLQO\�XVHG�RQ�LWV�RZQ�DQG
FRXOG�EH�XVHG�IRU�JUDSKLFV�XVLQJ�D�UHODWLYHO\�ODUJH�VFUHHQ���7KH�MR\VWLFN�LV�URXJKO\
HTXLYDOHQW�WR�D�PRXVH�LQ�IXQFWLRQ��EHLQJ�XVHG�WR�FRQWURO�D�SRLQWHU�RQ�WKH�VFUHHQ
�DOWKRXJK�D�PRXVH�ZRXOGQ
W�XVXDOO\�KDYH�D�URWDWLRQDO�PRYHPHQW����,W�ZDV�PDGH�LQ
WKH�/DE��DQG�ZDV�XVHG�WKURXJKRXW�WKH�OLIH�RI�WKH�3'3����DSSUR[����������

Experimental graphical input for PDP-7
7KLV�H[SHULPHQWDO�JUDSKLFDO�LQSXW�IRU�WKH�3'3���ZDV�DQ�DWWHPSW�WR�PRYH�D�SRLQWHU
DURXQG�D�&DWKRGH�5D\�VFUHHQ�LQ�D�VLPLODU�ZD\�WR�D�PRXVH���,W�XVHG�D�VLPSOH�IHUULWH
SLFNXS�ZLWK�FURVV�ZLUHV�WR�GHWHFW�WKH�ORFDWLRQ�RI�WKH�SRLQWHU���,W�ZDV�QRW�LQ�XVH�IRU
YHU\�ORQJ�DV�RWKHU�VXFK�GHYLFHV�DSSHDUHG�FRPPHUFLDOO\�

Titan multiplexor
7KLV�DOORZHG����OLQHV�IURP�WHOHW\SHV�WR�EH�DFFHVVHG�E\�7LWDQ���:KHQ�D�FKDUDFWHU�ZDV
UHFHLYHG�DQ�LQWHUUXSW�ZDV�JLYHQ�WR�7LWDQ�ZKLFK�FRXOG�WKHQ�UHDG�WKH�FKDUDFWHU�DQG
WKH�VRXUFH�QXPEHU��7KH�7LWDQ�FRXOG�DOVR�VHQG�FKDUDFWHUV�WR�HDFK�GHVWLQDWLRQ���7KH
PXOWLSOH[RU�ZDV�HVVHQWLDO�IRU�RQOLQH�DFFHVV�DFURVV�WKH�8QLYHUVLW\�

Titan plaque
7KLV�ZDV�SURGXFHG�DV�D�GHPRQVWUDWLRQ�RI�WKH�IRDP�FXWWHU�FRQQHFWHG�WR�7LWDQ�ZKLFK
FRXOG�FDUYH�RXW���GLPHQVLRQDO�REMHFWV�XQGHU�FRPSXWHU�FRQWURO���7KH�IRDP�ZDV
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VRPHWLPHV�XVHG�WR�IRUP�D�FDVW�LQ�ZKLFK�PHWDO�FRXOG�EH�SRXUHG�WR�PDNH�PHWDO
REMHFWV�

50�1HHGKDP�	�'-�:KHHOHU�H[SODLQLQJ�WKH�5LQJ�WR�WKH�&KDQFHOORU

The CAP
7KH�&$3��&DSDELOLW\�3URWHFWLRQ��3URMHFW�UDQ�IURP������WR��������,W�ZDV�DQ
H[SHULPHQW�LQ�PHPRU\�SURWHFWLRQ��EDVHG�RQ�FDSDELOLWLHV�LPSOHPHQWHG�LQ�KDUGZDUH�
XQGHU�0�9��:LONHV�DQG�5�0��1HHGKDP�ZLWK�'�-��:KHHOHU�UHVSRQVLEOH�IRU
LPSOHPHQWDWLRQ��%&6�7HFKQLFDO�$ZDUG������IRU�¨&$3��&DSDELOLW\�3URWHFWLRQ�
3URMHFW©�WR�5�0��1HHGKDP��

Control panel from the Philips store
7KH�3KLOLSV�FRUH�VWRUH�ZDV�D�ODWHU�DGG�RQ�WR�WKH�&$3���,W�SURYLGHG����N����ELW
ZRUGV��EXW�ZDV�UDWKHU�VORZ�DV�WKH�ZRUGV�ZHUH�E\WH�DGGUHVVHG�

Paper tape library
$�VHOHFWLRQ�RI�SDSHU�WDSHV�FRQWDLQLQJ�VXEURXWLQHV�ZKLFK�FRXOG�EH�SK\VLFDOO\�FRSLHG
DQG�VWXFN�WRJHWKHU�WR�IRUP�SDUWV�RI�ODUJHU�SURJUDPV��7KLV�WHFKQLTXH�ZDV�FRPPRQ
WR�PRVW�FRPSXWHUV�XQWLO�WKH�����V�

Cambridge Ring repeater
7KLV�LV�RQH�FRPSRQHQW�RI�WKH�&DPEULGJH�5LQJ��D�UHSHDWHU���7KH�&DPEULGJH�ULQJ
FRQVLVWHG�RI�D�SDLU�RI�WZLVWHG�ZLUHV�ZKLFK�ZHUH�WDNHQ�URXQG�WKH�/DE�DQG�WKH\
SOXJJHG�LQWR�RQH�RI�WKHVH�GHYLFHV�¤�WKLV�DOORZHG�VRPH�GHYLFH�ZKLFK�DFFHSWHG�RU�JDYH
LQIRUPDWLRQ�WR�EH�DWWDFKHG�WR�WKH�5LQJ���7KLV�GHYLFH�ZRXOG�UHJHQHUDWH�WKH�SXOVHV��$
SDUWLFXODU�5LQJ�ZRXOG�KDYH�XS�WR�����VXFK�UHSHDWHU�HOHPHQWV���7KHVH�ZHUH�GHVLJQHG
LQ�WKH�/DE�EXW�WKH\�ZHUH�ZLUH�ZUDSSHG�E\�DQ�RXWVLGH�ILUP���7KH�&DPEULGJH�5LQJ
ZDV�VXSSOLHG�WR�PDQ\�XQLYHUVLWLHV�WKURXJKRXW�WKH�8.�¤�WKH�ODVW�RQH�WR�EH�XVHG�ZDV
DW�WKH�8QLYHUVLW\�RI�+HUWIRUGVKLUH��GLVFRQQHFWHG�RQO\���RU���\HDUV�DJR���7KH�SURMHFW
VWDUWHG�LQ������

Cambridge Ring monitor station
7KLV�REMHFW�LV�WKH�ULQJ�PRQLWRU�VWDWLRQ��DQ�HVVHQWLDO�SDUW�RI�WKH�&DPEULGJH�5LQJ���,W
VXSSOLHG�SRZHU�WR�DOO�WKH�UHSHDWHUV�DURXQG�WKH�5LQJ���,W�SURYLGHG�VWDUW�XS�IDFLOLWLHV
DQG�PRQLWRUHG�WKH�5LQJ�IRU�DFFXUDF\�DQG�HUURUV���7\SLFDOO\�LW�ZDV�VZLWFKHG�RQ�DQG
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OHIW�ZRUNLQJ�DQG�LW�ZDV�SRVVLEOH�WR�SHUIRUP�VRPH�WHVWV�RQ�WKH�5LQJ�IURP�WKLV�SDQHO�
$FFHVV�WR�WKH�SULQWHG�FLUFXLW�ERDUG�FRQWDLQLQJ�WKH�FRPSRQHQWV�ZDV�EHKLQG�WKH
VOLGLQJ�SDQHO�

Ring circuits (experimental)
([SHULPHQWDO�ERDUGV�SURGXFHG�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�5LQJ�

Ring PCB
$�FLUFXLW�ERDUG�FRQQHFWHG�ZLWK�WKH�&DPEULGJH�5LQJ��/DWHU�YHUVLRQV�RI�WKH�5LQJ�KDG
PRUH�LQWHJUDWHG�FLUFXLWV�¤�LQ�IDFW�RQH�FLUFXLW�ZDV�GHVLJQHG�E\�$QG\�+RSSHU�WR
UHSODFH�QHDUO\�DOO�WKH�FKLSV�RQ�WKH�SUHYLRXV�ERDUGV���7KLV�ZDV�PDGH�WR�ZRUN�EXW�LW
QHYHU�FDPH�LQWR�VHUYLFH�KHUH�EHFDXVH�LW�ZRXOG�RQO\�UXQ�VDIHO\�DW�DERXW���0+]�DQG
QRW�WKH����0+]�VSHFLILHG��PDLQO\�GXH�WR�GRXEWIXO�VSHFLILFDWLRQV�E\�PDQXIDFWXUHUV�
7KH�ODUJH�WUDQVIRUPHU�LV�XVHG�IRU�JHQHUDWLQJ�WKH�SRZHU�VXSSO\�IRU�WKH�ERDUG�IURP
WKH�5LQJ�LWVHOI���5HSHDWHUV�WRRN�SRZHU�IURP�WKH�5LQJ�VR�WKDW�WKH\�ZRXOG�EH
LQGHSHQGHQW�RI�WKH�XQLWV�FRQQHFWHG�WR�WKH�5LQJ��RWKHU�VWDWLRQV�WRRN�SRZHU�IURP
WKHLU�KRVW�GHYLFH�

Ring data logger
7KLV�ZDV�SDUW�RI�WKH�RULJLQDO�H[SHULPHQWDO�5LQJ���7KLV�ZDV�D�GDWD�ORJJHU�¤�LW�ZRXOG
GHWHFW�HUURUV��FRXQW�WKHP�DQG�GLVSOD\�WKHP��DQG�KHQFH�ZDV�XVHG�IRU�GLDJQRVWLFV�DQG
WR�DVVLVW�LQ�PDLQWHQDQFH���(DFK�VWDWLRQ�ZRXOG�DXWRPDWLFDOO\�VLJQDO�EDFN�WR�WKH
PRQLWRU�VWDWLRQ�LI�LW�GHWHFWHG�D�SDULW\�IDXOW��DQG�WKH�PRQLWRU�VWDWLRQ�ZRXOG�FDXVH�LW
WR�EH�ORJJHG���,Q�SUDFWLFH�WKH�5LQJ�GLG�QRW�QHHG�PXFK�PDLQWHQDQFH�

Ring keyring
$�FKLS�LPSOHPHQWDWLRQ�RI�WKH�&DPEULGJH�5LQJ�ZDV�GHYHORSHG�DV�SDUW�RI�D�IRUPDO
SURMHFW�XQGHU�WKH�*RYHUQPHQW©V�$GYDQFHG�&RPSXWHU�7HFKQRORJ\�3URMHFWV��6RPH�RI
WKH�UHVXOWLQJ�FKLSV�ZHUH�ODWHU�PDGH�LQWR�FRPPHPRUDWLYH�NH\�¦ULQJV§�

Type 1 microprocessor board
6PDOO�VHUYHUV�LQ�WKH�&DPEULGJH�'LVWULEXWHG�&RPSXWLQJ�6\VWHP�ZHUH�EDVHG�RQ�WKH
=���PLFURSURFHVVRU���7KLV�LV�WKLV�ILUVW�SURGXFWLRQ�YHUVLRQ�RI�WKH�¦7\SH��§��ZLWK��.
RI�VWDWLF�5$0�DQG��.�RI�(3520���7KH�DSSOLFDWLRQ�FRGH��W\SLFDOO\�SURJUDPG�LQ
DVVHPEO\�ODQJXDJH��ZDV�GRZQORDGHG�RYHU�WKH�ULQJ�LQWHUIDFH���7KHVH�V\VWHPV�ZHUH
RIWHQ�XVHG�DV�SHULSKHUDO�GULYHUV��DQG�DQ�DUHD�RI�WKH�ZLUH�ZUDSSHG�ERDUG�ZDV�OHIW
EODQN�IRU�VSHFLDO�SXUSRVH�LQWHUIDFH�KDUGZDUH�WR�EH�DGGHG�

VDU concentrator board
7KH�=���SURFHVVRU�ZDV�DOVR�XVHG�WR�PDNH�WHUPLQDO�FRQFHQWUDWRUV�WR�FRQQHFW�VLPSOH
FKDUDFWHU�FHOO�9'8V�WR�WKH�ULQJ���$�XVHU�RI�D�ULQJ�WHUPLQDO�FRQFHQWUDWRU�FRXOG
FRQQHFW�WR�DQ\�PDFKLQH�RQ�WKH�ULQJ�DQG�UXQ�VHYHUDO�VLPXOWDQHRXV�VHVVLRQV���7KH
ERDUG�VKRZQ�KHUH�KDV�8$57V�DQG�OLQH�GULYHUV�WR�FRQQHFW�HLJKW�WHUPLQDOV���7KLV
ERDUG�ZDV�FRQQHFWHG�WR�D�7\SH���SURFHVVRU�E\�D�VKRUW�ULEERQ�FDEOH���$OO�RI�WKHVH
ERDUGV�ZHUH�ODWHU�UHGHVLJQHG�RQ�SULQWHG�FLUFXLW�ERDUGV�

The Rainbow display
7KH�5DLQERZ�GLVSOD\�ZDV�DQ�H[SHULPHQWDO�WHUPLQDO�WR�VXSSRUW�JUDSKLFDO�LQWHUDFWLRQ
ZLWK�WKH�&DPEULGJH�'LVWULEXWHG�6\VWHP���,W�LV�EXLOW�DURXQG�RQH�RI�WKH�0RWRUROD
������FRPSXWHUV�WKDW�ZHUH�DOVR�XVHG�LQ�WKH�PDLQ�SURFHVVRU�EDQN���7KLV�KDV�WZR
SHULSKHUDO�FRQWUROOHUV�EDVHG�RQ������SURFHVVRUV��RQH�D�VWDQGDUG�¦7\SH��§�V\VWHP
FRQWUROOLQJ�WKH�ULQJ�LQWHUIDFH�DQG�WKH�RWKHU�KDQGOLQJ�WKH�NH\ERDUG��PRXVH�DQG
WDEOHW���7KH�VHFRQG�FUDWH�FRQWDLQV�WKH�GLVSOD\�KDUGZDUH�LWVHOI���7KLV�FRQVLVWV�RI�D�ELW�
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VOLFH�PLFUR�FRQWUROOHU�EXLOW�DURXQG�$0'������FKLSV����N����ELW�ZRUGV�RI�YLGHR
PHPRU\�DQG�DQ�RXWSXW�SLSHOLQH�WKDW�DVVHPEOHG�D�YLGHR�VLJQDO�LQ�UHDO�WLPH�IRU
ZLQGRZV�VWRUHG�LQ�GLIIHUHQW�SDUWV�RI�WKH�PHPRU\����%&6�7HFKQLFDO�$ZDUG������WR
1�(��:LVHPDQ��

&.�+DGOH\�	�PHUFXU\�GHOD\�OLQH

¦6RPH�SHRSOH�FRXOG�QRW�EHOLHYH�WKDW�WKH�PHUFXU\�PHPRU\�ZRXOG�HYHU�ZRUN�§
>0�9��:LONHV��0HPRLUV�RI�D�&RPSXWHU�3LRQHHU��0,7�3UHVV��������S����@
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EDSAC simulators

Overseer:  Simon Moore

6WXGHQWV�LQ�WKH�VHFRQG�\HDU�RI�WKH�&RPSXWHU�6FLHQFH�7ULSRV�XQGHUWDNH�JURXS
SURMHFWV���7KLV�\HDU�WZR�WHDPV�ZURWH�('6$&�VLPXODWRUV�LQ�-DYD��IROORZLQJ�WKH
HDUOLHU�H[DPSOH�RI�0DUWLQ�&DPSEHOO�.HOO\�DW�WKH�8QLYHUVLW\�RI�:DUZLFN���$OO�WKUHH
DUH�VKRZQ�KHUH�

0DUWLQ�&DPSEHOO�.HOO\©V�RULJLQDO
('6$&�VLPXODWRU�LV�D�IDLWKIXO�VRIWZDUH
HYRFDWLRQ�RI�WKH�('6$&�FRPSXWHU�DV�LW
H[LVWHG�LQ�����������7KH�XVHU�LQWHUIDFH
KDV�DOO�WKH�FRQWUROV�DQG�GLVSOD\V�RI�WKH
RULJLQDO�PDFKLQH��DQG�WKH�V\VWHP
LQFOXGHV�D�OLEUDU\�RI�RULJLQDO�SURJUDPV�
VXEURXWLQHV��DQG�GHEXJJLQJ�VRIWZDUH�
7KH�VLPXODWRU�LV�LQWHQGHG�IRU�XVH�LQ
WHDFKLQJ�WKH�KLVWRU\�RI�FRPSXWLQJ��DV�D
WXWRULDO�LQWURGXFWLRQ�WR�WKH�FODVVLF
¦YRQ�1HXPDQQ§�FRPSXWHU���RU�DV�DQ
KLVWRULFDO�H[SHULHQFH�IRU�FXUUHQW�FRPSXWHU�SUDFWLWLRQHUV�

��ZZZ�GFV�ZDUZLFN�DF�XN�aHGVDF�

*URXS�(FKR�FRQVLVWHG�RI���0DWWKHZ
%HQWKDP��GRFXPHQWDWLRQ���7UHYRU
%R\G��UHVHDUFK��WHVWLQJ�	�H[DPSOH
SURJUDPV���'DYLG�'XQZRRG\
�PDQDJHPHQW��GRFXPHQWDWLRQ�	
:HE�VLWH���&ULVSLQ�)ORZHUGD\��&38
VLPXODWRU���6LPRQ�)UDQNDX
�VLPXODWLRQ�NHUQHO���6LPRQ�)UH\WDJ
�JUDSKLFDO�LQWHUIDFH��DQG�6LPRQ
*UHHQZD\��LQWHUIDFH�FRGH��

��WKRU�FDP�DF�XN�JURXS�&67�E�HFKR�

*URXS�,QGLD�FRQVLVWHG�RI��-RH
0DUVKDOO��&38�VLPXODWRU���$ODQ
0LWFKHOO��SURMHFW�PDQDJHPHQW�	
GRFXPHQWDWLRQ���'RPLQLF�3HQIROG
�LQWHUIDFH�GHVLJQ�	�:HE�VLWH��
-DPHV�6ORUDFK��WHVWLQJ�	�H[DPSOH
SURJUDPV���&KULV�7RZQ��WHVWLQJ�	
H[DPSOH�SURJUDPV���0DWWKHZ
:DNHOLQJ��FRGH�OLEUDULDQ��DQG
&ROLQ�:DWVRQ��JUDSKLFDO�LQWHUIDFH��

��WKRU�FDP�DF�XN�JURXS�&67�E�LQGLD�
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Some possible blue diagrams

state graph

petri net representation

Specification SPICE results
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module dme

inputs lr = ur = ra = 0

outputs la = ua = rr = 0

internal havetoken = 0

4ph (rr,ra)

arbitrate

ur+ => if (!havetoken) then

havetoken+ -> rr+ -> ra+

endif

-> ua+ => ur-

=> ua- => ur+

| lr+ => if (havetoken) then

havetoken-

else

rr+ -> ra+

endif

-> la+ => lr-

=> la- => lr+

end

Current research

Overseer:  Graham Titmus

Self-timed logic (Simon Moore & Peter Robinson)

7KH�LQFUHDVLQJ�FRPSOH[LW\�RI�LQWHJUDWHG�FLUFXLWV�UDLVHV�GLIILFXOWLHV�LQ�HQVXULQJ�ORJLFDO
FRUUHFWQHVV��KLJK�VSHHG�DQG�JRRG�PDQXIDFWXULQJ�\LHOG���3DUWLFXODU�SUREOHPV�DULVH
ZLWK�WLPLQJ�ZKLFK�LQKLELWV�WKH�FRPSRVLWLRQ�RI�SURYHQ�PRGXOHV�LQWR�D�ODUJHU�ZKROH�
6HOI�WLPHG�ORJLF�RIIHUV�D�VROXWLRQ�EXW�UHTXLUHV�QHZ�DSSURDFKHV�WR�GHVLJQ�DW�DOO�OHYHOV�

7KH�URWDU\�SLSHOLQH�SURFHVVRU�LV�D�QHZ
DUFKLWHFWXUH�IRU�VXSHUVFDODU�FRPSXWLQJ���,W�LV
EDVHG�RQ�D�VLPSOH�DQG�UHJXODU�SLSHOLQH�VWUXFWXUH
ZKLFK�FDQ�VXSSRUW�VHYHUDO�$/8V�IRU�HIILFLHQW
GLVSDWFKLQJ�RI�PXOWLSOH�LQVWUXFWLRQV���5HJLVWHU
YDOXHV�IORZ�DURXQG�D�URWDU\�SLSHOLQH��FRQVWUDLQHG
E\�ORFDO�GDWD�GHSHQGHQFLHV���'XULQJ�QRUPDO
RSHUDWLRQ�WKH�FRQWURO�FLUFXLWV�DUH�QRW�RQ�WKH
FULWLFDO�SDWK�DQG�SHUIRUPDQFH�LV�RQO\�OLPLWHG�E\

GDWD�UDWHV���,W�LV�SDUWLFXODUO\�VXLWHG�WR�VHOI�WLPHG�LPSOHPHQWDWLRQ�

6HOI�WLPHG�FRQWURO��KDQGVKDNH��FLUFXLWV�KDYH
KLJKO\�FRQFXUUHQW�EHKDYLRXUV�ZKLFK�PDNH�WKHP
FRPSOH[�WR�GHVLJQ���:H�KDYH�GHYHORSHG�D�QHZ
GLDJUDPPDWLF�WHFKQLTXH�¤�%OXH�'LDJUDPV�¤�IRU
DQDO\VLQJ�VHOI�WLPHG�FRQWURO�VWUXFWXUHV��7KLV�LV
EHLQJ�XVHG�DV�WKH�EDVLV�RI�D�KDQGVKDNH�FLUFXLW
V\QWKHVLV�WRRO�

7UDQVLVWRU�OHYHO�GHVLJQ�LVVXHV�IRU�URWDU\�SLSHOLQHV
KDYH�EHHQ�XQGHUWDNHQ���7KLV�OHG�WR�WKH�GHYHORSPHQW�RI�D�QHZ�IOLS�IOLS�¤�D�5('
�UHVHW��HQDEOH��GDWD��IOLS�IORS�¤�IRU�XVH�ZLWK�GXDO�UDLO�HQFRGHG�G\QDPLF�&026�ORJLF�
7KLV�IOLS�IORS�DOVR�UHTXLUHG�QHZ�FRQWURO�VWUXFWXUHV�WR�WDNH�DGYDQWDJH�RI�LWV�XQLTXH
FKDUDFWHULVWLFV�

$�IXOO�FXVWRP�&026�WHVW�FKLS�KDV�EHHQ
PDQXIDFWXUHG�WR�WHVW�D�QXPEHU�RI�GLIIHUHQW
SLSHOLQH�VWUXFWXUHV�EDVHG�RQ�5('�IOLS�IORSV�DQG
QHZ�FRQWURO�VWUXFWXUHV�

:H��0RRUH��5RELQVRQ��7D\ORU�	�:LOFR[��DUH
QRZ�ZRUNLQJ�ZLWK�VXSSRUW�IURP�WZR�ORFDO
FRPSDQLHV�RQ�DSSO\LQJ�WKHVH�WHFKQLTXHV�WR�PLFUR�
FRQWUROOHU�GHVLJQ��ZLWK�D�SDUWLFXODU�HPSKDVLV�RQ
ORZ�SRZHUHG�RSHUDWLRQ���7KLV�LQYROYHV�IXUWKHU
UHVHDUFK�RQ�VLPXODWLRQ��V\QWKHVLV�DQG�FRPSLOHU
WHFKQRORJ\�
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Autostereo 3D display (Neil Dodgson & Stewart Lang)

7KH�DXWRVWHUHR�GLVSOD\�JLYHV�D�WUXO\��'�SLFWXUH
ZLWKRXW�WKH�YLHZHU�QHHGLQJ�WR�ZHDU�DQ\�VSHFLDO
JODVVHV���,W�ZDV�GHYHORSHG�MRLQWO\�E\�WKH�&RPSXWHU
/DERUDWRU\�DQG�WKH�'HSDUWPHQW�RI�(QJLQHHULQJ�
,W�LV�LQ�WKH�SURFHVV�RI�EHLQJ�FRPPHUFLDOLVHG�E\
$6'�6\VWHPV��RQH�RI�WKH�PDQ\�FRPSDQLHV
VSDZQHG�E\�WKH�/DERUDWRU\�

+XPDQ�EHLQJV�VHH�WKH�ZRUOG�WKURXJK�WZR�H\HV�
%HFDXVH�WKH�H\HV�DUH���PP�DSDUW��HDFK�VHHV�D
VOLJKWO\�GLIIHUHQW�LPDJH��7KH�EUDLQ�FRPELQHV�WKHVH
WZR�LPDJHV��LQ�D�SURFHVV�FDOOHG�VWHUHRSVLV��WR�JLYH�XV�GHSWK���'��LQIRUPDWLRQ��:LWK
D�FRQYHQWLRQDO�WHOHYLVLRQ��ERWK�H\HV�VHH�WKH�VDPH�SLFWXUH��VR�\RX�GR�QRW�JHW
VWHUHRSVLV��$��'�GLVSOD\�SURYLGHV�D�GLIIHUHQW�LPDJH�WR�HDFK�H\H��DQG�WKH�KXPDQ
EUDLQ�GRHV�WKH�UHVW�

Time-multiplexed autostereo
0RVW��'�GLVSOD\V�SURYLGH�D�GLIIHUHQW�LPDJH�WR
HDFK�H\H�E\�IRUFLQJ�\RX�WR�ZHDU�VSHFLDO�JODVVHV�
7KH�&DPEULGJH�GLVSOD\�SURGXFHV�WKH��'�HIIHFW�LQ

D�GLIIHUHQW�ZD\���,W�GLVSOD\V�VHYHUDO�GLIIHUHQW
LPDJHV��HDFK�WDNHQ�IURP�D�VOLJKWO\�GLIIHUHQW�SRLQW
RI�YLHZ���7KH�LPDJHV�DUH�GLVSOD\HG�YHU\�UDSLGO\�
RQH�DIWHU�DQRWKHU��DQG�LQWHUQDO�RSWLFV�HQVXUH�WKDW
HDFK�LPDJH�LV�YLVLEOH�LQ�RQO\�RQH�RI�D�VHW�RI
YLHZLQJ�]RQHV�LQ�IURQW�RI�WKH�GLVSOD\���(DFK�H\H
ZLOO�EH�LQ�D�GLIIHUHQW�YLHZLQJ�]RQH�DQG�KHQFH�ZLOO
VHH�D�GLIIHUHQW�LPDJH��SURYLGLQJ�VWHUHRSVLV�ZLWKRXW
VSHFLDO�JODVVHV�

Commercialisation
'LVSOD\V�OLNH�WKLV�KDYH�XVHV�LQ�YLVXDOLVDWLRQ�RI
FRPSOH[��'�VWUXFWXUHV��LQ�UHPRWH�PDQLSXODWLRQ�
DQG�LQ�HQWHUWDLQPHQW���$6'�6\VWHPV�KDYH�EXLOW
WZR�FRPPHUFLDO�SURWRW\SHV��D���§�����YLHZ
GLVSOD\�DQG�D���§�����YLHZ�GLVSOD\���7KHVH�DUH
FXUUHQWO\�EHLQJ�WHVWHG�E\�D�YDULHW\�RI�LQWHUQDWLRQDO
FRPSDQLHV�

Continuing research (Druti Shah & Andy Penrose)
$6'�6\VWHPV�FRQWLQXH�ZRUN�RQ�LPSURYLQJ�WKH�GLVSOD\�KDUGZDUH���7KLV�WHFKQRORJ\
UHTXLUHV�DQ�RUGHU�RI�PDJQLWXGH�PRUH�LPDJH�GDWD�WKDQ�D�FRQYHQWLRQDO�GLVSOD\�DQG
VR��LQ�WKH�&RPSXWHU�/DERUDWRU\��ZH�DUH�FRQFHQWUDWLQJ�RQ�WKH�SUREOHPV�RI�LPDJH
FRPSUHVVLRQ�DQG�LPDJH�JHQHUDWLRQ�

%
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Next generation workstations (Ian Pratt & Austin Donelly)

7KH�PDMRULW\�RI�WRGD\©V�FRPSXWHUV�DUH�GHVLJQHG
DURXQG�D�FHQWUDO�VKDUHG�EXV�LQWHUFRQQHFWLQJ�WKH
FRPSXWHU©V�&38�DQG�LWV�YDULRXV�SHULSKHUDOV�VXFK
DV�WKH�QHWZRUN��GLVNV�DQG�GLVSOD\���,Q�FRQWUDVW�
WKH�'HVN�$UHD�1HWZRUN��'$1��ZRUNVWDWLRQ
LQWHUFRQQHFWV�GHYLFHV�XVLQJ�D�VSDFH�GLYLVLRQ
VZLWFK���7KH�VZLWFK�HQDEOHV�GDWD�WR�EH
WUDQVIHUUHG�EHWZHHQ�GHYLFHV�DW�VXEVWDQWLDOO\
KLJKHU�EDQGZLGWK�WKDQ�LV�DFKLHYDEOH�ZLWK
WUDGLWLRQDO�EXV�EDVHG�GHVLJQV��)XUWKHUPRUH�

PXOWLSOH�¨FRQYHUVDWLRQV©�EHWZHHQ�GLIIHUHQW�GHYLFHV�FDQ�EH�LQ�SURJUHVV
VLPXOWDQHRXVO\��HQDEOLQJ�HYHQ�JUHDWHU�DJJUHJDWH�EDQGZLGWK�WR�EH�DFKLHYHG�

,Q�FRQYHQWLRQDO�V\VWHPV��DSSOLFDWLRQV�ZLVKLQJ�WR�SHUIRUP�,�2�PXVW�DVN�WKH
RSHUDWLQJ�V\VWHP�WR�SHUIRUP�WKH�RSHUDWLRQ�RQ�WKHLU�EHKDOI���7KLV�LV�QHFHVVDU\�VLQFH
WKH�RSHUDWLQJ�V\VWHP�WDNHV�UHVSRQVLELOLW\�IRU�PXOWLSOH[LQJ�WKH�GHYLFH�EHWZHHQ
GLIIHUHQW�DSSOLFDWLRQV��DQG�HQVXULQJ�WKDW�WKH\�GR�QRW�YLRODWH�V\VWHP�LQWHJULW\�RU
DWWHPSW�WR�DFFHVV�GDWD�WR�ZKLFK�WKH�XVHU�LV�QRW�HQWLWOHG�

,Q�FRPSDULVRQ��GHYLFHV�ZLWKLQ�WKH�'$1
:RUNVWDWLRQ�DUH�VSHFLDOO\�GHVLJQHG�WR�HQDEOH�WKHP
WR�WDNH�RQ�VRPH�RI�WKLV�UHVSRQVLELOLW\�WKHPVHOYHV�
7KXV��DSSOLFDWLRQV�DUH�DEOH�WR�WDON�GLUHFWO\�WR�WKH
GHYLFH�ZKHQ�SHUIRUPLQJ�PRVW�FRPPRQ�W\SHV�RI
,�2�RSHUDWLRQ��H�J��VHQGLQJ�DQG�UHFHLYLQJ�SDFNHWV
RYHU�WKH�QHWZRUN��UHDGLQJ�DQG�ZULWLQJ�GLVN�ILOHV�
GUDZLQJ�RQ�WKH�GLVSOD\��

%\SDVVLQJ�WKH�RSHUDWLQJ�V\VWHP�PHDQV�ZH�FDQ
JDLQ�LQFUHDVHG�WKURXJKSXW�DQG�UHGXFHG�,�2�ODWHQF\���7KLV�LV�SDUWLFXODUO\�XVHIXO�ZKHQ
SHUIRUPLQJ�GLVWULEXWHG�FRPSXWDWLRQ�DFURVV�PXOWLSOH�ZRUNVWDWLRQV��RU�ZKHQ
SURFHVVLQJ�FRQWLQXRXV�PHGLD�VWUHDPV�VXFK�DV�GLJLWDO�DXGLR�DQG�YLGHR�

)XUWKHUPRUH��'$1�GHYLFHV�FDQ�EH�LQWHOOLJHQW
HQRXJK�WR�VHWXS�DQG�PDQDJH�GDWD�WUDQVIHUV
EHWZHHQ�WKHPVHOYHV��RII�ORDGLQJ�ZRUN�IURP�WKH
PDLQ�&38�DQG�OHDYLQJ�LW�IUHH�WR�FRQFHQWUDWH�RQ
FRPSXWDWLRQ�UDWKHU�WKDQ�,�2���)HDWXUHV�OLNH�WKRVH
IRXQG�LQ�WKH�'$1�:RUNVWDWLRQ�ORRN�VHW�WR
EHFRPH�FRPPRQSODFH�LQ�IXWXUH�FRPPHUFLDO
V\VWHPV�
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Warren home area network (David Greaves & Daniel Gordon)

7KH�:DUUHQ�LV�D�QHWZRUN�IRU�WKH�KRPH�ZKLFK
FRQQHFWV�KRXVHKROG�GHYLFHV�WRJHWKHU�WR�DOORZ
YLGHR�DQG�DXGLR�WR�EH�WUDQVIHUUHG�EHWZHHQ�WKHP�
DV�ZHOO�DV�DOORZLQJ�WKHVH�GHYLFHV�WR�EH�FRQWUROOHG�
,5�UHPRWH�FRQWURO�UHFHLYHUV�LQ�YDULRXV�GHYLFHV�FDQ
EH�SRROHG�DQG�LQIRUPDWLRQ�VHQW�WR�D�FHQWUDO�&38�
DOORZLQJ�HYHU\�GHYLFH�WR�EH�FRQWUROOHG�IURP
DQ\ZKHUH�LQ�WKH�KRPH�XVLQJ�DQ�,5�KDQGVHW�
,QWHUQHW�WUDIILF�FDQ�DOVR�EH�URXWHG�DURXQG�WKH
KRPH���7KH�XVH�RI�$70�DOORZV�IRU�YLGHR��DXGLR�

FRQWURO��,5�DQG�,QWHUQHW�WUDIILF�WR�EH�LQWHJUDWHG�WRJHWKHU�DQG�VHQW�DURXQG�WKH�KRPH
RQ�MXVW�RQH�VHW�RI�ZLUHV�

7KH�:DUUHQ�LV�DQ�$70�VXEQHWZRUN�FRPSRVHG�RI�DQ�DUELWUDU\�PHVK�RI�YHU\�VLPSOH
$70�VZLWFKHV�DQG�HQG�VWDWLRQV�DQG�ZKLFK�LV�FRQQHFWHG�WR�WKH�RXWVLGH�$70
QHWZRUN�DW�RQH�RU�PRUH�SRLQWV���7KH�QRYHO�DVSHFW�LV�WKDW�VZLWFKHV�DQG�HQG�VWDWLRQV
ZLWKLQ�WKH�:DUUHQ�DUH�LPSOHPHQWDEOH�HQWLUHO\�LQ�KDUGZDUH�¤�L�H��WKH\�UHTXLUH�QR
PLFURSURFHVVRUV�IRU�VLJQDOOLQJ�DQG�PDQDJHPHQW���$OO�RI�WKH�VLJQDOOLQJ�VRIWZDUH�IRU
DOO�WKH�GHYLFHV�ZLWKLQ�WKH�:DUUHQ�LV�SURYLGHG�E\�RQH�RU�PRUH�SUR[\�VHUYHUV���7KH
SUR[\�VHUYHUV�DUH�VRIWZDUH�HQWLWLHV�VLWXDWHG�RQ�RQH�RU�PRUH�JHQHUDO�SXUSRVH
FRPSXWHUV�FRQQHFWHG�WR�WKH�H[WHUQDO�$70�QHWZRUN�RXWVLGH�WKH�:DUUHQ�

Warren devices
6RPH�RI�WKH�:DUUHQ�GHYLFHV�DUH�H[LVWLQJ
KRXVHKROG�DSSOLDQFHV�ZKLFK�KDYH�EHHQ�DOWHUHG�E\
DGGLQJ�DQ�$70�LQWHUIDFH��DQG�RWKHUV�KDYH�EHHQ
EXLOW�IURP�VFUDWFK���&XUUHQW�GHYLFHV�LQFOXGH�DQ
$70�6ZLWFK��3KRQH��0LFURSKRQH��$70�WR�6WHUHR
0RGXOH��&RPSDFW�'LVF�3OD\HU��,QIUDUHG�%DVH
6WDWLRQ��/&'�'LVSOD\�7LOH��:DUUHQ�&RQWUROOHU�DQG
PDQ\�RWKHUV�

7KLV�SURMHFW�LV�EHLQJ�FDUULHG�RXW�DW�WKH�8QLYHUVLW\
RI�&DPEULGJH�&RPSXWHU�/DERUDWRU\�ZLWK�WKH
VXSSRUW�RI�9LUDWD�/WG��&DPEULGJH���)XUWKHU
LQIRUPDWLRQ�FDQ�EH�IRXQG�DW�KWWS���ZZZ�FO�FDP�DF�XN�5HVHDUFK�65*�+$1�:DUUHQ��
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The Nemesis operating system (Steven Hand & Paul Menage)

7KH�1HPHVLV�2SHUDWLQJ�6\VWHP�KDV�EHHQ�GHYHORSHG�XQGHU�WKH�3HJDVXV�DQG�3HJDVXV
,,�(635,7�SURMHFWV�WR�SURYLGH�DSSOLFDWLRQV�ZLWK�ILQH�JUDLQHG�JXDUDQWHHV�IRU�DOO�RI
WKH�UHVRXUFHV�ZKLFK�WKH\�FRQVXPH���,Q�WUDGLWLRQDO�RSHUDWLQJ�V\VWHPV��WDVNV�VXFK�DV
QHWZRUN�SURWRFRO�SURFHVVLQJ��SDJLQJ��DQG�JUDSKLFV�UHQGHULQJ�DUH�SHUIRUPHG�HLWKHU
LQ�D�VKDUHG�VHUYHU�RU�LQ�WKH�NHUQHO�¤�XQOHVV�WKLV�ZRUN�LV�FDUHIXOO\�VFKHGXOHG�DQG
DFFRXQWHG�IRU��LW�FDQ�FDXVH�4XDOLW\�RI�6HUYLFH�LQWHUIHUHQFH�EHWZHHQ�DSSOLFDWLRQV�

���
Audio Synthesiser

Network Video

M-JPEG Video Player
(Toy Story)

M-JPEG Video Player
(Lethal Weapon 3)

QoS Control Panel Resource
Usage Graph

Terminal window
 and Shell

OpenGL Animation

Control

Control

1HPHVLV�DLPV�WR�VLPSOLI\�VXFK�DFFRXQWLQJ�E\�HQDEOLQJ�HDFK�FOLHQW�WR�SHUIRUP�PXFK
PRUH�RI�WKHLU�RZQ�ZRUN�WKDQ�LQ�D�WUDGLWLRQDO�V\VWHP���VKDUHG�VHUYHUV��RU�WKH�NHUQHO�
DUH�QHHGHG�RQO\�WR�DUELWUDWH�DFFHVV�WR�VKDUHG�UHVRXUFHV���:KHUHYHU�SRVVLEOH��WKHVH
VHUYHUV�H[LVW�SXUHO\�IRU�VHWWLQJ�XS�DQG�GHVWUR\LQJ�DFFHVV�FRQQHFWLRQV��H�J��SURYLGLQJ
DFFHVV�WR�WKH�EORFNV�RQ�D�GLVN�FRQVWLWXWLQJ�D�ILOH��RU�LQVWDOOLQJ�D�SDFNHW�ILOWHU�WR
GHPXOWLSOH[�QHWZRUN�SDFNHWV���2WKHU�RSHUDWLRQV�VXFK�DV�QHWZRUN�SURWRFRO
SURFHVVLQJ�RU�JUDSKLFDO�UHQGHULQJ�DUH�SHUIRUPHG�LQ�WKH�DSSOLFDWLRQ�LWVHOI��W\SLFDOO\
XVLQJ�VKDUHG�OLEUDULHV���ZLWK�WKH�VHUYHUV�MXVW�SURYLGLQJ�VDIH�VFKHGXOHG�DFFHVV�WR�WKH
KDUGZDUH�

H/W

S/W Sched.

App. App. Device
Driver

System
Domain

Priv

Unpriv

Driver StubsSyscalls

Operating System
(shared libs)

Nemesis Structure ���

H/W

S/W

App.

Priv

Unpriv

Server Device
Driver

ServerServer

App. App. App.

Kernel Scheduler

Device
Driver

Traditional Microkernel Structure

7KLV�SKLORVRSK\�DOORZV�1HPHVLV�WR�SURYLGH�DQ�HIIHFWLYH�SODWIRUP�IRU�¦PXOWL�VHUYLFH§
V\VWHPV��ZKHUH�GLIIHUHQW�PXOWL�PHGLD�DSSOLFDWLRQV�FR�H[LVW�ZLWKRXW�H[SHULHQFLQJ
LQWHUIHUHQFH�IURP�RQH�DQRWKHU�RU�IURP�RWKHU�DSSOLFDWLRQV�ZLWK�OHVV�FULWLFDO�WLPH
FRQVWUDLQWV�
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An Active Home

Network Access

HiFi
Computer

TV
Telephone

Baby

Music RoomBedroom

Lounge
study

Speakers

HiFi

Speakers
Keyboard

event client
object which is 
an event source

asynchronous notification(s)
of matching event(s)

SYNCHRONOUS
INTERFACE

REGISTRATION
INTERFACE

synchronous method
invocation

register interest
in event

NOTIFICATION
INTERFACE

NOTIFYACTION

paradigmpublish-register-notify The

distributed 
event sources

composite event 
service

streams of 
event notifications

= composition operator

client

ACTION
composite event 

fires

notification

 Event Composition - Composite event detection

The active house (Jean Bacon, Andrew McNeil & Alexis Hombrecher)

7KH�&DPEULGJH�HYHQW�DUFKLWHFWXUH�LV�EDVHG�RQ�D
SXEOLVK��UHJLVWHU��QRWLI\�SDUDGLJP���$Q�HYHQW�LV�D
SDUDPHWHULVHG��DV\QFKURQRXV�PHVVDJH��ZKLFK�LV�DQ
LQVWDQFH�RI�DQ�HYHQW�FODVV���2EMHFWV��ZKLFK�DUH
HYHQW�VRXUFHV��SXEOLVK�WKH�HYHQW�W\SHV�WKH\
SURGXFH���2WKHU�REMHFWV�UHJLVWHU�LQWHUHVW�LQ�WKHVH
HYHQWV��SRVVLEO\�SURYLGLQJ�SDUDPHWHU�YDOXHV�WR�EH
PDWFKHG���:KHQ�DQ�HYHQW�RFFXUV��DOO�UHJLVWHUHG
SDUWLHV�ZLWK�PDWFKLQJ�SDUDPHWHUV�DUH�QRWLILHG�DQG
PD\�WDNH�DSSURSULDWH�DFWLRQ�

7KH�DFWLYH�KRXVH�GHPRQVWUDWLRQ�XVHV�HYHQWV�WR
OLQN�D�UDQJH�RI�DXWRPDWHG�DSSOLDQFHV�ZLWKLQ�D
YLUWXDO�KRXVH���7KH�DSSOLDQFHV�FDQ�ERWK�SURGXFH
DQG�UHFHLYH�HYHQWV���L�H��WKH\�FDQ�DFW�DV�DQ�HYHQW
VRXUFH�DQG�VLQN�DW�WKH�VDPH�WLPH��DQG�SXEOLVK�
UHJLVWHU��QRWLI\�DQG�UHFHLYH�HYHQWV�DV�GHVFULEHG
DERYH���2Q�UHFHLYLQJ�DQ�HYHQW�DQ�DSSOLDQFH�ZLOO
W\SLFDOO\�SHUIRUP�VRPH�DFWLRQ�

7KH�RZQHU�RI�WKH�KRXVH�PD\�ZLVK�WR�H[SUHVV�TXLWH
FRPSOH[�SROLFLHV�RQ�KRZ�LW�VKRXOG�EHKDYH�LQ
WHUPV�RI�FRPELQDWLRQV�RI�HYHQW�RFFXUUHQFHV���:H
SURYLGH�D�VLPSOH�FRPSRVLWH�HYHQW�DOJHEUD�IRU�WKLV
SXUSRVH��DOORZLQJ�PRUH�FRPSOH[�DQG�PRUH�XVHIXO
LQWHUDFWLRQ�EHWZHHQ�HYHQW�VRXUFHV�DQG�VLQNV�
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Type A Virtual Network

Type B Virtual Network

Type C Virtual Network

Physical Network

Network control & management (Ian Leslie & Richard Mortier)

$V\QFKURQRXV� 7UDQVIHU� 0RGH� �$70�� LV� DQ
DGYDQFHG�QHWZRUNLQJ�WHFKQRORJ\�DOORZLQJ�GLYHUVH
WUDIILF� VWUHDPV� WR� VKDUH� D� VLQJOH�SK\VLFDO� OLQN�� � ,W
SURYLGHV� D� 9LUWXDO� &LUFXLW� VHUYLFH�� DOORZLQJ� GDWD
HQWHULQJ�WKH�QHWZRUN�WR�EH�VZLWFKHG�DW�KLJK�VSHHG
WR� LWV� GHVWLQDWLRQ�� � 6HWWLQJ� XS� YLUWXDO� FLUFXLWV� LV
UHIHUUHG� WR� DV� WKH�&RQWURO�3ODQH� RI� WKH�QHWZRUN�
DQG� WKH� VRIWZDUH� WKDW� FDUULHV� WKLV� RXW� D� &RQWURO
$UFKLWHFWXUH��&$��

$70�FRQWURO�DUFKLWHFWXUHV�KDYH�GHYHORSHG�IURP
WKRVH�XVHG�LQ�WKH�WHOHSKRQH�QHWZRUN���7KH\�WHQG
WR�EH�PRQROLWKLF��KLJKO\�FRPSOH[��DQG�LQIOH[LEOH�

7KLV�PDNHV�LW�KDUG�WR�XSJUDGH�WKHP�ZKHQ�QHZ�QHWZRUN�VHUYLFHV�DUH�GHVLJQHG�
$GGLWLRQDOO\��PRVW�V\VWHPV�UXQ�RQO\�D�VLQJOH�&$��VR�WKHUH�LV�QR�SURYLVLRQ�IRU
VXSSRUWLQJ�PXOWLSOH�&$V�DW�RQFH���$OORZLQJ�PXOWLSOH�&$V�ZRXOG�HQDEOH�VHUYLFH�
VSHFLILF�RSWLPL]DWLRQV�WR�WDNH�SODFH�DQG�FRXOG�OHDG�WR�D�PRUH�HIILFLHQW�XVH�RI�WKH
QHWZRUN�

+RZHYHU��WKHUH�LV�D�VROXWLRQ�WR�WKHVH�SUREOHPV���,W�IDOOV�LQWR�WZR�SDUWV���ILUVW�
SURYLGLQJ�D�JHQHULF�VZLWFK�FRQWURO�LQWHUIDFH�WR�&$V��WR�DOORZ�WKHP�FRQWURO�RI�WKH
UHVRXUFHV�RQ�WKH�VZLWFK���VHFRQG��SDUWLWLRQLQJ�WKH�UHVRXUFHV�RI�WKH�VZLWFK�WR�DOORZ
PXOWLSOH�&$V�WR�RSHUDWH�FRQFXUUHQWO\�

7KLV�SDUWLWLRQLQJ�LV�¦KDUG§��PHDQLQJ�WKDW�&$V
DUH�LQFDSDEOH�RI�LQWHUIHULQJ�ZLWK�HDFK�RWKHU�DQG
WKDW�LW�LV�SRVVLEOH�WR�SURYLGH�¦9LUWXDO�3ULYDWH
1HWZRUNV§��931V��VKDULQJ�WKH�VDPH�SK\VLFDO
QHWZRUN���(DFK�RI�WKHVH�931V�KDV�D�SDUWLWLRQ�RI
WKH�WRWDO�UHVRXUFHV�RI�WKH�SK\VLFDO�QHWZRUN
DOORFDWHG�WR�LW�DQG�PD\�UXQ�LWV�RZQ�&$���6LQFH
WKH�SDUWLWLRQ�LV�KDUG��WKH�&$�UXQQLQJ�RQ�D�JLYHQ
931�PD\�GR�DV�LW�ZLVKHV�ZLWK�LWV�UHVRXUFHV�¤�LW
ZLOO�EH�SUHYHQWHG�IURP�XVLQJ�UHVRXUFHV�LQ�VXFK�D
ZD\�DV�WR�DIIHFW�RWKHU�931V�DQG�&$V�
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A,Na,Sid,Pa

client server

client hello

Nb,Sid,Pb

server hello

cert(B,Kb)

server certificate

cert(A,Ka)

client certificate

{PMS}Kb

client key exchange

{Hash(Nb,B,PMS)}Ka-1

certificate verify

{Finished}clientK(Na,Nb,M)

client finished

          M  =  PRF(PMS,Na,Nb)

Finished = Hash(M,messages)

{Finished}serverK(Na,Nb,M)

server finished

Proving protocols correct (Larry Paulson & Gianpaolo Bella)

1HWZRUNV�DUH�YXOQHUDEOH���6XSSRVH�WKDW�0RQLFD
VHQGV�DQ�H�PDLO�WR�KHU�IULHQG�%LOO���6LQFH�WKH
PHVVDJH�PXVW�SDVV�WKURXJK�PDQ\�FRPSXWHUV�
RWKHU�SHRSOH�FDQ�UHDG�RU�DOWHU�LW��DQG�VHQG�ERJXV
PHVVDJHV�WKDW�DSSHDU�WR�FRPH�IURP�KHU�

&U\SWRJUDSK\�FDQ�KHOS���0RQLFD�DQG�%LOO�FDQ�UXQ
D�VHFXULW\�SURWRFRO��D�SUH�DUUDQJHG�PHVVDJH
KDQGVKDNH����7KH�ILJXUH�RQ�WKH�OHIW�VKRZV�RQH
XVHG�LQ�:HE�EURZVHUV����+HUH�0RQLFD�DQG�%LOO�XVH
SXEOLF�NH\�FU\SWRJUDSK\��WR�JHQHUDWH�WHPSRUDU\
HQFU\SWLRQ�NH\V���(YHQWXDOO\�WKH\�KDYH�WKHLU
HOHFWURQLF�FRQYHUVDWLRQ���1RERG\�FDQ�OLVWHQ�LQ�
DQG�0RQLFD�RU�%LOO�ZLOO�QRWLFH�LI�WKH�GDWD�KDV�EHHQ
PRGLILHG�

7KH�SURWRFRO�LV�FRPSOLFDWHG�LQ�RUGHU�WR�WKZDUW
DWWDFNV���$Q�DGYHUVDU\�FRXOG�SOD\�EDFN�ROG
PHVVDJHV�RU�FRPELQH�SDUWV�RI�GLIIHUHQW�PHVVDJHV�
7R�GHWHFW�WKLV��0RQLFD�DQG�%LOO�ODEHO�WKHLU
PHVVDJHV�ZLWK�UDQGRP�QXPEHUV�HYHU\�WLPH�WKH\
UXQ�WKH�SURWRFRO���7KH�SURWRFRO�DOVR�WULHV�WR
PLQLPL]H�WKH�XVH�RI�VORZ�SXEOLF�NH\�RSHUDWLRQV�

8QIRUWXQDWHO\��PDQ\�VXFK�SURWRFROV�FRQWDLQ
HUURUV���%HORZ��0RQLFD�UXQV�D�SURWRFRO�ZLWK
/LQGD��PLVWDNLQJ�KHU�IRU�D�IULHQG���1RZ�/LQGD�FDQ
UHSHDW�0RQLFD
V�PHVVDJHV��ZLWK�VOLJKW�FKDQJHV��WR
PDNH�%LOO�WKLQN�KH�LV�LQ�FRQWDFW�ZLWK�0RQLFD�
7\SLFDOO\��VXFK�DWWDFNV�GR�QRW�LQYROYH�DQ\
FRGHEUHDNLQJ�

5HVHDUFKHUV� LQ� WKH� &RPSXWHU� /DERUDWRU\� �3DXOVRQ�� %HOOD�� (DVWDXJKIIH�� KDYH
GHYHORSHG�QHZ�PHWKRGV�RI�SURYLQJ�SURWRFROV�FRUUHFW���7KH\�XVH�D�VLPSOH�PRGHO�RI
ZKDW� FDQ� RFFXU�ZKHQ� KRQHVW� SDUWLHV� VKDUH� D� QHWZRUN�ZLWK� DQ� LQWUXGHU�� � 6HYHUDO
LQGXVWULDO�JUDGH�SURWRFROV�KDYH�EHHQ�DQDO\]HG��WKH�SURWRFRO�RQ�WKH�OHIW�WRRN�DERXW
VL[�PDQ�ZHHNV�� � 1R� RWKHU�PHWKRGV� FDQ� DQDO\]H� FU\SWRJUDSKLF� SURWRFROV� LQ� VXFK
GHWDLO�� � &DQ� WKH� ORVV� RI� VHFUHWV� FRPSURPLVH� IXWXUH� VHVVLRQV"� � ,V� WLPLQJ� KDQGOHG
FRUUHFWO\"� � 7KH� SURRI� WRRO� XVHG�� ,VDEHOOH�� ZDV� DOVR� GHYHORSHG� ODUJHO\� LQ� WKH
&RPSXWHU�/DERUDWRU\�
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XIsabelle – supporting proof (Katherine Eastaughffe)

$XWRPDWHG�SURRI�DVVLVWDQWV�DUH�WRROV�ZKLFK
FKHFN�WKH�VRXQGQHVV�RI�D�SHUVRQ©V�GHGXFWLYH
UHDVRQLQJ��7KH�XVHU�VXSSOLHV�WKH�VWHSV�RI�D�SURRI
WR�WKH�DVVLVWDQW�ZKLFK�HQVXUHV�WKDW�RQO\�YDOLG
FKDLQV�RI�LQIHUHQFH�DUH�GHYHORSHG���7KH\�DUH
SRSXODU�IRU�SURYLQJ�WKH�FRUUHFWQHVV�RI�SURJUDPV�
KDUGZDUH�GHVLJQV��KLJK�OHYHO�V\VWHP�GHVLJQV�
VHFXULW\�SURWRFROV��ODQJXDJH�FRPSLOHUV�DV�ZHOO�DV
FHUWDLQ�GRPDLQV�RI�PDWKHPDWLFV�

2QH�VXFK�SURRI�DVVLVWDQW�LV�,VDEHOOH��GHYHORSHG�DW�&DPEULGJH�E\�/DUU\�3DXOVRQ�
;,VDEHOOH�LV�D�SDFNDJH�WKDW�SURYLGHV�H[WUD�VXSSRUW�WR�SHRSOH�SURYLQJ�WKHRUHPV�XVLQJ
,VDEHOOH���3URYLGLQJ�JRRG�VXSSRUW�IRU�SURYLQJ�WKHRUHPV�LV�YHU\�FKDOOHQJLQJ�IURP
ERWK�D�WHFKQLFDO�DQG�D�KXPDQ�IDFWRUV�SRLQW�RI�YLHZ���;,VDEHOOH�KHOSV�ZLWK�WKUHH
DVSHFWV�RI�SURRI�VXSSRUW�

Multiple Views
)RU�D�FRPSOH[�DQG�GHPDQGLQJ�DFWLYLW\�VXFK�DV
WKHRUHP�SURYLQJ�LW�LV�XVHIXO�WR�GHYHORS�PRUH�WKDQ
RQH�PRGHO���'LIIHUHQW�YLHZV�PDNH�GLIIHUHQW
LQIRUPDWLRQ�DQG�PDQLSXODWLRQ�RI�LQIRUPDWLRQ
H[SOLFLW�DQG�HDV\�WR�XQGHUVWDQG�

Search Facilities
7KHUH�LV�D�KXJH�PDVV�RI�LQIRUPDWLRQ�IURP�ZKLFK
WKH�XVHU�PXVW�FKRRVH�WKH�ULJKW�SLHFHV�WR�PDNH
SURJUHVV���;,VDEHOOH�SURYLGHV�D�PDWFKHU�ZKLFK
ILQGV�WKHRUHPV�IURP�D�GDWDEDVH�ZKLFK�PLJKW�EH
UHOHYDQW�WR�WKH�SUREOHP�DW�KDQG�

Undoing, redoing and re-using proofs
7KHRUHP�SURYLQJ�W\SLFDOO\�LQYROYHV�IUHTXHQWO\�UHWUDFLQJ�RQH©V�VWHSV��DV�ZHOO�DV
SHUIRUPLQJ�VLPLODU�VHWV��RI�VWHSV�DW�GLIIHUHQW�SRLQWV���,W�LV�YLWDO�WKDW�D�SURRI�DVVLVWDQW
SURYLGH�JRRG�VXSSRUW�IRU�WKHVH�NLQGV�RI�RSHUDWLRQV�
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if abs(X) < THRESHOLD_2
then

E := Plus_one + X
else

N := INTRND(X * Inv_L);
N2 := N % Int_32;
N1 := N - N2;
if abs(N) >= Int_2e9
then R1 :=

(X - Tofloat(N1) * L1)
- Tofloat(N2) * L1

else R1 :=
X - Tofloat(N) * L1;

R2 := Tofloat(--N) * L2;
M := N1 / Int_32;
J := N2;
R := R1 + R2;
Q := R * R * (A1 + R * A2);
P := R1 + (R2 + Q);
S := S_Lead(J) + S_Trail(J);
E1 := S_Lead(J) +

(S_Trail(J) + S * P);
E := Scalb(E1,M)

Floating point verification (John Harrison & Myra van Inwegen)

,W�LV�HVVHQWLDO�IRU�IORDWLQJ�SRLQW�KDUGZDUH�WR�JHW�WKH�ULJKW�DQVZHU���&RPSXWHU�RZQHUV
ZLOO�QRW�WROHUDWH�D�SURFHVVRU�WKDW�JLYHV�WKH�ZURQJ�DQVZHU�IRU�¨VLPSOH©�QXPHULF
FRPSXWDWLRQV�

:H�DUH�ZULWLQJ�SURJUDPV�WR�FKHFN�WKH�LPSOHPHQWDWLRQ�RI�IORDWLQJ�SRLQW�KDUGZDUH�
7KH�ILUVW�DOJRULWKP�ZH�YHULILHG�ZDV�7DQJ©V�DOJRULWKP�IRU�FRPSXWLQJ�WKH�H[SRQHQWLDO
IXQFWLRQ�

Why is this hard?
,Q�RUGHU�WR�JHW�UHDVRQDEOH�VSHHG�DQG�DFFXUDF\��IORDWLQJ�SRLQW�DOJRULWKPV�XVH�ORWV�RI
WULFNV��LQFOXGLQJ�WDEOH�ORRNXS�DQG�SRO\QRPLDO�DSSUR[LPDWLRQV���7KH�UHVXOWLQJ
DOJRULWKP�RIWHQ�ORRNV�VLPSOH��EXW�SURYLQJ�WKDW�WKH�UHVXOW�LV�FORVH�WR�WKH
PDWKHPDWLFDO�LGHDO�LV�WULFN\��LQYROYLQJ�LQWULFDWH�QXPHULFDO�DQDO\VLV�DQG�GHHS
WKHRUHPV�DERXW�PDWKHPDWLFV�

What was verified?
7KH�PDLQ�SDUW�RI�WKH�DOJRULWKP�DIWHU�VSHFLDO�FDVHV
KDYH�EHHQ�KDQGOHG�LV�VKRZQ�RQ�WKH�ULJKW���;�LV�WKH
LQSXW�DQG�(�WKH�RXWSXW���6HYHUDO�SUHVWRUHG
FRQVWDQWV�DQG�WDEOHV�DUH�XVHG�

7KLV�LV�ZULWWHQ�LQ�D�VLPSOH�SURJUDPPLQJ�ODQJXDJH
UDWKHU�WKDQ�LQ�PDWKHPDWLFDO�QRWDWLRQ���7KLV
HQVXUHV�WKDW�ZH�YHULI\�VRPHWKLQJ�FORVH�WR�WKH
DFWXDO�LPSOHPHQWDWLRQ���:H�DOVR�ZURWH�D
VHPDQWLFV�IRU�WKH�ODQJXDJH�JLYLQJ�D�SUHFLVH
PHDQLQJ�WR�HDFK�VWDWHPHQW�

How did we do the proof?
:H�ZURWH�LQ�WKH�+2/�ORJLF�D�VWDWHPHQW�RI�H[DFWO\
ZKDW�ZH�ZDQWHG�WR�SURYH���8VLQJ�RXU�+RDUH�VW\OH
UXOHV�IRU�WKH�ODQJXDJH��ZH�ILJXUHG�RXW�ZKDW�ZH
KDG�WR�SURYH�IRU�HDFK�VWHS�LQ�WKH�DOJRULWKP���:H
ZURWH�WDFWLFV�ZKLFK�DXWRPDWLFDOO\�SURYHG�VRPH�RI
WKH�VWHSV��ZKLOH�H[WHQVLYH�ZRUN�LQ�WKH�ILHOG�RI�QXPHULFDO�DQDO\VLV�DQG�UHDO
PDWKHPDWLFV�ZDV�UHTXLUHG�WR�SURYH�RWKHU�VWHSV�

7KH�3HQWLXP�EXJ�WKDW�ORVW�,QWHO�KDOI�D�ELOOLRQ�GROODUV�ZDV�D�PLVWDNH�LQ�WKH�IORDWLQJ�
SRLQW�GLYLVLRQ�DOJRULWKP���7KDW�DOJRULWKP��OLNH�WKH�H[SRQHQWLDO�DOJRULWKP�ZH�KDYH
VWXGLHG��XVHV�WDEOH�ORRNXS��DQG�VHYHUDO�RI�WKH�WDEOH�HQWULHV�ZHUH�LQFRUUHFW���7KH
PHWKRGV�XVHG�KHUH�ZRXOG�KDYH�IRXQG�WKH�SUREOHP��DV�WKH�GHVLUHG�HUURU�ERXQGV
ZRXOG�QRW�KDYH�EHHQ�SURYDEOH�
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Modelling interactive systems (Philippa Gardner)

,QWHUDFWLYH�V\VWHPV�DUH�SHUYDVLYH���D�FDVKSRLQW
LQWHUDFWV�ZLWK�D�FDVKFDUG�DQG�WKH�EDQN��D�SURJUDP
DFFHVVHV�WKH�PHPRU\��D�SLORW�LQWHUDFWV�ZLWK�DLU�
WUDIILF�FRQWURO�DQG�-DYD�FRGH�LV�VHQW�DFURVV�WKH
,QWHUQHW���:H�GRQ©W�XQGHUVWDQG�LQWHUDFWLYH
EHKDYLRXU�YHU\�ZHOO���)RU�H[DPSOH��D�VRIWZDUH
SUREOHP�FDXVHG�WKH�$ULDQH���H[SORVLRQ�
0DWKHPDWLFDO�PRGHOV�RI�LQWHUDFWLRQ�FDQ�KHOS
SUHYHQW�VXFK�SUREOHPV���7KHVH�PRGHOV�DUH
QHFHVVDU\�IRU�ULJRURXV�ODQJXDJH�GHVLJQ��SURJUDP
GHYHORSPHQW�DQG�VSHFLILFDWLRQ�DQDO\VLV�

$�VLPSOH�H[DPSOH�RI�LQWHUDFWLRQ�LQYROYHV
FRPSXWDEOH�IXQFWLRQV��GHVFULEHG�IRUPDOO\�E\
7XULQJ�PDFKLQHV�DQG�WKH�λ�FDOFXOXV���$�IXQFWLRQ
¨LQWHUDFWV©�ZLWK�LWV�DUJXPHQW�WR�SURGXFH�D�UHVXOW�

result)( →af

$�PRUH�FRPSOLFDWHG�LQWHUDFWLRQ�RFFXUV�ZKHQ�D�IXQFWLRQ�LQWHUDFWV�ZLWK�WKH�VWDWH
VSDFH�

)estat result()state ),(( ′→ ,af

'LIIHUHQW�LQLWLDO�VWDWHV�OHDG�WR�GLIIHUHQW�UHVXOWV�

7KH�SURJUDPPLQJ�ODQJXDJH�0/�LV�EDVHG�RQ�WKH�λ�FDOFXOXV���,W�KDV�D�IRUPDO
GHVFULSWLRQ�RI�WKH�EHKDYLRXU�RI�SURJUDPV��DV�ZHOO�DV�D�IRUPDO�GHVFULSWLRQ�RI�WKHLU
V\QWD[���7KH�WRRO�$QQR'RPLQL��XVHG�E\�,%0�WR�ILQG�<HDU������SUREOHPV�LQ�&RERO
SURJUDPV��LV�EDVHG�RQ�WKHRUHWLFDO�UHVXOWV�XQGHUSLQQLQJ�0/�

$�GLIIHUHQW�W\SH��RI�LQWHUDFWLRQ�LQYROYLQJ�PRELOH�DJHQWV�LV�LOOXVWUDWHG�E\�WKH�WUDQVIHU
RI�FRQWURO�RI���DHURSODQHV�EHWZHHQ�&KDUOHV�GH�*DXOOH�DQG�+HDWKURZ�

LondonParis

aeroplane aeroplane aeroplane aeroplane

,Q�WKLV�H[DPSOH��LW�LV�QRW�VR�PXFK�UHVXOWV�WKDW�PDWWHU��EXW�UDWKHU�WKH�RQJRLQJ
EHKDYLRXU�RI�DHURSODQHV�PRYLQJ�EHWZHHQ�WKH�WZR�DLUSRUWV���6XFK�LQWHUDFWLRQ
UHTXLUHV�D�GLIIHUHQW�WHFKQLTXH�IRU�PRGHOOLQJ�LWV�EHKDYLRXU���,W�LV�PRGHOOHG�LQ�WKH
π�FDOFXOXV�E\�WUDQVLWLRQV�RI�WKH�IRUP

tagenagent E ′→

ZKHUH�WKH�DJHQW�DHURSODQH�SDULV��JHWV�LQIRUPDWLRQ�(�IURP�WKH�HQYLURQPHQW�DERXW
KRZ�WR�VZLWFK�WR�/RQGRQ��DQG�HYROYHV�WR�EHFRPH�DHURSODQH�ORQGRQ��

$�SUHFXUVRU�RI�WKH�π�FDOFXOXV�ZDV�XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�DLU�WUDIILF
LQIRUPDWLRQ�V\VWHP�DW�+HDWKURZ��7KHUH�LV�PXFK�FXUUHQW�DFWLYLW\�LQ�DSSO\LQJ
WHFKQLTXHV�IURP�WKH�π�FDOFXOXV�WR�DQDO\VH�WKH�EHKDYLRXU�RI�VHFXULW\�SURWRFROV�DQG
GLVWULEXWHG�V\VWHPV�
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Natural language processing (Steve Pulman)

English and Logic
/RJLF�GHYHORSHG�IURP�WKH�VWXG\�RI�UHDVRQLQJ�DQG�WKH�QRWLRQ�RI�YDOLG�LQIHUHQFH�
0RVW�HYHU\GD\�UHDVRQLQJ�LV�GRQH�LQ�D�QDWXUDO�ODQJXDJH�OLNH�(QJOLVK��IRUPDO�ORJLFV
ZHUH�GHYHORSHG�LQ�SDUW�LQ�RUGHU�WR�DYRLG�WKH�SHUFHLYHG�YDJXHQHVVHV�DQG�DPELJXLW\
RI�RUGLQDU\�(QJOLVK�

,Q�WKLV�SURMHFW�ZH�DUH�WU\LQJ�WR�GHYHORS�VLPSOH�¨UHDVRQLQJ�DJHQWV©�ZKLFK�FDQ�FDUU\
RXW�YDULRXV�W\SHV�RI�LQIHUHQFH��DQG��PRUH�LPSRUWDQW��GHVFULEH�WKHP�LQ�D�PDQQHU
ZKLFK�LV�WUDQVSDUHQW�HYHQ�WR�VRPHRQH�ZKR�LV�QRW�D�ORJLFLDQ�

7KH�GHPRQVWUDWLRQ�VKRZV�DQ�LQLWLDO�VPDOO�SURWRW\SH�RI�D�V\VWHP�ZKLFK�FDQ�VROYH
V\OORJLVPV��RU�VLPLODU�W\SHV�RI�LQIHUHQFH�WDVN��OLNH�/HZLV�&DUUROO©V�ORJLF�SX]]OHV�

*LYHQ�

• $OO�KRQHVW�LQGXVWULRXV�PHQ�DUH�KHDOWK\�
• 1R�JURFHUV�DUH�KHDOWK\�
• $OO�LQGXVWULRXV�JURFHUV�DUH�KRQHVW�
• $OO�F\FOLVWV�DUH�LQGXVWULRXV�
• $OO�XQKHDOWK\�F\FOLVWV�DUH�GLVKRQHVW�

6KRZ�WKDW�

• 1R�JURFHU�LV�D�F\FOLVW

7KH�SUREOHP�LV�SRVHG�LQ�VLPSOH�(QJOLVK�VHQWHQFHV��ZKLFK�DUH�DXWRPDWLFDOO\
WUDQVODWHG�LQWR�H[SUHVVLRQV�RI�D�IRUPDO�ORJLF���7KHVH�H[SUHVVLRQV�DUH�WKHQ�KDQGHG�WR
D�WKHRUHP�SURYHU�ZKLFK�FDUULHV�RXW�WKH�UHDVRQLQJ���7KH�SURRI�LV�WKHQ�WUDQVODWHG
EDFN�LQWR�D�VHTXHQFH�RI�VLPSOH�(QJOLVK�VHQWHQFHV�ZKLFK�SURYLGH�D�WUDQVSDUHQW
GHVFULSWLRQ�RI�WKH�UHDVRQLQJ�LQYROYHG�

The HIGHLIGHT information extraction system
,QIRUPDWLRQ�UHWULHYDO�WHFKQLTXHV�FDQ�ORFDWH�GRFXPHQWV�WKDW�DUH�UHOHYDQW�WR�RXU
TXHU\���%XW�KRZ�FDQ�ZH�H[WUDFW�WKH�UHOHYDQW�SDUW�RI�WKH�GRFXPHQW�WR�IRUP�DQ
DQVZHU�WR�RXU�TXHVWLRQ"

,QIRUPDWLRQ�¦H[WUDFWLRQ§�XVHV�JUDPPDWLFDO�DQG�VHPDQWLF�DQDO\VLV�WHFKQLTXHV�WR
ORFDWH�WKH�UHOHYDQW�SKUDVHV�DQG�ILOWHU�RXW�WKH�LUUHOHYDQW�RQHV��HYHQ�ZKHQ�WKHVH�PD\
FRQWDLQ�WKH�ULJKW�NH\ZRUGV���7KLV�DQDO\VLV�HQDEOHV�XV�WR�SURGXFH�D�VWUXFWXUHG
UHSUHVHQWDWLRQ�RI�WKH�UHOHYDQW�FRPSRQHQWV�RI�WKH�GRFXPHQW�LQ�D�IRUP�VXLWDEOH�IRU
IXUWKHU�SURFHVVLQJ��H�J��GDWD�PLQLQJ��YLVXDOLVDWLRQ��HWF��

7KH�:::�EDVHG�+,*+/,*+7�V\VWHP�LV�EHLQJ�GHYHORSHG�E\�65,�,QWHUQDWLRQDO�LQ
&DPEULGJH���7KLV�V\VWHP�LV�SDUWO\�EDVHG�RQ�ZRUN�FDUULHG�RXW�LQ�DQ�HDUOLHU
FROODERUDWLYH�SURMHFW�EHWZHHQ�WKH�&RPSXWHU�/DERUDWRU\�DQG�65,�
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Iris recognition (John Daugman)

7KLV�SURMHFW�LOOXVWUDWHV�FRPSXWHU�YLVLRQ�DQG
SDWWHUQ�UHFRJQLWLRQ���7KH�SXUSRVH�LV�UHDO�WLPH�
KLJK�FRQILGHQFH�UHFRJQLWLRQ�RI�D�SHUVRQ©V�LGHQWLW\
E\�PDWKHPDWLFDO�DQDO\VLV�RI�WKH�UDQGRP�SDWWHUQV
WKDW�DUH�YLVLEOH�ZLWKLQ�WKH�LULV�RI�DQ�H\H�IURP�VRPH
GLVWDQFH���%HFDXVH�WKH�LULV�LV�D�SURWHFWHG�LQWHUQDO
RUJDQ�RI�WKH�H\H�ZKRVH�UDQGRP�WH[WXUH�LV�VWDEOH
WKURXJKRXW�OLIH��LW�FDQ�VHUYH�DV�D�NLQG�RI�OLYLQJ
SDVVSRUW�RU�SDVVZRUG�WKDW�RQH�QHHG�QRW�UHPHPEHU
EXW�RQH�DOZD\V�FDUULHV�DORQJ�

$IWHU�ORFDOL]LQJ�WKH�H\HV�LQ�D�IDFH�DQG�GHWHUPLQLQJ
WKH�LQQHU�DQG�RXWHU�ERXQGDULHV�RI�WKH�LULVHV�DQG
H\HOLGV��WKH�SDWWHUQHG�WH[WXUH�RI�DQ�LULV�LV�HQFRGHG�
7KH�PDWKHPDWLFDO�SURFHVV�XVHV�FRPSOH[�YDOXHG
�'�ZDYHOHWV�WR�H[WUDFW�SKDVH�LQIRUPDWLRQ�E\
GHPRGXODWLRQ���7KH�UHVXOW�LV�D�FRPSDFW
¦,ULV&RGH§��ZKRVH�VWDWLVWLFDO�UDQGRPQHVV�VSDQV
DERXW�����LQGHSHQGHQW�GHJUHHV�RI�IUHHGRP���7KLV
ODUJH�VWRFKDVWLF�GLPHQVLRQDOLW\�HQVXUHV�WKDW�QR
WZR�H\HV�FDQ�JHQHUDWH�WKH�VDPH��RU�HYHQ�QHDUO\�WKH

VDPH��,ULV&RGH��ZLWK�PRUH�WKDQ�LQILQLWHVLPDO�SUREDELOLW\�

%HFDXVH�WKH�LULV�SDWWHUQ�LV�D�SKHQRW\SLF�UDWKHU�WKDQ�JHQRW\SLF�IHDWXUH��HYHQ�LGHQWLFDO
WZLQV�KDYH�,ULV&RGHV�WKDW�DUH�DV�XQFRUUHODWHG�DV�WKRVH�RI�XQUHODWHG�SHRSOH����7KH
VDPH�LV�WUXH�IRU�FRPSDULVRQV�RI�ULJKW�DQG�OHIW�H\HV�RI�RQH�SHUVRQ��WKHVH�DJDLQ�DUH
JHQHWLFDOO\�HTXLYDOHQW����7KHUHIRUH�LULV�UHFRJQLWLRQ�RXWSHUIRUPV�HYHQ�'1$�WHVWLQJ�
ZKRVH�)DOVH�0DWFK�UDWH�FDQQRW�EH�ORZHU�WKDQ�WKH�ELUWK�UDWH�RI�LGHQWLFDO�WZLQV�

$�VKRZQ�E\�WKH�VHSDUDWLRQ�LQ�WKH�¦'HFLVLRQ
(QYLURQPHQW§�KLVWRJUDPV��UHFRJQLWLRQ�GHFLVLRQV
KDYH�PDWKHPDWLFDO�FRQILGHQFH�OHYHO�VXIILFLHQW�WR
VXSSRUW�H[KDXVWLYH�VHDUFKHV�WKURXJK�QDWLRQDO�
VL]HG�GDWDEDVHV�ZLWK�DOPRVW�QR�FKDQFH�RI�D�)DOVH
0DWFK���,Q�DGGLWLRQ�WR�WKH�FXUUHQW�WULDOV�DW�EDQN
FDVKSRLQW�PDFKLQHV��LULV�UHFRJQLWLRQ�FRXOG�EH�XVHG
LQ�DQ\�WUDQVDFWLRQ�LQ�ZKLFK�D�SHUVRQ
V�LGHQWLW\
PXVW�EH�HVWDEOLVKHG�RU�FRQILUPHG���([DPSOHV�DUH
SDVVSRUW�FRQWURO��HOHFWURQLF�FRPPHUFH��EHQHILWV
SD\PHQW��EXLOGLQJ�HQWU\��DFFHVV�WR�SULYLOHJHG
LQIRUPDWLRQ��OLFHQVHV��IRUHQVLF�RU�SROLFH�XVHV��FRPSXWHU�ORJLQ��RU�DQ\�WUDQVDFWLRQ�LQ
ZKLFK�SHUVRQDO�LGHQWLILFDWLRQ�FXUUHQWO\�UHOLHV�RQ�NH\V��FDUGV��GRFXPHQWV��SDVVZRUGV
RU�3,1V�
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Modelling and animation (Neil Dodgson & Peter Robinson)

7KH�&RPSXWHU�/DERUDWRU\�KDV�D�ORQJ�KLVWRU\�RI�LQYROYHPHQW�LQ�PRGHOOLQJ�IRU��'
FRPSXWHU�JUDSKLFV���:H�DUH�FXUUHQWO\�XQGHUWDNLQJ�D�YDULHW\�RI�UHVHDUFK�SURMHFWV�LQ
WKLV�DUHD�

Animation of human figures
(Tony Polichroniadis & Marco Gillies)
:KLOH��'�DQLPDWLRQ�RI�LQVHFWV��WR\V��DQG
VSDFHVKLSV�LV�QRZ�YLDEOH��PRGHOOLQJ�DQG
DQLPDWLRQ�RI�KXPDQV�LV�VWLOO�D�UHVHDUFK�SUREOHP�
:H�DUH�LQYHVWLJDWLQJ�WZR�DVSHFWV�RI�WKLV���KRZ
KXPDQ�HPRWLRQ�FDQ�EH�UHSUHVHQWHG�DQG
LQFRUSRUDWHG�LQ�DQLPDWLRQ��DQG�ZKHWKHU�KXPDQ
YLVXDO�SV\FKRORJ\�FDQ�EH�XVHG�WR�JHQHUDWH�EHWWHU
DQLPDWLRQ�DOJRULWKPV�

Modelling non-rigid materials
(James Gain & Michael Blain)
6RIW��GHIRUPDEOH�REMHFWV�DQG�OLTXLGV
DUH�H[WUHPHO\�WULFN\�WR�PRGHO
HIIHFWLYHO\��:H�DUH�FXUUHQWO\�WDFNOLQJ
WKH�PDWKHPDWLFDO�XQGHUSLQQLQJV�RI
GLUHFWO\�PDQLSXODWHG�IUHH�IRUP
GHIRUPDWLRQ��'0))'��ZLWK�WKH
LQWHQWLRQ�RI�XVLQJ�LW�IRU�VFXOSWLQJ�VRIW
REMHFWV��LQ�WKH�VDPH�ZD\�WKDW�DQ
DUWLVW�ZRXOG�PDQLSXODWH�FOD\��:H
KDYH�DOVR�VWDUWHG�LQYHVWLJDWLRQV�LQWR
WKH�HIILFLHQW�PRGHOOLQJ�RI�OLTXLGV�IRU
UHDO�WLPH�DQLPDWLRQ��SDUWLFXODUO\�WKH�PHFKDQLFV�RI�VSODVKLQJ�

Automatic model simplification (Jon Sewell & Peter Brown)
�'�PRGHOV�FDQ�FRQWDLQ�HQRUPRXV�GHWDLO��7KLV�GHWDLO�LV�QRUPDOO\
GUDZQ�E\�WKH�FRPSXWHU��UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�LW�LV�YLVLEOH
WR�WKH�KXPDQ�YLHZHU��2XU�ZRUN�KDV�LQYHVWLJDWHG�PHWKRGV�IRU
DXWRPDWLFDOO\�UHGXFLQJ�WKH�GHWDLO�LQ�REMHFWV�ZLWKRXW�DIIHFWLQJ�WKH
YLVXDO�UHVXOW��7KLV�DOORZV��'�GUDZLQJ�WR�SURFHHG�PRUH�UDSLGO\
DQG�FDQ�EH�DSSOLHG�LQ�IOLJKW�VLPXODWRUV�DQG�RWKHU�FRPSOH[�YLUWXDO
HQYLURQPHQWV

Mathematical foundations (Brett Saunders & James Gain)
&RPSOH[�PDWKHPDWLFV�OLH�EHKLQG�VHHPLQJO\�VLPSOH�PRGHOV��7KH
QRQ�ULJLG�PDWHULDOV�ZRUN��DERYH��WDFNOHV�VRPH�ILHUFH�PDWKV�
$QRWKHU�FXUUHQW�SURMHFW�LQYHVWLJDWHV�PHWKRGV�RI�HIIHFWLYHO\

VLPSOLI\LQJ�WKH�PDWKHPDWLFV�RI�FRQVWUDLQHG�G\QDPLF�DQLPDWLRQ��WR�DOORZ�IRU�EHWWHU
UHDO�WLPH�HIIHFWV��,Q�DOO�WKLV�ZRUN�ZH�HQGHDYRXU�WR�NHHS�D�EDODQFH�EHWZHHQ�WKH
FRPSOHWHQHVV�RI�RXU�PRGHOV�RI�WKH�ZRUOG�DQG�WKHLU�FRPSXWDWLRQDO�WUDFWDELOLW\�
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Video user interfaces (Peter Robinson & Richard Watts)

$V�SDUW�RI�RXU�ZRUN�RQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��ZH�DUH�ORRNLQJ�DW�ZD\V�RI
XVLQJ�GLJLWLVHG�YLGHR�IURP�WHOHYLVLRQ�FDPHUDV�LQ�XVHU�LQWHUIDFHV�IRU�FRPSXWHUV�

DigitalDesk
7KH�'LJLWDO'HVN�LV�EXLOW�DURXQG�DQ�RUGLQDU\�GHVN
DQG�FDQ�EH�XVHG�DV�VXFK��EXW�LW�KDV�H[WUD
FDSDELOLWLHV���$�YLGHR�FDPHUD�LV�PRXQWHG�DERYH
WKH�GHVN��WR�GHWHFW�ZKHUH�WKH�XVHU�LV�SRLQWLQJ�DQG
WR�UHDG�GRFXPHQWV���&RPSXWHU�LPDJHV�DUH�DOVR
SURMHFWHG�GRZQ�RQWR�WKH�ZRUN�VXUIDFH�DQG�RQWR
UHDO�SDSHU�GRFXPHQWV�

BrightBoard
$QRWKHU�DSSURDFK�LV�XVHG�LQ�%ULJKW%RDUG���$�YLGHR
FDPHUD�LV�SRLQWHG�DW�DQ�RUGLQDU\�ZKLWHERDUG�DQG�LWV
RXWSXW�IHG�LQWR�D�FRPSXWHU���7KH�ZKLWHERDUG�WKXV
EHFRPHV�DQ�DOWHUQDWLYH�ZD\�RI�FRQWUROOLQJ�WKH�FRPSXWHU�

Animated paper documents
7KLV�WHFKQRORJ\�LV�EHLQJ�DSSOLHG�WR�HOHFWURQLF
SXEOLVKLQJ���:H�KDYH�FRPELQHG�HOHFWURQLF�DQG�SULQWHG
GRFXPHQWV�WR�JLYH�D�ULFKHU�SUHVHQWDWLRQ�WKDQ�WKDW
DIIRUGHG�E\�HLWKHU�VHSDUDWH�PHGLXP���0DWHULDO�LV

SXEOLVKHG�DV�DQ
RUGLQDU\��SULQWHG
GRFXPHQW�WKDW�FDQ�EH
UHDG�LQ�WKH�QRUPDO
ZD\��HQMR\LQJ�WKH�XVXDO�EHQHILWV�RI�UHDGDELOLW\�
DFFHVVLELOLW\�DQG�SRUWDELOLW\���+RZHYHU��ZKHQ
REVHUYHG�E\�D�FDPHUD�FRQQHFWHG�WR�D�FRPSXWHU�
WKH�PDWHULDO�DFTXLUHV�WKH�SURSHUWLHV�RI�DQ
HOHFWURQLF�GRFXPHQW��EOXUULQJ�WKH�GLVWLQFWLRQ
EHWZHHQ�WKH�WZR�PRGHV�RI�RSHUDWLRQ�

7KHVH�V\VWHPV�VKRZ�KRZ�FRPSXWHUV�FDQ�EH�EXLOW
LQWR�HYHU\GD\�REMHFWV�ZLWK�VLPSOH�XVHU�LQWHUIDFHV
WKDW�GR�QRW�UHTXLUH�H[SHUW�NQRZOHGJH�WR�RSHUDWH�
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Computing Service exhibition

Overseer:  Richard Stibbs

7KH�KDOI�FHQWXU\�VLQFH�0D\������KDV�EHHQ�UHPDUNDEOH�QRW�RQO\�LQ�WHUPV�RI�WKH
DFDGHPLF�DQG�WHFKQLFDO�DFKLHYHPHQWV�RI�WKH�0DWKV�/DE�EXW�DOVR�LQ�WKH�FORVH�DQG
V\PELRWLF�UHODWLRQVKLS�EHWZHHQ�7HDFKLQJ�	�5HVHDUFK�DQG�WKH�&RPSXWLQJ�6HUYLFH�
7KLV�KDV�EHHQ�D�WULEXWH�WR�VXFFHVVLYH�+HDGV�RI�WKH�'HSDUWPHQW�¤�0DXULFH�:LONHV�
5RJHU�1HHGKDP��DQG�5RELQ�0LOQHU�¤�DQG�WR�'LUHFWRUV�RI�WKH�&RPSXWLQJ�6HUYLFH�¤
'DYLG�+DUWOH\�DQG�0LNH�6D\HUV�

7KH�IRUPDO�LQVWLWXWLRQ�RI�WKH�&RPSXWLQJ�6HUYLFH�LQ�WKH�HDUO\�����V�DV�D�GLYLVLRQ�RI
WKH�&RPSXWHU�/DERUDWRU\�UDWKHU�WKDQ�DV�D�VHSDUDWH�GHSDUWPHQW�ZHQW�DJDLQVW�WKH
RUWKRGR[�WKLQNLQJ�LQ�WKH�XQLYHUVLWLHV�RI�WKDW�WLPH��EXW�WKDW�GHFLVLRQ�KDV�EHHQ�IXOO\
MXVWLILHG���7KHUH�KDYH�EHHQ�WKH�DGYDQWDJHV�RI�WKH�VKDUHG�VHUYLFHV�¤�WKH�SULQWURRP�
DFFRXQWV��EXLOGLQJ�VHUYLFHV��VWRUHV��UHFHSWLRQ��WHOHSKRQLVW��WKH�FRPPRQ�URRP��DQG
WKH�OLEUDU\�¤�ZKLFK�VSOLW�LQWR�WZR�GHSDUWPHQWV�ZRXOG�KDYH�EHHQ�PRUH�FRVWO\���7KHUH
KDYH�DOVR�EHHQ�PDQ\�RWKHU�OHVV�WDQJLEOH�EHQHILWV���&RPSXWHU�6HUYLFH�VWDII�FRQWLQXH
WR�OHFWXUH�IRU�WKH�&RPSXWHU�6FLHQFH�7ULSRV��&67��DQG�'LSORPD��DQG�PDQ\�&6�VWDII
KDYH�VHUYHG�DV�'LUHFWRUV�RI�6WXGLHV�DQG�DV�VXSHUYLVRUV���7KH�&RPSXWLQJ�6HUYLFH�KDV
EHHQ�DEOH�WR�OLDLVH�FORVHO\�ZLWK�7	5�LQ�WKH�SURYLVLRQ�RI�KDUGZDUH�DQG�VRIWZDUH�IRU
WKH�&67��DQG�KDV�ZRUNHG�WR�HQVXUH�WKH�VXFFHVV�RI�7	5�VHUYLFH�WHDFKLQJ
FRPPLWPHQWV��HVSHFLDOO\�IRU�WKH�1DWXUDO�6FLHQFHV�7ULSRV��3DUW�,$����([SRVXUH�WR
7	5�UHVHDUFK�SURMHFWV�KDV�JLYHQ�&6�VWDII�HDUO\�LQWURGXFWLRQV�WR�QHZ�WHFKQRORJLHV
�WZR�H[DPSOHV�RI�ZKLFK�DUH�WKH�,QWHUQHW�3URWRFROV�DQG�(WKHUQHW�WHFKQRORJ\��DQG�WKH
LQIRUPHG�DQG�FRQVWUXFWLYH�FULWLFLVP�IURP�7	5�RI�&6�V\VWHPV�FRQWLQXHV�WR�EH�D
KHOSIXO�VSXU�WR�H[FHOOHQFH���0DQ\�JHQHUDWLRQV�RI�7	5�UHVHDUFK�VWXGHQWV�ZHUH
H[SRVHG�WR�SUDFWLFDO�DVSHFWV�RI�WKHLU�VFLHQFH�E\�EHLQJ�HPSOR\HG�DV�3URJUDPPLQJ
$GYLVHUV��WKH�SUHFXUVRU�RI�WKH�+HOS�'HVN��DQG�DV�GHPRQVWUDWRUV�IRU�&6�FRXUVHV�
7KH�PHPEHUV�RI�WKH�HQJLQHHULQJ�VWDII�RI�WKH�&RPSXWHU�/DERUDWRU\�ZKR�VWDUWHG�WKH
SHULRG�SURYLGLQJ�VHUYLFHV�WR�UHVHDUFK�SURMHFWV�KDYH�GHYHORSHG�WKHLU�VNLOOV�ZLWKLQ�WKH
/DERUDWRU\�WR�SURYLGH�WKH�KLJKO\�UHJDUGHG�KDUGZDUH�PDLQWHQDQFH�VHUYLFH�WR�WKH
8QLYHUVLW\�

7KLV�WRQH�RI�FR�RSHUDWLRQ�RXWVLGH�RI�UHVHDUFK�ZDV�LQLWLDWHG�E\�0DXULFH�:LONHV�DQG
H[HPSOLILHG�E\�KLV�ZLOOLQJQHVV�WR�VKDUH�WKH�/DE©V�UHVRXUFHV�ZLWK�WKH�UHVW�RI�WKH
8QLYHUVLW\�DQG�E\�WKH�GHFLVLRQ�WR�EXLOG�D�YLHZLQJ�JDOOHU\�IRU�WKH�7LWDQ�URRP�
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7KH�LQVWLWXWLRQ�RI�WKH�&RPSXWLQJ�6HUYLFH�LQ��������FRXOG�KDYH�EHHQ�WKH�EHJLQQLQJ
RI�D�SDUWLQJ�RI�WKH�ZD\V�EXW�'DYLG�+DUWOH\�DQG�KLV�FROOHDJXHV�VWD\HG�FORVH�WR�WKH
HWKRV�RI�XVDELOLW\�DQG�HIILFLHQF\�ZKLFK�KDG�GHYHORSHG�GXULQJ�WKH�GHYHORSPHQW�RI�WKH
7LWDQ�2SHUDWLQJ�6\VWHP�DQG�LW�ZDV�ZLWK�7	5�HQFRXUDJHPHQW�DQG�VXSSRUW�WKDW�WKH
6HUYLFH�GHFLGHG�WR�HPEDUN�RQ�WKH�WHFKQLFDOO\�GLIILFXOW�EXW�YHU\�UHZDUGLQJ�WDVN�RI
DGDSWLQJ�FRPPHUFLDO�V\VWHPV�WR�SURYLGH�WKH�HDVH�RI�XVH�WR�ZKLFK�WKH�8QLYHUVLW\�KDG
EHFRPH�DFFXVWRPHG�LQ�WKH�7LWDQ�HUD���7KH�UHVXOW�ZDV�WKH�3KRHQL[�V\VWHP�ZKLFK
SURYLGHG�ZKDW�ZDV�ZLGHO\�DFFHSWHG�WR�EH�WKH�EHVW�PDLQ�IUDPH�DFDGHPLF�VHUYLFH�LQ
WKH�ZRUOG���7	5�VWDII�ZHUH�YHU\�LQYROYHG�XVHUV�RI�WKH�6HUYLFH�DQG�SURYLGHG�ERWK
YDOXDEOH�FULWLFLVP�DQG�VWDIILQJ�IRU�WKH�$GYLVRU\�6HUYLFHV�DQG�LQ�PDQ\�FDVHV�MRLQHG
WKH�&RPSXWLQJ�6HUYLFH�VWDII���7KH�VKDUHG�FRPPRQ�URRP�DQG�WKH�SUR[LPLW\�RI
5HFHSWLRQ�DQG�WKH�8VHU�$UHD�WR�7	5�FHUWDLQO\�KHOSHG�DV�GLG�WKH�FKDWWLQJ�RYHU�WKH
RXWSXW�WDQNV�

7KH�H[FHOOHQFH�RI�WKH�3KRHQL[�V\VWHP�PHDQW�WKDW�WKH�8QLYHUVLW\�KDG�QR�QHHG�WR�SDVV
WKURXJK�WKH�UDWKHU�SDLQIXO�SKDVH�RI�&30�EDVHG�PDFKLQHV�DQG�LW�ZDV�WKH�LQVSLUHG
GHYHORSPHQW�RI�WKH�%%&�PLFUR�LQ�WKH�/DE�WKDW�JDYH�RXU�XVHUV�WKH�OX[XU\�RI�GXDO�XVH
PDFKLQHV�SURYLGLQJ�ERWK�WHUPLQDO�HPXODWLRQ�DQG�VWDQG�DORQH�XVH���3&V�DQG�0DFV
IROORZHG�WR�WDNH�WKH�SODFH�RI�WKH�%HHEV�DQG�WKH�LQFUHDVH�LQ�ORFDO�FRPSXWH�SRZHU�OHG
WR�WKH�QHHG�WR�LQWURGXFH�WKH�3:)��3HUVRQDO�:RUNVWDWLRQ�)DFLOLW\�UXQQLQJ�1RYHOO
1HWZDUH��WR�DGPLQLVWHU�WKH�GLVWULEXWHG�FRPSXWLQJ�

0HDQZKLOH�WKH�6HUYLFH�KDG�EHHQ�GHYHORSLQJ�WKH�XQGHUO\LQJ�QHWZRUNLQJ
LQIUDVWUXFWXUH��WDNLQJ�SDUW�LQ�ORFDO�DQG�QDWLRQDO�VWDQGDUGLVDWLRQ�RQ�WKH�&RORXUHG
%RRN�SURWRFROV��DQG�ODWHU�DGRSWLQJ�WKH�,QWHUQHW�SURWRFROV���'DYLG�+DUWOH\��0LNH
6D\HUV�DQG�5RJHU�1HHGKDP�KDG�VHHQ�WKH�QHHG�WR�GHYHORS�WKH�8QLYHUVLW\©V�SK\VLFDO
QHWZRUNLQJ�DQG�REWDLQHG�WKH�ODWH���V�WKH�DFKLHYHPHQW�RI�WKH�DJUHHPHQW�EHWZHHQ�WKH
&ROOHJHV�DQG�WKH�8QLYHUVLW\�WR�LQVWDOO�WKH���NP�RI�GXFWLQJ�FRQWDLQLQJ�RSWLFDO�ILEUH
FDEOHV�XQGHU�&DPEULGJH�PDNLQJ�XS�WKH�*UDQWD�%DFNERQH�QHWZRUN���7KLV�DOORZHG
WKH�UDSLG�GHYHORSPHQW�RI�GLVWULEXWHG�FRPSXWLQJ�DURXQG�WKH�8QLYHUVLW\�WR�WRGD\©V
VLWXDWLRQ�ZKHUH�ZH�VXSSRUW��������(WKHUQHW�FRQQHFWLRQV�DQG��������UHJLVWHUHG
XVHUV�

,Q�SDUDOOHO��WKHUH�KDYH�EHHQ�GHYHORSHG�WKH�&HQWUDO�8QL[�6HUYLFH��:HE��1HZV��'LDO�
XS�DQG�0DLO�6HUYHUV�DQG�WKH�PDQ\�DQG�YDULHG�VXSSRUW�VHUYLFHV�LQFOXGLQJ�WKH
/LWHUDU\�DQG�/LQJXLVWLFV�&RPSXWHU�&HQWUH��WKH�3KRWRJUDSK\�DQG�,OOXVWUDWLRQ�6HUYLFH�
WKH�+HOS�'HVN��7HFKQLFDO�8VHU�6HUYLFHV��8QL[�6XSSRUW��WKH�3ULQWURRP��WKH
,QIRUPDWLRQ�6HUYLFH��8VHU�$GPLQLVWUDWLRQ��6RIWZDUH�6DOHV��5HFHSWLRQ��9LGHR�
&RQIHUHQFLQJ��+DUGZDUH�0DLQWHQDQFH�DQG�WKH�LQFUHDVLQJO\�LPSRUWDQW�ORFDO
&RPSXWHU�6HFXULW\�WHDP�IHQGLQJ�RII�ZRUOG�ZLGH�KDFNHU�DWWDFNV�
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+RZHYHU�D�JROGHQ�DQQLYHUVDU\�PXVW�EH�D�WLPH�WR�EH�QRVWDOJLF�DQG�DOWKRXJK�ZH�FDQ
QRZ�GHOLYHU�XQSUHFHGHQWHG�SRZHU�DQG�FRQQHFWLYLW\�WR�GHVNWRSV�WKURXJKRXW�WKH
8QLYHUVLW\�WKHUH�LV�QR�ORQJHU�WKH�VHQVH�RI�WKH�H[FLWHPHQW�RI�WKH�VKDUHG�ODWH�QLJKW
HQGHDYRXUV�RQ�D�VLQJOH�V\VWHP�WKDW�FDQ�UHPHPEHUHG�IURP�WKH�0DWKV�/DE�DQG�WKH
YDULRXV�&6�8VHU�$UHDV���:H�KRSH�WKH�GLVSOD\�RI�SKRWRJUDSKV�LQ�WKH�$XVWLQ�VWDLUZHOO
ZLOO�EH�D�KDSS\�UHPLQGHU�RI�WKDW�VKDUHG�H[FLWHPHQW�
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New Computer Laboratory Building plans

7KH�ROG�/DERUDWRU\�IURP�WKH�FRXUW\DUG

7KH�0DWKHPDWLFDO�/DERUDWRU\�EXLOGLQJ�EHWZHHQ�WKH�1HZ�0XVHXPV�6LWH�DQG�&RUQ
([FKDQJH�6WUHHW��LQ�ZKLFK�WKH�('6$&�ZDV�FRQVWUXFWHG�DQG�XVHG��ZDV�D���WK
&HQWXU\�EXLOGLQJ�SUHYLRXVO\�RFFXSLHG�E\�WKH�'HSDUWPHQW�RI�$QDWRP\���7KLV
EXLOGLQJ��ZKLFK�DOVR�KRXVHG�('6$&���DQG�7LWDQ��ZDV�UHSODFHG�GXULQJ�WKH�����V�E\
D�KHIW\�QHZ�EXLOGLQJ�VKDUHG�EHWZHHQ�VHYHUDO�GHSDUWPHQWV��LQWR�ZKLFK�WKH
/DERUDWRU\�PRYHG�LQ��������,Q�WKH�WKLUW\�\HDUV�VLQFH�WKHQ��ZLWK�WKH�JURZWK�RI
UHVHDUFK��WHDFKLQJ��DQG�WKH�FRPSXWLQJ�VHUYLFH��WKH�&RPSXWHU�/DERUDWRU\�KDV�VSUHDG
RXW�RYHU�DGMRLQLQJ�EXLOGLQJV�RQ�WKH�1HZ�0XVHXPV�6LWH�DQG�WR�RIIVLWH�RXWVWDWLRQV�
,WV�FXUUHQW�VWDWH�LV�LQFRQYHQLHQW�DQG�FRQVWUDLQHG��$�QHZ��PRUH�FRPPRGLRXV�DQG
SUDFWLFDO�EXLOGLQJ�LV�SODQQHG�IRU�WKH�8QLYHUVLW\©V�:HVW�&DPEULGJH�6LWH��IRU�ZKLFK�D
YHU\�VXEVWDQWLDO�JLIW�IURP�WKH�:LOOLDP�+��*DWHV�,,,�)RXQGDWLRQ�KDV�EHHQ�SURPLVHG�
'HWDLOHG�GHVLJQ�ZRUN�RQ�WKH�QHZ�EXLOGLQJ�LV�QRZ�XQGHUZD\��DQG�FXUUHQW�GUDIW�SODQV
ZLOO�EH�RQ�VKRZ�
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Extracts from the 1949 conference

$�FRQIHUHQFH�RQ�+LJK�VSHHG�DXWRPDWLF�FDOFXODWLQJ�PDFKLQHV�ZDV�KHOG�LQ�&DPEULGJH
LQ�-XQH�������7KLV�ZDV�D�PDMRU�HYHQW�ZLWK����SUHVHQWDWLRQV�DQG�GLVFXVVLRQV��DQG
DWWUDFWHG�����GHOHJDWHV�IURP�WKH�86$��)UDQFH��*HUPDQ\��+ROODQG�DQG�6ZHGHQ�DV
ZHOO�DV�WKH�8.���7KH�RSHQLQJ�SUHVHQWDWLRQ�DERXW�WKH�('6$&�E\�0�9��:LONHV�DQG
:��5HQZLFN�LV�UHSULQWHG�KHUH�WRJHWKHU�ZLWK�0LVV�%�+��:RUVOH\©V�VXPPDU\�RI�D
GHPRQVWUDWLRQ�RI�WKH�('6$&�JLYHQ�E\�:��5HQZLFN�
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A brief informal history of the Computer Laboratory

&RPSLOHG�E\�.DUHQ�6SlUFN�-RQHV�XVLQJ�PDWHULDO�IURP�WKH�8QLYHUVLW\�5HSRUWHU��DQG
IURP�0DXULFH�:LONHV��'DYLG�:KHHOHU��5RJHU�1HHGKDP��'DYLG�+DUWOH\��DQG�%ULDQ
:HVWZRRG��WR�DOO�RI�ZKRP�WKH�FRPSLOHU�LV�JUDWHIXO�IRU�KHOS�DQG�FRPPHQWV�

7KLV�QRWH�LQGLFDWHV�VRPH�RI�WKH�PRUH�PHPRUDEOH�WKLQJV�LQ�WKH�KLVWRU\�RI�WKH
/DERUDWRU\��LW�LV�QRW�LQWHQGHG�WR�EH�D�IXOO�DFFRXQW�RI�WKH�/DERUDWRU\©V�DFWLYLWLHV��RU�D
IRUPDO�KLVWRULFDO�UHFRUG�RU�DXGLW�

)RU�IXUWKHU�KLVWRULFDO�UHIHUHQFH�VHH�
0�9��:LONHV��0HPRLUV�RI�D�&RPSXWHU�3LRQHHU��0,7�3UHVV�������
,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ�
6SHFLDO�LVVXH�RQ�WKH�8QLYHUVLW\�RI�&DPEULGJH��9RO��������������

���� *HQHUDO�%RDUG�5HSRUW�RQ�WKH�(VWDEOLVKPHQW�RI�D�&RPSXWLQJ�/DERUDWRU\
���'HFHPEHU��UHIHUUHG�WR�¨UHFHQW�GHYHORSPHQWV�LQ�PHFKDQLFDO�DQG�HOHFWULFDO
DLGV�WR�FRPSXWDWLRQ©�DQG�W\SHV�RI�PDFKLQH�
¨JUHDW�XVH�LV�QRZ�PDGH�RI�WKHP�LQ�DOO�EUDQFKHV�RI�VFLHQFH©
¨7KH�LPSRUWDQW�IHDWXUH�RI�WKHVH�PDFKLQHV�����LV�WKH�VSHHG�ZLWK�ZKLFK�GHILQLWH
DQVZHUV�FDQ�EH�SURGXFHG�©

/DERUDWRU\�LQWHQGHG��FI�ODWHU�*%�5HSRUW�������¨WR�SURYLGH�D�FRPSXWLQJ
VHUYLFH�IRU�JHQHUDO�XVH��DQG�WR�EH�D�FHQWUH�IRU�WKH�GHYHORSPHQW�RI
FRPSXWDWLRQDO�WHFKQLTXHV�LQ�WKH�8QLYHUVLW\©�

���� ���0D\
)RXQGHG�DV�0DWKHPDWLFDO�/DERUDWRU\��'LUHFWRU�3URIHVVRU�-�(��/HQQDUG�-RQHV
�3URIHVVRU�RI�7KHRUHWLFDO�&KHPLVWU\���RQO\�VWDII�PHPEHU�0�9��:LONHV�
DSSRLQWHG�DV�8QLYHUVLW\�'HPRQVWUDWRU�

7R�EH�XVHG�IRU�PHFKDQLFDO�FRPSXWDWLRQ�ZLWK�D�GLIIHUHQWLDO�DQDO\VHU��GHVN
PDFKLQHV��HWF�

7KH�/DERUDWRU\�ZDV�WR�EH�KRXVHG�LQ�WKH�1RUWK�:LQJ�RI�WKH�IRUPHU�$QDWRP\
6FKRRO��RQ�WKH�1HZ�0XVHXPV�6LWH�

1RW�\HW�RSHQHG�ZKHQ�WDNHQ�RYHU�E\�0LQLVWU\�RI�6XSSO\�IRU�WKH�ZDU���:LONHV
DOUHDG\�ZRUNLQJ�HOVHZKHUH�RQ�UDGDU�DQG��ODWHU��RQ�RSHUDWLRQDO�UHVHDUFK�

���� /DERUDWRU\�UHWXUQHG�WR�FLYLOLDQ�XVH��ZLWK�:LONHV��WHPSRUDU\�8QLYHUVLW\
/HFWXUHU��DV�$FWLQJ�'LUHFWRU�

���� *HQHUDO�%RDUG�5HSRUW�RQ�WKH�2UJDQLVDWLRQ�RI�WKH�/DERUDWRU\�����-XO\��
¨WKH�/DERUDWRU\�KDV�EHHQ�HTXLSSHG�ZLWK�D�QXPEHU�RI�WKH�PRVW�PRGHUQ
FDOFXODWLQJ�PDFKLQHV������DQG�OLEUDU\�DQG�ZRUNVKRS�IDFLOLWLHV�KDYH�EHHQ�EXLOW
XS�DQG�DVVLVWDQWV�DSSRLQWHG�©
¨LWV�VHUYLFHV�ZLOO�EH�DYDLODEOH�WR�DOO�GHSDUWPHQWV�RI�WKH�8QLYHUVLW\©
¨>'U�:LONHV@�KDV�IRUPHG�SURMHFWV�RI�UHVHDUFK�ZRUN�����ZKLFK�ZLOO�EH�RI�JUHDW
YDOXH�WR�WKH�VFLHQFH�RI�FRPSXWDWLRQ�©

:LONHV�DSSRLQWHG�'LUHFWRU�ZLWK�¨WKH�GXW\�WR�DGYDQFH�NQRZOHGJH�RI�WKH�VFLHQFH
RI�PDWKHPDWLFDO�FRPSXWDWLRQ��WR�SURPRWH�DQG�GLUHFW�UHVHDUFK�LQ�LW��DQG�WR
VXSHUYLVH�WKH�ZRUN�RI�WKH�����/DERUDWRU\�XQGHU�WKH�JHQHUDO�FRQWURO�RI�WKH
0DWKHPDWLFDO�/DERUDWRU\�&RPPLWWHH�©
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���� 2FWREHU
:RUN�EHJDQ�RQ�WKH�('6$&��(OHFWURQLF�'HOD\�6WRUDJH�$XWRPDWLF�&DOFXODWRU�
ODWHU�UHIHUUHG�WR�DV�('6$&�����IROORZLQJ�:LONHV©�YLVLW�WR�WKH�86�LQ�$XJXVW�DQG
6HSWHPEHU�

���� 0HVVUV�-��/\RQV�DQG�&RPSDQ\�JDYH�D�JUDQW�RI������SRXQGV�IRU�UHVHDUFK�LQ
WKH�/DERUDWRU\��ZLWK�QR�DWWDFKHG�FRQGLWLRQV��DQG�VXSSRUW�IRU�DQ�DVVLVWDQW�IRU
D�\HDU��LQ�SUDFWLFH�PXFK�ORQJHU��

6WXGHQW�YROXQWHHUV��9��+DOH��%��+DVHOJURYH�DQG�'�-��:KHHOHU��KHOSLQJ�ZLWK
FRQVWUXFWLRQDO�ZRUN�

���������7KXUVGD\�&ROORTXLD�EHJDQ��ILUVW�WDON�%��1REOH�RQ�SURJUDPPLQJ�IRU�WKH
('6$&�

/DERUDWRU\©V�ILUVW�UHVHDUFK�VWXGHQW��-�0��%HQQHWW��IROORZHG�E\�'�-��:KHHOHU�

/DERUDWRU\�PHPEHUV�ZRUNLQJ�XQGHU�:LONHV�DQG�DOO�FRQWULEXWLQJ�LQ�VRPH�ZD\
RU�RWKHU�WR�WKH�('6$&�SURMHFW�LQFOXGHG�DFDGHPLF�VWDII��:��5HQZLFN�
%��1REOH��'�:��:LOOLV�DQG�(�1��0XWFK���DVVLVWDQW�VWDII��3�-��)DUPHU�
*�-��6WHYHQV��6�$��%DUWRQ��5�6��3LJJRWW��/�-��)RUHPDQ�DQG�3��&KDPEHUODLQ��DQG
UHVHDUFK�VWXGHQWV��%HQQHWW�DQG�:KHHOHU�

�/DERUDWRU\�DVVLVWDQW�VWDII�OLVW�IRU������KDV����SHRSOH��LQFOXGLQJ�WZR
XQHVWDEOLVKHG�¨ER\V©�DQG�D�SDUW�WLPH�FOHDQHU��SKRWRJUDSK�RI������KDV
���SHRSOH��

���������5HVHDUFK�RQ�SURJUDPPLQJ�PHWKRGV�XQGHU�:LONHV��LQFOXGLQJ��GHILQLWLRQ
DQG�UHILQHPHQW�RI�,QLWLDO�2UGHUV��:KHHOHU���FORVHG�VXEURXWLQHV��:KHHOHU��
EXLOGLQJ�RI�D�OLEUDU\�RI�VXEURXWLQHV��DOO�ODERUDWRU\�PHPEHUV�LQWHUHVWHG�LQ
SURJUDPPLQJ��SOXV�3URIHVVRU�'��5��+DUWUHH��

���� ��0D\
)LUVW�ORJJHG�SURJUDP�RQ�('6$&����FRPSXWLQJ�VTXDUHV�RI�������
7KLV�ZDV�WKH�ILUVW�FRPSOHWH�DQG�IXOO\�RSHUDWLRQDO�UHJXODU�HOHFWURQLF�GLJLWDO
VWRUHG�SURJUDP�FRPSXWHU��0DQFKHVWHU©V�DEVROXWH�ILUVW��LQ�������ZDV�WKH�6PDOO
6FDOH�([SHULPHQWDO�0DFKLQH��EXLOW�WR�YDOLGDWH�LQQRYDWLYH�&57�PHPRU\
WHFKQRORJ\����7KHVH�PDFKLQHV�ZHUH�EHIRUH�WKH�ILUVW�86�PDFKLQHV��

1RUPDO�RSHUDWLRQ��ZLWK�SDSHU�WDSH�LQSXW��IRU�UDQJH�RI�XVHU�FDOFXODWLRQV���7KH
,QLWLDO�2UGHUV���D�SULPLWLYH�DVVHPEOHU��ZHUH�KDUG�ZLUHG�RQ�WR�URWDU\�WHOHSKRQH
VZLWFKHV�

-XQH
&RQIHUHQFH�RQ�KLJK�VSHHG�DXWRPDWLF�FDOFXODWLQJ�PDFKLQHV��ILUVW�RXWVLGH�86�
ZLWK�����SDUWLFLSDQWV��('6$&���GHPRQVWUDWHG�DQG�FDPH�RXW�YHU\�ZHOO�
�5HSRUW�SXEOLVKHG�������ODWHU�YHUVLRQ��HGLWHG�E\�0�5��:LOOLDPV�DQG
0��&DPSEHOO�.HOO\��LQ�0,7�7RPDVK�KLVWRULFDO�VHULHV��������

*HQHUDO�%RDUG�UHSRUW�RQ�WKH�2UJDQLVDWLRQ�RI�WKH�/DERUDWRU\�����-XO\��
¨WKH�/DERUDWRU\�KDV�GHYHORSHG�XQWLO�LW�QRZ�RFFXSLHV�D�OHDGLQJ�SRVLWLRQ�DPRQJ
WKH�PDWKHPDWLFDO�ODERUDWRULHV�RI�WKH�FRXQWU\�©
,W�KDV�¨FDOFXODWLQJ�PDFKLQHV�����+ROOHULWK�HTXLSPHQW�����DQG�D�KLJK�VSHHG
HOHFWURQLF�FDOFXODWLQJ�PDFKLQH�KDV�EHHQ�GHVLJQHG�DQG�ODUJHO\�FRQVWUXFWHG�LQ
WKH�/DERUDWRU\���7KH�ZRUN�RQ�WKLV�PDFKLQH�KDV�DOUHDG\�ZRQ�UHFRJQLWLRQ�DQG
ILQDQFLDO�VXSSRUW�IRU�WKH�/DERUDWRU\�IURP�RXWVLGH�VRXUFHV�©
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/DERUDWRU\�WKHUHIRUH�IUHHG�IURP�LWV�&RPPLWWHH��:LONHV�EHFDPH�+HDG�RI
'HSDUWPHQW�DQG�5HQZLFN��FKLHI�HQJLQHHU��D�8QLYHUVLW\�'HPRQVWUDWRU�

���� 3URJUDP�VHUYLFH�EHJDQ�RQ�VHPL�IRUPDO�EDVLV��ZLWK�DQ�RSHUDWRU�WR�UXQ
SURJUDPV��H[FHSW�DW�QLJKW��ZKHQ�DXWKRULVHG�XVHUV�ZHUH�HQWLWOHG�WR�UXQ�WKH
PDFKLQH�WLOO�LW�EURNH��D�WUDGLWLRQ�FRQWLQXHG�ZLWK�('6$&�����HDUO\�RSHUDWRUV
LQFOXGHG�(��%UHDNZHOO��LQ�WKH������ILOP���9��:HEEHU��5��+LOO�

6LJQLILFDQW�GHYHORSPHQW�RI�OLEUDU\�URXWLQHV��H�J��6��*LOO©V�5XQJH�.XWWD
SURJUDP��:KHHOHU©V�LQWHUSUHWLYH�IORDWLQJ�SRLQW�URXWLQH���,QWHUSUHWHU�E\�%HQQHWW
WR�DOORZ�FRPSDFW�SURJUDPV��)LUVW�VWHSV�LQ�FRPSXWDWLRQ�IRU�;�UD\
FU\VWDOORJUDSK\�DOVR�E\�%HQQHWW�

)LUVW�6XPPHU�6FKRRO�RQ�3URJUDPPH�'HVLJQ�IRU�$XWRPDWLF�'LJLWDO�&RPSXWLQJ
0DFKLQHV��ZLWK����DWWHQGHHV��WKH\�UDQ�WLOO�������

)XUWKHU�UHVHDUFK�VWXGHQWV�ZRUNLQJ�LQ�WKH�/DERUDWRU\����OLVWHG�LQ������
LQFOXGHG�*LOO��$�6��'RXJODV��%��:RUVOH\��(�6��3DJH�

8QLYHUVLW\�VWDII����:LONHV��5HQZLFN��ZLWK�5�$��%URRNHU�DQG�0XWFK�$VVLVWDQWV
LQ�5HVHDUFK�

2WKHUV�RXWVLGH�WKH�/DERUDWRU\�DOVR�LQYROYHG�ZLWK�('6$&����QRWDEO\
3URIHVVRU�+DUWUHH�

���� )LOP�PDGH�RI�('6$&���

¨7KH�SUHSDUDWLRQ�RI�SURJUDPV�IRU�DQ�HOHFWURQLF�GLJLWDO�FRPSXWHU©�E\�:LONHV�
:KHHOHU��DQG�*LOO��$GGLVRQ�:HVWOH\��WKH�ILUVW�ERRN�RQ�SURJUDPPLQJ�WR�EH
SXEOLVKHG�

/(2�FRPSXWHU��ZRUOG©V�ILUVW�EXVLQHVV�FRPSXWHU��GHYHORSHG�E\�/\RQV�DQG
EDVHG�RQ�('6$&����EHJDQ�RSHUDWLRQ�

:LONHV©�SDSHU��¨2Q�WKH�EHVW�ZD\�WR�GHVLJQ�DQ�DXWRPDWLF�FDOFXODWLQJ�PDFKLQH©�
LQWURGXFHG�WKH�LGHD�RI�PLFURSURJUDPPLQJ�DQG�ELW�VOLFLQJ�

:RUN�EHJDQ�RQ�('6$&����ZLWK�D�JUDQW�IURP�1XIILHOG�)RXQGDWLRQ�

���� 0DJQHWLF�WDSHV�LQWURGXFHG�H[SHULPHQWDOO\�IRU�('6$&���

�����RQZDUGV
&RQWLQXLQJ�GHYHORSPHQW�RI�SURJUDPV�DQG�PHWKRGV�H�J��KDVK�WDEOHV��UHFXUVLRQ
ZLWK�VWDFN��SURJUDP�ODEHOV��:LONHV���)RXULHU�WUDQVIRUPV�

���� 'LSORPD�LQ�1XPHULFDO�$QDO\VLV�DQG�$XWRPDWLF�&RPSXWLQJ�EHJDQ
�¨DXWRPDWLF�FRPSXWLQJ©�WKHQ�EHVW�VKRW�DW�¨FRPSXWHU�VFLHQFH©��
RQH�\HDU�SRVWJUDGXDWH�FRXUVH��WKH�ILUVW�IRUPDO�FRXUVH�OHDGLQJ�WR�D�XQLYHUVLW\
TXDOLILFDWLRQ�DQ\ZKHUH�LQ�WKH�ZRUOG���0RWLYDWHG�E\�0DWKHPDWLFV�)DFXOW\
%RDUG�5HSRUW�RQ�WKH�¨GHPDQG�IRU�SRVWJUDGXDWH�LQVWUXFWLRQ�LQ�QXPHULFDO
DQDO\VLV�DQG�DXWRPDWLF�FRPSXWLQJ�����>ZKLFK@�LI�QRW�PHW��WKHUH�LV�D�GDQJHU�WKDW
WKH�DSSOLFDWLRQ�WR�VFLHQWLILF�UHVHDUFK�RI�WKH�PDFKLQHV�QRZ�EHLQJ�EXLOW�ZLOO�EH
KDPSHUHG©�
7KH�/DERUDWRU\�¨ZDV�RQH�RI�WKH�SLRQHHUV�LQ�WKH�GHYHORSPHQW�DQG�XVH�RI
HOHFWURQLF�FRPSXWLQJ�PDFKLQHV��VLF�©�
¨7KH�6XPPHU�6FKRRO�GHDOV�>RQO\@�ZLWK�¦SURJUDPPLQJ§��UDWKHU�WKDQ�WKH
JHQHUDO�WKHRU\�RI�WKH�QXPHULFDO�PHWKRGV�ZKLFK�DUH�SURJUDPPHG�©
7KH�'LSORPD�¨ZRXOG�LQFOXGH�WKHRUHWLFDO�DQG�SUDFWLFDO�ZRUN�����>DQG�DOVR@



��

LQVWUXFWLRQ�DERXW�WKH�YDULRXV�W\SHV�RI�FRPSXWLQJ�PDFKLQH�����DQG�WKH
SULQFLSOHV�RI�GHVLJQ�RQ�ZKLFK�WKH\�DUH�EDVHG�©
:LWK�RQO\�D�IHZ�VWXGHQWV�LQLWLDOO\��QR�H[WUD�VWDII�ZRXOG�EH�QHHGHG�

8QLYHUVLW\�VXSSRUWHG�WHDFKLQJ�DQG�UHVHDUFK�VWDII�LQ�WKH�/DERUDWRU\�ZHUH
:LONHV��-�&�3��0LOOHU��5HQZLFN��0XWFK��DQG�*LOO��MRLQHG�VOLJKWO\�ODWHU�E\
&�%��+DVHOJURYH�

�����RQZDUGV
+HDY\�XVH�RI�('6$&���IRU��DPRQJ�RWKHU�VXEMHFWV��WKHRUHWLFDO�FKHPLVWU\
XQGHU�6�)��%R\V��;�UD\�PROHFXODU�ELRORJ\�E\�-�&��.HQGUHZ��QXPHULFDO
DQDO\VLV�E\�+DUWUHH��0LOOHU��DWPRVSKHULF�RVFLOODWLRQV�E\�:LONHV��HDUO\�ZRUN�RQ
UDGLRDVWURQRP\��PXFK�H[WHQGHG�RQ�('6$&����E\�JURXS�XQGHU�0�)��5\OH�

3ULRULWLHV�&RPPLWWHH�HVWDEOLVKHG�IRU�DSSURYDO�RI�FRPSXWLQJ�SURMHFWV�DQG
UHVRXUFH�DOORFDWLRQ�

���� 'LSORPD���ZULWWHQ�SDSHUV�DQG�����KRXU�SUDFWLFDO����KRXUV�����������VXFFHVVIXO
FDQGLGDWHV�

���� $V�PDQ\�DV�����DWWHQGHG�WKH�6XPPHU�6FKRRO�

���������('6$&�������('6$&���ZLWK�:KHHOHU©V�VPDOO�FRQWURO�PDWUL[��SUHFXUVRU�RI
('6$&�����UXQQLQJ�DQG�XVHG�E\�-��%ODFNOHU��ODWHU�-��:KHHOHU��IRU�DVWURSK\VLFV�

���� ('6$&���WDNLQJ�ORDG�IURP�('6$&���

���-XO\
('6$&���VKXW�GRZQ�

('6$&����WKH�ILUVW�IXOO�VFDOH�PLFURSURJUDPPHG�PDFKLQH��DOVR�WKH�ILUVW�ELW�
VOLFHG�PDFKLQH���8VHG�IDVW�SDSHU�WDSH�IRU�,�2��PDJQHWLF�WDSHV���$�VPDOO
QXPEHU�RI�EDVLF�OLEUDU\�VXEURXWLQHV�ZHUH�ZLUHG�LQWR�D�520�

���� 8QLYHUVLW\�VXSSRUWHG�DFDGHPLF�VWDII�QRZ����:LONHV��:KHHOHU��0LOOHU�
+�3�)��6ZLQQHUWRQ�'\HU��0XWFK��DQG�0UV�0�2��0XWFK���7RWDO�VWDII�HVWLPDWHG
DERXW����LQFOXGLQJ�DERXW����HQJLQHHUV�
$ERXW���3K'�VWXGHQWV�DQG����'LSORPD�VWXGHQWV�
1XPEHU�RI�XVHUV�XQNQRZQ��EXW�DW�OHDVW�����D�ORW�IRU�WKRVH�GD\V��

���� $XWRFRGH�IRU�SURJUDPPLQJ��GHYHORSHG�E\�'�)��+DUWOH\��IROORZLQJ�VWLPXOXV
IURP�0DQFKHVWHU��LQ�VHUYLFH�

%XVLQHVV�JDPH��LPSOHPHQWHG�E\�-��+LOOPRUH��D�'LSORPD�VWXGHQW���DWWUDFWLYH
DSSOLFDWLRQ�ZLWK�PDQ\�WDNHUV��H�J��+HU�0DMHVW\©V�7UHDVXU\�

3URSRVDO�IRU�7LWDQ��PRGLILHG�YHUVLRQ�RI�$WODV�WKHQ�EHLQJ�GHYHORSHG�E\
)HUUDQWL���:��6��(OOLRWW�MRLQHG�WKH�/DE�DV�6HQLRU�3URMHFW�(QJLQHHU���-RLQW
SURMHFW�ZLWK�)HUUDQWL�DQG�VXFFHVVRU�FRPSDQLHV��,&7�DQG�,&/���VRPH
DXWRPDWHG�KDUGZDUH�GHVLJQ�GRQH�DW�&DPEULGJH��RSHUDWLQJ�V\VWHP�GHYHORSHG
MRLQWO\�

'HVLJQHG�RULJLQDOO\�IRU�PXOWL�SURFHVVLQJ��GHVLJQ�PRGLILHG�DIWHU�:LONHV©�YLVLW�WR
0,7�LQ������WR�VXSSRUW�PXOWLSOH�DFFHVV���SURYLVLRQ�IRU�XS�WR����WHUPLQDOV��

+DG�VODYH�VWRUH�¤�QRZDGD\V�LQVWUXFWLRQ�FDFKH��:KHHOHU���ZDV�DOVR�GHVLJQHG
IRU�YHU\�UDSLG�UHVSRQVH�WR�LQWHUUXSWV��ZLWK�PRUH�RSHUDWLQJ�V\VWHP�VFKHGXOLQJ
WKDQ�ZDV�WKHQ�XVXDO�



��

1�(��:LVHPDQ�EHFDPH�&KLHI�(QJLQHHU�

:RUN�RQ�GHVLJQ�RI�&3/��D�KLJKHU�OHYHO�ODQJXDJH�LQWHQGHG�IRU�7LWDQ��LQLWLDWHG
E\�+DUWOH\�DQG�'�:��%DUURQ��&��6WUDFKH\�ODWHU�MRLQHG�WKH�SURMHFW��DQG�WKH
WKHQ�8QLYHUVLW\�RI�/RQGRQ�,QVWLWXWH�IRU�&RPSXWHU�6FLHQFH�EHFDPH�LQYROYHG�
$�VHPLQDO�SURMHFW�

���� /DUJH�����.�ZRUGV��PHPRU\�DGGLWLRQ�WR�('6$&���

���� 7LWDQ�FDPH�LQWR�VHUYLFH�ZLWK�ILUVW�RSHUDWLQJ�V\VWHP��7HPSRUDU\�6XSHUYLVRU�E\
6ZLQQHUWRQ�'\HU����0DJQHWLF�WDSHV�

���� ('6$&���VZLWFKHG�RII�

$XWRFRGH��ILUVW�KLJKHU�OHYHO�ODQJXDJH�RQ�7LWDQ��)ROORZHG�ODWHU��XQGHU�SUHVVXUH
IURP�VFLHQWLILF�XVHUV��E\�)2575$1�

)LIWHHQ�\HDUV�RI�&$'�UHVHDUFK��LQLWLDOO\�OHG�E\�&�$��/DQJ��EHJDQ��XVLQJ�D
3'3���DQG�'(&�7\SH�����GLVSOD\��WKH�ILUVW�RXWVLGH�WKH�86$��FRQQHFWHG�E\
GDWD�OLQN�WR�WKH�7LWDQ���,W�ODWHU�LQYROYHG�D�KLJKO\�LQQRYDWLYH�QXPHULFDOO\�
FRQWUROOHG�PDFKLQH�IRU�FXWWLQJ�PRGHOV�RI�PHWDO�SDUWV�LQ�SODVWLF�IRDP�

'LSORPD�UHQDPHG�'LSORPD�LQ�&RPSXWHU�6FLHQFH�

���� 7LWDQ�0DLQ�6XSHUYLVRU�UHSODFHG�WKH�7HPSRUDU\�6XSHUYLVRU�

���� 7LWDQ�PXOWLSOH�DFFHVV�V\VWHP�RQ�D����KRXU����GD\V�D�ZHHN�EDVLV�WR�XVHUV
RXWVLGH�WKH�/DERUDWRU\��ILOP�RI�V\VWHP�PDGH�LQ���������'LVFV�KDG�EHHQ
LQVWDOOHG�WR�VXSSRUW�WKLV�

5�0��1HHGKDP�RULJLQDWHG�DQG�LQVWDOOHG�QRZ�DOPRVW�XQLYHUVDO�SUDFWLFH�RI
VWRULQJ�SDVVZRUGV�ZLWK�RQH�ZD\�IXQFWLRQ��DOVR�D��TXRWD�V\VWHP�IRU�DOORFDWLQJ
ILOH�VWRUDJH�

���� 0��5LFKDUGV�UHWXUQHG�IURP�0,7�DQG�FRQWLQXHG�ZRUN�RQ�%&3/��D�ODQJXDJH
ZLWK�URRWV�LQ�&3/�KH�KDG�GHYHORSHG��DQG�DQ�DQFHVWRU�RI�WKH�VWLOO�ZLGHO\�XVHG
&�

9LJRURXV�JURZWK�RI�FRPSXWLQJ�VHUYLFH�XQGHU�WKH�6XSHULQWHQGHQW��(�1��0XWFK�
DERXW�����XVHUV�RI�WKH�PXOWLSOH�DFFHVV�V\VWHP�

/LQH�RI�ZRUN�RQ�DXWRPDWHG�DOJHEUD�EHJDQ�XQGHU�'��%DUWRQ��FDUULHG�RQ�E\
-�3��)LWFK���$GDPV�3UL]H��������6�5��%RXUQH�DQG�$�&��1RUPDQ�

���� 0RYH�WR�QHZ��SUHVHQW��EXLOGLQJ�RQ�DQ�DGMRLQLQJ�VLWH��7LWDQ�DLUOLIWHG�E\�FUDQH
�¨WKH�FRPSXWLQJ�VHUYLFH�LV�VXVSHQGHG©����6HUYLFH�PDLQWDLQHG�IRU�WKUHH�PRQWKV
XVLQJ�DQRWKHU�$WODV���DW�&$'�&HQWUH��0LQLVWU\�RI�7HFKQRORJ\��

6DG�HDUO\�GHDWK�RI�(�1��0XWFK��ZKLOH�PRYH�ZDV�LQ�SURJUHVV�

*HQHUDO�%RDUG�5HSRUW�RQ�WKH�/DERUDWRU\�DQG�8QLYHUVLW\�&RPSXWLQJ�6HUYLFH
����2FWREHU��
¨IURP�WKH�YHU\�EHJLQQLQJ�('6$&���ZDV�PDGH�DYDLODEOH�WR�DQ\RQH�LQ�WKH
8QLYHUVLW\�ZKR�FRXOG�PDNH�JRRG�XVH�RI�LW��DQG�VXFK�XVHUV�ZHUH�DEOH�WR�REWDLQ
DGYLFH�DQG�DVVLVWDQFH�IURP�����WKH�/DERUDWRU\�©
¨WKH�VWHDG\�LPSURYHPHQW�����RI�7LWDQ�KDV�HQDEOHG�LW�WR�PHHW�WKH�VWHDGLO\
LQFUHDVLQJ�QHHGV�RI�WKH�FRPSXWLQJ�VHUYLFH��SURYLGLQJ�LQ�WKH�SURFHVV�WKH�ILUVW
VXEVWDQWLDO�PXOWLSOH�DFFHVV�V\VWHP�WR�EH�DYDLODEOH�LQ�D�%ULWLVK�8QLYHUVLW\�©
¨2YHU�WKH�ODVW�WZHQW\�ILYH�\HDUV�WKH�����/DERUDWRU\�KDV�EHFRPH�D�VHUYLFH



��

GHSDUWPHQW�FRPSDUDEOH�RQO\�ZLWK�WKH�8QLYHUVLW\�/LEUDU\©��LPSRVLQJ�D�KHDY\
EXUGHQ�RQ�WKH�VWDII�

0DMRU�UHRUJDQLVDWLRQ�IROORZHG�

5HVHDUFK�RQ�VFUHHQ�HGLWLQJ�XQGHU�:LVHPDQ�XVLQJ�WKH�3'3���

���� /DERUDWRU\�WHDFKLQJ��UHVHDUFK�DQG�WHFKQLFDO�VWDII�����LQFOXGLQJ�H[WHUQDOO\
IXQGHG��DQG�RQO\���/HFWXUHU����7RWDO�VWDII����
$ERXW����3K'�VWXGHQWV�����'LSORPD�

0DWKHPDWLFDO�/DERUDWRU\�UHQDPHG�&RPSXWHU�/DERUDWRU\��EHFDPH�LQVWLWXWLRQ
LQGHSHQGHQW�RI�DQ\�IDFXOW\��UHVSRQVLEOH�WR�WKH�&RPSXWHU�6\QGLFDWH�

&RPSXWLQJ�6HUYLFH�GLYLGHG�IURP�WHDFKLQJ�DQG�UHVHDUFK�ZLWKLQ�/DERUDWRU\�
'�)��+DUWOH\�EHFDPH�ILUVW�'LUHFWRU�RI�WKH�8QLYHUVLW\�&RPSXWLQJ�6HUYLFH�

���������&$3�SURMHFW�RQ�PHPRU\�SURWHFWLRQ��EDVHG�RQ�FDSDELOLWLHV�LPSOHPHQWHG�LQ
KDUGZDUH��XQGHU�:LONHV�DQG�1HHGKDP�ZLWK�:KHHOHU�UHVSRQVLEOH�IRU
LPSOHPHQWDWLRQ��%&6�7HFKQLFDO�$ZDUG������IRU�¨&$3��&DSDELOLW\�3URWHFWLRQ�
3URMHFW©�WR�1HHGKDP��

���� 2QH�\HDU�&RPSXWHU�6FLHQFHV�7ULSRV��ILUVW�LQGHSHQGHQW�XQGHUJUDGXDWH
WHDFKLQJ��VWDUWHG�RQH�\HDU�HDUOLHU�DV�D�3DUW�,,�ZLWKLQ�1DWXUDO�6FLHQFHV�7ULSRV�
WKRXJK�FRPSXWLQJ�ZDV�QRW�GHHPHG�DQ�H[SHULPHQWDO�VXEMHFW������VWXGHQWV�

'LSORPD�DQG�7ULSRV�HDFK���H[DP�SDSHUV�

,%0���������LQVWDOOHG�IRU�WKH�&RPSXWLQJ�6HUYLFH�

6�$��%DUWRQ�EHFDPH�&KLHI�(QJLQHHU�DIWHU�:LVHPDQ�EHFDPH�/HFWXUHU�

���� :LVHPDQ�VHFRQGHG�WR�WKH�&DPEULGJH�8QLYHUVLW\�3UHVV�IRU�WKH�GHYHORSPHQW�RI
D�FRPSXWHU�DLGHG�W\SH�VHWWLQJ�DQG�ERRN�SURGXFWLRQ�V\VWHP��YHU\�VXFFHVVIXO�

���� 7LWDQ�VZLWFKHG�RII�

,%0�PHPRU\�GRXEOHG�IURP��0E\WHV�WR����ILOH�VWRUH�����0E\WHV��3'3���
FRPPXQLFDWLRQV�IURQW�HQG�IRU����5HPRWH�-RE�(QWU\�VWDWLRQV������WHUPLQDO
OLQHV��LQWHUDFWLYH�JUDSKLFV�XQLW�EDVHG�RQ�D�3'3������WKUHH�VKLIW�RSHUDWLRQ��WZR
RXWVWDWLRQV�

&RPSXWLQJ�6HUYLFH�HVWDEOLVKHG�VWDII����SOXV���HQJLQHHUV�
$ERXW������XVHUV�

���� &DPEULGJH�5,1*�SURMHFW�LQLWLDWHG��LQYROYLQJ�PDQ\�SHRSOH�
1DWLRQDO�VWDQGDUG������

6KDSH�'DWD�/WG�VWDUWHG��SUREDEO\�WKH�/DERUDWRU\©V�ILUVW�VSLQ�RII�FRPSDQ\�

���� 3KRHQL[�&RPPDQG�/DQJXDJH�IRU�,%0���������

���� ,QLWLDO�ZRUN�RQ�8QLYHUVLW\�'DWD�1HWZRUN�DV�D�VHUYLFH��LQGHSHQGHQW�RI�WKH
PDLQIUDPH�FRPSXWHU�

%HJLQQLQJ�RI�IRUPDO�SURMHFW��XQGHU�WKH�*RYHUQPHQW©V�$GYDQFHG�&RPSXWHU
7HFKQRORJ\�3URMHFWV��WR�GHYHORS�D�FKLS�LPSOHPHQWDWLRQ�RI�WKH�&DPEULGJH
5LQJ���/HG�WR�UHVHDUFK�LQ�HOHFWURQLF�&$'��3��5RELQVRQ��

���� 7ZR�\HDU�&RPSXWHU�6FLHQFH�7ULSRV�EHJDQ�



��

5HVHDUFK�RQ�&DPEULGJH�0RGHO�'LVWULEXWHG�6\VWHP�EHJDQ�

���� 8QLYHUVLW\�ZLGH�KDUGZDUH�PDLQWHQDQFH�VHUYLFH�IRUPDOLVHG�DQG�H[SDQGHG�

$��+RSSHU�DSSRLQWHG�DQ�$VVLVWDQW�/HFWXUHU�

���� 3URIHVVRU�0�9��:LONHV�UHWLUHG���6XFFHHGHG�DV�+HDG�RI�'HSDUWPHQW�E\
5�0��1HHGKDP�

0�-�&��*RUGRQ�MRLQHG�WKH�/DERUDWRU\�IURP�(GLQEXUJK�8QLYHUVLW\�DQG
LQDXJXUDWHG�D�QHZ�OLQH�RI�UHVHDUFK�LQ�IRUPDO�PHWKRGV�

7HDFKLQJ�DQG�UHVHDUFK�VWDII�����&RPSXWLQJ�6HUYLFH�HVWDEOLVKHG�VWDII�����SOXV
��HQJLQHHUV��7RWDO�/DERUDWRU\�VWDII������$OVR�DERXW����SRVWGRFWRUDO�UHVHDUFK
IHOORZV�DQG�DVVLVWDQWV�
���3K'�VWXGHQWV�����'LSORPD�����7ULSRV�
$ERXW������DFWLYH�XVHUV�

6HUYLFH�����FRPPXQLFDWLRQ�OLQNV����RXWVWDWLRQV�

'HYHORSPHQW�ZRUN�RQ�)DVW�5LQJ�EHJXQ�

�����RQZDUGV
0DMRU�UHVHDUFK�SURMHFWV�LQFOXGHG�IRUPDO�YHULILFDWLRQ�RI�KDUGZDUH�GHVLJQV
�*RUGRQ���3URMHFW�81,9(56(��LQWHUFRQQHFWLRQ�RI�/$1V�E\�VDWHOOLWH
�1HHGKDP��$�-��+HUEHUW�DQG�,�0��/HVOLH���5DLQERZ�GLVSOD\��:LVHPDQ���%&6
7HFKQLFDO�$ZDUG������IRU�¨7KH�&DPEULGJH�5DLQERZ�'LVSOD\©�WR�:LVHPDQ��

>5�0��1HHGKDP���¦KDOF\RQ�GD\V§�¤�DQ�H[SDQGLQJ�/DERUDWRU\�DQG�QR�H[WHUQDO
LQWHUIHUHQFH�@

([SDQVLRQ�RI�PDVV�WHDFKLQJ�LQ�SURJUDPPLQJ��OHG�E\�)�+��.LQJ�

&UHDWLRQ�RI�6XSSRUWHUV�&OXE�OHG�E\�-�$��/DQJ��E\�PLG���V�KDYLQJ�VHYHUDO
GR]HQ�FRPSDQLHV�LQFOXGLQJ�PDQ\�ZLWK�SHUVRQDO�RULJLQV�LQ�RU�OLQNV�ZLWK
/DERUDWRU\�VWXGHQWV�RU�VWDII�

&RQWLQXHG�WDNHRYHU�RI�DFFRPPRGDWLRQ��ODERUDWRU\�FDPH�WR�H[WHQG�IURP
&RUQ�([FKDQJH�6WUHHW�WR�)UHH�6FKRRO�/DQH��YLD���EULGJHV���

���� %&6�7HFKQLFDO�$ZDUG�WR�WKH�&RPSXWHU�/DERUDWRU\�IRU�¨7KH�&DPEULGJH
'LJLWDO�&RPPXQLFDWLRQ�5LQJ©�

���� ,%0���������UHSODFHG�E\�,%0�����'�

'HYHORSPHQW�RI�¨-17�3$'©��PLFURFRPSXWHU�QHWZRUN�XQLW�EXLOGLQJ�EORFN�IRU
XQLYHUVLW\�;����QHWZRUNV�LQ�8�.�

81,;�V\VWHP�RQ�9$;��������DV�VHFRQG�VHUYLFH�ZLWKLQ�/DERUDWRU\��EXW�DOVR
JUDGXDO�WUDQVLWLRQ�GXULQJ���V�IRU�UHVHDUFK�VLGH�WR�KDYH�LWV�RZQ�PDFKLQHV�

���� 0DMRU�H[SDQVLRQ�RI�/DERUDWRU\��WHDFKLQJ�DQG�UHVHDUFK��ZLWK���QHZ�SRVWV�

���� 2QH�\HDU�03KLO�LQ�&RPSXWHU�6SHHFK�DQG�/DQJXDJH�3URFHVVLQJ��MRLQWO\�ZLWK
(QJLQHHULQJ�'HSDUWPHQW��&RQVROLGDWLRQ�RI�UHVHDUFK�RQ�QDWXUDO�ODQJXDJH
SURFHVVLQJ��.��6SDUFN�-RQHV��6�*��3XOPDQ��

9HULILFDWLRQ�RI�9,3(5�FKLS��*RUGRQ�DQG�$��&RKQ��

/LQH�RI�UHVHDUFK�RQ�PLGGOHZDUH�EHJDQ��-�0��%DFRQ��.��0RRG\��



��

�����RQZDUGV
&ROODERUDWLRQ�ZLWK�QHDUE\�LQGXVWULDO�UHVHDUFK�HVWDEOLVKPHQWV��HVSHFLDOO\�65,
,QWHUQDWLRQDO�DQG�;HUR[�(XUR3$5&�

���� 3URMHFW�81,621��GLVWULEXWHG�V\VWHPV��/HVOLH��

/LQN�ZLWK�2OLYHWWL�5HVHDUFK�/DERUDWRU\��25/��HVWDEOLVKHG�

���� ��WK�$QQLYHUVDU\�RI�WKH�/DERUDWRU\�

�����RQZDUGV
)XUWKHU�GHYHORSPHQW�RI�UHVHDUFK�RQ�DXWKHQWLFDWLRQ�DQG�VHFXULW\��1HHGKDP��

:RUN�RQ�WKHRUHP�SURYLQJ��H�J��,VDEHOOH��/�&��3DXOVRQ��

&RPSXWLQJ�6HUYLFH�DGRSWHG�*UDQWD�6WUDWHJ\�WR�SURPRWH�GLVWULEXWHG
FRPSXWLQJ��EDVHG�RQ�*UDQWD�%DFNERQH�1HWZRUN��RSWLFDO�ILEUH�FDEOLQJ�DFURVV
8QLYHUVLW\�DQG�FROOHJHV��DQG�FRPELQLQJ�PDLQIUDPH�ZLWK�RWKHU�FRPSXWHUV�DQG
SHUVRQDO�PDFKLQHV�

���� )XOO���\HDU�&RPSXWHU�6FLHQFH�7ULSRV�EHJDQ�
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