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INU (Inertial Navigation Unit) 

Main Engine 

Inertial Measurement System (IMS) 

(Roll Rate Filter: 

from responding to the effects of Milstar fuel 

sloshing and inducing roll rate errors.) 

(RCS provides thrust for vehicle 
pitch, roll, and yaw control; for 
post-injection separation and 
orientation maneuvering; and for 
propellant settling prior to engine 
restart) 

RCS Engines 

in terms of pitch, yaw, and roll axis vectors) 

Flight Control Software (FCS) 

(Computes desired orientation of vehicle 

(Guidance, Navigation, and Control System) 

Position, 
Velocity 

designed to prevent Centaur 
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rate 
zero roll 

Main Engine RCS Engines 

Inertial Measurement System (IMS) Flight Control Software (FCS) 

Incorrect shutdown 
command 
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to stabilize vehicle 

Model of Centaur roll rate does 
not match true vehicle state 

Commands generated based on 

Incorrect constant on the load tape 

Zero roll rate generated by roll rate filter 
using incorrect model.

Incorrect model of the process: Incorrect model of the process: 

incorrect model. 

¥°SV�w|#R�xi�#c���uwM�a!R�uwU*¥°U�`^�Qv�`ZaQa��#x ú ���;v�SV�y`_U RTu/��x^v�vQ±$xy�_x^Uú 
h��}x ¥jUVS~�w��aN��uwM�a!R�uwU°¸;u_�»ar��`ZR�x�u_PCxyRT`Za!x^����u_R�R�x^��a�U~��¶¯S¹� x_�~[H`_�y��u_RT�}S�M#�ªa!u�S~a�v�RTx^{�|}SVR�x^��x^M�a�vE·E��ÊQu2�qxy�_xyR�[ 

S~aiR�x^��x^SV�_x^�mSVM}��u_RTR�x^��a§SVM#P�|}a���R�uw� a��#xªl+�º¸)[$U~x^`_�}S�M#��a!u�`_M�SVM���u_R�R�x^��a§SVM�a!xyRTM}`_U9¥*�Q¸ºv!u_��a½��`ZR�x«��u/�#x^Uju_� 

¬a��#x�R�uwU�UjRT`Za!xª��`_v§a��#uw|}�w��a§a!uks)x�ÃyxyRTutu_RzM#x^`ZR ÃyxyR�uk�Q�}x^MºS~a§��`_v M#u_ay�ªhQ��|}v§a��#xyR�x���`_v "� a��#x�P�R�u/��x^vTv 

`���SVv���`Za��E�tsCxya½��xyx^M�a��#x�¥*��¸kSVM�a!xyREM}`_U²��u;�#x^U²u_�9a��#x P}RTu/��x^v�v�v!a�`Za!x�`_M}�ka��#xzRTx^`_U$P}R�u;��x^v�v�v!a�`Za!x_�Nh��}SVv 

��SVvT��`Za��T�ÀU~x^�¿a!u�a��}x�Ç���¸¿S�v�v�|}SVM}��SVM}��u_RTR�x^��a���uwM�a!R�uwUQ��uw����`_M}�}v�a!uºa��}x��ª`_SVM£x^M#�wSVM#xº¶�a!umv��/|#a��#u2�QM 

���v�S�M#�«¸;h°O�� a!xyRE��SVM#uwU~u_�_�_[�a��#x U~uwv�v�R�x^v�|}U~a!x^�t�»R�uw��`��#�;v!��|�M}��a�S~uwM}`_Ux^`ZRTU~�}·�`_M}�ta!uªa��#x Ç���¸�x^M#�wSVM#x^vy� ú 
SVM�a!xyRT`_��a�S~uwM�sCxya½��xyx^M5a��#x§¥°��¸�`_M}��a��#xil��f¸C�;¨�x^S~a��#xyR­�¯`_SVU~x^�¬a��#xy��u_PCxyRT`Za!x^�t��u_RTR�x^��a�U~���QS~a���R�x^v!PCx^��a�a!u n� 

a��#x S�M}v!a!RT|}��a�SVuwM}vi¶¯SVM}�yUV|}��SVM#�z��uwM�v!a�`_M�a�v>·­`_M}�t��`Za�`�P}R�u2�/SV�}x^�7� 

Á 



`ZsCuw|#aX���#xya��#xyR�a��#xQl�M#xyR�a�SV`_UH¨�`��/SV�w`Za�S~uwM

��!v!�/��P}a!uw�5[

��

zö�ì��²ö#î2íÕèzéHì)î2ø2é)÷

h��}xk`_�y�ySV�#x^M�a�R�xyPCu_R�aª�}u�x^v«M#u_a�x�Ä;P�U~u_R�x5�Q�}xya��#xyRªa��#x�¥*��¸Àv�u_�»ar��`ZR�x���uw|}UV�¬�}`^�_x�SVM}�yUV|}�}x^�¿vT`_M}S~a½� 

�T�}x^��µ;v§uwMfa��#x�R�uwUVU°RT`Za!x�u_R �_x^�}SV�yU~x�sCx^�}`^�;S~u_RNa!ut�#xya!x^��a§a���`Za§SVM}��u_R�R�x^��aNR�uwU�U*RE`Za!x^vi�qxyRTx�sCx^SVM}�«P}RTu��;SV�#x^� 

s/��a��#xªl+�º¸)�$e(�_x^MmS~�Xa��#x«¥*��¸f�}S��º�#xya!x^��a S~ai��`_v§�_xya!a�SVM}�k`_M#uw��`_U~uw|�viR�uwUVU°RT`Za!x^vy[°a��#xyR�x��ª`^�ºM#u_a �}`��_x 

sCxyx^M�`_M��ºR�x^��u��_xyR��mu_R �¯`_SVUÍp½v�`Z��x�sCx^�}`^�;S~u_R§a��}`Za���uw|}UV����`^�_x�s)xyx^Mm�#x^v�S~�wM#x^�mSVM�a!uka��#xªv!�;v!a!x^�5��p�SVa��#uw|#a 

��u_R�x�S�M#�»u_RE��`Za�S~uwM�`ZsCuw|#aja��#x���x^M�a�`_|#R(��uwM�a!RTuwU#R�x^{/|}S~R�x^��x^M�a�v9`_M}���#x^vTS~�wM7[wS~a9SVv9M#u_a9PCuwv�vTS~s�U~xqa!u§v!PCx^�y|}UV`Za!x 

���M}SVaqv!u_��a½��`ZR�x�¶�a��#x�l+�º¸�`_M��ª¥*��¸�·(��SV�w��a��}`^�_x�sCxyx^M«�#x^vTS~�wM#x^� 

a!u�sCxi�¯`_|}U~a�a!uwU~xyRT`_M�aQ�QSVa���R�x^v!PCx^��a­a!u�¤HU~a!xyR���uwM}v!a�`_M�a�xyR�R�u_RTv^� 

h���SVv�U~xy�_x^UCu_�²x�Ä;P�UV`_M}`Za�SVuwM�u_�²a��#xN¾H`��Qv­SVM�a��#xiP}RTu/��x^v�vi¶�a��#xi�_x^��SV�yU~xi`_M}�5S~a�v�¾HSV�w��a�sCx^�}`^�;S~u_R>·X`_v­��x^UVU 

`_v�S~a�vQSV����x^�}S�`Za!xN��uwM�a!R�uwUVUVxyR�P}R�u2�/SV�}x^v­`��#x^v���RTSVP}a�S~uwM�u_�*a��}x'��s�|}a��#u�x^vQM#u_a­P}R�u2�/SV�}x�x^M}uw|#�w� 

SVM#��u_RT��`Za�SVuwMz`ZsCuw|#a°a��#x���`_��a!u_REv(SVM��_uwU~�_x^��a!uiP}R�xy�_x^M�a°RTxyu/�y�y|#RTR�x^M}��x^vy�X¸;SV��P�U~��¤}Ä#SVM#�Qa���`Za°PH`ZR�a�SV�y|}UV`ZR*¾HS~�w��a 

a�`ZPCx SVv�M}u_a�x^M#uw|#�w�7�)pºxzM#xyx^�ka!uªU~u/u_µ�`ZaQa��#x �}S~�w�}xyRQU~xy�_x^UVv­u_�ja��#xz��uwM�a!R�uwU*v!a!RT|}��a�|}R�x§��u_R�a��}`Zay��¥°SV�w|#R�x^v 

©�`_M}��Á�v�|}����`ZRES~Ãyxia��#x§SVM#��u_RT��`Za�SVuwM5SVM�a��#xiR�x^v!aQu_�°a���SVv�P�`ZPCxyR^� 

� _kÜ�å�â�Û²Ô zÚ�á)Ö���W�Ö(Þ7Ü�áCÚTß�â�Ù 

h��#xN�¯|}M}��a�S~uwM�u_�jUV`_|}M}�E�5v�S~a!xNu_PCxyRT`Za�S~uwM}v­S�v�a!u���uwM}S~a!u_R�UV`_|�M}�T��P�`_��sCx^�}`��/SVu_R�`_M���a!x^v!a�vQ`_M}�5�}xya!x^��aQ`_M�� 

�� ��RTS~a�S��y`_U�`_M#uw�ª`_UVS~x^v*P}RTS~u_R*a!uQ¾HSV�w��ay��p����§��`_v°a��#xqRTuwUVUwRT`Za!x�xyR�RTu_R°M#u_aj�#xya!x^��a!x^���}|}RTSVM#�QU�`_|}M}�T�zu_PCxyRT`Za�S~uwM}v 

ü7ö}ð½í�îEómèzéHì*ïyî�øAö�ô¯ì)îqù m�F� tô�éH÷�ö#î2í 

`_M}�zxyR�R�u_RTv°�#xya!x^��a!x^��sCxy��u_R�xqUV`_|�M}�T�7� 

sCxi�»u_RE��`_UVU~��U~u_�_�_x^�t`_M}�5a��}u_R�uw|#�w�}U~��SVM��_x^v!a�S~�w`Za!x^��`_M}�5�}`_M}�}UVx^�7� 

èzé)ì)î�í ��`_M}`Z�_x^��x^M�a���`_���_R�x^`Za�U~��R�x^�}|}��x^��a��#x§M/|}�zsCxyR­u_�*x^M#�wS�M#xyxyRTv���u_R�µ/S�M#��UV`_|}M}�E�«u_PCxyRT`Za�SVuwM}vy[7î�ù~� 

`_M}�fa��#uwv�x�R�x^��`_SVM�SVM#���qxyR�xªP}R�u��;SV�#x^�f��S~a����»xy���w|�SV�#x^UVSVM}x^v�`_v§a!uk�#u�� 

h��#xN`_�y�ySV�#x^M�a�R�xyPCu_R�a�v�`^�;v�a��}`Za­a��#x^S~R�a�`_v!µ;v��qxyRTxNM}u_a��}x�¤HM#x^�«s��«a��#x^S~R­��`_M}`Z�_x^��x^M�a�v!u�a��#xy�«|�v!x^��a��#x^S~R 

sCx^v!a�x^M#�wSVM}xyxyRTSVM#�«��|}�#�w��x^M�a�a!um�#xya!xyRT�ªSVM#x��Q�}SV�E�£a�`_v!µ;v�a��#xy�£v��#uw|}U���PCxyR���u_RT�5[q�Q�}SV�E�£�A`ZRESV`Zs�U~x^v�a��#xy� 

v��#uw|�UV����uwM}S~a!u_R�[�`_M}���#u2�Æ�yU~uwv!x^UV�za!u�`_M}`_U~�/Ãyx�a��#x��}`Za�`z`_v�v!u;�ySV`Za!x^���QSVa���x^`_�T�«u_�)a��}x^S~R(��uwM}S~a!u_RESVM#�Na�`_v!µ;vy� 

èzé)ì)î�ø2é)÷�ï_ù 
h��#xk��uwM�a!R�uwUVv«`ZR�x�M}u_a«�#x^v���RES~sCx^�£�qx^UVUQSVMÀa��#xtRTxyP)u_RTay��¥#RTuw���Q��`ZaªSVv�SVM��yUV|}�#x^�7[qS~aª�#u/x^v 

M#u_aQ`ZP�P)x^`ZRQa��}`ZaQ��uwM�a!R�uwUVv­��xyR�x SV��P�U~x^��x^M�a!x^��a!u«��uwM�S~a!u_R­u_R��#xya!x^��a�v!u_��a½��`ZR�x xyR�RTu_RTv�`Za�a��#xzUV`_|}M}�E�5v�S~a!x 

`_U~a��#uw|}�w�t`�UV`ZR��_x§M/|}�zsCxyR­u_�°�_x^��SV�yU~xi�Z`ZRTSV`Zs�U~x^v���xyR�x§��uwM�S~a!u_R�x^�7� 

�� � g� í�ï^ëXéHì*ï�ô� éH÷�í�ï�ö�ì °ô¯÷¯ô»î2ô�í�ï_ù 

��RTS~a�S��y`_U��Z`ZRTSV`Zs�UVx^v�¶¯SVM��yUV|}�}SVM}��a��#uwv!x­SVM�v!u_��a½��`ZR�x2·°��|}v!ajsCx���uwM�S~a!u_R�x^� 

u_a!x^M�a�S�`_UVU~�§�}`ZÃ^`ZRT�}uw|}vj`_M#uw��`_UVS~x^v°�#xya!x^��a!x^��`Za°a��#x�UV`_|}M}�E�zv�SVa!xq��|}v!aú

a��#xy��vT�#uw|}UV��PCxyR���u_RT� a��#x^S~R��!u_s$� 

h��#x�R�xyPCu_R�aqSVv�`_UVv!u�M#u_a�x�Ä;P�UVSV�yS~aq`Zs)uw|}aqa��#x�R�uwU~x^v�`_M}��R�x^v!PCuwM}vTS~s�SVUVSVa�S~x^v 

u_��a��#uwv!xtSVM��_uwU~�_x^�7�À±²��O��}`_�ÀUV`_|}M}�E�£PCxyRTv!uwM}M#x^U�`Za����­ON¸)[9SVM��yUV|}�}SVM}� 

¶ ú l�eXv>·E� Ww¸;±°¸¡�}`_�ÆUV`_|�M}�T�ÀPCxyRTv�uwM}M#x^U­a!u¿��uwM�a!R�uwU�a��#x�UV`_|}M}�E�¡P}R�u;��x^v�v«`_vª��x^UVUQ`_v�v!u_��a½��`ZR�x�a!u��T�}x^��µ 

P}R�u;��x^v�v­�Z`ZRTSV`ZsHU~x^v­`_M}�5a!uª`_vTv�SVv!a­a��#xiu_PCxyRT`Za!u_REvQSVM�xy�Z`_UV|}`Za�SVM}��u_s�v!xyR��_x^�t��`Za�`;� 

;� Q �� "� ó$ï^ð^ì)î�í/ø2ö�õ_î2ô�éHì*ï4� ²öHô�÷ ~¡ Q÷�ö 
 *ì*õ_î2ô�éHì*ö�÷;� *ø2í/ï Q �í�� 

î2ô�éHì*ï_ù 
g�x^v!P�SVa!x��yU~x^`ZRXSVM}��SV�y`Za�S~uwM}v*u_�)`NP�R�u_s�U~x^�¼�QSVa��za��}x­R�uwUVU/RT`Za!xQSVM}�»u_RT�ª`Za�S~uwM�s)x^S�M#��P�R�u/��|}��x^��s���a��#x 

l��f¸)[#S~a­��`_v�M#u_a­�#xya!x^��a!x^�ks���v!uw��x§U�`_|}M}�T��PCxyRTv!uwM�M#x^U)�Q�#u�v��#uw|}U��«�}`��_x `_M}�5�#xya!x^��a!x^�ks�|#a­��SVvT�}`_M}�}U~x^� 

s/�«u_a��#xyREvy��¸/PCx^�ySÍ¤H�y`_U�U~�Hc 

\Z��LiM#x���xyxyµªsCxy��u_R�xNUV`_|}M}�E�7[/±*��O 

a���`_Mfa��#xy�kx�Ä;PCx^��a!x^�7�:pÕ�#x^M�a��#xy����uw|}U���M}u_a�x�Ä;P�UV`_S�Mka��#x��}S~É)xyR�x^M���x^v�`Zaia��}x^S~R�UVxy�_x^U�[7a��#xy�kRE`_SVv!x^� 

a��}x^S~RQ��uwM}��xyRTM�v­a!uªg�x^M��_xyRN±²��O 

R�u;�}|}��a�l�M�a!xy�_RES~a½�£eXM#�wS�M#xyxyRTvú


 í�õ�ô�ï�ô�é)ì²ï@¦ ^ì²öq¥ �õ�£¤�°í ;� K�¢� 

PCxyRTv!uwM}M#x^UH`ZaQ����Oi¸�u_s�v�xyR��_x^�5�z|��T��U~u���xyR�R�uwUVUHRT`Za!x�¤HU~a!xyR��Z`_UV|#x^v 

ÏN|}SV�}`_M���x R�u;�}|}��a�l�M�a!xy�_RTSVa½�5eXM#�wS�M#xyxyRTv ¶ ú l+eqvE·E[#�Q�#u���xyR�x M#u2�ú 
`Za(����Oi¸)�Ah��#x(uwM;p½vTS~a!x l+eqv²��uw|}U��zM#u_a*x�Ä/PHUV`_SVM§a��}xq�}SÍÉCxyR�x^M}��x^v*x^S~a��#xyR�[Av!u�a��#xy�§�}SVR�x^��a!x^� a��}x�����Oi¸ú 
PCxyRTv�uwM}M#x^U#a!u��y`_UVUHa��#x���uwM�a!R�uwUC�#�;M}`_��SV�yv�¶¹��g§·(�#x^vTS~�wM�x^M#�wS�M#xyxyRTvXS�Mªg�x^M��_xyR���LNMª¥}RTSV�}`��_[;O�P}RTS�U�b_W/[ 

¦ 



§�¨J©�ª%« ¬2­%¨J®g¬�©�¯-° ª ±	²%« ¬³« ´ ©8µ<©¶D·-¸ ¹-º »~¼	½	¾�¿-ºÁÀ ·DÂ ¾�ºÁÃ 
¼	½	¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

§�´ ©8¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ~¯-°-©�¯-° ª ±	²%« ¬�®�¯%ÇJ©�ª ²%ÇJª%É-« ¯-®�¬-©�© 

Ê2¬%ÉJª-²%Ç�¨-Ç-ÇJ¬-¬-­-¬-­�©�¯-° ª ±	²%« ¬~°<´ Ë ª ¬%« 

° ¯%«Ì®g¯%ÇJ©8´ ©�ª ¬%ÇJ®�Í 

¶D·-¸ ¹-º »~¼	½	¾�¿-ºÁÀ ·DÂ ¾�ºÁÃ 

¼	½	¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

¯-°�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª%É-« ¯-®�¬-©�©-²%ÇJ­�Ð%¨J²%Ë ´ ª Í.²-©�©8¨-« ²%ÇJ®�¬ 

¼	½�¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

©g¯-° ª ±	²D« ¬�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª-²%ÇJ­�ª ¬-©gª<´ ÇJÈ³É-« ¯-®�¬-©g© 

Ñ ¹%¾Ìº ·%Ä Ñ ½"Ò8¹%Ä-Å"Ä ·-Æ�¿%Ã:Ó ÇJ²-­-¬2Ð%¨J²-ª ¬³¨-ÇJ­-¬%« ©�ª ²%ÇJ­D´ ÇJÈ~¯2° 

Ô@É-É-« ¯-Î�¬-­�²%Ç~´ ÇJ®g¯DÏ~É-Ë ¬-ª ¬ Ó ÕDÖDÕ É-« ¯-È%« ²%Ï 

×%« ¯-Î8´ ­-¬-­ 

Ó ÇØ¬-° ° ¬-®gª<´ Î�¬�Ð%¨J²%Ë ´ ª Í.²-©�©8¨-« ²%ÇJ®�¬ 

Ó ÇJ¬-° ° ¬2®gª<´ Î�¬ 

Ù ¯-¯%« ­%´ ÇJ²-ª<´ ¯%Ç-Ú 

¯-°-²%Ë Ë'©�²-° ¬-ª Í�®
« ´ ª<´ ®�®�²%Ë�É-« ¯-®�¬-©g©�¬-© 

Õ ¬%« ´ °Û´ ¬-­~¯%Ç-Ë Í.ª<ÜJ²-ª%« ¬%ÉJ¯%« ª ©nÜJ²-­�É-« ¯%ÉJ¬%«Ì©8´ È%ÇJ²-ª<¨-« ¬-© 

Ý	´ ©8µD²%ÇØ²%Ë Í�©
´ ©.®�¯%ÇJ©8´ ­-¬%« ¬-­�¯%Ç-Ë Í�É-« ¯%Þ-Ë ¬%Ï	©�ªÛÜJ²-ªDÜJ²-­ 

¯-®�®8¨-« « ¬2­�ÞJ¬-° ¯%« ¬ 

¼	½	¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

¶D·-¸ ¹-º »~¼	½	¾�¿-ºÁÀ ·DÂ ¾�ºÁÃ §�¨J©�ª%Ï	¯%Ç-´ ª ¯%«ÌÐ%¨J²%Ë ´ ª Í 

Ñ ¹%¾�º ·%Ä Ñ ½"Ò8¹%Ä-Å8Ä ·-Æ.¿%Ã 

§�´ ©8¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ~¯-°%« ´ ©
µ'© 

Ñ ¹%¾�º ·%Ä Ñ ½"Ò8¹%Ä-Å8Ä ·-Æ.¿%Ã 

§�´ ©8¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ�¯-°-®�¯%ÇJ©�ª ²%ÇJª-È-¬%ÇJ¬D« ²-ª<´ ¯%Çj²%ÇJ­ 

ª ¬-©�ªÛ´ ÇJÈ�É-« ¯-®�¬-©�©8ß 

Ï�¨J©�ª%ÞJ¬�´ ­2¬%ÇJªÛ´ °<´ ¬-­�²%ÇJ­�ªÛÜJ¬%´ «�È-¬%ÇJ¬%« ²-ª<´ ¯%Çj®g¯%ÇØªÛ« ¯%Ë Ë ¬-­-­ 

²%ÇØ­~®8ÜJ¬-®8µ'¬-­%ß 

à ²-° ¬-ª Í�áM®8« ´ ªÛ´ ®�²%Ë'®�¯%ÇJ©�ª ²%ÇJª © 

â"¯³ÜJ²-ã�²%« ­�²%ÇJ²%Ë Í�©8´ ©.¯%«Ì®g¯%ÇØªÛ« ¯%Ë�É-« ¯-®�¬-©g©�° ¯%«Ì©�¯-° ª ±	²%« ¬ 
Ñ ¹%¾Ìº ·%Ä Ñ ½"Ò8¹%Ä-Å"Ä ·-Æ�¿%Ã 

Ù~ä ¬%ÇJÈ%´ ÇØ¬-¬%«�­%´ ­³ÇJ¯-ª-©8ÉJ¯-ª-¬%« « ¯%« 

à ¨-ÉJ¬%« Î8´ ©�¯%«�­D´ ­�ÇJ¯2ª-®
ÜJ¬2®
µ�Ï	²%Ç-¨Ø²%Ë Ë Í.¬%ÇØª ¬%« ¬-­�Îg²DË ¨J¬ 
¼	½�¾�ºÁÀ ½�Ä-Å8Ä ·-Æ.¿%Ã 

¶%·-¸ ¹-º »�¼	½�¾Ì¿-ºÁÀ ·%Â ¾ÌºÁÃ 
¬-Îg²%Ë ¨J²-ªÛ´ ¯%Ç 

§�´ ©8¨-ÇJ­-¬%« ©�ª ¯-¯-­�®�²%ÉJ²%Þ-´ Ë ´ ª Í�¯-°-ª ¬-©�ª-° ²-®8´ Ë ´ ª Í 
Ñ ¹%¾Ìº ·%Ä Ñ ½8Ò8¹DÄ-Å8Ä ·-Æ.¿%Ã 

¨J©�¬-­�° ¯%«Ì©gÍ�©�ª ¬%Ïåª ¬-©�ª 

à ´ Ï�¨-Ë ²-ª<´ ¯%Ç	°<Ë ¬³« ²-ªÛÜJ¬%«ÌªÛÜJ²DÇ	²-®�ª<¨J²%Ë<°<Ë ´ ÈDÜJª-ª ²%ÉJ¬�Î�²%Ë ¨J¬-© 
¼	½�¾ÌºÁÀ ½�Ä-Å"Ä ·-Æ�¿%Ã 

æ8¬-©�ª<´ ÇJÈ³Ï~¨J©�ª%ÞJ¬³ÉJ¬%« ° ¯%« Ïj¬-­�¯%Ç	ª<ÜJ¬�²-©�áM°ÛË ¯-±~Ç	©�Í�©�ª ¬%Ï 

¶%·2¸ ¹-º »�¼	½�¾Ì¿-ºÁÀ ·%Â ¾�ºÁÃ 

§�´ ©8¨-ÇJ­-¬%« ©�ª ²%´ ÇJ­%´ ÇJÈ�¯-°%Ë ¯-²-­�ª ²%ÉJ¬�®8« ¬-²-ªÛ´ ¯%Ç~É-« ¯-®�¬-©�© 

§�´ ©8¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ~²%ÞJ¯%¨Øª-±~ÜJ²-ª-®�¯%¨-Ë ­³ÞJ¬~ª ¬-©�ª ¬-­ 

Õ ²%Ë ´ ­-²-ª ¬-­�­-¬-©8´ È%Ç	®�¯%ÇJ©�ª ²%ÇJª%Þ-¨Jª%ÇJ¯-ª-²-®�ª<¨J²%Ë'®g¯%ÇJ©�ª ²%ÇJª 
ç"©�¬-­~­2¬-° ²%¨-Ë ª-Îg²%Ë ¨J¬-©.° ¯%«�ª ¬-©�ªÛ´ ÇJÈ�©�¯-° ª ±	²%« ¬³´ Ï~É2Ë ¬%Ïj¬%ÇJª ²-ª<´ ¯%Ç 

ä ¬-©8´ È%ÇJ¬-­�²%Ç 

Ó ÕDÖDÕ « « ¯-®g¬-©�©�ªÛÜJ²-ª-­%´ ­�ÇJ¯-ª%´ ÇJ®8Ë ¨J­-¬�Ë ¯-²-­~ª ²%ÉJ¬ 

Ó Õ%ÖDÕ Ï�¨J©�ª%ÞJ¬�ÉJ¬D« ° ¯%« Ïj¬-­~¯%ÇjªÛÜJ¬�²-©�áM°<Ë ¯-±~Çj©gÍ�©�ª ¬%Ï 

Ô.Ë Ë'©�²-° ¬-ª Í�áM®8« ª<´ ´ ®�²%Ë'­-²-ª ²~²%ÇJ­�©�¯-° ª ±	²%« ¬³Ï~¨J©�ª%ÞJ¬³´ ÇJ®8Ë ¨J­-¬-­ 

¶%·-¸ ¹-º »�¼	½�¾Ì¿-ºÁÀ ·%Â ¾ÌºÁÃ §�¨J©�ª-¬%ÇJ©8¨-« ¬�É-« ´ Ï	¬³ÜJ²-©.®8« ¬-²-ª ¬-­¶D·-¸ ¹-º »~¼	½	¾�¿-ºÁÀ ·DÂ ¾�ºÁÃ §~¨J©�ª%É-« ¯-Î8´ ­-¬�¬-° ° ¬-®�ªÛ´ Îg¬�¯-Î�¬%« ©8´ È%ÜJª 

Ó ÇJ²-­-¬-Ð%¨J²-ª ¬�¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ�¯-°-ª ¬-©�ª<´ ÇJÈ�®g¯2Îg¬%« ²-È-¬�²%ÇJ­³Ë ¯-²-­�ª ²%ÉJ¬�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª%É-« ¯-®�¬-©�©�¬-©Ñ ¹%¾Ìº ·%Ä Ñ ½8Ò8¹DÄ-Å8Ä ·-Æ.¿%Ã 

Ó ÇJ²-­-¬-Ð%¨J²-ª ¬~®�¯%ÇJª<« ¯DË<²%ÇJ­³Ïj¯%Ç-´ ª ¯%« ´ ÇJÈ~¯2°-©g¯-° ª ±	²%« ¬~­-¬-Î�¬%Ë ¯%É2Ï	¬%ÇJª%É-« ¯-®�¬-©�© 

â"¯�©
ÉJ¬2®
´ °Û´ ¬-­�¯%«Ì­-¯-®
¨2Ï	¬%ÇJª ¬-­³É-« ¯2®g¬-©�©�° ¯%«Ì®
« ¬-²-ª<´ ÇJÈ³Ë ¯-²-­�ª ²%ÉJ¬ 

è2° ° ¬-®�ªÛ´ Î�¬�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª%É-« ¯-®�¬-©�©g¬2©�Ï�¨J©gª%ÞØ¬~¬-©�ª ²%Þ-Ë ´ ©8ÜJ¬-­�²%ÇJ­�Ïj¯%Ç-´ ª ¯%« ¬-­ 

à Íg©�ª ¬%Ï+©�²-° ¬2ª Í�É-« ¯-®�¬-©�©�¬-©�Ï�¨J©�ª%ÞJ¬~®8« ¬-²-ª ¬-­~ª ¯³´ ­-¬%ÇJª<´ ° Í�²%ÇJ­�Ïj²%ÇJ²-È-¬�©�Í�©gª ¬%Ï)ÜJ²-ã�²%« ­-© 

¼	½�¾ÌºÁÀ ½�Ä-Å"Ä ·-Æ�¿%Ã 

Ô.É-É-« ¯-Î�¬-­~²%Ç�´ ÇJ®�¯%Ï�É-Ë ¬-ª ¬ Ó Õ%ÖDÕ É-« ¯-È%« ²%Ï 

ä ´ ­³ÇJ¯-ª-®8« ¬-²-ª ¬�²�¬-° ° ¬-®�ªÛ´ Î�¬�©�Íg©�ª ¬%Ï+©�²-° ¬-ª Í�É-« ¯-È%« ²%Ï 

¶%·2¸ ¹-º »�¼	½�¾Ì¿-ºÁÀ ·%Â ¾�ºÁÃ 

Ñ ¹%¾Ìº ·%Ä Ñ ½"Ò8¹%Ä-Å"Ä ·-Æ�¿%Ã 

©�¯-° ª ±	²%« ¬�­-¬-Îg¬%Ë ¯%É-Ïj¬%ÇJª-²%ÇJ­~ª ¬-©�ªÛ´ ÇJÈ�É-« ¯-®�¬-©�© 

Ó ÇJ²-­-¬-Ð%¨J²-ª ¬�¨-ÇJ­-¬%« ©�ª ²%ÇJ­%´ ÇJÈ�¯-° 

²%Çj¬-° ° ¬-®�ªÛ´ Î�¬�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª-²%ÇJ­�©�Íg©�ª ¬%Ï+©�²-° ¬-ª Í�É-« ¯-È%« ²%Ï 

¼	½�¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

â"¯³Ïj¯%Ç-´ ª ¯D« ´ ÇJÈ~¯-°-©�¯-° ª ±	²D« ¬�­-¬-Î�¬%Ë ¯%É-Ïj¬%ÇJª%É-« ¯-®�¬-©�© 

â"¯³É-Ë ²%Çj° ¯%«ÌªÛ« ²%ÇJ©8´ ª<´ ¯%Çj°Û« ¯%Ïå¯-Îg¬D« ©8´ ÈDÜJª-ª ¯³´ ÇJ©8´ È%ÜJª 
â"¯�©�Íg©�ª ¬%Ï+©�²-° ¬2ª Í.©�ª ²%ÇJ­-²%« ­-©.¯%«ÌÈ%¨-´ ­-²%ÇJ®�¬ 

é~ê4ëÁêíì4îjê�ï~ðíì2ñJò<ó4ôMñ�õ�óíìDóíöíêí÷�êíì2ñ�ï~ðí÷�÷åóíìíø 

ùíõFúYû�üíóíý þ ñ ÿ�ú�îMîjüíò<óíì4ôjê ùíõFú��Dÿ�îMñÁêí÷���ìDöíþ ìíêíêíò<þ ìíö 

�.ð4ë ñ ��óíò<êåé~ê4î�þ öíì�óíìíøåé~ê��jêíý ð��í÷åêíì4ñúnêDò'ð4î	�íó4ôjêåï~ðíò
��� 
Ó ÇJ²-­-¬-Ð%¨J²-ª ¬³Ï	¯%Ç-´ ª ¯%« ´ ÇJÈ�²%ÇJ­ 

��ò<þ ÷åêåï~ðíì4ñJò<ó4ôMñJðDò	
<ùíõ~ú�� 

ú�ìíóíý ê���� ����� 

ùíõFú��DÿMî�ñÁêí÷���ê4îMñ�ùíó�� 

ï~êíì4ñÁêíòjùíóíüíì4ô	�åé~þ ò<ê4ôMñJðíò<ó4ñÁê�

�.õ�ï�� 

���íó4ôjêåóíìíø�õåþ îMîjþ ý ê��íÿMîMñJêí÷Fî 

¥jS~�w|#RTx ©/c�¸;h°O�� ú ��u;�#x^UCu_�9g�xy�_x^U~u_P���x^M�a R�u/��x^vTvú 

´ 



²%ÇJ¯%Ïj²%Ë Í.©�¬%ÇJª 

ùíõFúYé~êíì��jêíò 

Ó ÇJ²2­-¬-Ð%¨J²-ª ¬³Ïj¯%Ç-´ ÇJª ¯%« ´ ÇJÈ 

« ¬%ÉJ¯%« ª ¬-­~²%ÇJ¯DÏ	²%Ë Í 
Ó ÇJ²-­-¬-Ð%¨J²-ª ¬�´ ÇJÎg¬-©�ª<´ È-²-ª<´ ¯%Çj¯-° 

Ý"¬DÉJ¯%« ª ¬-­�²%ÇJ¯%Ïj²%Ë ´ ¬-©nÏ~¨J©�ª%ÞJ¬ 

ª<ÜJ¯%« ¯%¨JÈ%Ü-Ë Ín´ ÇJÎ�¬-©�ªÛ´ È-²-ª ¬-­ 

¼	½�¾ÌºÁÀ ½�Ä-Å"Ä ·-Æ�¿%Ã 

ï~ï	ú�� ��ò<ðíüíìíø�!��íêíò<ó4ñÁþ ðíì4î 

Ù « ´ ª<´ ®�²%Ë'Î�²%« ´ ²%Þ-Ë ¬-©nÏ~¨J©�ª%ÞJ¬³Ï	¯DÇ-´ ª ¯%« ¬-­�° ¯%«�²%ÇJ¯%Ïj²%Ë ´ ¬2©.²%ÇJ­ 

­%´ ©�®8« ¬%ÉJ²%ÇJ®8´ ¬-©n´ ÇJÎ�¬-©�ªÛ´ È-²D´ ª ¬-­ 

â"¯�®8ÜJ¬-®8µ<©�¯-°%Ë ¯-²-­�ª ²%ÉJ¬�²-° ª ¬%«"´ ÇJª ²DË Ë ¬-­³´ Ç Ó â	ç 

à ¬%ÇJ©�¬-­~²-ª ª<´ ªÛ¨J­-¬³« ²-ª ¬-©�ÇJ¯-ª%Ïj¯%Ç-´ ª ¯%« ¬-­ 

ä ¬-ª ¬-®�ª ¬-­�²%ÇJ¯%Ïj²%Ë ´ ¬-©nÇJ¯-ª%ÜJ²%ÇJ­%Ë ¬-­�²-­-¬-Ð%¨J²-ª ¬%Ë Í 

¼	½	¾�ºÁÀ ½	Ä-Å8Ä ·-Æ.¿%Ã 

¶%·-¸ ¹-º »�¼	½�¾Ì¿-ºÁÀ ·%Â ¾Ìº ¿%Ã 

¶D·-¸ ¹#" º »~¼j½�¾�¿-ºÁÀ ·DÂ ¾�º ¿%Ã 

Ñ ¹%¾Ìº ·DÄ Ñ ½"Ò8¹%Ä-Å"Ä ·-Æ�¿%Ã%$ à ÜØ¯-±~Ç~´ Ç	²%ÇJ¯-ª<ÜJ¬%«�°<´ È%¨-« ¬'& 

Ó ÇJ²-­-¬-Ð%¨J²-ª ¬ É-« ¯-®�¬-­%¨-« ¬-© É-« ¯-Î
´ ­-¬-­ 

¶D·-¸ ¹-º »�¼	½	¾�¿-ºÁÀ ·%Â ¾�º ¿%Ã 

®8ÜJ²%Ç-ÇJ¬DË<° ¯%«8« ¬%ÉJ¯%« ª<´ ÇJÈ 

��þ ñÁóíì�(Jï~êíì2ñJóíüíò (Áõ�þ ý î�ñÁóíò 

¼	½�¾Ìº À ½�Ä-Å8Ä ·-Æ.¿%Ã 

×%« ¯-®�¬-©�©�¬-©�Ï�¨J©�ª%ÞJ¬~¬-©�ª ²%Þ-Ë ´ ©8ÜJ¬-­�° ¯D«�­-¬-ª ¬-®gª<´ ÇJÈ 
²%ÇJ­³ÜJ²%ÇJ­%Ë ´ ÇJÈ³ÉJ¯-ª ¬%ÇJªÛ´ ²%Ë Ë ÍnÜJ²-ãg²D« ­-¯D¨J©.®�¯%ÇJ­%´ ª<´ ¯%ÇJ©.²%ÇØ­�ÞJ¬%ÜJ²-Î8´ ¯D« 

â"¯³É-« ¯-®�¬-©g©�¬-©�ª ²%Þ-Ë ´ ©8ÜJ¬-­~ª ¯�Ïj¯%Ç-´ ª ¯%«Ì¯%«8É-Ë ¯-ª-²2ª ª<´ ªÛ¨J­2¬�« ²-ª ¬~­-²-ª ² 
â"¯%ÞJ¯-­-Ín« ¬-©8ÉJ¯%ÇJ©8´ Þ-Ë ¬�° ¯%«Ì®
ÜØ¬-®
µ�´ ÇØÈ�Ë ¯-²-­�ª ²%ÉJ¬~¯%ÇJ®�¬³´ ÇJ©�ª ²%Ë Ë ¬-­³´ Ç Ó â	ç 

â"¯�©8¨-« Îg¬%´ Ë Ë ²%ÇJ®�¬³É-Ë ²%Çjª ¯�­-¬-°Û´ ÇJ¬~ª ²-©8µ'©.¯-°%« ¬%Ïj²%´ Ç-´ ÇJÈ³ÉJ¬%« ©�¯%Ç-ÇJ¬%Ë 

²-° ª ¬%«Ì®8¨JªÛÞJ²-®8µ'© 

Ñ ¹%¾Ìº ·%Ä Ñ ½8Ò8¹%Ä-Å"Ä ·-Æ�¿%Ã 

�)�íþ ò<ø��*�íó2ô�êåùíóíüíì4ô	���*+íüDóíøíò<ðíì�

,��.ù���� 

â"¯~° ¯%« Ï	²DË<®�¯%Ï�Ï�¨-Ç-´ ®�²-ªÛ´ ¯%Ç 

²%ÇJ¯%Ïj²%Ë ´ ¬-© 

â"¯³ÜJ²%« ­-®�¯%ÉJÍ.²%ÞJ¯%¨Jª 

¥jS~�w|#R�x Á/c�¸#h*O�� ��u;�#x^U7u_�j±²`_|}M}�E��L�PCxyRT`Za�S~uwM�v R�u;��x^v�vúú 

] 



a��}x�±²��OÕÏN|�SV�}`_M}��x­eXM}�wSVM#xyxyR9a!x^U~xyP��}uwM#x^��a��#x�±²��O���gÕU~x^`_�7�jh��#x���gÕU~x^`_����`_v(M#u_a(SVM���SVv°uZÂ«��x 

v�u a��#xiÏN|}SV�}`_M���xQeXM#�wS�M#xyxyRqU~xy��aq` �_uwSV��xN��`_SVU}v!a�`Za�S�M#�zv��}x�M#u_a�SV��x^�«`zvTS~�wM}SÍ¤H�y`_M�a(�T��`_M#�_x�S�M�R�uwUVU}RT`Za!x 

���#x^M�a��#x�U�`Za!x^v!a°¤HU~a!xyR°RT`Za!x­��u�x�Â«�ySVx^M�a�vj��xyR�x�x^M�a!xyRTx^�7�X¸;�#xXRTx^{�|#x^v�a!x^��`�R�xya�|}RTMz�y`_U�U�a!ui�#xyR°u_R9a!uN�#xyR 

vT|#PCxyR��/S�v!u_R^�jh��#x ÏN|}SV��`_M}��xieXM#�wSVM}xyxyR�`_UVv!u�U~xy��a�`_Mtx^��`_SVU)�»u_R��#xyR�v�|#PCxyR��;SVv!u_R�`Za�����Oi¸ªx�Ä/P�U�`_SVM}SVM#� 

a��}x�v�S~a�|}`Za�S~uwM$�*Ê�xyRXv�|#PCxyR��;SVv!u_R°��`_v(uwM��A`_�y`Za�S~uwMª`_M}����`_vX�}|#x�s�`_��µ�`Za(a��#x�uZÂ«��x���uwM}�}`�����u_REM}SVM#� 

O�P}RTS�U)b_Á/[}���#x^M�a��#x ÏN|}SV��`_M}��xieXM#�wSVM}xyxyR­��`_v­v��E�#x^�}|}UVx^��a!u��qu_R�µ�a��#xiv!x^��uwM}�kv��}S~��ay�9h��#x ��g®U~x^`_� 

`_M��5a��#xz��g®x^M#�wSVM}xyxyR­�Q�#u�u_RTS~�wS�M}`_UVU~��v!PCx^�ySÍ¤Hx^��a��#xN¤HU~a!xyR­�Z`_UV|#x^v­UVS�v!a!x^M#x^��a!u�a��#xi�_uwS���x ��`_SVU)��R�uw� 

a��}xtÏi|}SV�}`_M}��x�eXM#�wS�M#xyxyR^�fh��#xy�m�y`_UVUVx^���#xyR�v�|}P)xyRT�/SVv�u_R `Zaª����Oi¸����#u��}`_�k��|}v!azR�xya�|#RTM#x^����R�uw� 

�Z`_�y`Za�S~uwM7�£Ê�x5��`_v�S�M}S~a�SV`_UVUV�f|�M}`Zs�U~x�a!uf¤HM}��a��#x5x^��`_SVU��}|}RTSVM#��a��#x^S~R���uwM��_xyREv�`Za�S~uwM7�ÀÊ�xtv�`_SV�£�#x 

��uw|}UV�À�y`_U�UqsH`_��µ)[�v!uºa��}xt�­gÎx^M}�wSVM#xyxyR�U~xy��a�a��#x���g�U~x^`_�7ÐÑv�uZÂ«��x_�Àh��#xk��g�U~x^`_�Àv�|}s�v!x^{/|#x^M�a�UV� 

a�`_UVµ_x^��a!u a��}x�ÏN|}SV�}`_M���x�eXM#�wSVM}xyxyR^ÐÑv(v�|#PCxyR��;SVv!u_R9`Z��a!xyRq�#xQ�»uw|}M���`_M}��R�x^`_�ªa��#x­x^��`_SVU��9h��}x���gÕU~x^`_� 

a!uwU��fa��#x�v�|#PCxyR��;SVv!u_R�`Zaz����Oi¸�a��}`Zaia��#x�¤HU~a!xyRN�Z`_UV|#x^vi�}`_�º�E�}`_M#�_x^��SVM�a��#x�¾HSV�w��aNa�`ZPCx�u_RTS~�wSVM�`_UVU~� 

UVuw`_�#x^�kuwMfO�P}RTSVUq\��#[9\^]_]_]/[$`_M}�ka��}xzR�uwU�U²RT`Za!x�uw|#a!P�|}a�v��#uw|�UV�k`_UVv�u«sCx x�Ä;PCx^��a!x^��a!u��E�}`_M#�_x_�io�u_a�� 

PH`ZR�a�S~x^vzs)x^U�S~xy�_x^��a��#x��}SÍÉCxyR�x^M}��x�SVM�R�uwU�U(RT`Za!x^v�u_s�v!xyRT�_x^�m��xyR�x�`Za!a!RTS~s�|#a�`ZsHU~x�a!u�x�Ä/PCx^��a!x^�£�T�}`_M}�_x^v 

��S~a���a��#x �#x^U�S~�_xyR��ªu_�ja��#xN¾)S~�w��a­a�`ZPCx_� 

�� úb/��LiMfa��#x��}`^��u_��a��#x�UV`_|}M}�E�7[$`tWw¸;±°¸�l�¨ R�u/��|}��aNl+M�a!xy�_RTS~ar��eqM#�wSVM#xyxyR�¶ ú l�e�·�`Za�����Oi¸kM}u_a�SV��x^� 

a��}xtU~u��
R�uwU�UXRT`Za!x^vª`_M}�£PCxyR��»u_RE��x^��`fRE`Za!xt�T�#x^�Tµ¿a!uºv!xyxtSV��a��#x5�_�/R�uwv��qxyRTx5u_P)xyRE`Za�SVM#��P}R�u_PCxyRTU~�_� 

��M#��u_R�a�|}M}`Za!x^UV�_[qa��#xkP}R�u_�_RT`_����x^�ÀRT`Za!x��E�#x^��µ¡|�v!x^�¡`��#xy�¯`_|}U~a�v�xya�u_�Nl>\t��uwM�v!a�`_M�a�v«a!uº¤HUVa!xyR�a��#x 

��x^`_v�|#R�x^��RE`Za!xQ`_M}����uwM}v�x^{�|#x^M�a�U~��R�xyPCu_R�a!x^��a��}`ZaXa��#x��_�/R�uwv9��xyR�xQv!x^M}vTSVM#�Na��#x�x^`ZR�a��ªRT`Za!xQ��u_R�RTx^��a�U~�_� 

l+�­a��#x�v!x^M}v!x^�¿`Za!a�S~a�|}�#x«RT`Za!x^v��}`_��s)xyx^M���uwM}S~a!u_RTx^��`Za�a��}`Za a�S���xªu_R�S~��a��#xy���}`_��sCxyx^Mmv�|�����x^� 

`_M��tP�U~u_a!a!x^��a!uªx^M�v�|#R�x§a��}xy����xyR�xzP}R�u_PCxyRTU~��v!x^M}v�S�M#��a��#x x^`ZRTa��7ÐÑvQ�_RE`^�;S~a�`Za�S~uwM}`_U*RT`Za!x_[�a��}x R�uwUVU$RT`Za!x 

P�R�u_s�U~x^�
��uw|}U��5�}`^�_xzs)xyx^MkSV�#x^M�a�SÍ¤�x^�7� 

W/�QO Ww¸;±°¸�x^M#�wSVM#xyxyR�`_UVv!u�v�`^�Õa��#x�R�uwUVU}RE`Za!x��}`Za�`�`Za�a��#xQa�SV��xQu_�$a!u2�qxyR�R�uwUVUVs�`_��µ)[�sH|#a(��`_v�M}u_aq`Zs�U~x�a!u 

S��#x^M�a�SV�»�§a��}x­P}R�u_s�U~x^�®�QSVa��za��}x�U~u��ÀR�uwU�U;RT`Za!x_�9ÊQx��}`_��M}u§�#u/�y|���x^M�a!x^��RTx^{�|}SVR�x^��x^M�a°u_R9P�R�u/��x^��|#R�x^v 

a!uªR�xy�/SVxy�'a��#x �}`Za�`ª`_M}�5M#u�R�xy��xyR�x^M}��xia!u���uw��P�`ZR�xia!u«a��#xiR�uwUVUCRE`Za!x `_��a�|}`_UVU~��sCx^SVM#��P}R�u;�}|}��x^�$� 

h��}x���uw����|}M}S��y`Za�S~uwM��T�}`_M�M#x^U/s)xyar�qxyx^M�±*��O�g�x^M��_xyRq`_M}��a��#x­±²��O¡x^M#�wSVM}xyxyRTvj`Zaq����Oi¸i��`_v(�yU~x^`ZRTUV� 

¾H`��qx^�7�­h��}xyR�x SVv�M#uªSVM#��u_RT��`Za�SVuwMt`ZsCuw|#aQ`_M��5x^v!a�`Zs�UVSVvT�#x^��R�xyPCu_R�a�SVM#���E�}`_M}M#x^U²�»RTuw��a��#x�±²��O ����Oi¸�u_R 

g�x^M��_xyR�x^M#�wSVM}xyxyRTv�a!u�`�v�`Z��xya½�tu_RT�w`_M}S~Ã^`Za�S~uwM�u_R�|#P�a��#x ��`_M�`Z�_x^��x^M�aN�T��`_SVM7�­¨Qu «v!�;v!a!x^�±²��O !`_UV`ZRT� ��� 

`_�#x^{/|}`Za!xNa!u��}xya!x^��a�a��}x�P}RTu_s�U~x^��u_R�a��}`Za�S~a���`_v�M#u_aqs)x^S�M#�z`_�#x^{/|}`Za!x^U~����`_M}�}U~x^�«v!xyx^��v�a!u���`^�_xNx�Ä;S�v!a!x^�7� 

h��#x�R�xyPCu_R�a«vT`^�;v«a��}xyR�xk��`_v���uwM#��|�v�S~uwMÆ`_M��¬|}M���xyR�a�`_SVM�a½�¡��R�uw��a��#xka�SV��x�a��#x�R�uwUVUQRT`Za!x�`_M}uw��`_U~�¡��`_v 

¤�RTv�a�RT`_SVv!x^��s/�5a��#x����­ON¸t±²��O¼x^M#�wSVM#xyxyRNSVMtx^�ª`_SVU²`_M}�k�_uwSV��x���`_SVU²|�M�a�SVU*S~a���`_v���`_v�a!u��#u2� ���R�x^v!uwU~�_x^� 

S~a�v��#uw|�UV�¿s)x5sCx�R�xyPCu_R�a!x^�7[�`_M}`_U~�/Ãyx^�7[q�}u/�y|}��x^M�a!x^�7[�`_M}�Àa!RT`_�Tµ_x^�Æv�S�M}��x5S~a���`_vª` �`_M��¡M#u_a �� !��uwM}��xyRTM � 
` !�#xy�;SV`Za�S~uwM7� � h��#xyR�x5SVv�M#ufx�Ä;P�UV`_M}`Za�SVuwM£u_�Qa��#x^v!x5a!xyRE��v�M#u_R�`_M��¿�#x^vT��RTS~P}a�S~uwM�u_��`f��u_RT��`_U�P�R�u_s�U~x^�'� 
R�xyPCu_R�a�SVM}��`_M��t�}`_M}�}U�SVM#�zv��/v!a!x^�ÎSVM�a��#x `_�y�yS��#x^M�aQR�xyPCu_R�ay� 

*ö#î�íºè�éHì)î�øAéH÷ ^ì*ö � h��}x§`_�y�ySV�#x^M�a�R�xyPCu_R�a�v�`��/vQa��}`ZaQ`Za�a��}S�v�P)uwS�M�a�SVM�a��}xiP}R�x^UV`_|}M��T�H¥ �÷ �£¤��é�øZô»î2ñ°ê¡ù .- ��*í 
P}R�u;��x^v�vy[�a��#xyR�x ��`_vQM}u�P}R�u;��x^v�v�a!u���uwM}S~a!u_R�u_RQP�UVu_aQ`Za!a�S~a�|}�#x RT`Za!xz�}`Za�`;[Ha��}`Za�S�vy[}a!uªPCxyR���u_RT��`ª�T�#x^�Tµta!u 

v!xyx�S~�9a��#x�`Za!a�S~a�|}�#xz¤HU~a!xyREvQ��xyR�x�P}R�u_PCxyRTU~��v!x^M}vTSVM#�ªa��}xzx^`ZR�a��$ÐÑv�RTu_a�`Za�S~uwMfRT`Za!x_�i¨Qu_sCu;�#�5��`_v�RTx^v!PCuwM}v�S~s�UVx 

��u_R��T�#x^�Tµ/SVM}��a��}x�UVuw`_�£a�`ZP)x5��uwM}v�a�`_M�a�v�uwM���x5a��#x�a�`ZP)x���`_v�SVM}v!a�`_U�U~x^��S�Mma��#x�l�¨Y�Î`Za�a��#x5UV`_|}M}�E�£v�S~a!x_� 

h��#xyRTxy�»u_R�x_[(M}u_s)u;�#�f��`_v�`ZsHU~xªa!uº{/|#x^v!a�S~uwM�a��#x�`_M#uw��`_U~uw|}v�RT`Za!x��}`Za�`�R�x^��u_RT�}x^�mu_R���u_R�R�x^U�`Za!x�SVa a!ufa��#x 

U~u2� R�uwUVUjRE`Za!x^v§u_s�v!xyRT�_x^�m`ZsCuw|#a `5��xyxyµºP}RTSVu_Ria!ukUV`_|}M}�E��`_M}�ºuwMma��#xª�}`��fu_��U�`_|}M}�T�$��l+Mm`_�}�}S~a�S~uwM$[$a��#x 

±²��OÕx^M#�wSVM}xyxyRTvX`Za�g�x^M��_xyR­M#xy�_xyR�`_v!µ_x^��a!uzv!xyxN` �}`ZRE����u_P��ªu_�7a��#x�`_��a�|}`_U)�}`Za�` u_s�v!xyR��_x^��`Za­�Q��ON¸C[wM#u_R 

�}SV�ta��#xy��a�`_U~µ�a!u«a��#x �w|}SV�}`_M}��x x^M#�wSVM#xyxyR�u_R�gN`Za�`�¸;a�`Za�S~uwMk��uwM}S~a!u_RN`ZaN���­ON¸����#uª{/|#x^v!a�S~uwM#x^�ka��#x U~u2� 

¤HU~a!xyR�RT`Za!x^vy�(hQ�#xy��v�SV��PHU~��x�Ä/P�U�`_SVM#x^�ªSVaq`^��`^��`_v�`Za!a!RTS~s�|#a�`ZsHU~xQa!u�x�Ä/PCx^��a!x^���T��`_M#�_x^v­`_v�v!u;�ySV`Za!x^���QS~a��«a��#x 

�#x^UVSV�_xyR��ªu_�ja��#xN¾HSV�w��a­a�`ZPCx_� 

\yY 



Q÷�ö

CD Engineers 

Incorrect model of software development process 
(Assumed load tape had been verified. 
Thought discrepancies due to expected changes) 

match roll rate constant on flight tape) 
(Used default roll rate that did not 

Incorrect model of Spacecraft Attitude 

Incorrect model of ground check software (did not know default 
values used) 

Ground Crew 

gone through a complete test) 
Incorrect model of development process (assumed software had 

rate filtering) 
Incorrect model of IMS software design (misunderstanding of roll 

Ground Check Software 
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