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Early Experiences With the Arpanet and
Internet in the United Kingdom
PETER T. KIRSTEIN

This paper describes both the administrative and technical backgrounds to
the establishment of the first international Internet node—from its beginnings
as a single Arpanet node to the main early link between the Internet and the
UK National Research Network. It gives an overview of some of the techni-
cal accomplishments of the early years and of the services offered. It re-
views how certain political and governmental decisions affected its man-
agement and location and draws some conclusions from the experiences.

Introduction
XVW� ��� \HDUV� DJR�� RQ� ��� -XO\� ������ WKH� 8QLYHUVLW\� &ROOHJH
/RQGRQ��8&/��QRGH�RI�WKH�$USDQHW�SDVVHG�LWV�ILUVW�GDWD�SDFN�

HWV� EHWZHHQ� /RQGRQ� DQG� WKH� ,QIRUPDWLRQ� 6FLHQFHV� ,QVWLWXWH� LQ
&DOLIRUQLD� LQ� WKH� 8QLWHG� 6WDWHV�� 7KLV� LV� EHOLHYHG� WR� EH� WKH� ILUVW
LQVWDQFH� RI� DQ� LQWHUQDWLRQDO� KHWHURJHQHRXV� FRPSXWHU� QHWZRUN�
KHUH�� ,� DP� GLVWLQJXLVKLQJ� LW� IURP� VSHFLDOL]HG� V\VWHPV� OLNH� DLU�
WUDIILF�FRQWURO�RU�UHPRWH�EDQNLQJ� WHUPLQDOV��7KH�$USDQHW�,QWHUQHW
QRGH� LQ� WKH�8QLWHG�.LQJGRP� �8.��ZDV�ERUQ� IURP�SROLWLFDO� FRQ�
VLGHUDWLRQV�� EXW� LW�ZDV� GHYHORSHG� WR� DFKLHYH� WHFKQLFDO� DLPV��7KH
DWWHPSW� WR� HVWDEOLVK� LW� ZDV� FRQWURYHUVLDO� DW� WKH� WLPH�� +RZHYHU�
RQFH� LW� ZDV� XQGHU� ZD\�� LWV� ZRUWK� ZDV� DSSUHFLDWHG� E\� D� EURDG
VSHFWUXP�RI�WKH�UHVHDUFK�FRPPXQLW\�DQG�WKHLU�IXQGLQJ�DJHQWV�

7KLV�SDSHU�GHVFULEHV�WKH�FKDOOHQJHV�HQFRXQWHUHG�LQ�EULQJLQJ�WKH
QRGH�LQWR�EHLQJ�DQG�VRPH�RI�WKH�HDUO\�WHFKQLFDO�DFFRPSOLVKPHQWV�
,W�GLVFXVVHV�KRZ�DQG�ZK\�WKH�$USDQHW�QRGH�ZDV�VXSSRUWHG� LQ� LWV
HDUO\�\HDUV� DQG�KRZ� LW�EHFDPH� WUDQVIRUPHG� LQWR� D� FRPSRQHQW�RI
WKH�,QWHUQHW��)LQDOO\��VRPH�FRQFOXVLRQV�DUH�GUDZQ�IURP�WKH�KLVWRU\�
WKHVH�FRQFOXVLRQV�PD\�VWLOO�EH�YDOLG�IRU�IXWXUH�SURMHFWV�

0DQ\� SHRSOH� ZHUH� UHVSRQVLEOH� IRU� WKH� VXFFHVV� RI� WKH� ZKROH
SURMHFW��RQO\�VRPH�ZLOO�EH�DFNQRZOHGJHG�KHUH�

The Technical Beginnings of the Arpanet
The Early Background
3DFNHW�VZLWFKLQJ�ZDV�FRQFHLYHG�LQ������DV�D�PHWKRG�IRU�SURYLG�
LQJ�FRPSXWHU�QHWZRUNV� WKDW�ZRXOG� VXUYLYH� WKH� IXOO�VFDOH�PLOLWDU\
GHVWUXFWLRQ�RI�FODVVLFDO�FRPPXQLFDWLRQV�LQIUDVWUXFWXUH��7KHUH�ZDV
WKH�FRQFHSW�WKDW�LW�ZRXOG�EH�SRVVLEOH�WR�VHW�XS�D�QXPEHU�RI�QRGHV�
ZLWK�DOWHUQDWH� URXWLQJ�EHWZHHQ� WKHP�� VR� WKDW� LI� VRPH�QRGHV�ZHUH
WDNHQ�RXW��SDFNHWV�FRXOG�FRQWLQXH�WR�IORZ��2I�FRXUVH��WKH�FODVVLFDO
WHOHSKRQH� QHWZRUN� DOVR� KDG� DOWHUQDWH� URXWLQJ�� +RZHYHU�� LQ� WKH
FODVVLFDO� WHOHSKRQH� QHWZRUN�� HDFK� QRGH� KDG� D�PHPRU\� RI� DOO� WKH
FDOOV�JRLQJ�WKURXJK�LW��,I�D�QRGH�ZHQW�GRZQ��LW�ZRXOG�EH�QHFHVVDU\
WR�UHHVWDEOLVK� WKH�FDOO��ZKLFK�ZRXOG� WKHQ�JR�E\�D�GLIIHUHQW� URXWH�
7KXV�� LI� WKHUH�ZHUH�VHULRXV�GLVUXSWLRQV�RI� WKH�QHWZRUN��DV�IURP�D
QXPEHU� RI� QRGHV� EHLQJ� EORZQ� XS�� WKH� EXUGHQ� RI� UHHVWDEOLVKLQJ
FDOOV�PLJKW�EH�YHU\�KHDY\��,Q�WKH�HDUO\�SDFNHW�QHWZRUNV��DQG�WR�D

ODUJH� H[WHQW� LQ� FXUUHQW� RQHV�� WKHUH�ZDV� DOPRVW� QR� VWDWH� LQIRUPD�
WLRQ�� LI� D� QRGH� ZDV� WDNHQ� RXW�� QHZ� URXWHV� ZRXOG� EH� HVWDEOLVKHG
DXWRPDWLFDOO\�ZLWKRXW�LPSDFWLQJ�WKH�FDOOV�LQ�SURJUHVV�

7KH� LPSOHPHQWDWLRQ� RI� SDFNHW� VZLWFKLQJ� LQWR� D� UHDO� QHWZRUN
WHFKQRORJ\�GHYHORSHG� LQ� SDUDOOHO� LQ� WKH�8QLWHG�6WDWHV� DQG� LQ� WKH
8.�� ,Q� ������ WZR� QHWZRUN� SURMHFWV� ZHUH� VWDUWHG�� ,Q� WKH� 8QLWHG
6WDWHV��LW�ZDV�VWDUWHG�XQGHU�WKH�DXVSLFHV�RI�WKH�$GYDQFHG�5HVHDUFK
3URMHFWV�$JHQF\��$53$���VR�WKDW� WKH�SURMHFW�ZDV�FDOOHG�$USDQHW�
XQGHU�WKH�OHDGHUVKLS�RI�/DUU\�5REHUWV��WKH�GLUHFWRU�RI�WKH�UHOHYDQW
RIILFH��,Q�WKH�8.��LW�ZDV�VWDUWHG�DW�WKH�1DWLRQDO�3K\VLFDO�/DERUD�
WRU\��13/��XQGHU�WKHQ�/DERUDWRU\�6XSHULQWHQGHQW�'RQDOG�'DYLHV
DQG�FDOOHG�WKH�13/�QHWZRUN��7KH�13/�QHWZRUN�ZDV�FRPSDUDWLYHO\
PRGHVW� LQ� VFDOH�� ZLWK� RQO\� D� IHZ� QRGHV� LQVLGH�13/�� EXW� ZLWK� D
VSHHG�RI�����.ESV��,Q�WKH�8QLWHG�6WDWHV��D�PXFK�PRUH�H[SHQVLYH
ZLGH�DUHD� QHWZRUN� SURMHFW�ZDV�PRXQWHG��%\� WKH� HQG� RI� ������ LW
FRQQHFWHG� DERXW� ��� VLWHV� DQG� KDG� WZR� FURVV�FRXQWU\� WHOHSKRQH
OLQHV�����,WV�OLQHV�ZHUH�UXQ�DW����.ESV�

7KH� WKLUG� LQJUHGLHQW� IRU� WKH� LQWHUQDWLRQDO�H[WHQVLRQ�RI� WKH�$U�
SDQHW�ZDV�D�TXLWH� VHSDUDWH�GHYHORSPHQW�� ,Q�������$53$�KDG�HV�
WDEOLVKHG� D� VHW� RI� WKUHH� VHLVPLF� DUUD\V�� LQ�$ODVND��0RQWDQD�� DQG
1RUZD\��7KH�ODVW��FDOOHG�WKH�1256$5�DUUD\��ZDV�DW�.MHOOHU��QHDU
2VOR��$�IRUPDO�ELODWHUDO� WUHDW\�KDG�HVWDEOLVKHG� WKLV�DUUD\�DQG� WKH
FRUUHVSRQGLQJ� FROODERUDWLRQ� ZLWK� WKH� 8QLWHG� 6WDWHV�� 7KH� DUUD\V
ZHUH� RSHUDWHG� IRU� $53$� XQGHU� WKH� DXVSLFHV� RI� WKHLU� 1XFOHDU
0RQLWRULQJ� 5HVHDUFK�2IILFH�� %\� ������ WKHUH�ZDV� D� FRPPXQLFD�
WLRQV�OLQN�DW�����.ESV�EHWZHHQ�:DVKLQJWRQ��'�&���DQG�1256$5�
%HFDXVH�RI� WKH� WUDQVDWODQWLF� WHFKQRORJ\�RI� WKH� WLPH�� WKLV� FKDQQHO
ZHQW�E\�VDWHOOLWH�WR�WKH�8.��LQ�/RQGRQ��LW�ZDV�FRQQHFWHG�WR�D�FDEOH
WR�.MHOOHU�

The Early Technology
7KH�RULJLQDO�GHVLJQ�RI� WKH�$USDQHW� LV�VKRZQ�LQ�)LJ����� ,Q�)LJ����
WKHUH� DUH� WKUHH� W\SHV� RI� FRPSRQHQWV�� +RVWV�� &RPPXQLFDWLRQV
3URFHVVRUV�� DQG� 7HUPLQDOV�� 7KH� IXQGDPHQWDO� &RPPXQLFDWLRQV
3URFHVVRU� LV� WKH� ,QWHUIDFH�0HVVDJH�3URFHVVRU� �,03���7KHVH�ZHUH
LQLWLDOO\�DWWDFKHG�ORFDOO\�WR�+RVW�FRPSXWHUV�E\�D�SDUDOOHO�LQWHUIDFH�
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,Q� D������ LPSURYHPHQW�� WKH�SDUDOOHO� LQWHUIDFH�ZDV� UHSODFHG�E\� D
VHULDO�RQH�� DQG�+RVWV�FRXOG�EH�DWWDFKHG� WR� ,03V�E\�FRPPXQLFD�
WLRQV� OLQHV� �YLD� PRGHPV��� ,Q� D� ����� LPSURYHPHQW�� D� WHUPLQDO�
KDQGOLQJ�PRGXOH�FRXOG�EH�LQFRUSRUDWHG�LQWR�WKH�,03��WKLV�PDGH�LW
D�7HUPLQDO�,QWHUIDFH�3URFHVVRU��7,3���

)LJ�����6FKHPDWLF�RI�$USDQHW�WHFKQRORJ\�

)LJ�����6FKHPDWLF�RI�HDUO\�SURWRFRO�VWDFN�

7KH�,03�FRXOG�KDQGOH�XS�WR�IRXU�+RVWV�DQG�IRXU�FRPPXQLFD�
WLRQV� OLQHV��+RZHYHU�� WKH� EDFNSODQH� RI� WKH�+RQH\ZHOO� ����� ODWHU
UHSODFHG� E\� LWV� FKHDSHU� +RQH\ZHOO� ���� EURWKHU�� SUHYHQWHG� IRXU
+RVWV� DQG� IRXU� FRPPXQLFDWLRQV� OLQHV� IURP� EHLQJ� VXSSRUWHG� VL�
PXOWDQHRXVO\��7KH�7,3� FRXOG� KDQGOH� XS� WR� ��� WHUPLQDOV� GLUHFWO\�
7KH�FRVW�RI�DQ�,03�ZDV�DURXQG����������ZLWK�WKDW�RI�D�7,3�QHDUHU
���������7KLV�UHSUHVHQWHG�DURXQG�����������DW�WRGD\¶V�PRQH\��IRU
D����.E\WH�V\VWHP�

7KHUH� KDG� EHHQ� FRPPXQLFDWLRQV� V\VWHPV� SULRU� WR� $USDQHW�
+RZHYHU�� WKH� FRPPXQLFDWLRQV� KDUGZDUH�ZDV�SURSULHWDU\� WR� HDFK
FRPSXWHU�V\VWHP��DQG�WKH�FRPPXQLFDWLRQV�VRIWZDUH�ZDV�QRUPDOO\
EXQGOHG�LQWR�WKH�DSSOLFDWLRQ��7KH�QRYHOW\�LQ�$USDQHW�ZDV�WR�GHILQH
D�VHSDUDWH�,03²ERWK�KDUGZDUH�DQG�VRIWZDUH�� LW�ZDV� WKHQ�QHFHV�
VDU\� WR� SURYLGH� KDUGZDUH� DQG� VRIWZDUH� LQWHUIDFH� ERDUGV� LQ� WKH
LQGLYLGXDO� FRPSXWHUV� WR� LQWHUIDFH� ZLWK� LW�� 7KHVH� KDUGZDUH� DQG
VRIWZDUH�+RVW�,03�LQWHUIDFHV�ZHUH�GHILQHG�FDUHIXOO\�DQG�UHVXOWHG�LQ
WKH� ILUVW�5HTXHVW� IRU�&RPPHQWV�� 7KH� ,03� VRIWZDUH� DQG� KDUGZDUH
ZHUH�SURYLGHG�H[FOXVLYHO\�E\�%ROW��%HUDQHN�DQG�1HZPDQ�� LWV� GH�
VFULSWLRQ�ZDV� OHVV�ZLGHO\� QHHGHG²RU�PDGH� DYDLODEOH�� 7KH� SDFNHW
IRUPDW�KDG�DQ�HLJKW�ELW�DGGUHVV��VL[�ELWV�ZHUH�IRU�WKH�,03�QXPEHU�
DQG� WZR� IRU� WKH�+RVW��7KXV�� XS� WR���� ,03V�� HDFK�ZLWK�XS� WR� IRXU
+RVWV��FRXOG�EH�VXSSRUWHG��$�7,3�FRXOG�VXSSRUW�RQO\�WKUHH�+RVWV�LQ
DGGLWLRQ�WR�LWV�7HUPLQDO�3URFHVVRU�

$OWKRXJK�PXFK�RI�WKH�HDUO\�LQWHUHVW�FHQWHUHG�DURXQG�WKH�FRP�

PXQLFDWLRQV� QHWZRUN�� WKH� IXQGDPHQWDO� SXUSRVH� ZDV� WR� SURYLGH
+RVW�VHUYLFHV��)RU� WKLV�UHDVRQ��D�VHW�RI�SURWRFROV�ZDV�GHILQHG�� LQ
WKH�ODWH�����V��VHH�)LJ�����

$Q\�+RVW�KDG�WR�EH�SURYLGHG�ZLWK�D�KDUGZDUH� LQWHUIDFH�REH\�
LQJ�WKH�+RVW�,03�LQWHUIDFH��WKH�LPSOHPHQWDWLRQ�FRXOG�EH�SDUWLDOO\
RQ�WKH�ERDUG�DQG�SDUWLDOO\�LQ�WKH�PDLQ�&38��,W�DOVR�KDG�WR�LPSOH�
PHQW�WKH�1HWZRUN�&RQWURO�3URWRFRO��1&3��DW�WKH�+RVW±+RVW�OHYHO�
)RU�DSSOLFDWLRQV� WR�EH�SRVVLEOH�DFURVV�GLIIHUHQW� W\SHV�RI�FRPSXW�
HUV�� D�9LUWXDO�7HUPLQDO� DQG�)LOH�7UDQVIHU�3URWRFRO� KDG� WR� EH� LP�
SOHPHQWHG�LQ�WKH�+RVW�FRPSXWHUV��WKRXJK�WKLV�ZDV�XVXDOO\�PDSSHG
LQWR�WKH�WHUPLQDO�DQG�ILOH�IDFLOLWLHV�XVHG�ORFDOO\��)LQDOO\��(OHFWURQLF
0DLO� PHFKDQLVPV� ZHUH� GHILQHG� �WKRXJK� WKLV� UHDOO\� FDPH� ODWHU��
)RU� D� +RVW� WR� EH� SDUW� RI� $USDQHW�� LW� KDG� WR� LPSOHPHQW� DW� OHDVW
/HYHO���WR�/HYHO���DQG�ODWHU�/HYHO����VHH�)LJ�����

:KLOH� WKH� QHWZRUN�SURWRFROV� GHYHORSHG� IRU� WKH�13/�� DQG� WKH
(XURSHDQ�,QIRUPDWLFV�1HWZRUNV��KDG�VLPLODU� IXQFWLRQDOLW\� WR�$U�
SDQHW��WKH�SURWRFRO�VXLWHV�KDG�FRQVLGHUDEOH�GLIIHUHQFHV�

The First Approaches to Transcontinental
Networking
,Q� ODWH� ������ 5REHUWV� SURSRVHG� WR�'DYLHV� WKDW� LW� ZRXOG� EH� YHU\
LQWHUHVWLQJ�WR�OLQN�WKHLU�WZR�QHWZRUNV��7KH�H[LVWHQFH�RI�WKH�:DVK�
LQJWRQ� WR� 1256$5� OLQH� ZRXOG�PDNH� LW� FRPSDUDWLYHO\� FKHDS� WR
EUHDN� WKH� FRQQHFWLRQ� LQ� /RQGRQ� DQG� OLQN� LQ� WKH� 13/� QHWZRUN�
7KHUH�ZHUH�WZR�SUREOHPV�ZLWK�WKLV�SODQ��ILUVW��WKH\�XQGHUHVWLPDWHG
WKH�WDULII� LPSOLFDWLRQV�RI�DGGLQJ�WKH�H[WUD�GURS�RII�SRLQW��VHFRQG�
WKH� WLPLQJ� FRXOG� QRW� KDYH� EHHQ�ZRUVH� IURP� WKH�%ULWLVK� SHUVSHF�
WLYH�� 7KH� SUREOHP�ZDV� WKDW� WKH� %ULWLVK� JRYHUQPHQW� KDG� MXVW� DS�
SOLHG� WR� MRLQ� WKH� (XURSHDQ� &RPPXQLW\�� WKLV� PDGH� (XURSH� JRRG
DQG�WKH�8QLWHG�6WDWHV�EDG�IURP�D�JRYHUQPHQWDO�SROLF\�VWDQGSRLQW�
13/�ZDV� XQGHU� WKH�'HSDUWPHQW� RI� 7HFKQRORJ\�� DQG�'DYLHV�ZDV
TXLWH�XQDEOH�WR�WDNH�XS�5REHUWV¶V�RIIHU��+H�KDG�WR�FRQFHQWUDWH�RQ
(XURSHDQ� LQLWLDWLYHV� OLNH� WKH� (XURSHDQ� ,QIRUPDWLFV� 1HWZRUNV�� ,
KDG� EHHQ� LQWHUHVWHG� LQ� WKH� $USDQHW� IURP� WKH� EHJLQQLQJ�� LW� ZDV
WKHUHIRUH�DJUHHG��HDUO\�LQ�������WKDW�ZH�ZRXOG�DWWHPSW�WR�VHW�XS�D
SURMHFW�WR�OLQN�WR�8&/�LQVWHDG�RI�13/�

The First Technical Proposal
$53$�ZDV�DOZD\V�D�WHFKQLFDO�RUJDQL]DWLRQ�UDWKHU�WKDQ�D�SROLWLFDO
RQH��)RU�WKLV�UHDVRQ��WKHUH�KDG�WR�EH�D�WHFKQLFDO�MXVWLILFDWLRQ�IRU
DQ\�$53$�H[SHQGLWXUH��:LWK�WKH�UHSODFHPHQW�RI�13/�E\�8&/�DV
WKH� SULPDU\� QRGH�� D� GLIIHUHQW� WHFKQLFDO� MXVWLILFDWLRQ� ZDV� UH�
TXLUHG�� 8&/� DOUHDG\� KDG� D� OLQN� EHWZHHQ� WKH� 5XWKHUIRUG� +LJK
(QHUJ\�/DERUDWRU\� �5+(/�� EXW� ODWHU� FDOOHG� WKH�5XWKHUIRUG� DQG
$SSOHWRQ�/DERUDWRU\��5$/��DQG�RXU�SUHPLVHV�IRU�UHPRWH�JUDSK�
LFV�� WKLV�RSHUDWHG�E\�RXU�SURJUDPPLQJ�D�'(&�PLQLFRPSXWHU� WR
HPXODWH� D� FRQYHQWLRQDO�� EXW� VRSKLVWLFDWHG� ,%0� WHUPLQDO�� :H
SURSRVHG�D�QRYHO�SURMHFW��ZH�ZRXOG�FRQQHFW� LQ� WKH�5+(/�,%0
��������� WKH� ODUJHVW� FRPSXWHU� WKHQ� LQ� WKH�8.�� DV� D� UHPRWH�$U�
SDQHW�+RVW���7KLV�FRQQHFWLQJ� LQ�D�FRPSXWHU�DV�D�+RVW� UHPRWHO\
ZDV�D�TXLWH�QRYHO�DSSURDFK��DQG�5REHUWV� LPPHGLDWHO\�DFFHSWHG
WKH�FRQFHSW��+H�DJUHHG� WR�SURYLGH�D�7,3�IRU� WKH�SURMHFW��YDOXHG
DW���������� DQG� WR� DOORZ�XV� WR�XVH� WKH�YHU\�H[SHQVLYH�� H[LVWLQJ
WUDQVDWODQWLF�OLQN��,W�ZDV�PHUHO\�QHFHVVDU\�IRU�WKH�8.�WR�SURYLGH
DQ\�PDQSRZHU� DQG� WUDYHO� FRVWV� QHHGHG� WR� FRPSOHWH� WKH� SURMHFW
DQG�WR�SURYLGH�WKH��DVVXPHG�PRGHVW��FRVW�RI�EUHDNLQJ�WKH�FRP�
PXQLFDWLRQV� OLQN� LQ�/RQGRQ��0RUHRYHU�� LW�ZDV�QHFHVVDU\� WR� WHVW
RXU� UHVHDUFK� LGHDV�ZLWK� UHDO� WUDIILF�� IRU� WKLV� UHDVRQ�� LW�ZDV� DOVR
DJUHHG� WKDW� DQ\�%ULWLVK� DFDGHPLF� WUDIILF�ZRXOG� EH� SHUPLWWHG� WR
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XVH� WKH� OLQN��DV�SDUW�RI� WKH� WHVW� WUDIILF��%\� WKH�HQG�RI������� WKH
WHFKQLFDO�SURSRVDO�ZDV�FRPSOHWH�

The Political Machinations and the Early
Funding
/RRNLQJ�EDFN�IURP����\HDUV�ODWHU��ZH�ZRXOG�H[SHFW�WKDW�WKH�%ULW�
LVK�DXWKRULWLHV�PXVW�KDYH�ZHOFRPHG�WKLV�XQLTXH�RSSRUWXQLW\�� WKLV
ZDV�IDU�IURP�WKH�FDVH��,�DWWHPSWHG�WR�JHW�D�QXPEHU�RI�'HSDUWPHQWV
RI�&RPSXWHU� 6FLHQFH� DW� RWKHU� XQLYHUVLWLHV� WR� EDFN� D� SURMHFW� WKDW
ZRXOG� DOVR� SURYLGH� RQZDUG� OLQNV� IURP�8&/��7KLV� DWWHPSW� IRXQ�
GHUHG�EHFDXVH� WKH�6FLHQFH�5HVHDUFK�&RXQFLO� �65&��GLG�QRW�FRQ�
VLGHU�WKLV�DV�D�SDUWLFXODU�RSSRUWXQLW\�DQG�ZDV�XQZLOOLQJ�WR�SURYLGH
DQ\� DGGLWLRQDO� IXQGLQJ� IRU� WKLV� DSSOLFDWLRQ��ZLWK� WKH� VKRUWDJH� RI
IXQGLQJ�DW�WKH�WLPH��LW�ZDV�GLIILFXOW�WR�JHW�PXOWLXQLYHUVLW\�EDFNLQJ
DW�WKH�FRVW�RI�WKHLU�LQGLYLGXDO�SURMHFWV��7KH�'HSDUWPHQW�RI�,QGXVWU\
�'2,��ZDQWHG� DW� OHDVW� VWDWHPHQWV� RI� LQWHUHVW� IURP� LQGXVWU\�� DIWHU
QLQH� PRQWKV� RI� DJRQL]LQJ�� RXU� SULQFLSDO� FRPSXWHU� PDQXIDFWXUHU
DQQRXQFHG� WKDW� ³RQH�ZRXOG� JDLQ�PRUH� IURP� D� WZR�ZHHN� YLVLW� WR
WKH�8�6��WKDQ�IURP�D�SK\VLFDO�OLQN�´�,�PDGH�D�UHVHDUFK�SURSRVDO�LQ
�����WR�WKH�65&��VWDWLQJ�WKH�EURDG�DJUHHPHQW�,�KDG�ZLWK�5REHUWV�
7KH� FKDLUPDQ� RI� WKH� 65&� VHQW� D� FDEOH� WR� WKH� GLUHFWRU� RI�$53$
�6WHYH�/XNDVLN���UHTXHVWLQJ�FRQILUPDWLRQ�RI�WKH�DJUHHPHQW��/XND�
VLN�KDG�QRW�\HW�EHHQ�EULHIHG�E\�5REHUWV��ZKR�KDG�WR�GR�VRPH�KDUG
H[SODLQLQJ�� 7KH� 65&� WXUQHG� GRZQ� WKH� SURSRVDO� DV� EHLQJ� WRR
VSHFXODWLYH�DQG�XQFHUWDLQ�

)LJ�����7RSRORJ\�RI�$USDQHW�LQ�ODWH������

)LJ�����6FKHPDWLF�RI�8&/�PHWKRGV�IRU�LQWHUIDFLQJ�+RVWV�

7KHVH�PDFKLQDWLRQV�WRRN�PRVW�RI�������DQG�E\�WKH�HQG�RI�WKDW
SHULRG�� WKH� VLWXDWLRQ� ORRNHG� KRSHOHVV�� 1HLWKHU� WKH� 65&� QRU� WKH
'2,�ZRXOG� VXSSO\� DQ\� ILQDQFH�� 7KH� 6FDQGLQDYLDQ� 7DQXP�(DUWK
6WDWLRQ�LQ�6ZHGHQ�KDG�FRPH�RQVWUHDP��$V�D�UHVXOW��WKH�8�6�±1RU�
ZD\�FRPPXQLFDWLRQ�QR� ORQJHU�SDVVHG� WKURXJK� WKH�8.��+HQFH�� D
QHZ�����.ESV� OLQN�EHWZHHQ�/RQGRQ�DQG�.MHOOHU�ZDV�QHHGHG�� WKH
FRVW�RI�WKLV�OLQN�ZDV�JRLQJ�WR�EH�YHU\�H[SHQVLYH��$W�WKLV�SRLQW��WZR
RUJDQL]DWLRQV�FDPH�XS�WUXPSV��WKH�%ULWLVK�3RVW�2IILFH��%32��DQG

13/�� 7ZR� VHQLRU� GLUHFWRUV� RI� WKH� %32²0XUUD\� /DYHU� RI� WKH
1DWLRQDO� 'DWD� 3URFHVVLQJ� 6HUYLFH� DQG� $OHF� 0HUULPDQ� RI� $G�
YDQFHG�7HFKQRORJ\²DJUHHG� WR� SURYLGH� WKH� ILQDQFH� IRU� WKH�8.±
1RUZD\� OLQN� IRU�RQH�\HDU�� ,Q� DGGLWLRQ��'DYLHV� DJUHHG� WR� SURYLGH
WKH�PRVW� KH� FRXOG� VLJQ� IRU� SHUVRQDOO\� ����������:LWK� WKHVH� WZR
PRGHVW�FRQWULEXWLRQV��,�WROG�5REHUWV�WKDW�ZH�ZRXOG�SURFHHG�

(YHU\WKLQJ�SURFHHGHG�QRUPDOO\��DQG�WKH�7,3�ZDV�GXO\�VKLSSHG
LQ� -XO\�������1RZ�DQ� DSSDUHQW� GLVDVWHU� RFFXUUHG�� WKRXJK� LW� ODWHU
WXUQHG� LQWR�D�PRVW�SRVLWLYH� IDFWRU��:KHQ� WKH�7,3�DUULYHG�DW�/RQ�
GRQ¶V� +HDWKURZ�$LUSRUW�� LW� ZDV� LPSRXQGHG� IRU� LPSRUW� GXW\� DQG
9DOXH� $GGHG� 7D[� �9$7��� ,� PDQDJHG� WR� DYRLG� SD\LQJ� WKH� GXW\�
VLQFH�WKH�HTXLSPHQW�ZDV�³DQ�LQVWUXPHQW�RQ�ORDQ´��KRZHYHU��WKHUH
ZDV�QR�ZD\�RI�DYRLGLQJ�SD\LQJ� WKH�9$7�� ,�ZDV�DOORZHG� WR�JXDU�
DQWHH�WKH�VXP�GXH��P\�WRWDO����������VXEMHFW�WR�DSSHDO��RQO\�WKHQ
ZDV� WKH� 7,3� DOORZHG� LQWR� WKH� FRXQWU\�� 7KLV� LQFLGHQW� KDG� D� SUR�
IRXQG�LPSDFW�RQ�WKH�ZKROH�SURMHFW��DQG�,�ZLOO�UHWXUQ�WR�LW�ODWHU�

The Early Technical Progress
2QFH�WKH�7,3�KDG�EHHQ�LQVWDOOHG��SURJUHVV�ZDV�YHU\�UDSLG��7KH�DF�
WXDO�WRSRORJ\�RI�WKH�$USDQHW�DW�WKH�HQG�RI������LV�VKRZQ�LQ�)LJ����
7KH�SRRU�TXDOLW\�RI�WKH�GLDJUDP�LQ�)LJ����UHIOHFWV�WKDW�WKLV�PDS�KDV
EHHQ�VFDQQHG�IURP�D�FRQWHPSRUDU\�SDSHU��� ,QVSHFWLRQ�RI� WKLV� OLVW
VKRZV�WKDW�WKHUH�ZHUH�DOUHDG\�RYHU����,03V�RU�7,3V��7ZR�RI�WKH
OLQNV� �WR�+DZDLL�DQG�/RQGRQ��ZHUH�E\�VDWHOOLWH��0RVW� OLQNV�ZHUH
RSHUDWLQJ�DW����.ESV��ZLWK�WKH�/RQGRQ±.MHOOHU±:DVKLQJWRQ�RQHV
DW�RQO\�����.ESV�

:H� FRXOG� QRW� LPSOHPHQW� WKH� SURWRFRO� VWDFNV� RI� )LJ�� �� LQ� WKH
PDLQ�+RVWV��7KHVH�ZHUH�ODUJH��VHUYLFH�PDFKLQHV��QRW�EHORQJLQJ�WR
8&/��LW�ZRXOG�KDYH�EHHQ�LPSUDFWLFDO� WR� LPSOHPHQW� WKH�SURWRFROV
LQ�WKHP��,QVWHDG��ZH�VHW�XS�WKH�V\VWHP�VKRZQ�LQ�)LJ����

)RU� FRQQHFWLQJ� LQ� WKH� ,%0� FRPSXWHU�� ZH� HPXODWHG� WKH� ,%0
WHUPLQDO�DV�SURPLVHG�DQG� LPSOHPHQWHG�DOO� WKH�QHFHVVDU\�VHUYLFHV
RI� )LJ�� ��� 7UDQVSRUW� �1&3��� 9LUWXDO� 7HUPLQDO� (PXODWLRQ
�7(/1(7���DQG�)LOH�7UDQVIHU��)73���%\�WKH�WLPH�RI�WKH�ILUVW�SXE�
OLF�GHPRQVWUDWLRQ�DW�P\�OHFWXUH�WR�WKH�,((�RQ����1RYHPEHU������
WKH�,%0�LQWHUFRQQHFWLRQ�ZDV�ZRUNLQJ�ZHOO��3HRSOH�DW�5+(/�DQG
LQ�WKH�8QLWHG�6WDWHV�ZHUH�YHU\�FRQIXVHG��7KH�5+(/�VWDII�KDG�QR
ZD\�RI�WHOOLQJ�WKDW�WKHUH�ZDV�WKH�ZKROH�$53$�VSRQVRUHG�UHVHDUFK
FRPPXQLW\� DEOH� WR� XVH� WKHLU� PDFKLQH� RQ�P\� DFFRXQW�� 7KH� 8�6�
XVHUV�GLG�QRW�UHDOL]H�WKDW�WKHUH�ZDV�QR�PDMRU�+RVW�DFWXDOO\�DW�WKH
8&/�VLWH��WKRXJK�VRPH�RI�WKH�FRPSOHWLRQ�LQIRUPDWLRQ�JLYHQ�FRXOG
RQO\�EH�DSSUR[LPDWLRQV� WR� UHDOLW\��+RZHYHU�� WHFKQLFDOO\� WKH� FRQ�
QHFWLRQ�ZDV�D�JUHDW�VXFFHVV��

$W�WKH�VWDUW�RI�WKH�LQLWLDWLRQ�RI�WKH�SURMHFW��,�VHW�XS�D�*RYHUQLQJ
&RPPLWWHH��ZLWK�WKH�IXQGLQJ�SDUWQHUV�RQ�LW��$QQ�/HWWV�UHSUHVHQWHG
WKH�%32��'DYLHV� UHSUHVHQWHG� WKH�13/�� DQG� ,�ZDV� WKH� FKDLU�� %H�
FDXVH�RI�WKH�TXHVWLRQDEOH�OHJDOLW\�RI�ZKDW�ZH�ZHUH�GRLQJ��DOO�SUR�
SRVHG�XVHUV�KDG�WR�EH�DSSURYHG�LQGLYLGXDOO\��,�SXW�LQ�VHFXULW\�SUR�
FHGXUHV� VR� WKDW� DOO� XVHUV� KDG� WR� ORJ� LQ��ZLWK� D� SDVVZRUG�� RQ� RXU
UHOD\��%\�H[SORLWLQJ�D�ORRSKROH�LQ�WKH�7,3�VRIWZDUH��ZH�ZHUH�HYHQ
DEOH� WR� UHTXLUH� D� SDVVZRUG� IURP� XVHUV� GLDOLQJ� LQ� GLUHFWO\� WR� WKH
7,3²ORQJ� EHIRUH� WKH� 7,3� LWVHOI� VXSSRUWHG� SDVVZRUG�SURWHFWHG
ORJLQ�� %\� WKLV� WLPH�� WKH� %ULWLVK� DFDGHPLF� QHWZRUN� ZDV� VORZO\
HPHUJLQJ��%HWZHHQ������DQG�������ZH�NHSW�RXU�IDFLOLWLHV� LQ�VWHS
ZLWK� WKH� HPHUJLQJ� %ULWLVK� QHWZRUN�� $Q\� XVHU� RI� WKDW� QHWZRUN
FRXOG� JHW� SK\VLFDO� DFFHVV� WR� WKH� 86� $USDQHW²ZLWK� DQ� DOPRVW
FRPSOHWH� VHW� RI� IDFLOLWLHV� DV� ORQJ� DV� WKH� UHOHYDQW� VHUYLFHV� ZHUH
VXSSRUWHG�LQ�VRPH�ZD\�LQ�HDFK�QHWZRUN�
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Funding in the 1970s
$� IHZ�PRQWKV� LQWR� ������ WKH� VLWXDWLRQ� VWLOO� ORRNHG� GLIILFXOW�� 7KH
65&�ZDV�VWLOO�QRW�IXQGLQJ�WKH�UHVHDUFK��WKH�WKUHDW�RI�WKH�9$7�ELOO
VWLOO� ORRPHG�� DQG� LW�ZDV� JRLQJ� WR� EH� QHFHVVDU\� WR� IXQG� WKH�8.±
1RUZD\�OLQN��,Q�UHVSRQVH�WR�DQ�XUJHQW�SOHD�WR�+HUPDQQ�%RQGL��WKH
WKHQ� FKLHI� VFLHQWLVW� RI� WKH� 0LQLVWU\� RI� 'HIHQFH� �0R'��� 0R'
DJUHHG�WR�IXQG�D�UHVHDUFK�SURMHFW�IRU�����±�����RQ�QHWZRUN�SUR�
WRFROV� DQG� WR� FRQQHFW� LQ�0R'�XQFODVVLILHG� UHVHDUFK� QHWZRUNV� WR
WKH�$USDQHW��2QFH� WKDW� KXUGOH� KDG� EHHQ� RYHUFRPH�� D� QXPEHU� RI
RWKHU� SURMHFWV� IROORZHG�� %\� ������ WKH� IROORZLQJ� KDG� DJUHHG� WR
VSHFLILF� SURMHFWV�� ZKLFK� LQFOXGHG� D� FRPSRQHQW� WR� NHHSLQJ� WKH
LQIUDVWUXFWXUH�RSHUDWLRQDO�

•� %32��6DWHOOLWH�1HWZRUN�$FFHVV��
•� %ULWLVK�/LEUDU\� �UXQQLQJ�DQ�H[SHULPHQWDO�0HGOLQH�FRQQHF�

WLRQ�WR�WKH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��
•� 'HSDUWPHQW� RI� ,QGXVWU\� �FRQQHFWLQJ� LWV� &RPSXWHU� $LGHG

'HVLJQ� &HQWUH�� &$'&�� LQ� WKH� VDPH�ZD\� DV� WKH� 5+(/� WR
$USDQHW��

•� 0R'±%ODFNQHVW� 5HVHDUFK�� $OGHUPDVWRQ� �,QWHUFRQQHFWLRQ
RQ�VHLVPLF�HYHQWV��

•� 0R'±5R\DO�5DGDU�(VWDEOLVKPHQW��0DOYHUQ� �1HWZRUN�SUR�
WRFROV�DQG�LQWHUFRQQHFWLRQ���DQG

•� 65&��1HWZRUN�3URWRFROV�DQG�6DWHOOLWH�$FFHVV��

Moreover, many times over the next 10
years, different government bodies

considered trying to take over the UCL
operation; they were immediately

discouraged by the magnitude of the
VAT and duty bill that they would incur.

7KURXJKRXW�WKLV�SHULRG��WKH�DSSHDO�FKXJJHG�WKURXJK�WKH�7UHDV�
XU\�� )XUWKHU� HTXLSPHQW�ZDV� FRPLQJ� LQ� DOO� WKH� WLPH��ZLWKRXW� DQ\
IXQGV�WR�SD\�IRU�9$7�RU�GXW\��$�6DWHOOLWH�,03�KDG�EHHQ�LQVWDOOHG�LQ
WKH�%32�*RRQKLOO\�HDUWK�VWDWLRQ��DQG�ERWK�WKH�*RRQKLOO\�DQG�8&/
LQVWDOODWLRQV�KDG�EHHQ�XSJUDGHG� IXUWKHU��)LQDOO\�� LQ������� WKH� DS�
SHDO� ZDV� UHIXVHG� DW� D� YHU\� KLJK� OHYHO�� ,W� ZDV� VWDWHG� LW� FRXOG� EH
UHYHUVHG� RQO\� DW� D� SROLWLFDO� OHYHO�� $W� WKLV� SRLQW�� ,� VWDWHG� WKDW� ,
ZRXOG� H[SRUW� DOO� WKLV� HTXLSPHQW�� ZKLFK� EHORQJHG� WHFKQLFDOO\� WR
WKH� 8�6�� 'R'�� DQG� UHLPSRUW� LW� XQGHU� WKH� ([FKDQJH� RI� )RUFHV
$JUHHPHQW�$FW��7KLV�OHG�WR�D�PHHWLQJ�ZLWK�IDLUO\�VHQLRU�7UHDVXU\
RIILFLDOV��2Q�EHLQJ�DVVXUHG�WKDW�WKH�HTXLSPHQW�ZDV�RI�LQWHUHVW�RQO\
WR�WKH�8�6��'R'��QRW�WR�RWKHU�%ULWLVK�PLQLVWULHV��D�ODQGPDUN�UXOLQJ
ZDV�PDGH��³7KH�HTXLSPHQW� WKDW�\RX�KDYH� LPSRUWHG�� DQG�DQ\� IX�
WXUH� HTXLSPHQW� EURXJKW� LQ� XQGHU� WKH� VDPH� DJUHHPHQW��ZRXOG� EH
IUHH� RI� GXW\� DQG�9$7�´�7KH� LPSRUWDQFH� RI� WKLV� UXOLQJ� FDQQRW� EH
RYHUHPSKDVL]HG��,W�DOORZHG�WKH�SURMHFW�WR�FRQWLQXH�DW�8&/��IUHH�RI
PRVW� EXUHDXFUDF\�� RQO\� WKH� EHQLJQ� RYHUVLJKW� RI� P\� *RYHUQLQJ
&RPPLWWHH� FRXOG� LQWHUIHUH� ZLWK� WKH� DFWLYLWLHV�� 0RUHRYHU�� PDQ\
WLPHV�RYHU�WKH�QH[W����\HDUV��GLIIHUHQW�JRYHUQPHQW�ERGLHV�FRQVLG�
HUHG� WU\LQJ� WR� WDNH� RYHU� WKH�8&/� RSHUDWLRQ�� WKH\�ZHUH� LPPHGL�
DWHO\�GLVFRXUDJHG�E\�WKH�PDJQLWXGH�RI�WKH�9$7�DQG�GXW\�ELOO�WKDW
WKH\�ZRXOG�LQFXU��7KLV�VLWXDWLRQ�ODVWHG�XQWLO�WKH�PLG�����V��ZKHQ
(XURSHDQ� &RPPLVVLRQ� UHJXODWLRQV� IRUFHG� WKH� 7UHDVXU\� WR� ZLWK�

GUDZ� RXU� FRQFHVVLRQ�� %\� WKDW� WLPH�� ZH� QR� ORQJHU� QHHGHG� IUHVK
LPSRUWV��WKH�FRQFHVVLRQ�KDG�VHUYHG�LWV�SXUSRVH�

%\�������WKH�SURMHFW�ZDV�DVVXUHG�RI�VWDEOH�IXQGLQJ��DV�XVXDO��D
VXFFHVVIXO� DFWLYLW\� KDG� QR� VKRUWDJH� RI� SDUHQWV�� 7KH� ����� 65&
DQQXDO� UHSRUW�SRLQWHG� WR� WKH� OLQN�DV�D�VLJQ�RI� LWV� IDUVLJKWHG�IXQG�
LQJ��WKHUH�ZHUH�DOUHDG\�VRPH����%ULWLVK�DFDGHPLF�UHVHDUFK�JURXSV
XVLQJ�WKH�OLQN��7KH�'2,�PDGH�FRQVLGHUDEOH�FDSLWDO�RI�WKH�FRQQHF�
WLRQ�RI�LWV�&$'&�WR�WKH�$USDQHW��7KH�%ULWLVK�/LEUDU\�ZDV�SURXG�RI
LWV�0HGOLQH�VHUYLFH��LQ�IDFW��ZH�KDG�GRQH�WKH�PDUNHW�GHYHORSPHQW
IRU� LWV� RZQ� %ODLVH� 1DWLRQDO� 6HUYLFH�� ZKLFK� LW� VWDUWHG� LQ� ������
)LQDOO\�� LQ� )HEUXDU\� ������ WKH� 4XHHQ� IRUPDOO\� RSHQHG� WKH� OLQN
EHWZHHQ� WKH� 5R\DO� 5DGDU� (VWDEOLVKPHQW� �LQ� 0DOYHUQ�� (QJODQG�
DQG�WKH�8QLWHG�6WDWHV��WKRXJK�LW�UHDOO\�ZDV�WKH�VDPH�OLQN�YLD�8&/�
ZKLFK�ZDV�EHLQJ� UXQ� LQ� WKH� VDPH�ZD\� DV� WKH�&$'&�DQG�5+(/
OLQNV��,QFLGHQWDOO\��WKLV�ZDV�WKH�ILUVW�LQYROYHPHQW�RI�D�KHDG�RI�VWDWH
ZLWK�DQ\�FRPSXWHU�QHWZRUN�

Technical Activities in the 1970s
2QFH�WKH�HDUO\�DWWDFKPHQW�RI�WKH�5+(/�,%0����������8QLYHUVLW\
RI�/RQGRQ�&'&�����������FRPSXWHU��DQG� ODWHU� WKH�&$'&�FRP�
SXWHUV�KDG�EHHQ�DFKLHYHG��ZH�ZHUH�DEOH�WR�FRQFHQWUDWH�RQ�ORQJHU�
WHUP� 5	'� DFWLYLWLHV�� ,QLWLDOO\� WKHVH� KLQJHG� DURXQG� IRXU� DUHDV�
6$71(7�� *DWHZD\V�� 6WDQGDUGV�� DQG� 1HWZRUN� ,QWHUFRQQHFWLRQ�
(DFK�ZLOO�EH�FRQVLGHUHG�LQ�WXUQ�

SATNET
+HUH��WKH�FRQFHSW�ZDV�WKDW�E\�SXWWLQJ�FRPSXWHUV��6DWHOOLWH�,03V�
LQ�WKH�HDUWK�VWDWLRQV��RQ�6LQJOH�&KDQQHO�SHU�&DUULHU�VDWHOOLWH�OLQNV�
LW� ZRXOG� EH� SRVVLEOH� WR� VKDUH� D� VLQJOH� ���.ESV� YRLFH� FKDQQHO
DPRQJ�D�QXPEHU�RI�FROODERUDWLQJ�VLWHV����7KH�WHFKQRORJ\�FDSLWDO�
L]HG� RQ� WKH� IDFW� WKDW� WKH� VDWHOOLWHV� RI� WKDW� JHQHUDWLRQ� XVHG� JOREDO
EHDPV��ZKLFK�ZRXOG�EH�YLVLEOH�WR�D�QXPEHU�RI�HDUWK�VWDWLRQV��7KLV
SURPLVHG�WR�DOORZ�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�FKDQQHOV
UHTXLUHG�DQG��KHQFH��D�UHGXFWLRQ�LQ�FRVW��7KH�%32�ZDV�LQWHUHVWHG
LQ�WKH�FRQFHSW�DQG�DJUHHG�WR�SDUWLFLSDWH��$W�LWV�KHLJKW�� LQ�WKH�ODWH
����V��WKHUH�ZHUH�JURXSV�LQ�,WDO\��*HUPDQ\��1RUZD\��&RPVDW��DQG
WKH�8.�SDUWLFLSDWLQJ��7KLV�KDG�WZR�RWKHU�LPSRUWDQW�RXWFRPHV��7KH
ILUVW� RXWFRPH� ZDV� WKDW� LW� ZDV� QHFHVVDU\� IRU� JDWHZD\V� WR� EH� LQ�
VWDOOHG� WR� LQVXODWH� WKH� WHUUHVWULDO� QHWZRUNV� IURP� WKH� LQVWDELOLWLHV
FDXVHG�E\�VRIWZDUH�FKDQJHV�LQ�WKH�VDWHOOLWH�SRUWLRQ�DQG�YLFH�YHUVD�
7KLV�ZDV�WKH�ILUVW�,QWHUQHW�LQVWDOODWLRQ��ZLWK�DOO�LWV�LPSRUWDQW�ODWHU
UDPLILFDWLRQV��7KH�VHFRQG�RXWFRPH�ZDV�WKDW�WKH�H[SHULPHQW�OHG�WR
DQ�H[SHULPHQWDO�VHUYLFH���WKDW�RSHUDWHG�XQWLO�WKH�PLG�����V�

Gateways
:KLOH�ZH�ZHUH�SDUWLFLSDWLQJ�LQ�WKH�6$71(7�SURMHFW��WKHUH�ZHUH�D
QXPEHU�RI�RWKHU�QHWZRUN�SURMHFWV�OLNH�3DFNHW�5DGLR���DQG�6HFXUH
6\VWHPV�� (DFK� RI� WKHVH� SURMHFWV� KDG� LWV� RZQ� LPSRUWDQW� VHWV� RI
GHYHORSPHQWV��EXW�QHHGHG�FRQQHFWLRQ�WR�WKH�$USDQHW��$W�WKH�VDPH
WLPH�� WKH� $USDQHW� LWVHOI� ZDV� GHYHORSLQJ²PRYLQJ� WR� KLJKHU
VSHHGV�� QHZHU� ,03V�� DQG�PRUH�FRPSOH[� URXWLQJ��:KLOH� RQH� KDG
WKH�XQLIRUP�WRSRORJ\�RI�)LJ�����LW�EHFDPH�LQFUHDVLQJO\�GLIILFXOW�WR
PDNH� SURJUHVV�� HYHU\� SURMHFW� QHHGHG� IXUWKHU� GHYHORSPHQW� RI� WKH
,03�FRQFHSW�� DQG� WKH�HIIRUW� DYDLODEOH�DW�%ROW��%HUDQHN�DQG�1HZ�
PDQ�EHFDPH�D�FRPSOHWH�ERWWOHQHFN��$W�WKLV�SRLQW��.DKQ�DQG�&HUI
GHYHORSHG�WKH�FRQFHSW�RI�LQWHUFRQQHFWLQJ�SDFNHW�QHWZRUNV�DQG�WKH
JDWHZD\���



Early Experiences With the Arpanet and Internet in the United Kingdom

�������,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

,Q�FRQVLGHULQJ� WKH�QHHGV�RI�)LJ����� WKHUH�ZHUH�VWLOO�+RVW±+RVW
DQG� +RVW±1HWZRUN� SURWRFROV� IRU� WKH� +RVWV� VKRZQ�� 7KHUH� ZHUH
DOVR�VWLOO�QHWZRUN�OHYHO�SURWRFROV��REYLRXVO\�GLIIHUHQW�LQ�WKH�GLIIHU�
HQW�QHWZRUNV��1RZ��KRZHYHU�� WKHUH�ZHUH�DOVR� ,QWHUQHWZRUN� IXQF�
WLRQV�WKDW�VKRXOG�EH�DVVRFLDWHG�ZLWK�WKH�LQGLYLGXDO�SDFNHWV��)URP
WKLV�� WKH� FRQFHSWV�RI� WKH� ,QWHUQHWZRUN�3URWRFRO� �,3�� DQG� LWV�5HOL�
DEOH� 7UDQVSRUW� 3URWRFRO� FRXVLQ� �NQRZQ� DV� 7&3�� ZHUH� ERUQ�
0RUHRYHU�� WKHVH� SURWRFROV� KDG� WR� EH� YHU\� UXJJHG� WR� KDQGOH� YDVW
GLIIHUHQFHV�LQ�WUDQVLW�WLPH��HUURU�UDWH��DQG�EDQGZLGWK��)RU�H[DPSOH�
LQ�RQH�H[SHULPHQW� LQ� WKH� ODWH�����V��ZH�VHW�XS�D�ILOH� WUDQVIHU�EH�
WZHHQ� D� FDU� FURVVLQJ� WKH� *ROGHQ� *DWH� %ULGJH²FRPPXQLFDWLQJ
ZLWK�3DOR�$OWR��&DOLIRUQLD��E\�3DFNHW�5DGLR²DQG�D�IL[HG�WHUPLQDO
DW� WKH� 5R\DO� 5DGDU� (VWDEOLVKPHQW� LQ�0DOYHUQ�� 7KH� FRPPXQLFD�
WLRQV�ZHQW�WKURXJK�VRPH�RI�WKH�8&/�QHWZRUNV�RI�)LJ�����6$71(7
DFURVV� WKH�$WODQWLF��$USDQHW� WR�3DOR�$OWR��DQG�WKHQ�3DFNHW�5DGLR
WR�WKH�FDU��$V�WKH�FDU�FURVVHG�WKH�EULGJH��WKH�UDGLR�OLQN�ZDV�LQWHU�
UXSWHG�E\� WKH� VWHHO��ZKHQ� WKH� FDU� DUULYHG� DW� WKH�RWKHU� HQG�RI� WKH
EULGJH��WKH�ILOH�WUDQVIHU�ZDV�UHVXPHG�DXWRPDWLFDOO\�ZLWKRXW�ORVV�RI
GDWD�� 7KH� UXJJHGQHVV� RI� WKH� SURWRFRO� VXLWH� WR� WKLV� W\SH� RI� VWUHVV
HQVXUHG�LWV�ODWHU�VXFFHVV��ZKLFK�KDV�FRQWLQXHG�WR�WKH�SUHVHQW�GD\�
2I�FRXUVH��WKH�QXPEHU�RI�FRPSXWHUV�KDV�JURZQ�IURP����WR��������

)LJ�����&RQQHFWLRQ�RI�GLIIHUHQW�QHWZRUNV�E\�JDWHZD\V�

Standards
'XULQJ�WKLV�SHULRG��WKH�%ULWLVK�ZHUH�HPEDUNLQJ�RQ�WKHLU�&RORXUHG
%RRN�SURWRFROV��WKH�(XURSHDQV��LQFOXGLQJ�WKH�8.��ZHUH�GHYHORS�
LQJ�GLIIHUHQW�VHWV�XQGHU��ILUVW��WKH�(XURSHDQ�,QIRUPDWLFV��1HWZRUN
DQG��ODWHU��(XURQHW����7KH�(XURSHDQ�QHWZRUNV�ZHUH�QRW�NHSW�JRLQJ
IRU�YHU\�ORQJ��GLG�QRW�KDYH�D� ODUJH�VHW�RI�FRPSXWHUV��DQG�GLG�QRW
KDYH�ORQJ�WHUP�IXQGLQJ��$V�D�UHVXOW��WKH�(XURSHDQ�HIIRUWV�GLG�QRW
OHDG�WR�DQ\�VWURQJ�VWDQGDUGV��H[FHSW�DW�/HYHO����ZKHUH�WKH\�OHG�WR
WKH� ;���� SURWRFROV��� WKDW� EHFDPH� WKH� PDLQ� (XURSHDQ� GDWD� QHW�
ZRUNV� IRU� WKH� QH[W� ��� WR� ��� \HDUV�� �7KH� 8&/� JURXS� SOD\HG� D
SURPLQHQW� UROH� LQ� DOO� WKLV�6WDQGDUGV� IRUPXODWLRQ²SDUWO\� EHFDXVH
ZH�ZHUH�RQH�RI�WKH�PRVW�H[SHUW�DQG�SDUWO\�WR�WU\�WR�HQVXUH�WKDW�WKH
%ULWLVK�DFWLYLWLHV�GLG�QRW�GLYHUJH�WRR�YLROHQWO\�IURP�WKH�8�6��RQHV��
:LWK� WKH� RQH� H[FHSWLRQ� RI� WKH� RUGHULQJ� RI� GRPDLQV²ZKHUH� WKH
8.�GHFLVLRQ�ZDV�WR�XVH�WKH�UHYHUVH�SURFHGXUH�WR�WKH�$USDQHW�SRO�
LF\²ZH� ODUJHO\� VXFFHHGHG� LQ� NHHSLQJ� UHDVRQDEOH� VLPLODULW\�� )RU
H[DPSOH��WKH�*UH\�%RRN�IRU�PDLO�SURWRFROV���ZDV�DOPRVW�LGHQWLFDO
WR�LWV�,QWHUQHW�HTXLYDOHQW�

Network Interconnection
7KLV� DFWLYLW\� FRQWLQXHG��������� WKURXJKRXW� WKH� ����V�� 7KH� DUFKL�
WHFWXUH�RI�)LJ����ZDV�PDLQWDLQHG�IRU�D�IXUWKHU����\HDUV��2I�FRXUVH�
WKH� ER[HV� RI� WKH�&$'&�$WODV� DQG� WKH� 5$/� ,%0� ��������ZHUH
VRRQ� UHSODFHG�� ,Q� WKHLU� WXUQ�� WKH\� ZHUH� UHSODFHG� E\� WKH� ([SHUL�
PHQWDO�3DFNHW�6ZLWFKHG�6HUYLFH����(8521(7���� WKH�FRPPHUFLDO

3DFNHW�6ZLWFKHG�6HUYLFH���� WKH�FHQWUDOL]HG�QHWZRUN�EDVHG�RQ� WKH
5$/�� WKH� 6(5&1(7� DFDGHPLF� QHWZRUN���� DQG�� ILQDOO\�� -$1(7�
2QO\�WRZDUG�WKH�HQG�RI� WKH�����V�GLG� WKH�8.�DFDGHPLF�QHWZRUN
GHFLGH� WR� DEDQGRQ� LWV� LQGHSHQGHQW� SURWRFRO� VXLWH� DQG� DGRSW� WKH
,QWHUQHW�VXLWH�

6RPH�RI� WKH�PRVW� VLJQLILFDQW� DFWLYLWLHV� DW� WKH� WLPH�� VHHQ� IURP
��� \HDUV� ODWHU��ZHUH� WKH� HDUO\� SURWRFRO� H[SHULPHQWV� LQ� ODWH� ����
EHWZHHQ�D� MXQLRU� DVVLVWDQW� SURIHVVRU� DW�6WDQIRUG�8QLYHUVLW\� �9LQW
&HUI��DQG�D�YLVLWLQJ�VFKRODU�IURP�1RUZD\�DW�8&/��3DDO�6SLOOLQJ�
RI� WKH� SURSRVHG� 7UDQVPLVVLRQ� &RQWURO� 3URWRFRO���� 7KLV� LQWHUQD�
WLRQDO�H[SHULPHQW�ZDV�WKH�ILUVW�WHVW�DQ\ZKHUH�RI�WKH�SURWRFRO�VXLWH
QRZ�FDOOHG�WKH�³,QWHUQHW�VXLWH�´�ZKLFK�KDV�PDGH�SRVVLEOH�WKH�FXU�
UHQW�GHYHORSPHQW�RI�WKH�,QWHUQHW�

Network Services
)URP� WKH� RXWVHW� RI� WKH� SURMHFW�� ZH� DLPHG� QRW� RQO\� WR� FDUU\� RXW
LQQRYDWLYH� UHVHDUFK� EXW� DOVR� WR� SURYLGH� QHWZRUN� VHUYLFHV� WR�8.
DQG�8�6��JURXSV�WKDW�ZLVKHG�WR�FRRSHUDWH��$V�HDUO\�DV�������WKHUH
ZDV� ILUP�FROODERUDWLRQ�EHWZHHQ�PDQ\�JURXSV� LQ� WKH�8.�DQG� WKH
8QLWHG�6WDWHV����)URP�WKH�8.�YLHZSRLQW�� WKH�FROODERUDWLYH�XVDJH
ZDV�RQH�RI� WKH�SULPDU\� UHDVRQV� IRU�5HVHDUFK�&RXQFLO� VXSSRUW�RI
WKH� 8&/� LQIUDVWUXFWXUH� DFWLYLW\�� ,Q� IDFW�� WKH� DXWKRULW\� IRU� VXFK
XVDJH�ZDV�VRPHZKDW�VSHFLRXV��$53$�GLG�QRW�UHDOO\�KDYH�D�UHPLW
WR�UXQ�LQWHUQDWLRQDO�FRPSXWHU�VHUYLFHV�IRU�UHVHDUFKHUV��2XU�DFWLYLW\
ZDV�WROHUDWHG�E\�$53$�XQGHU�WKH�JXLVH�WKDW�ZH�VWDWHG�LQ�RXU�SUR�
SRVDOV�WR�$53$�WKDW�RXU�LQWHUFRQQHFWLRQ�VHUYLFHV�KDG�WR�EH�WHVWHG
ZLWK�UHDO�XVHU�WUDIILF��3DUWO\�EHFDXVH�RI�RXU�$53$�FRQWUDFWV��SDUWO\
EHFDXVH�RI�WKH�IDFW�WKDW�RQO\�ZH�KDG�WKH�ULJKW�WR�LPSRUW�HTXLSPHQW
IUHH�RI�GXW\�DQG�9$7��DQG�SDUWO\�EHFDXVH�ZH�ZHUH�WKH�RQO\�JURXS
ZLWK� WKH� UHTXLVLWH� H[SHUWLVH��8&/�&6�FRQWLQXHG� WR� UXQ� WKH� ,QWHU�
QHW±8.� LQWHUFRQQHFWLRQ� VHUYLFHV� XQWLO� ������ %\� WKDW� WLPH�� WKH
VHUYLFH� KDG� EHFRPH� DQ� DFFHSWHG� SDUW� RI� WKH� %ULWLVK� UHVHDUFK
VFHQH����0RUHRYHU�� WKH� WHFKQRORJ\� KDG� DGYDQFHG� HQRXJK� VR� WKDW
QHZ�$53$� HTXLSPHQW�ZDV� QHHGHG� RQO\� IRU� VSHFLDOL]HG� UHVHDUFK
DSSOLFDWLRQV��OLNH�YLGHR�FRQIHUHQFLQJ���$W�WKDW�WLPH��LW�ZDV�DJUHHG
WR� WUDQVIHU� WKH� VHUYLFH� WR� WKH� 8QLYHUVLW\� RI� /RQGRQ� &RPSXWLQJ
&HQWUH�� 6LQFH� LW� ZDV� UHVSRQVLEOH� IRU� WKH� RSHUDWLRQDO� VHUYLFH�� WKH
FRQQHFWLRQ� IDFLOLWLHV� KDYH� EHHQ� IXQGHG� DW� D�PXFK�PRUH� UHDOLVWLF
OHYHO��8&/�&6�KDV�KDG�D�GLPLQLVKLQJ�UROH�LQ�WKH�WHFKQLFDO�VXSSRUW�
WKRXJK�VRPH�OHYHO�RI�WKLV�LV�VWLOO�SURYLGHG�

'XULQJ�WKH�WLPH�WKDW�8&/�&6�UDQ�WKH�VHUYLFH��WKHUH�ZDV�H[WHQ�
VLYH�PRQLWRULQJ�DQG�DFFHVV�FRQWURO����%HFDXVH�RI�WKH�LQVLVWHQFH�RI
WKH�%ULWLVK� IXQGLQJ�ERGLHV��QR�XVH�RI� WKH� LQWHUFRQQHFWLRQ� VHUYLFH
�ZLWK�WKH�H[FHSWLRQ�RI�HPDLO��ZDV�SRVVLEOH�ZLWKRXW�H[SOLFLW�XVH�RI
SDVVZRUGV��,W�LV�D�PHDVXUH�RI�WKH�VWUHQJWK�RI�WKHVH�SURFHGXUHV�WKDW
WKHUH� ZDV� QR� UHFRUGHG� LQVWDQFH� RI� KDFNLQJ� RQ� $USDQHW� DQG� WKH
,QWHUQHW� IURP�8.�VHUYLFHV� WKURXJK� WKH�XVH�RI� WKH�8&/�&6�JDWH�
ZD\V�ZKLOH�WKHVH�ZHUH�UXQ�IURP�8&/�&6��:KHQ�WKH�8QLYHUVLW\�RI
/RQGRQ� &RPSXWLQJ� &HQWUH� WRRN� RYHU� WKH� VHUYLFH�� WKH� OHYHOV� RI
WUDIILF� KDG� JURZQ� VR� KLJK� WKDW� WKH� GHWDLOHG� DFFHVV� FRQWUROV�ZHUH
DEROLVKHG��7KLV�FRQWULEXWHG�WR�WKH�LPSURYHPHQW�RI�WKH�OHYHO�RI�WKH
VHUYLFH��EXW�DW�D�FRVW��RI�FRXUVH��LQ�VHFXULW\�

,QFLGHQWDOO\�� WKH� *HUPDQV�� ,WDOLDQV�� DQG� 1RUZHJLDQV� GLG� QRW
SXUVXH�D�VLPLODU�URXWH��,Q�WKH�ODWH�����V��WKHLU�JURZWK�RI�QDWLRQDO
UHVHDUFK�QHWZRUNV�ZDV�PXFK�VORZHU�DQG�ZDV�TXLWH�GLYRUFHG�IURP
DQ\�VWURQJ�,QWHUQHW�OLQNV��0RUHRYHU��WKH\�KDG�QR�HTXLYDOHQW�RI�WKH
8.�*RYHUQLQJ�&RPPLWWHH� DQG� QHYHU� SHUVXDGHG� WKHLU� FDUULHUV� WR
DJUHH� WR� WKH� OLEHUDO� LQWHUFRQQHFWLRQ�SROLFLHV�DGRSWHG�E\� WKH�%32
DQG�ODWHU�%ULWLVK�7HOHFRP��)RU�WKLV�UHDVRQ��LW�ZDV�QRW�SRVVLEOH�IRU�D



,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R����������������

VLJQLILFDQW�DFDGHPLF�LQYROYHPHQW�IURP�WKRVH�FRXQWULHV�ZLWK�WKHLU
8�6��FROOHDJXHV��XQWLO�86(1(7��($51��DQG�RWKHU�VLPLODU�,QWHUQHW
GHYHORSPHQWV�WRRN�RII�LQ�WKH�PLGGOH�����V�

:KHQ� WKHVH� RWKHU� QHWZRUNV� EHFDPH� ZLGHVSUHDG�� WKH� %ULWLVK
-RLQW� 1HWZRUN� 7HDP�� WKH� RUJDQL]DWLRQ� UHVSRQVLEOH� IRU� QHWZRUN
SURYLVLRQ�IRU�%ULWLVK�UHVHDUFKHUV��DGRSWHG�D�GLIIHUHQW�VWUDWHJ\�IURP
RWKHU� FRXQWULHV�� 5DWKHU� WKDQ� SHUPLWWLQJ� D� ODUJH� SHQHWUDWLRQ� RI
86(1(7��,QWHUQHW��DQG�($51�LQWR�WKH�8.��WKH\�HVWDEOLVKHG�D�VHW
RI�LQWHUQDWLRQDO�JDWHZD\V��RI�ZKLFK�WKH�8&/�&6�,QWHUQHW�JDWHZD\
ZDV�RQH��,QLWLDOO\��8&/�HQIRUFHG�DFFHVV�FRQWURO�RQO\�RQ�PDLO�RXW�
JRLQJ� WUDIILF�� WKRXJK�ZH� ORJJHG� WKH�RULJLQ�GHVWLQDWLRQ�RI�DOO�PDLO
WUDIILF��7KH�DFFHVV�FRQWURO�ZDV�EHFDXVH�ZH�ZHUH� LQFXUULQJ� WUDIILF
FKDUJHV�RQ�RXWJRLQJ�WUDIILF�� WKH�ORJJLQJ�ZDV�EHFDXVH�WKH�IXQGLQJ
DJHQFLHV�ZDQWHG� WR� NQRZ� KRZ� WR� DOORFDWH� FRVWV��:KHQ�ZH�ZHUH
UHTXHVWHG� WR� HQIRUFH� WKH� FRQWURO� RQ� LQFRPLQJ� PDLO� DV� ZHOO�� ZH
IRXQG�WKDW�D�ODUJH�DPRXQW�RI�RXWJRLQJ�WUDIILF�ZDV�JRLQJ�YLD�VRPH
RI�WKH�RWKHU�JDWHZD\V��ZKLOH�WKH�LQFRPLQJ�WUDIILF�ZDV�FRPLQJ�YLD
WKH�8&/�URXWH��7KLV�ZDV�RQH�RI�WKH�HDUOLHVW� ODUJH�VFDOH�H[DPSOHV
RI� DV\PPHWULF� URXWLQJ�� FDXVHG� E\� OLWWOH�XQGHUVWRRG� URXWLQJ� DQG
FKDUJLQJ�SROLFLHV�

This was one of the earliest large-scale
examples of asymmetric routing,

caused by little-understood routing
and charging policies.

Lessons Learned
0DQ\�RI�WKH�IDFWRUV�WKDW�LQIOXHQFHG�WKH�GHYHORSPHQWV�RI�WKH�DERYH
SURMHFW� ZHUH� XQLTXH� FRUROODULHV� RI� WKH� WHFKQRORJ\� DQG� SROLWLFDO
VFHQH� DW� WKH� WLPH�� RWKHUV� KDYH� ORQJHU�ODVWLQJ� VLJQLILFDQFH��$�NH\
IDFWRU�LQ�WKH�HDUO\�VWDUW�RI�WKH�SURMHFW�ZDV�WKDW�D�VPDOO�QXPEHU�RI
NH\�SHRSOH�FRXOG�PDNH�LQGLYLGXDO�GHFLVLRQV�DQG�LQYHVWPHQWV�IRU�D
VSHFXODWLYH�SURMHFW� LQ�D�ZD\� WKDW�ZDV�TXLWH� LPSUDFWLFDO� IRU� ODUJHU
FRPPLWWHHV��6HFRQG�ZDV�WKH�OXFN\�FKDQFH�WKDW�JRYHUQPHQW�LQWHU�
YHQWLRQ��LQ�WKH�IRUP�RI�WKH�&XVWRPV�DQG�([FLVH��IRUFHG�WKH�SURMHFW
WR�UHPDLQ�LQ�SULYDWH�KDQGV�LQ�WKH�8.��LI�LW�KDG�EHHQ�XQGHU�D�JRY�
HUQPHQW� DJHQF\�� LW� ZRXOG� VXUHO\� KDYH� EHHQ� NLOOHG� DW� VRPH� YLWDO
MXQFWXUH� LQ� LWV� ILUVW� GHFDGH��$V� DQ� H[DPSOH� RI� WKH� GDQJHU�� LQ� WKH
ODWH�����V��RQH�DJHQF\�UHTXHVWHG�WKDW�,�VWRS�ZRUNLQJ�RQ�WKH�,QWHU�
QHW� 3URWRFROV� DQG� ZRUN� H[FOXVLYHO\� RQ� ,QWHUQDWLRQDO� 6WDQGDUG
RQHV��QHHGOHVV� WR�VD\�� ,� UHIXVHG�� ,Q�SULYDWH�KDQGV��HYHQ�ZKHQ� WKH
JRLQJ�ZDV�URXJK�IURP�RQH�VRXUFH��DQRWKHU�FRXOG�EH�PRELOL]HG�

0HUH�IXQGLQJ�FRQVLGHUDWLRQV�ZHUH�QRW�HQRXJK��RI�FRXUVH��7KH
WHFKQRORJLFDO� GHYHORSPHQWV� ZHUH� LQWHUHVWLQJ�� DQG� WKH� 8.� HQYL�
URQPHQW�ZDV�VXIILFLHQWO\�GLIIHUHQW��VR�WKDW�LW�ZDV�SRVVLEOH�WR�FRQ�
WLQXH� WR� MXVWLI\� DQ� LQWHUQDWLRQDO� FRPSRQHQW� IURP� WKH�8�6�� YLHZ�
SRLQW��7KLV� UHTXLUHG� D� FRQWLQXDO� OLDLVRQ� DFWLYLW\� RQ� ERWK� VLGHV� RI
WKH�$WODQWLF� WR�NHHS�DOO� WKH�SDUWLHV� LQWHUHVWHG�� ,W�ZDV�YHU\� LPSRU�
WDQW� WKDW� D�%ULWLVK� QHWZRUN� FRPPXQLW\� DQG� D�%ULWLVK� GLVWULEXWLRQ
QHWZRUN� ZHUH� JURZLQJ� DW� WKH� VDPH� WLPH�� 7KLV� SURMHFW� ILWWHG� WKH
SROLWLFDO�QHHGV�RI�WKH�WLPH��,W�DOORZHG�WKH�%ULWLVK�GHYHORSPHQWV�WR
SURFHHG� DORQJ� WKHLU� RZQ� GLUHFWLRQV�� ZKLOH� DOORZLQJ� FRQWLQXHG
LQWHUFRQQHFWLRQ� EHWZHHQ� WKH� FRPPXQLWLHV� RQ� ERWK� VLGHV� RI� WKH
$WODQWLF��$V�D�UHVXOW��WKHUH�ZDV�QR�SHUFHLYHG�WKUHDW�RI�WUDQVDWODQWLF
GRPLQDQFH��7KLV�DYRLGHG�PXFK�RI�WKH�SROLWLFDO�LQILJKWLQJ�WKDW�KDG
GRJJHG�WKH�)UHQFK�DQG�*HUPDQ�VFHQHV�DW�WKH�WLPH��KHUH��WKH�VWUXJ�

JOH�ZDV� VHHQ� EHWZHHQ�(XURSHDQ� 6WDQGDUGV� DQG�8�6�� GRPLQDQFH�
:H�DYRLGHG�WKDW�GLOHPPD��LQ�IDFW��ZH�FDSLWDOL]HG�RQ�LW��7KH�%ULWLVK
&RORXUHG� %RRN� 3URWRFROV�� 6(5&1(7�� WKH� ([SHULPHQWDO� 3DFNHW
6ZLWFKHG�6HUYLFH��3DFNHW�6ZLWFKHG�6HUYLFH�QHWZRUNV��DQG�($51
FRXOG�DOO�EH�DOORZHG�WR�SURFHHG²DOORZLQJ�XVHUV�LQWR�RXU�V\VWHPV�
EXW�KDYLQJ�RXU�V\VWHPV�QRW�LQWHUIHUH�ZLWK�WKHLU�SURJUHVV�
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