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Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA Scientific and Technical Information (STI) 
Program Office plays a key part in helping NASA 
maintain this important role.

The NASA STI Program Office is operated by 
Langley Research Center, the Lead Center for 
NASA’s scientific and technical information. The 
NASA STI Program Office provides access to 
the NASA STI Database, the largest collection of 
aeronautical and space science STI in the world. 
The Program Office is also NASA’s institutional 
mechanism for disseminating the results of its 
research and development activities. These results 
are published by NASA in the NASA STI Report 
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
programs and include extensive data or theoreti-
cal analysis. Includes compilations of significant 
scientific and technical data and information 
deemed to be of continuing reference value. 
NASA’s counterpart of peer-reviewed formal 
professional papers but has less stringent limita-
tions on manuscript length and extent  
of graphic presentations.

• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis.

• CONTRACTOR REPORT. Scientific and techni-
cal findings by NASA-sponsored  
contractors and grantees.

The NASA STI Program Office . . . in Profile

• CONFERENCE PUBLICATION. Collected 
papers from scientific and technical conferences, 
symposia, seminars, or other meetings spon-
sored or cosponsored by NASA.

• SPECIAL PUBLICATION. Scientific, technical, 
or historical information from NASA programs, 
projects, and missions, often concerned with 
subjects having substantial public interest.

• TECHNICAL TRANSLATION. English- 
language translations of foreign scientific and 
technical material pertinent to NASA’s mission.

Specialized services that complement the STI 
Program Office’s diverse offerings include creating 
custom thesauri, building customized databases, 
organizing and publishing research results . . . even 
providing videos.

For more information about the NASA STI  
Program Office, see the following:

• Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov

• E-mail your question via the Internet to
 help@sti.nasa.gov

• Fax your question to the NASA Access Help 
Desk at (301) 621-0134

• Telephone the NASA Access Help Desk at
 (301) 621-0390

• Write to:
 NASA Access Help Desk
 NASA Center for AeroSpace Information
 7121 Standard Drive
 Hanover, MD 21076-1320
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IKJ0LNMPORQ�S%MPTVU9WYX
ZY[�\^]Y_a`cbYd�[�egfheN`ai^_a`cbYd�[�j�k�`aeNlNiYk�m%Xnmok�iYk�m%p
`cfrq�fhWYk�f;s9`c_c_t]@XubYXoX%ZYXoZ�[Cv�X%ewfxWYX�b^XoyGfzmo[�\^iY_aXg[�j{ZYXom%k�ZYX%l
s9`c_a_�eNXo|G\Y`cexX�fxWYk�f}fhk�mofx`am%k�_�lNXoiYk�exk�fh`c[�b~d�\Y`cZYk�bYm%X&]@X�k�\^p
fh[��uk�fhX%Z�j�[�e�k�iYiYeN[�iYeN`ck�fhX%_aq�X%|G\Y`ai^i�X%Z�k�`cexm%exk�j�f�`ab�WY`cd�W^p
ZYX%bYlx`cfrq!k�`cexlNiYk�m%X3����[�\YeNp�Z^`a�uXob^lx`c[�bYk�_�fheNkC�hX%mofx[�eNq�k�lNlN`ad�bYp
�uXobGfg��fhWYeNXoX%p�Z^`a�uXob^lx`c[�bYk�_�i@[�lN`afx`a[�b�k�l�k-j�\YbYmofx`a[�b�[�j/fx`a�uX3�
s9`c_a_�j�k�m%`a_c`cfhk�fxX$lN\Ym�W�k�\Yfx[��uk�fx`a[�b�����lNfhk�bYZYk�exZ�fxexk��hXom%p
fh[�exq�lNi@Xomo`c�Ym%k�fh`c[�b
j�[�eN�uk�f�]Yk�lNXoZ
[�b
�������3fhW^X;� yGfhXob^lx`c]Y_cX
��k�ex¡G\Yi���k�bYd�\Yk�d�X3��`algiYeN[�i@[�lNXoZ�j�[�e�fxWYk�f�iY\YeNi�[�lxXG��Utexk�p
�hXom%fh[�ex`cXol¢k�exX£mo[��ui�[�lxX%Z�[�j�kzlNXoeN`aX%l¢[�j@fheNkC�hXom%fh[�exq¤lNXod��gX%bGfhlC�
U9WYX WY[�eN`a¥%[�bGfhk�_�iYk�fhW�m%[�bYlN`clxfxl¦[�jHk�lxX%ex`cXol�[�jHlNfheNk�`cd�WGf ��d�exX%k�fxp
mo`ceNmo_cX3�{lxX%d��uXobGfhlzm%[�bYbYX%mofxXoZ�]Gq�fx\Yexb^l¤[�j§lNi�X%mo`c�YXoZ�eNk�ZY`c\YlC�
��_c[�b^d�pPfheNk�m�¡
i�[�lx`cfh`c[�b�`alzlNi�X%mo`c�YXoZ�k�l;k7_c[Cs9pP[�eNZYXoewi�[�_aqGbY[�p
�u`ak�_�j�\^bYmofx`a[�b-[�j¦fh`c�gXG��k�bYZnv�XoeNfh`cmok�_^iYeN[��Y_cXol�j�[�e�mo_c`c�K]nk�bYZ
ZYX%lxm%XobGfzk�eNXglNi@Xomo`c�YX%Z�k�l¤_a[Cs9pP[�eNZYX%ewi@[�_cqGbY[��u`ck�_¢j�\YbYm%fh`c[�bYl
[�j¦k�_c[�bYd�p�fxexk�m�¡Ki@[�lN`afx`a[�b����t_c`cd�WGf{fxXom�WYbY`cmok�_=XoeNex[�e{fh[�_aX%exk�bYmoX%l
`cb�fxWYX�k�_c[�b^d�pPfheNk�m�¡���moeN[�lNlxpPfheNk�m�¡��^k�bYZ}v�X%exfx`am%k�_/k�yGX%l¤ZYXofxXoeNp
�u`ab^XKkn]@[�\Yb^ZY`ab^d-lNiYk�m%X3�Hk�f¨Xok�m�W�i�[�`abGfw`ab�fx`a�uXG�Y`cb�s9WY`cm�W
fhW^X�k�`cexm%exk�j�f�`al7exX%|G\Y`aeNXoZ�fx[�]�X�mo[�bGfxk�`cbYXoZ���©¢XoeN`c[3Z^`am�\YiYp
ZYk�fhXol�`cb-fhW^Xwk�_a[�bYd�pPfheNk�m�¡�k�yG`al�s9`c_a_=k�ZC�h\Ylxf�j�[�e�XoeNeN[�eNl{`cb-fhW^X
iYeNXoZY`cmofxXoZ�k�_c[�bYd�p�fxexk�m�¡7s9`cbYZYlC�¤�wb�`c�ui�[�exfxk�bGfzlxk�j�Xofrq�]@XobYp
Xo�^f7[�j�fhWY`cl�exX%d�`c�uXob�`cl
fhWYk�f
fxWYX�fheNk�ªum�s9`c_a_z]@X}k�]Y_cX�fx[
« q�j�eNXoX
[�j¨m%[�b « `am%fhluj�[�euk�fg_cXok�lNfKlNXov�XoeNk�_��u`abG\YfxXoluXov�Xob�`cj
k�_c_^d�ex[�\YbYZulNq3lNfhX%�ul§k�bYZ�fxWYX¨X%b3fx`aeNX¨m%[��u�K\Yb^`am%k�fh`c[�bu`cbYj�eNk�lNp
fheN\Ym%fh\YeNXzj�k�`c_¬�

���!�����*­�®¯	��������

��l;fhW^X�ZYX%�uk�bYZ�j�[�e�k�`ae;fheNk�b^lxi@[�eNfhk�fh`c[�b�`cbYmoeNXok�lxX%l°�YfhWYXgmok�p
iYk�mo`cfrq�[�j@fhWYX9m%\YeNexX%b3ft±g� ²���k�`cetfxexk�ªum��uk�bYk�d�Xo�uXobGf¨���¢U9�&�
lNq3lNfhX%�$s9`c_c_�Xov�XobGfh\^k�_c_aqw]�X§lNfheNXolNlNXoZzfh[¨`cfhl�_a`c�u`afxl°��³�X%s�fxXom�WYp
bY[�_a[�d�`cXol£`ab�m%[��u�K\Yb^`am%k�fh`c[�bt�GbYkCvG`ad�k�fx`a[�b���k�bYZ�lN\Yexv�Xo`c_a_ck�b^moX
�h´t³w²��h��k�_a[�bYd�s9`cfhW-b^Xos¯ZYX%mo`clx`c[�b�lN\YiYi@[�eNf{lNqGlxfxXo�ul�k�bYZnk�b
Xov�[�_c\Yfh`c[�b^k�eNq7ZYX%v�X%_a[�iY�uXobGfw[�j§fhW^Xg�¢U9�µlxqGlNfhX%�¶k�eNm�WY`afxXom%p
fh\^exXw·c¸�¹r�%mok�b¤XoyGfhX%bYZ¤fhWYX mok�iYk�m%`afrqw[�jGfhWYX{mo\YeNexX%bGf�lxqGlNfhX%�$j�[�e
lNXov�X%exk�_�q�X%k�eNl°�H]Y\Yf�k�eNXov�[�_c\Yfh`c[�b^k�eNqnbYXos�k�iYiYeN[�k�m�W7s9`c_a_t]@X
bYX%XoZYX%Zgs9`cfhW^`ab�i@XoeNWYk�i^l§frs X%bGfrq�q�X%k�eNltfx[¤�uXoXof{fhWYX9d�ex[Cs9`cbYd
ZYX%�gk�bYZ��
�wb�[�j�fhX%b¯�u`alN\YbYZ^XoeNlxfx[3[GZ�[�e-[Cv�XoeN_c[3[�¡�X%Z�j�k�m%fnk�]@[�\^f

fhW^Xgm%\YeNexX%b3f;�¢U9�ºlxqGlNfhXo�¶`cl¤fhW^k�fzlxX%mofx[�e;mok�i^k�mo`cfh`cXolzk�exX�k
j�\YbYm%fh`c[�b�[�jtmo[�bGfheN[�_c_aX%e�s�[�eN¡G_a[�k�ZneNk�fxWYXoe9fxWYk�b�fxWYX¤k�`cexlNiYk�moX
`cfhlNXo_cjh�§»rb�[�fhWYX%e¨s [�exZ^l°�Gm%\YeNexX%b3f9k�`aeNlNiYk�m%X;m%k�iYk�mo`cfrq���k�l¨ZY`clxp
fh`cbYd�\Y`alNWYX%Z�j�eN[���Q�¼�OP½G¾�O�M¿m%k�iYk�mo`cfrq¿�^`clt_c`c�g`cfhX%Z�]Gq¤fxWYXKSN¾hÀHÁ^¼�Â
MP¼�Ã%ÄzSÅQ�½HQ�S0¼�M�Æ�¾PÇ�È�ÉHÊgQ�Á-SÅ¾�Á^MPOR¾�Ë�ËÌÄ0O�L fh[¤�uk�`abGfhk�`abglNk�j�X9lNXoiYk�p
eNk�fh`c[�bus9`cfhW�WY`cd�W�eNXo_c`ck�]Y`c_a`cfrq3�¦�¯m%[�bGfheN[�_c_aX%e¢mok�bgW^k�bYZY_cX9[�b^_aq
k�i^iYex[CyG`c�uk�fhX%_aq��^j�fhXoX%b}k�`cexm%exk�j�fws9`cfhW}fhW^X�\Y_afxexk�p�W^`ad�W�eNXo_c`ak�p

]Y`c_a`cfrq*fhWYk�f-`cl-eNXo|G\Y`cexX%Z��¯Íw[Cs X%v�X%e°�{Xok�ex_c`aX%enlNfh\YZY`cXol}· Î@�¢Ï�¹
j�[�\^bYZ�fhW^k�f¦fxexk�ªum§`abKWY`ad�WYpPZYXobYlN`cfrqwlNXom%fh[�eNl�m%[�\Y_cZ�]@X{k�f¦_aX%k�lNf
ZY[�\Y]Y_cXoZu[�e¢fxex`ciY_cXoZg[Cv�Xoe/m%\YexeNXobGf/_c`a�u`cfhl§s9`cfhWY[�\Yf¢lNk�fh\^exk�fh`cbYd
fhW^X-k�m%fh\Yk�_{m%k�iYk�mo`cfrq�[�j9fxWYX-k�`aeNlNiYk�m%X�`afxlxX%_ajh���w`aeNlNiYk�m%Xnmok�p
iYk�mo`cfrq
`clzZY`cªgm%\Y_cfwfx[7ZYX%�YbYXgiYeNXomo`clNXo_cq3�^]Y\Yfz`af;`cb3v�[�_cv�X%l�fhW^X
eNk�fhX�k�f;s9WY`cm�W�m%[�b « `cmofxlwm%k�b�]�XueNXo_c`ak�]Y_aq�eNXolN[�_cv�X%Z�s9`afxWY[�\^f
mok�\YlN`abYdu�u[�eNX;mo[�b « `am%fhlC�
�w`aeNlxi^k�moX�mok�iYk�m%`afrq¤m%[�\Y_cZgmo[�b^moXo`cv°k�]Y_cq¤]@X�`cbYm%exX%k�lNXoZK]Gq

eNXoZY\Ym%`ab^d�lxX%mofh[�e�lx`c¥oX%l°� ]Y\^fnfhWYk�fnmok�\YlNXoln[�fhWYX%eniYeN[�]Y_cXo�ulC�
�/`aeNlNf0�t`cfK`cbYmoeNXok�lxX%lKfhW^X-WYk�bYZY[�Ð*s�[�eN¡3_c[�k�Z}]�X%mok�\^lxX7fheNk�ªum
s9`c_a_ moeN[�lNl�lxX%mofx[�e�]@[�\Yb^ZYk�eN`aX%l��u[�eNX�[�j�fxXob��
²YX%mo[�bYZ��¦`af�exX%p
ZY\Ym%Xol/fhW^X k��g[�\YbGf�[�jYlNiYk�m%X{fhW^k�f/mo[�b3fxex[�_a_cXoeNl�WYkCv�X{kCv°k�`c_ck�]Y_cX
fh[7exX%lx[�_av�X�mo[�b « `cmofxlws9`cfhWY`cb�fxWYXo`cez[Cs9b�lxX%mofx[�eC�YWYX%bYmoXg�u[�eNX
mo[G[�exZY`cbYk�fh`c[�bn`cl£exX%|3\^`aeNXoZnk�l£k�`cexm%exk�j�f{k�eNX�Z^`av�XoeNfhXoZ7fhWYeN[�\^d�W
k�ZC�hk�moX%bGf�lxX%mofh[�exl�fx[�exX%lx[�_av�X7m%[�b « `am%fhlC��U9WYX�m%\YexeNXobGf�lNXom%p
fh[�ex`c¥ok�fh`c[�b�[�j¢fxWYX�k�`aeNlxi^k�moX¤W^k�l�k�_aeNXok�ZYq-eNXok�m�WYXoZ�fxWYXKi@[�`cbGf
[�jtZY`c�u`abY`clNWY`ab^dn[�e¨b^Xod�k�fh`cv�XzeNXofh\^exb�[�b�eNXoZ^\Ymofx`a[�b
[�j�lNXom%fh[�e
lN`a¥%XolC�ClN[;fxWYk�f{[�iYfx`a[�bgm%k�bYb^[�f¢qG`aX%_aZ�fxWYX9bYX%XoZYX%Z�`abYm%exX%k�lNXol¢`cb
mok�iYk�m%`afrqG�
Ñ bYX�s�kCq�fh[}lN\Y]YlNfhk�b3fx`ak�_a_cq�`cbYmoeNXok�lxX
k�`ceNlxiYk�moX
mok�iYk�m%p

`cfrq
`cl;fh[-k�\Yfh[��uk�fhXKlxX%iYk�eNk�fx`a[�b��g[�bY`cfh[�eN`cbYdnk�b^Z�d�\Y`cZYk�bYmoXG�
fhW^XoeNXo]Gq�exX%_a`cXovG`cbYd�WG\Y�uk�b�mo[�bGfheN[�_c_aX%exl�[�j¨fxWYX�iYex`c�uk�eNq}exX%p
lNi�[�bYlx`c]Y`c_a`cfrq�j�[�e¤lxk�j�XulxX%iYk�eNk�fx`a[�b����^[�\^expPZY`c�gX%bYlN`a[�bYk�_¨��Ò�Óu�
fheNkC�hX%mofx[�eN`aX%lK��fhW^exX%XopPZY`a�uX%bYlx`c[�b^k�_�i@[�lN`afx`a[�b�k�l¨knj�\^bYmofx`a[�b�[�j
fh`c�uX3��s9`c_a_¢d�exX%k�fx_aq�j�k�m%`a_c`cfhk�fxXulx\Ym�W�k�\^fh[��uk�fh`c[�b���U9WYXumo[�b^p
moX%iYf}[�jnÒ�ÓÔfheNkC�hX%mofh[�ex`cXol�s�k�l�iYex[�i�[�lxX%Z~k�f�_cXok�lxf}k�l}j�k�e
]Yk�m�¡&k�l}¸ÖÕ@×�Î�· Ø�¹r�£k�bYZ¯`cf7s�k�l7k�¡�X%q�`aZYX%k�`cb¯fhW^X�� \Yex[�p
mo[�bGfheN[�_§© Í���Ù��ÚiYeN[�d�eNk��º· Õ�¹¬��j�[�e�XoyGk��uiY_cX3�
²^Xov�X%exk�_§k�Z^p
v°k�bYm%XoZ
�¢U9�Ûmo[�b^moXoi^fhl9`cb3fxXobYZ^XoZ
j�[�e9fhW^X;Î�Ü�Î�Ý�fx`a�uX¤j�eNk��uX
· Ò@�¢Ý=�§Þ@�w×Å¹;k�eNX�]Yk�lxX%Z�[�b�Ò�Óßfxexk��hXomofx[�eN`aX%l°�$Íw[Cs X%v�XoeC�{k
lNfhk�b^ZYk�eNZ}j�[�eN�gk�f¤j�[�e�lNi@Xomo`cj�qG`ab^d�mo[�bGfx`abG\Y[�\Yl�Ò�ÓàfheNkC�hXom%fh[�p
eN`aX%l°�¨s9`afxW$X%exeN[�e7fh[�_cXoeNk�b^moXol
`cb$k�_a_zfhW^exX%X�k�y3X%l°�¨ZY[GXol�bY[�f
XoyG`clxf°��b^[�e§`cl [�bYX9mo\^exeNXobGfh_cqg]�X%`abYdKZYXov�Xo_c[�i@XoZ�]Gq�k�bGqK�ukC�h[�e
lNfhk�b^ZYk�eNZYl£[�eNd�k�bY`a¥%k�fx`a[�b��
U9WYXglNfheN`abYd�XobGf¨eNXod�`a�uXob�`a�uiY_c`aX%Z�]Gq�k�lNlx`cd�b^XoZ�Ò�Óáfxexk�p

�hXom%fh[�ex`cXol}�ukCqâlxX%Xo�ãfx[$m%[�bGfheNk�ZY`cmof�fhWYX�bY[�fh`c[�bá[�j�ä¬j�exX%X
« `cd�WGf0� å�]Y\Yfu`cfuk�mofx\Yk�_c_cq�ZY[GXolubY[�f°��U9WYX�[�]G�hXom%fh`cv�X
`alubY[�f
fh[geNXolNfheN`am%f{eN[�\Yfx`abYdg[�i^fh`c[�bYl�k�bGqu�u[�eNXwfxWYk�b7bYXom%XolNlxk�exqG�C]Y\Yf
eNk�fhW^Xoe�fx[¨¡�X%Xoi¤iYeNXom%`alNX¢k�bYZKexX%_a`ck�]Y_cX¢fheNk�m�¡w[�jG`cb3fxXobGf0�¦Ù¨k�fhWYX%e
fhW^k�b�fxexqG`cbYdnfh[¯äPiYeNXoZ^`am%fhå�fhW^X�fxexk��hXomofx[�eNq-[�jtX%k�m�W�k�`aeNmoeNk�j�f°�
s9`cfhWnbY[Kd�\Yk�exk�b3fxXoX9[�j@m%[�eNexX%mofxbYXolNl§[�e Xov�Xob�k�fxfhX%�gi^fhXoZ-mo[�b^p
j�[�eN�uk�bYm%X3�0fxexk��hXomofx[�eN`aX%l/s9`a_c_H]�X9k�lxlN`cd�bYX%Z��0k�bYZgmo[�bYj�[�eN�uk�bYm%X
s9`c_a_@]�X;�uk�bYZ^k�fhX%Z���æ�`afxWY[�\^f lN\Ym�Wnk�eNXod�`a�uX%b���k�`aeNlNiYk�m%X¨mok�p
iYk�mo`cfrq�m%k�b�b^Xov�X%eK]@X-lNk�j�X%_aq}�uk�yG`c�g`c¥oX%Z���³�[�fxX3�tWY[Cs�Xov�XoeC�
fhW^k�fuiY`c_a[�fhluk�bYZ*k�`ceN_a`cbYXolgs9`c_a_9]@X�k�_c_a[Cs�XoZ&fh[�exX%|3\^XolNf�fxexk�p
�hXom%fh[�exqneNXovG`clx`c[�b^l9k�f£k�bGq-fx`a�uX-��s9`afxWY`ab�eNXok�lx[�b��h�3k�bYZ
`aj/fhW^X
eNXo|G\YXolNfhX%Z�fheNkC�hX%mofh[�exq&`al
j�eNXoX�[�j¤mo[�b « `am%fhl7k�bYZ¯m%[�bYlN`clxfxXobGf

¸
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Climb Altitude Profile
aircraft type: B75C

constant CAS = 296 kn 

fit error bounds: -189 / +289 ft
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Along-Track Position During Climb
aircraft type: B75C

constant CAS = 296 kn 

fit error bounds: -0.05 / +0.07 nmi
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error tolerances

Descent Altitude Profile
aircraft type: B727

constant CAS = 280 kn 

fit error bounds: -53 / +116 ft
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error tolerances

Along-Track Position during Descent
aircraft type: B727

constant CAS = 280 kn 

fit error bounds: -0.06 / +0.06 nmi
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fhW^ex\YlNf0�3s9W^XoeNX��uk�yG`c�K\Y��fxWYex\^lxf£`cl�Z^XofhX%ex�u`cbYXoZ7]Gq�fhWYX;XobYp
d�`cbYX¨frqGi@X�k�l§lxi@Xom%`a�^XoZn`cb�fhWYX�ä %&<&C3B�<&% å;Xo_cXo�uXobGf{Z^`alNmo\YlNlNXoZ
iYeNXovG`c[�\YlN_aqG�{´t_c`a��]Yl¢k�b^ZgZ^XolNmoXobGfxl¢\Ylx\^k�_c_aq¤m%[�bYlN`alNf/[�j@kz_a[�bYd
mo[�bYlNfhk�bGfxpÅ´t�w²��x´tk�_c`a]^exk�fhXoZ��w`aeNlxi@XoX%Z��¢lNXod��uXobGf9k�f¨_c[Cs!k�_cp
fh`cfh\^ZYXol�k�b^Z��¨j�[�e��hX%fhlC�¨k&mo[�bYlxfxk�bGfhpP��k�m�W�lxX%d��uXobGf-k�]�[Cv�X
fhW^X*´t��²^ç���k�m�W*fxexk�bYlN`afx`a[�b�k�_cfh`cfh\YZYXG�!U9WYXâä H�'3B1(&6 å�k�bYZ
ä W&%32&H1%�<&+ å�Xo_cXo�uX%b3fxl�Xok�m�W$WYkCv�XÚä _ R�T å&k�bYZéä x&)3H1D å&k�fxp
fheN`c]Y\YfhX%l{fx[�lxi@Xom%`aj�qgfhW^X¨mo[�bYlxfxk�bGf�´t��²-k�bYZ�m%[�bYlNfhk�b3f¢��k�m�W
fh[�]@X « [Cs9b��*U9W^X!ä H1,&5/B&21% å�Xo_cXo�uX%b3f�lNi@Xomo`c�YX%lnfhWYX�i^exX%p
j�XoeNeNXoZ
moeN\Y`alN`cbYduk�_cfh`cfh\YZYX¤k�bYZ
��k�m�W
[�eK´t�w²��
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������²^k��uiY_cX¤Ý@ó�©{eNXoj�X%exX%bYmoX%l�X%_aX%�uXobGf

U9WYX�ä +&5&,�< å}Xo_cXo�uX%b3f7WYk�l7k�ä ,&)&W3B15/2 å�k�fxfheN`a]Y\^fhX�fx[
lNi�X%mo`cj�q
fxWYXKi^exX%j�XoeNexX%Z�ZYXoj�k�\Y_afwfh\YeNb�eNk�ZY`c\YlC�£��_cfhX%exbYk�fh`cv�X%_aqG�
k��uk�yG`a��\Y�þ]Yk�bY¡¯k�bYd�_cX�j�[�e�k�mo[G[�eNZY`cbYk�fxXoZ�fx\YeNb$m%[�\Y_cZ
]@X�lNi�X%mo`c�YXoZ¯\^lx`cbYd�k�ä 6&)�<&{ å}k�fxfheN`a]Y\^fhX3��U9WYXâä W&%&M&)&,�+ å
k�b^Z!ä )&,&,/B1d&% åKX%_aX%�gX%bGfhl�X%k�m�W�WYkCv�X¤k*ä ,&5&<�y&)&0 å�k�fhfxex`c]Y\YfxX
fh[��uk�¡�Xu¡GbY[Cs9b�fxWYX�iYeNXoj�X%exeNXoZ�ex\YbGs�kCqGl°��U9WYX%q�k�_clx[�X%k�m�W
WYkCv�X�k�b�[�iYfh`c[�bYk�_�ä =�,&W&%&, å�X%_aX%�uXobGf-fx[�lNi�X%mo`cj�q*fxWYX�i^exX%p
j�XoeNeNXoZ�fxk�¡�Xo[�Ð*[�eu_ck�bYZ^`abYd�[�eNZYX%eKeNXo_ck�fh`cv�X
fh[�[�fxWYXoe « `cd�WGfhl
[�j�fhW^X�lxk��gX�k�`aeN_c`abYXum%[��uiYk�bGqG�g�t`cbYk�_a_cq3��fhWYX*ä ,�=&5&+&% å-Xo_cXop
�uXobGf�mok�b-]�Xw\YlxX%Z-fx[KlNi�X%mo`cj�qgfxWYX;ZYXolN`aeNXoZ-WY[�eN`a¥%[�bGfhk�_^eN[�\YfxX
s�kCq3i@[�`cbGfhlz`cb�fxXoeN�ul�[�j æâï�²YØ�Ò���_ck�fh`cfh\^ZYXnk�b^Z�_c[�bYd�`afx\YZYXG�
i@[�`cb3fxl°���{k�m�W¤s kCqGi@[�`cb3f¿m%[�\Y_cZ¤]@X{k¨m%[��u�uk�pPlxX%iYk�eNk�fxXoZziYk�`ceC�
k�b^Z�fhW^X�s�kCqGi�[�`abGfxl7m%[�\Y_cZ�]@X}lxX%iYk�eNk�fxXoZ¯]Gq�lNiYk�m%XolC�9fhW^X
lNk��uX�j�[�eN�uk�f�\YlNXoZ�fx[�exX%iYeNXolNXobGf¤i�[�_aqGd�[�b}v�X%exfxXoyGXol�`cb�fhW^X
������lxfxk�bYZYk�exZ
j�[�e9²^mok�_ck�]^_aX î Xom%fh[�egï�exk�iYWY`cmol���² î ï¤�x�

� m�q����&o�t���m��
U9WYX�k�mofh\^k�_§fxexk��hXomofx[�eNq�`cl�lxi@Xom%`a�^XoZ�`cb�fxWYX�ä +�,&)&N&%3H�+&=&,&0 å
Xo_cXo�uX%b3f°�=k-fx[�iYpP_cXov�X%_/lx\Y]@Xo_cXo�uX%b3fz[�j§fhWYXueN[G[�f�X%_aX%�uXobGf0��»rf
mo[�\Y_cZ!]@X�lNi�X%mo`c�YXoZ�]Gq!fhWYX�k�`cexm%exk�j�f
k�l�k�eNXo|G\YXolNf0�;[�e�`cf
mo[�\Y_cZ7]@Xzlxi@Xom%`a�YX%Z�[�b
fhWYXzd�eN[�\^bYZ-k�l9k�b-k�lxlN`cd�bY�uXobGf°�¦U9W^X
ä +&,&)&N&%/H1+&=&,&0 åuX%_aX%�gX%bGf;m%[�bYlN`clxfxl¤[�j{k�iYeNXok��K]Y_cX3�@j�[�_a_c[Cs�XoZ
]Gq�k�lxX%ex`cXolz[�j�ä 21%&C&(&%�<&+ ånX%_aX%�gX%bGfhlC�=Xok�m�W�[�j{s9WY`cm�W�lNi@Xomop
`cj�q7k�fxexk��hXomofx[�eNqnlNXod��uX%b3f°�¢�wb�XoyGk��uiY_cX�`cl¨lxW^[Cs9b
`cb������
lNk��uiY_cX;Þ=�
U9WYX ä +&,&)&N�%3H1+&=&,�0 å Xo_cXo�uXobGf WYk�l k�fxfheN`a]Y\^fhXol

ä ,&%&A&+3B�(&% åàk�bYZûä y&+&D&, � å U9W^XÔä ,&%&A&+3B�(&% åàk�fhfxex`c]Y\YfxX
lNi�X%mo`c�YXol¨fxWYX�fxexk��hXomofx[�eNq�exX%j�XoeNXobYm%X¤fh`c�uX3�HeNXo_ck�fx`av�Xzfh[�s9WY`cm�W
k�_c_9[�fxWYXoeufx`a�uXol�`cb�fhWYX�fxexk��hXomofx[�eNq}s9`a_c_¨]@X
lNi@Xomo`c�YX%Z���è£q
m�WYk�bYd�`cbYd�fxWY`cl¢exX%j�XoeNXobYm%X fx`a�uX3�CfhWYX£XobGfx`aeNX fxexk��hXom%fh[�eNqzmok�bK]@X
lNWY`aj�fxXoZ�`ab�fh`c�uX�s9WYX%b�bYX%moX%lxlNk�eNq3�^s9WY`cm�W�s9`c_a_/]@XgZ^`alNmo\YlNlNXoZ
_ck�fhX%e°�¯U9WYX�¥oX%ex[�eNXoj�X%exX%bYmoX�j�[�enk�_c[�bYd�p�fxexk�m�¡�i�[�lx`cfh`c[�b�s9`c_a_
mo[�exeNXolNi@[�bYZ�fx[wfxWYX£k�lNlx`cd�b^XoZKi@[�lN`cfh`c[�bK[�j^fxWYX£k�`cexm%exk�j�f¦k�f/fxWY`al
fheNkC�hX%mofx[�eNq-eNXoj�XoeNXob^moX¤fh`c�uX3�£�wlwfxWYX « `ad�W3f�iYex[�d�eNXolNlxX%l°�3i^k�lNf
lNXod��uX%b3fxl�mok�b$]�X�Z^ex[�iYi�X%Z�k�bYZ$fxWYX}exX%j�XoeNXobYm%X�fx`a�uX}mok�b
]@XK�u[Cv�X%Z�\Yi�fh[7fhWYX�]�X%d�`cbYbY`cbYd-[�j¢fhWYX�mo\YeNeNXobGf¨fheNkC�hX%mofx[�eNq
lNXod��uX%b3f°�=`cj�Z^XolN`aeNXoZ���U9WYX*ä y&+�D&, å-k�fhfxex`c]Y\YfxX�lxi@Xom%`a�YX%l�fhW^X
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$&)�'&=&<&Cz+&=�'&-3.1\&7�EG9�7�EJ93.

,�)&+&%&-3.�\3819�819/.�+/B1(&%&9&-/.19�]G;&7/.
(�)&�&-3.1\/819�8193.�>&4

$&>�+&=&'&%&,�)&<3H1%32�4

$32�%&C&(&%&<�+IE&E&EG4OE&E�E�$&>/21%&C&(&%�<&+&4
$32�%&C&(&%&<�+IE&E&EG4OE&E�E�$&>/21%&C&(&%�<&+&4
E&E�E
$32�%&C&(&%&<�+IE&E&EG4OE&E�E�$&>/21%&C&(&%�<&+&4

$&>�+&,&)&N&%/H1+&=&,&0�4

������²^k��uiY_cX;Þ=ótU�eNkC�hX%mofx[�eNqgX%_aX%�uXobGf

XoyGk�mof�s X%k�fhW^Xoe£ZYk�fxkufhWYk�f�s�k�l£\YlNXoZ
`cb7fxWYXzmo[�b^lxfxex\Ym%fh`c[�b7[�j
fhW^Xgfxexk��hXom%fh[�eNq3�wU9WYX�ä W&%&M&)&,�+ å�X%_aX%�gX%bGfwWYk�lzk�b�k�fhfxex`c]Y\YfxX
mok�_a_cXoZìä ,&5�<&y&)&0 å�fxWYk�f7`al7\YlxX%Z�fh[&lxi@Xom%`aj�q*fhWYX�ZYXoi^k�eNfh\YeNX
eN\YbGs kCqG�Hk�b^Z�k�b!ä )&,&,3B1d�% åuXo_cXo�uX%b3fwmo[�\Y_aZ�]@XKk�ZYZYX%Z�_ak�fhX%e
`cb
fxWYX « `cd�WGf£fh[�lNi�X%mo`cj�q-fxWYX¤k�eNex`cv°k�_=eN\YbGs kCqG�
U9WYX�ä +&=&'&%�,&)&<3H1%/2 å�lx\Y]@Xo_cXo�uX%b3fw[�j�ä +&,&)&N&%/H1+&=&,&0 å�`al

\YlNXoZáfh[!lxi@Xom%`aj�q�fxWYX�ZYXoj�k�\Y_af�fheNkC�hX%mofx[�eNq!fx[�_cXoeNk�bYm%XolC�µ»rf
mo[�bGfhk�`cbYl�ä )&'�=&<&C � å�ä H1,&=32&2 � åuk�bYZ!ä d&%�,&+ åglx\Y]@Xo_cXo�uX%b3fxl�fx[
lNi�X%mo`cj�q-fhW^X�ZYXoj�k�\Y_cf9k�_c[�bYd�p�fxexk�m�¡¿��moeN[�lNlNp�fxexk�m�¡¿��k�b^Z
v�XoeNfh`cmok�_
fh[�_aX%exk�bYmoX%l°��s9WY`cm�W�m%k�b�]@X
[Cv�XoeNeN`aZYZ^Xob�`cb�Xok�m�W�fheNkC�hX%mofx[�eNq
lNXod��uX%b3f°�w�{k�m�W�[�j¢fhW^[�lNX�X%_aX%�gX%bGfhlzWYk�l;k�ä +&=�' ånk�fhfxex`c]Y\YfxX
fhW^k�f¢`cl§\YlNXoZufh[¤lNi�X%mo`cj�qKfxWYX9k�m%fh\Yk�_Yfh[�_aX%exk�bYmoX%l°��U9WYX9ZYXoj�k�\Y_cf
moeN[�lNlNp�fxexk�m�¡7fx[�_cXoeNk�bYm%Xgs9`c_c_¢k�_cs kCqGlz]�X�lNqG�u�gX%fheN`amu_cXoj�f¤k�bYZ
eN`ad�W3f°��lN[K[�bY_cq�kKlN`abYd�_aXwv°k�_c\YXw`cl�d�`cv�Xobt��`cbnfxWYXzZYXoj�k�\Y_af�\YbY`cfhl
[�j¦bY�u`¬�tU9WYXzZYX%j�k�\Y_cf£v�X%exfx`am%k�_@fh[�_cXoeNk�b^moX�s9`c_c_¿k�iYiY_cq�[�b^_aq�fx[
_cXov�X%_ « `cd�WGf°�Hk�b^Z�`af�s9`a_c_�k�_alN[�]@XKlNq3�u�uXofxex`cm�\Yi�k�bYZ�ZY[Cs9bt�
lN[gkulN`ab^d�_cX;v°k�_a\YX¤`cl9d�`cv�X%b7`cb�fhWYX¤Z^Xoj�k�\^_af9\Yb^`afxl¨[�j£¸�Ü�Üuj�f°�
U9WYX
k�_c[�b^d�pPfheNk�m�¡�fx[�_cXoeNk�bYm%X-`cl�lN_c`ad�W3fx_aq}�u[�eNX-m%[��uiY_c`ap

mok�fhX%Z��&æ�WY`a_cX�\YbYX%yGi�X%mofhX%Z�moeN[�lNlxpPs9`cbYZYlgmok�b*]@X�mo[��ui@XobYp
lNk�fhX%Z¯j�[�e
s9`cfhW�[�bY_cq��g`cbY[�e7_c[�lNl-[�j�Xoªumo`cXob^moq3�¨fhWYX�lNk��uX
`cl¤bY[�fzbYX%moXolNlNk�eN`a_cq�fheN\YXu[�j§\Yb^XoyGi�X%mofxXoZ}k�_c[�bYd�p�fxexk�m�¡7s9`cbYZYl
��W^Xok�Z^s9`abYZ^lt[�e/fhk�`c_cs9`abYZ^l°�x���9fxfhXo�uiYfx`ab^d;fx[wm%[��ui@XobYlNk�fxX j�[�e
XoeNeN[�eNl `cb7fxWYX¤k�_c[�b^d�pPfheNk�m�¡gs9`abYZ
iYeNXoZY`cmofx`a[�bYl9fh[u�uk�`cbGfhk�`ab7k
lNi�X%mo`c�YXoZ�d�ex[�\YbYZYlNi�X%XoZ�m%k�b�eNXolN\Y_af�`cb « `cd�WGfnk�fnk�b�`cbYX%ªgp
mo`cXobGf§k�`aeNlNi�X%XoZ��¦U9`ad�WGfhXob^`abYdKfhWYXwk�_c[�bYd�p�fxexk�m�¡¤fh[�_cXoeNk�b^moXol{`abYp
moeNXok�lxX%l�k�`aeNlNiYk�m%X m%k�iYk�mo`cfrq3�0]Y\Yf¢`cf/k�_clx[;`cbYmoeNXok�lxX%ltfxWYX9iYeN[�]Yk�p
]Y`c_a`cfrqufhWYk�f§k�`ceNmoeNk�j�f§s9`c_a_�]�XwexX%|G\Y`aeNXoZ�fx[ « quk�f{`abYX%ªumo`cXobGf{[�e
i@XoeNWYk�iYl¤X%v�X%b�\Yb « q�k�]Y_aXuk�`aeNlxi@XoX%ZYlC�K�w_a[�bYd�pPfheNk�m�¡�i@[�lN`afx`a[�b
XoeNeN[�eKfx[�_cXoeNk�bYm%Xol��K\YlNfK]@X7lNXofgk�lgk�m%[��uiYeN[��u`clxXn]@Xofrs�XoX%b
fhW^[�lNX�frs�[-X%Ð�X%mofhlC�zUt[7k�_a_c[Cs��u[�eNX « XoyG`a]^`a_c`afrqG�@k�_c[�bYd�p�fxexk�m�¡
fh[�_aX%exk�bYmoX%l§s9`c_a_=]@X�k�_c_c[Cs X%Zgfx[Kv°k�eNqg_a`cbYXok�ex_cqgs9`afxW-fh`c�uX�k�bYZ
fh[�]@X�k�lNqG�g�uX%fheN`amG���w_alN[@�=fxWYX�k�_c[�b^d�pPfheNk�m�¡
k�lNlx`cd�bYX%Z�i@[�lN`cp
fh`c[�bt�Yfx[�_cXoeNk�bYm%XolC�Gk�bYZ�lNi@XoXoZ�s9`a_c_¦]@XK\Yi@ZYk�fhXoZ�i�X%ex`c[GZY`am%k�_c_aq
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������²Yk��uiY_aX-×�ó�U�eNkC�hX%mofh[�exq�lNXod��uXobGf£Xo_cXo�uXobGf

fh[�m%[��ui�X%bYlNk�fhXgj�[�e¤X%exeN[�eNl;`ab��u[3Z^Xo_c`abYd�k�bYZ�iYeNXoZ^`am%fh`c[�b�[�j
k�_c[�b^d�pPfheNk�m�¡us9`ab^ZYl°�Hk�l£s9`a_c_�]@X¤ZY`clxm%\YlxlNXoZ
_ck�fhX%e°�
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MD-80 Aircraft Speed Envelope
Standard Day, 135 klb weight
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»rb�frs X%b3frq�q�Xok�exlC��vG`aeNfh\Yk�_a_cq�k�_c_¢mo[��u�gX%exm%`ak�_/fheNk�bYlNi�[�exf;k�`ceNp
moeNk�j�fKk�eNX�_a`c¡�X%_aq�fh[�]@X-X%|3\^`aiYi@XoZ�s9`afxW�k�b�k�Z^v0k�bYmoX%Z��/��²
mok�iYk�]^_aX [�jHk�\^fh[��uk�fh`cmok�_c_cq « qG`cbYd�kwlxi@Xom%`a�^XoZKfxexk��hXom%fh[�eNq3�¿©{`cp
_c[�fhl;s9`c_a_/lNfh`c_a_/bYX%XoZ�fx[-]@X�k�]Y_cXKfh[
vG`alN\Yk�_a`c¥oX�fhWYX%`ae;k�lNlx`cd�b^XoZ
fheNkC�hX%mofx[�eNq�k�bYZ��u[�bY`cfh[�e�mo[�bYj�[�eN�uk�bYm%X3��WY[Cs�Xov�X%e°��³wXos
´t³�²}fxXom�WYbY[�_a[�d�`cXol¤lNWY[�\^_aZ�]�X-k�]Y_cXufh[�iYeN[CvG`aZYXufxWYk�f¤m%k�iYk�p
]Y`c_a`cfrq-k�f9k�exX%k�lN[�bYk�]Y_cX�mo[�lxf°�/��fhX%m�WYbY[�_a[�d�qnm%k�_c_aX%Z}´t[Gm�¡GiY`cf
Ó;`alNiY_ckCqK[�j=Utexk�ªum�»rb^j�[�eN�gk�fh`c[�b��h´tÓ;U9»o�¿\^lxX%lwï�©{²Yç�æ����w²
k�b^Z-��Ó;²YpPè�fh[giYeN[Cv3`cZYXwk�b-[�bG]�[�k�eNZ�v3`clN\Yk�_=eNXoiYeNXolNXobGfhk�fh`c[�b
[�j�fhWYX}_c[Gmok�_¤fxexk�ªum�X%b3vG`cex[�bY�uXobGf0�à��b!k�Z^v0k�bYmoX%Z�´tÓ;U9»
mo[�\Y_cZ�k�_clN[�lNWY[Cs�k�lNlN`ad�bYXoZ�fxexk��hXom%fh[�eN`cXolKj�[�eu`a�uiYeN[Cv�X%Z�lx`cfhp
\Yk�fh`c[�bYk�_¿kCs k�exX%bYXolNl°�
²Y\^m�W�k�b�k�ZYv°k�bYmoX%Z&´tÓwU9»wmo[�\Y_aZ�k�_clx[-mo[�b^moXo`cv°k�]Y_cq�]@X

\YlNXoZ7`ab7iY_ak�moX;[�j�k�b-�/��²
j�[�e�iY`c_a[�f d�\Y`aZ^k�bYm%X3��æ�WYXoeNXok�l k�b
�/��²��K\YlNf9]@X�ZYXov�Xo_c[�i@XoZ
j�[�e9k�iYk�exfx`am%\Y_ck�e£k�`cexm%exk�j�f£�g[GZYX%_¬�
d�X%bYXoeN`cm�´tÓ;U9»7\^bY`afxl�mok�b�]@X�iYeN[3Z^\YmoX%Z$j�[�e�k�bGq�k�`cexm%exk�j�f
s9`cfhWgkwm%[��uiYk�fx`a]^_aX�lx_c[�ft`cbKfhW^X�m%[Gm�¡3i^`af°�0k�bYZ�k�eNX{i@[�fhX%bGfh`ck�_c_aq
m�WYX%k�i@Xoe§fx[�fhX%lxf k�bYZumoX%exfx`aj�qG��W^XobYm%X¨k7´tÓ;U9»¢\YbY`cf§mo[�\Y_aZ�i@[�p
fhX%bGfh`ck�_c_aqu]@X;m�W^Xok�i@Xoe fhWYk�b-k�bn�/��²���U9WY`cl�j�k�mof�mo[�\Y_aZ-k�_c_a[Cs
_c[Cs X%expPmo[�lxf@k�`cexm%exk�j�f0�oi�X%exW^k�iYl�X%v�X%b¤d�Xob^XoeNk�_CkCvG`ak�fh`c[�b��Öfh[¨i^k�eNp
fh`cmo`ciYk�fhXzj�[�e£lNWY[�eNf i@XoeN`c[3Z^l�[�j�fh`c�uXzk�l£Xo|G\Y`ciYi@XoZ�k�`cexm%exk�j�f{`cb
WY`cd�WYpPZYX%bYlx`cfrq�k�`aeNlxi^k�moXG�°s9WY`cm�Wumo[�\^_aZg]�X�moeN`afx`am%k�_H`cbgm%ex[Cs9Z^XoZ
fhX%ex�u`cbYk�_£k�bYZ�fheNk�b^lx`cfh`c[�b&k�`cexlNiYk�m%X3��U9WYX
fheNkC�hXom%fh[�exq�XoeNex[�e
fh[�_aX%exk�bYmoX%l�j�[�eglN\Ym�W�k�`cexm%exk�j�f�s�[�\Y_cZ�iYeN[�]Yk�]Y_aq�bYX%XoZ�fx[�]@X
_ck�eNd�Xoe{fhWYk�bnj�[�e�k�`cexm%exk�j�f§Xo|G\Y`ciYi@XoZns9`cfhW7k�bn�/��²t��]Y\^f fxWYXoq
s�[�\Y_cZ�lxfx`a_c_ « qg��\Ym�W��u[�eNX9iYeNXomo`clNX9k�bYZ�iYeNXoZ^`am%fhk�]^_aX¨fxexk��hXom%p
fh[�ex`cXol9fxWYk�b
k�`ceNmoeNk�j�f£bY[�f£X%|3\^`aiYi@XoZ�s9`cfhW�´tÓ;U9» d�\Y`cZYk�bYm%X3�
�/`cd�\YeNX�¸�¸�lNWY[Cs9lzWY[CsÚk�b�k�ZYv°k�bYm%XoZ�´tÓwU9»w�g`cd�WGfz]@X

\YlNXoZ�j�[�e9lN`cfh\Yk�fh`c[�bYk�_¿kCs k�exX%bYXolNl°�¦»rf9lNWY[Cs9l£fhWYX¤_c[Gmok�_¦fheNk�ªum
k�l¦k�bGqu´tÓ;U9»=s [�\Y_cZ��Ö]^\Yf¦`cf�k�_clN[9lxWY[Cs9l¦fhWYX ]�[�\YbYZY`cbYd¨lNiYk�m%X
k�b^Z�fhWYX�j�\Yfh\YeNX�k�lxlN`ad�bYXoZ�WY[�ex`c¥o[�bGfhk�_¦iYk�fxW�[�j/fhWYX�\YlNXoe¨k�bYZ
fhW^X
_c[Gmok�_�fxexk�ªum3�/lN[�lN\YeNiYeN`alNX-�uk�b^Xo\Yv�XoeNl�k�exX7�g`cbY`c�u`a¥%XoZ��
U9WYX§lNfhk�exf¦[�jHZYX%lxm%XobGf�i@[�`cb3f¦`altk�_clx[9`cbYZY`cmok�fhX%Z��%k�bYZ¤k¨v�XoeNfh`cmok�_
d�\^`aZYk�bYmoX
]Yk�egk�iYi@Xok�eNlu[�b*fhWYX�eN`ad�WGf�X%ZYd�X�[�jwfhWYX�ZY`clNiY_akCq
lN[-fhW^k�f;k�_c_�fxWYexX%X�k�yGXol;k�eNX�exX%iYeNXolNXobGfhX%Z�`ab�[�bYX�vG`aX%sK��U9W^X
lN�gk�_a_3]@[Cyw`cbKfxWYX{\Yi^i�X%expP_aX%j�f�m%[�eNbYXoe¦lxWY[Cs9l�mo\YeNeNXobGf¦k�_afx`afx\YZYX3�
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�/`cd�\YeNXn¸�¸�ó£´tÓ;U9» j�[�e9lx`cfh\^k�fh`c[�b^k�_¿kCs�k�eNXobYX%lxlC�

mo[�\YeNlxXG�Ck�b^ZglNi@XoXoZt��k�bYZ�k�mo[��uiYk�lNl§i@[�`cb3fxXoe k�iYi@Xok�exl¢`cbnfhW^X
_c[Cs X%expP_aX%j�f m%[�eNbYXoeC�
�/`cd�\YeNXá¸�Î~lxWY[Cs9l�WY[CsÿfhWYX$lxk��gXê´tÓwU9»�m%[�\Y_cZ�]@X

¥o[G[��gX%ZK`cb�j�[�e��^bYXoe¢d�\Y`aZ^k�bYm%X3�0k�d�k�`cb�i@XoeNWYk�iYl/k�l�k;WYXok�ZYpP\Yi
ZY`clxi^_akCqG�gU9WYX�WY[�eN`c¥o[�bGfxk�_¢i@[�lN`afx`a[�b�[�j fxWYXn\YlNXoe¤s9`cfhWY`cb�fhW^X
]@[�\YbYZ^`abYd-lxiYk�moX�`cl�m%_aX%k�eN_aq7lxW^[Cs9b��Hk�l�`cl�fhW^XKv�X%_a[Gm%`afrq7exX%_ak�p
fh`cv�X;fh[gfhW^X;eNXoj�X%exX%bYmoXwv�X%_a[Gmo`cfrq3���wd�k�`cb���kgv�XoeNfh`cmok�_�d�\Y`cZYk�bYm%X
]Yk�e¤k�iYi@Xok�exl¤[�b�fxWYX�ex`cd�WGf¤X%ZYd�Xu[�j�fhW^X�ZY`alNiY_ckCq3�=]^\Yf��u[�eNX
ZYX%fhk�`c_cXoZ
v�XoeNfh`cmok�_�d�\Y`cZYk�bYm%Xwm%[�\Y_cZ-k�_alN[K]@XziYeN[Cv3`cZYX%Z-ZY\YeN`cbYd
mo_c`c�K]}k�bYZ}ZYX%lxm%XobGf0��k�l¤lNWY[Cs9b}`ab}�Yd�\YeNX�¸ÖÏ@�gU9WYX�v�XoeNfh`cmok�_
d�\^`aZYk�bYmoX�ZY`clxiY_ckCq�`cbYmo_c\YZYX%l;k
moeN[�lNlNp�fxexk�m�¡-d�\^`aZYk�bYmoX�]Yk�ezlN[
fhW^k�f9lN[��uXwd�\Y`cZYk�bYm%Xz`al9k�_as�kCqGl�i^ex[CvG`cZYXoZ7`ab�k�_c_¿fhW^exX%X;k�yGXolC�
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��b*�����$ZYk�fhk�j�[�eN�uk�fKlNfhk�bYZYk�exZ�W^k�lu]�X%Xob*iYeN[�i@[�lNXoZ�j�[�e
lNi�X%mo`cj�q3`cbYd¯fxexk��hXom%fh[�eN`cXol�j�[�e�k�iYiYeN[�i^ex`ck�fxXo_cq¯Xo|G\Y`ciYi@XoZ�k�`ceNp
moeNk�j�f£`cb�j�\Yfh\YeNXzWY`cd�WYpPmok�iYk�m%`afrq�k�`aeNlxi^k�moXG��U9W^X¤j�[�eN�gk�f lNi@Xomop
`c�YXol�k*Ò�ÓÛeNXoj�XoeNXob^moX�fheNkC�hXom%fh[�exq�k�_c[�b^d�s9`cfhW!XoeNex[�e7fx[�_cXoeNp
k�b^moXolC�@s9WY`cm�W�fx[�d�X%fhWYX%ezZYXo�Yb^Xgk
]@[�\YbYZ^`abYd�lNiYk�m%X3��k�fzX%k�m�W
i@[�`cb3f
`cb�fh`c�uX3�¨`ab$s9WY`am�W�fhWYX�k�`cexm%exk�j�fn`cl
eNXo|G\Y`ceNXoZ�fh[*]@X
mo[�bGfhk�`cbYX%Z��tU9WYX¤k�lNlN`ad�bYXoZ
fheNkC�hX%mofh[�ex`cXol£k�bYZ7fx[�_cXoeNk�bYm%Xol9s9`c_a_
]@X7m%[�bYlNfheN\YmofxXoZ�lN\Ym�W�fxWYk�fgmo[�bYj�[�eN�uk�bYm%X�]3q}k�b3q}frs�[�k�`ceNp
moeNk�j�f7s9`a_c_zd�\Yk�exk�bGfhXoX�fxWYX��g`cbY`c�K\Y�ÔeNXo|G\Y`ceNXoZ¯lNXoiYk�exk�fh`c[�b
]@Xofrs�XoXob7fhWYX%��j�[�e£kKi@XoeN`c[3Z7[�j�fx`a�uX;¡GbY[Cs9b-k�l fxWYXwm%[�b « `am%f
fh`c�uX�WY[�ex`c¥o[�b���s9WY`am�W�m%[�\Y_cZn]@X�lN[��uXofxWY`cbYd�_c`a¡�Xg¸�ÝK�g`cbG\YfhX%l°�
� k�m�W�� Ñ ´á[�eniY`c_c[�fns9`c_a_;]@X�k�_c_a[Cs�XoZ�fx[�lx\^]Y�u`af7exX%p

|G\YXolNfhlwk�f9k�b3q
fh`c�uX�j�[�ewlxi@Xom%`a�^m�fheNkC�hX%mofh[�ex`cXol9[�e¨fheNkC�hX%mofx[�eNq
eNXovG`alN`c[�bYlC��Ù¨Xo|G\YX%lxfxXoZ*fheNkC�hX%mofh[�ex`cXol�k�bYZ*eNXovG`alN`c[�bYlgs9`a_c_9]@X
m�WYX%m�¡�XoZ�[�b�fxWYX�d�eN[�\YbYZ�j�[�eumo[�b « `am%fhlgs9`afxWY`cb&fxWYX7m%[�b « `am%f
fh`c�uXwW^[�eN`a¥%[�b���k�bYZn`cj¿fhW^Xoq�k�eNX¨j�eNXoXw[�j¿mo[�b « `cmofxl{k�b^Znmo[�bYlx`clNp
fhX%bGf�s9`cfhW�fxWYXz_a[�bYd�X%e�eNk�b^d�X;fheNk�ªum « [Cs¯iY_ck�b��3fxWYXoq-s9`a_c_�]@X

CDTI zoomed in for Horizontal Guidance

−1

N

s 457
c 290
a 330

0

−2

2

4

bounding space

indicator
position/course

horizontal path

bar

vertical
guidance

�/`cd�\YeNXn¸�Î@ó£´tÓ;U9» ¥%[G[��uXoZ
`ab�j�[�e9WY[�eN`a¥%[�bGfhk�_=d�\Y`cZYk�b^moX3�

10 2−2 −1

s 300
c 076
a 270

280

270

240

260

230

290

250

CDTI for Vertical Guidance
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�t`cd�\^exXn¸�Ï=ó£´tÓwU9»�j�[�e9v�XoeNfh`cmok�_=d�\Y`aZ^k�bYm%X3�

k�i^iYex[Cv�XoZ�� Ñ fxWYXoeNs9`clxXG�/fhWYX�eNXo|G\YX%lxfxXoZ�fxexk��hXom%fh[�eNq}s9`a_c_9]@X
�u`ab^`a�uk�_c_cq�exX%vG`alNXoZ�[�b�fhWYX�d�ex[�\YbYZ�fx[7eNXolN[�_cv�XgfhW^Xgm%[�b « `am%f
[�et[�fxWYXoe/iYeN[�]^_aX%���0fxWYXob�`af/s9`c_a_G]@X \^iY_a`cbY¡�XoZKk�l/fhWYX�k�lNlx`cd�b^XoZ
fheNkC�hX%mofx[�eNq3����X%lxlNk�d�X¤ZY`ad�XolNfhlwlx\Ym�W�k�l���Ó;Ý-[�e�²YÍw��p�¸zmok�b
]@X¤\YlxX%Z�fh[ud�\Yk�exk�bGfhXoX;ZYk�fhk�_c`cbY¡n`cb3fxXod�ex`cfrq3�
Utexk��hXom%fh[�eN`cXol§k�exX¨]^ex[�¡�Xob�Z^[Cs9b�`abGfh[�k�lNXoeN`aX%l{[�j¿fxexk��hXom%p

fh[�exqzlNXod��gX%bGfhlt[�jHv°k�eN`a[�\Yl¦frqGi@XolC��æ�`cfhW�fhWYeNXoX�v�X%exfx`am%k�_�frq3i@Xol
��m%_a`c�K]t�o_cXov�Xo_r�%k�bYZ¤ZYX%lxm%XobGf0�x�0fhWYeNXoX{WYXok�ZY`ab^d¨frqGi�X%l���lNfheNk�`cd�WGf°�
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eN`ad�W3f{fh\YeNb���k�bYZ�_cXoj�f�fh\YeNb��x��k�bYZn�Yv�X¨lxi@XoX%Z�frqGi�X%l°��fhWYXwfh[�fhk�_
bG\Y�K]@XoeK[�j�i�[�lxlN`a]^_aX�m%[��K]^`abYk�fh`c[�bYl¤`cl�Ò�Ý@�uU9WYX-WY[�eN`a¥%[�bGfhk�_
iYk�fhW�mo[�bYlN`alNfhl§[�j=k¤lxX%ex`cXol§[�j�d�Xo[GZYX%fh`cm¨s kCqGi@[�`cbGfhl¢mo[�bYbYX%mofhX%Z
]Gq�d�exX%k�fzmo`cexm%_aX%l°��k�bYZ}fxWYX�d�eNXok�fhpPmo`cexm%_aXglxX%d��uXobGfxl�k�eNXumo[�b^p
bYX%mofhX%Z�]GqKfh\^exbYl [�j@lxi@Xom%`a�^XoZ�eNk�ZY`c\YlC���w_a[�bYd�pPfheNk�m�¡¤i@[�lN`afx`a[�b
`cl¤lxi@Xom%`a�YX%Z�k�lzk
_c[Cs9pP[�eNZYXoe;i�[�_aqGbY[��u`ak�_tj�\^bYmofx`a[�b�[�j{fx`a�uX3�
k�b^Z¤v�XoeNfh`cmok�_�iYeN[��^_aX%l¦j�[�e�mo_c`a��]¤k�bYZKZYXolNmoX%b3f¦k�eNX§lxi@Xom%`a�^XoZ�k�l
_c[Cs9p�[�exZYX%e{i@[�_cqGbY[��u`ck�_@j�\YbYmofx`a[�bYl£[�j�Q�S%MPÉHQ�Ë§��bY[�f�eNXoj�X%exX%bYmoXG�
k�_c[�b^d�pPfheNk�m�¡�i@[�lN`afx`a[�b����/_a`cd�WGf�fhXom�W^bY`am%k�_@XoeNex[�e§fh[�_aX%exk�bYmoX%l{`cb
fhW^Xwk�_a[�bYd�pPfheNk�m�¡��0moeN[�lNlNp�fxexk�m�¡¿�Ck�bYZnv�XoeNfh`cmok�_^k�yGX%l{ZYX%fhXoeN�u`ab^X
fhW^X�]@[�\YbYZ^`abYdKlxiYk�moXG��©¢X%ex`c[GZY`am9\^i�ZYk�fhX%l `cb�fhWYXwk�_c[�bYd�p�fxexk�m�¡
k�yG`cl§k�ZC�h\Ylxf j�[�e§X%exeN[�eNl¢`cb�fhWYXwiYexX%ZY`cmofhX%Z�k�_c[�bYd�p�fxexk�m�¡¤s9`ab^ZYl°�
U9WY`cl¤eNXod�`c�uXob�[�j{k�lxlN`cd�bYX%Z�Ò�Ó�fxexk��hXom%fh[�eN`cXol;mok�b�Xo_c`c�gp

`cbYk�fxX�fhWYX�bYX%XoZ�j�[�e-lxX%iYk�eNk�fx`a[�b��u[�bY`cfh[�ex`cbYd¯��[�jzXo|G\Y`ciYi�X%Z
k�`ceNmoeNk�j�f0�¤]3q�WG\Y�uk�b�k�`ce7fxexk�ªgm�mo[�b3fxex[�_a_cXoeNlC�â»rf-m%k�b¯k�_alN[
d�\^k�eNk�bGfhX%X7fxWYk�f�fxWYX�Xo|G\Y`ciYi�X%Z�fheNk�ªum�s9`a_c_9]@X�k�]Y_cX�fh[ « q
j�eNXoX
[�j¨m%[�b « `cmofxl�j�[�egk�fu_cXok�lNfglxX%v�XoeNk�_ �u`abG\YfxXol�Xov�Xob&`aj¨k�_a_
d�eN[�\^bYZ$lNqGlxfxXo�ul�k�b^Z$fxWYX�XobGfh`ceNX�m%[��u�K\^bY`am%k�fx`a[�b$`cbYj�eNk�lNp
fheN\Ym%fh\YeNX}j�k�`c_¬�àU9WY`cl
j�k�`a_clNk�j�X}d�\Yk�exk�bGfhXoXG�9k�_a[�bYd�s9`cfhWâfhW^X
Xo_c`c�g`cbYk�fh`c[�bz[�jGfhW^X§WG\Y�uk�bzj�k�m%fh[�e¦j�ex[���fhW^X§iYeN`a�uk�eNq¨lNXoiYk�exk�p
fh`c[�b�j�X%XoZY]Yk�m�¡n_c[3[�i��3WYk�l¨fhWYX¤i@[�fxXobGfh`ck�_¿fx[�d�eNXok�fh_cq�`abYm%exX%k�lNX
k�`ceNlxiYk�moXwmok�i^k�mo`cfrq3�¦U9WYk�f `cbYmoeNXok�lxXw`ab7mok�iYk�m%`afrqus9`c_a_¿]@Xwb^Xomop
XolNlNk�eNq7s9`cfhWY`cb�fhWYXgbYXoyGf;mo[�\YiY_cX�[�j§ZYXom%k�ZYX%lw`cj§fxWYX�±u� ²t�@k�`ce
fheNk�ªum�lNqGlxfxXo�ì`al;fh[-¡�XoX%i�iYk�m%X�s9`cfhW�fxWYXKd�ex[Cs9`cbYduZYXo�uk�bYZ
j�[�e9k�`ae9fxexkCv�Xo_r�

�v¼3½¾¼3¿s¼3À�Á/¼3Â

ÃÅÄGÆÈÇ�ÉGÊJËÍÌ1Î/ÉGÏhÐ³ËÅÑJÒJÓ/ÉGÔ¾Õ�Ö�×�ÒJÊJÕ¾ØÚÙ�Ó�Õ¾Ñ�ÉGÊJËÍÌ1Î/ÉGÏ/Û�Ü
Ì1ÏÅÝ�ÊJËÅÌ�Î:Þ�ÏnÉßÎ/à
ÐKá&Ì�Ý�Î�âhÉßÊJËÅÌ�Î*ã©Ì1Ñ�ä�ÉßÓhÉßÔ¾ËÅÊn×zÛ�Î�å/ÉßÎ�Ô¾Õ¾ØÈÕæÎpÊ¸çßè1è�éßê�çGè�Ä�é1ë
ì ÕæÑJÒJËÍÌ1Îví1î è�ëïÛïð�Õ¾Ô¾Ý�ÊJËÍÜ�Õ!Ö�Ý�ØÈØñÉGÑJ×pë�òïÕ¾Ôaçßè1è�ç1î3Ð�Ü&ÉGËÍÏnÉGó�ÏÅÕ
ã©ÑJÌ1Ø�åpÊJÊJÓhàÅô�ôßõ�õ�õ@î ãuÉ�É�î ö1Ì�Ü ôGÓ�ÑJÌ�ö1Ñ�ÉßØÈÒ�ôGÌ÷Õ¾Ó/î

ÃÅçGÆÈø"ÑJÌ�ù¾ÕæÏ�ë�ú
îÅû�Þ�Õ¾ÊJÕ¾ÑJÒ�ë¡ü�îÅû�ý¥ËÍÏÅËÅØÈÌ1ÑJË�É1ëÈøþîÍû ÿ�Õ¾Õ÷ë¡ä�îÅû�ÉßÎ�â
ü®ËÅÊJÔ�å�Õ¾ÏÅÏ�ë�ú
î�Ö�î�ý�à�Öi×�ÒJÊJÕ¾Ø Þ�Õ¾ÑJã©Ì1ÑJØñÉßÎ�Ô¾Õaä�å/ÉGÑ�ÉßÔ¾ÊJÕæÑJËÍÒJÊJËÅÔ¾Ò
Ì�ãgä�ÕæÎpÊJÑ�ÉGÏÅËÍùæÕ¾âaÉßÎ�â�òïÕ¾Ô¾Õ¾Î�ÊJÑ�ÉßÏÅËÅù¾Õ¾â�Ð³ËÅÑ � Ñ�É��®Ô Ö�Õ¾ÓhÉßÑ�ÉGÊJËÍÌ1Î
Ö�ÊJÑ�ÉGÊJÕ¾ö�ËÅÕ¾Ò�î���ÊJå���Ö�ÐÈôßÛïÝ�ÑJÌ1Ó�Õ Ð³ËÅÑ � Ñ�É��ÈÔ�ü�ÉGÎ/Éßö1Õ¾ØÈÕ¾Î�Ê
	�
 òeÖ�Õ¾Ø®ËÍÎhÉßÑ�ë¥Ö�ÉGÎpÊ�É�á&Õ�ë÷Ç�ü�ë���Ö�ÐÈë�ò�Õ¾ÔþéGê�
1ë çGè�è&Ä�î

ÃÅéGÆÈÐ³Î�â�ÑJÕ¾õ�Ò�ë�ú
îÅà ä�ÉGÓ/ÉßÔæËÍÊn×Oý¥Õ¾Î�Õ���ÊJÒ�Ì�ã!ÊJå�Õ�Ð³Ý�ÊJÌ1ØñÉßÊJÕæâ
Ð³ËÅÑJÒJÓ/ÉGÔ¾Õ�ä�Ì�Î�Ô¾Õ¾Ó�Ê��©Ð³Ð�ä��Jà÷Ð�Þ�ÑJÕ¾ÏÅËÍØ®ËÍÎhÉßÑJ×���Î�Ü
Õ¾ÒJÊJËÅö�ÉGÊJËÅÌ�Î/î
ü�� � ÿ�ËÅÎ�Ô¾Ì�ÏÅÎ ÿ�Éßó�Ì�Ñ�ÉGÊJÌ�ÑJ× 	 Õ¾Ó�Ì1ÑJÊ�Ç³Ì�î���ç1Þ�ü®ê»Ð�Ð ��� ê
è�è&Ä���ë ä�ÉßØ@ó�ÑJËÅâ�ö1Õ�ë�ü®ÐÈë�Ð�Ý�ö&î çGè�è�Ä1î

Ã �1ÆñÖ�Ì1ÑJÕ¾Î�ÒJÕ¾Îhëhú
îÅë�Õ¾Ê®ÉßÏnîÅà"ü�ÉßÒJÒJËÅÜ
Õ¡Þ�Ì�ËÅÎ�ÊJê ÊJÌ1ê�Þ�Ì�ËÅÎ�Ê��JÞ � Þ���ÉßÎ�â
Ù�Î�ê�ò�Õ¾Ø�ÉßÎ�â�Ð�ËÅÑ � Ñ�ÉßÎ�ÒJÓ�Ì�ÑJÊ�ÉGÊJËÍÌ1Î�Ö�×�ÒJÊJÕ¾Ø ä�Ì�Î�Ô¾Õ¾Ó�Ê:ò�Õ¾ê
ÒJÔ¾ÑJËÅÓ�ÊJËÅÌ�Îhî ì Ì1ÏÅÝ�ØÈÕ���ë ì Õ¾ÑJÒJËÅÌ1Î Ä1îÅÄ�î � 	 è&é�ç1é�Äßê»è&Ä�ë³Ç³ÐÈÖ�Ð
ä�Ì�Î�ÊJÑ�ÉßÔæÊ�Ç³Ì&î³Ç³Ð�Ö�çßê»è�çGè�
���ë�Ö�Õ÷Éßö�Ý�ÏÅÏ � Õ¾Ôßå�Î�Ì1ÏÅÌ�ö�×pë��nÎ�Ô�îÅë
ä�ÉßØÈÓ�ó�Õ¾ÏÅÏnë�ä�ÉßÏÅËÅã©Ì1ÑJÎ�ËnÉ�ë�ú
ÉßÎ�Ý/ÉGÑJ×�Ä1í�ë çßè�è&é�î

ÃÅíGÆ 	 Ì1ÒJÒJÌiõ@ë ì î³ú
îÅà��³ÒJÕñÌ�ã��nÎ�â�ËÍÜ�ËÅâ�ÝhÉßÏ�á/ÏÅËÍö1å�Ê�ä�Ì1ÑJÑJËÍâ�Ì�ÑJÒ�ÊJÌ
Ð³Ü
Ì1ËÅâ ì Ì�ÑJÊJÕæð���É� 
Õ¾Ò�î�!�"$#&%�')($*+"-,/.�01%324%5(-,76²ë÷Ü�Ì�Ïnî$��è�ë
Î�Ì�î�ç�ë
ü�ÉßÑJÔßå�ê»Ð³Ó�ÑJËÅÏ�çGè�è&é�ë�Ó�Ó/îsç�ç1íßê�ç�é1Ä�î

Ã8�GÆÈÐ³Ñ7 �ËÅÎ�âhë÷øþîÅàgü�Éßð�ËÅØ@Ý�ØÚä�ÉßÓhÉßÔ¾ËÅÊn× � ÕæÑJØÈËÅÎ/ÉßÏ Ð³ÑJÕ�É®Ù�Ó�Õ¾Ñ�Éßê
ÊJËÅÌ�Î�Ò"ËÅÎ�çßè&ç�ç�î�Ð9�nÐ³Ð*Ð³Ü�ËnÉßÊJËÅÌ1Î � ÕæÔ�å�Î�Ì�ÏÅÌ1ö�×pë���Î�ÊJÕ¾ö�Ñ�ÉGÊJËÅÌ�Î/ë
ÉßÎ�â¡Ù�Ó�Õ¾Ñ�ÉGÊJËÅÌ�Î�Ò/�©Ð � ��Ù���á&Ì�ÑJÝ�Øñëpò�Õ¾Î�Ü
Õ¾Ñ�ë�ä�Ù"ë¾Ç³ÌiÜ Ä�
ßê�Ä;:1ë
çßè1è�é�î

Ã8
GÆÈÛ�ÑJùæó�Õ¾ÑJö�Õ¾Ñ�ë�<ÈîÍûpÉßÎ�â�Þ/ÉßËÅÕ¾ÏÅÏÅË�ë 	 îßÐ�îÅà3ä�Ì�Î�ÔæÕ¾Ó�Ê ã©Ì�Ñ�Ç³Õ¾ð�Ê>=�Õ¾Î�ê
Õ¾Ñ�ÉßÊJËÅÌ1ÎLÐ�ËÍÑ � Ñ�É��®Ôñä�Ì�Î�ÊJÑJÌ�Ï�Öi×�ÒJÊJÕ¾Øñî�Ð�ËÍÑ � Ñ�É��ÈÔ¡ä�Ì�Î�ÊJÑJÌ�Ï
? Ý/ÉGÑJÊJÕ¾ÑJÏÅ×pë÷Ü�Ì�Ïnî ÄGè�ë�Î�Ì�î���ë��¸ËÅÎ�ÊJÕ¾Ñ@çßè1è�ç1ë�Ó�Óhî¥é1í�íGêæé�
;@1î

Ã8@GÆÈÛ�ÑJùæó�Õ¾ÑJö�Õ¾Ñ�ë+<�îÅû�ÉGÎ�â�Þ�Õ¾Ô¾ÒJÜ�ÉßÑ�Éßâ�Ënë � îÅà9��ê�òA=�Ý�ËÅâhÉßÎ�ÔæÕñÖ�×�ÒJê
ÊJÕ¾Ø�ò�ÕæÒJËÍö1Î�õ�ËÅÊJå¡Ð�Ó�Ó�ÏÅËÅÔ�ÉGÊJËÍÌ1Î�ÊJÌ¡Ö � Ù�ÿ Ð�ËÅÑ � Ñ�É��ÈÔþä�Ì1Î�ê
ÊJÑJÌ�ÏnîB�©Ð�
1çßê�é;@1ç�ç��¡Ä;:GêæÄGè��Jë3Ä�éGÊJå¸úßÌ�ËÅÎ�Ê¦Ð³Ý�ÊJÌ�ØñÉGÊJËÍÔ¡ä�Ì�Î�ÊJÑJÌ�Ï
ä�Ì�Î�ã©Õ¾ÑJÕ¾Î�Ô¾Õ�ë"ÖiÊ�ÉßÎ�ã Ì�ÑJâhë"ä�Ð�ë/Ð³Ý�ö¸Ä;�GêæÄ�@�ë"Ä�:;
�ç1ë�Ó�Ó/îC����íßê
��í���î

Ã8:GÆ��¸ËÅÏÅÒJÌ�Î/ëD�¾îÍà"Þ�<³Ð 	 Û�Ð�â�Ü�ÉßÎ�Ô¾Õ¾â � Ì÷Ì1ÏÅÒþÞsÑJÌFE©Õ¾ÔæÊ"á/ËÍÎhÉßÏ 	 Õ¾ê
Ó�Ì�ÑJÊ�î¥ò¦Ù"äG:;@Gê-
ßè�ê�Ä�@�ë�ÛïÝ�ÑJÌ÷Ô¾Ì1Î�ÊJÑJÌ�Ïnë�ç1Ä�Ç³ÌiÜLÄ;:�:;:�î

ÃÅÄßè1Æñä�Ì�Î�Ô¾Õ¾Ó�ÊJÒ/ã Ì�Ñ³Ö�Õ¾ÑJÜ�ËÅÔ¾Õ¾ÒB�nÎ�ÊJÕ¾ö�Ñ�ÉGÊJËÍÎ�ö¦á/ÏÅËÅö�å�Ê�Ù�Ó�Õ¾Ñ�ÉßÊJËÅÌ1Î�Ò�ÉßÎ�â
Ð³ËÅÑ � Ñ�É��ÈÔ�ü�ÉßÎhÉßö1Õ¾ØÈÕ¾Î�ÊH��ÒJËÍÎ�ö!Ð³â�â�ÑJÕ¾ÒJÒJÕ¾â ò³ÉßÊ�É¡ÿ�ËÅÎ)  ë
	 � ä�Ð�ò¦Ù�ê�ç;��:�ë¥ú�Ý�Î�ÕþÄ�ç1ë çGè�è�Ä1î

ÃÅÄ�ÄGÆñý�ÉßÑJÑJÕæÑ�ë³ú
îhÇ�îÅà���Î�ÊJÕ¾ö1Ñ�ÉßÊJËÅÎ�öLÊJå�Õ ä�Ì÷Ô- �Ó�ËÍÊ®õ�ËÍÊJå�Ð³ËÅÑ � Ñ�Éßã©ê
��Ô¸ü�ÉßÎ/ÉGö�Õ¾Ø®Õ¾Î�Ê�à � å�Õ�ä�Ì1Î�Ô¾Õ¾Ó�ÊñÌ�ã�Þ/ÉGÊJå�Ù�óIE©Õ¾ÔæÊJÒ�î�éGÑJâ
��ÖiÐ�ôßÛïÝ�ÑJÌ1Ó�ÕñÐ³ËÅÑ � Ñ�É��ÈÔ�ü�ÉGÎ/ÉGö�Õ¾ØÈÕæÎpÊ 	�
 ò�Ö�ÕæØÈËÅÎ/ÉßÑ�ë
Ç�ÉGÓ�Ì�ÏÅËnë&�nÊ�ÉßÏÅ×pë úßÝ�Î�Õ�Ä�éßê�Ä���ë�çGè�è1è�î

ÃÅÄ�çGÆ��¸ËÅÏÅÒJÌ�Î/ë$�¾îÍà�Þ+<�Ð 	 Û¦à&òïÕ���Î�ËÍÊJËÅÌ1Î ÉGÎ�âJ�³ÒJÕ�Ì�ã � Ý�ó�ÕæÒ�î&ò¦Ù"ä
:;�Gê�
Gè�ê�Ä;@1ëpÛïÝ�ÑJÌ÷Ô¾Ì1Î�ÊJÑJÌ�Ïnë�Ä1í�ú�Ý�ÏÅ×pësÄ;:�:;��î

ÃÅÄ�éGÆñý�ÉßÑJå�×�â�Ê�ë 	 îÅû�ÉßÎ�âJ��ÉßÑJÑJÕæÎ/ë�Ð�îÅà�òïÕ¾Ü
Õ¾ÏÅÌ�Ó�ØÈÕ¾Î�Ê�Ì1ã�ÉGÎJ��Î�ã Ì�ÑJê
ØñÉßÊJËÅÌ1Î*Ö�ÊJÑJÝ�Ô¾ÊJÝ�ÑJÕ¡ã Ì�Ñ 	 Õ¾ÏÅË�ÉGó�ÏÅÕ�ä�Ì�ØÈØ@Ý�Î�ËÅÔ�ÉßÊJËÅÌ�Î�Ì1ã¦Ð³ËÅÑJê
ó�Ì�ÑJÎ�ÕK��Î�ÊJÕ¾Î�ÊaÉGÎ�â�Ð�ËÅÑJÔ¾Ñ�Éßã Ê � Ñ�ÉLE Õ¾Ô¾ÊJÌ�ÑJ×�ÞsÑJÕæâ�ËÅÔ¾ÊJËÅÌ�ÎhîM.�01%
N %5(�OP2RQS"$'T6U%5"$*/V�#&($%�6UW4%�*YX1ë&Ü
Ì1Ï�î/Ä1Ä�ë�Î�Ì�îhé1ë�á3ÉßÏÅÏ�çßè1è�é1ë�Ó�Ó/î
ç�í1Äßê�ç;
���î

ÃÅÄ��1ÆÈÐ³â�Ü&ÉGÎ�Ô¾Õ¾âlá/ÏÅËÅö�å�Ê�ü�ÉßÎ/ÉGö�Õ¾Ø®Õ¾Î�Ê�ä�Ì1ØÈÓ�Ý�ÊJÕ¾Ñ�Ö�×�ÒJÊJÕ¾Øñë�Ð 	 ê
��ÇÈäzä�å/ÉßÑ�ÉGÔ¾ÊJÕ¾ÑJËÅÒJÊJËÅÔZ
ßè�çGÐ³ê�Ä�ë¥Ó�ÑJÕ¾ÓhÉßÑJÕ¾âLóp×�Ð�ËÅÑJÏÍËÅÎ�Õ¾Ò�ÛïÏÅÕ¾Ô¾ê
ÊJÑJÌ�Î�ËÍÔ"ÛïÎ�ö1ËÅÎ�Õ¾Õ¾ÑJËÅÎ�öñä�Ì�ØÈØ®ËÍÊJÊJÕæÕ�ëhú
ÉGÎaé�Ä1ë çGè�è�è&î

ÃÅÄ�íGÆñü®ËÅÎ�ËÅØ�Ý�Ø Ð³Ü�ËnÉßÊJËÅÌ1Î�Ö�×�ÒJÊJÕ¾ØOÞ�Õ¾ÑJã©Ì1ÑJØñÉßÎ�Ô¾ÕLÖ�Ê�ÉGÎ�â/ÉGÑJâ�Ò¦ã Ì�Ñ
Ð³Ý�ÊJÌ�ØñÉGÊJËÍÔ"ò�Õ¾Ó�Õ¾Î�â�Õ¾Î�Ê�ÖiÝ�ÑJÜ
ÕæËÍÏÅÏnÉßÎ�Ô¾Õ�ý ÑJÌ&Éßâ�Ô�ÉßÒJÊ��©Ð�ò³Ö�ê�ý[�Jë
	 � ä�Ð�ò¦Ù�ê�ç��&çßÐÈë 	 � ä�Ð�ë$�nÎ�Ô�îÅë���ÉßÒJå�ËÅÎ�ö�ÊJÌ1Î/ë¥ò¦ä�îÅë çGè�è&ç�î

ÃÅÄ;�GÆ 	 Õæ×pÎ�Ì�ÏÅâ�Ò�ë � î�="îÅû�ÉßÎ�â\<�ÉßÎ�ÒJØñÉßÎhë 	 î³ú�îÍàK�nÎpÜ�Õ¾ÒJÊJËÅö�ÉßÊJËÅÎ�ö
ä�Ì�Î�ã©Ì�ÑJØ�ÉßÎ�ÔæÕaü®Ì�Î�ËÍÊJÌ1ÑJËÅÎ�ö]�nÒJÒJÝ�Õ¾Ò®ËÍÎaÐ�ËÍÑ � Ñ�É��ÈÔ�ä�Ì�Î�ÊJÑJÌ�Ï
�³ÒJËÅÎ�ö�á/ÉßÝ�ÏÅÊ�ò�Õ¾ÊJÕæÔ¾ÊJËÅÌ�Î!Ð³Ó�Ó�ÑJÌ&ÉßÔßå�Õ¾Ò�î+��ä�Ð � êæçGè�è&éßê�í�ëS�nÎpÊJÏnî
ä�Õ¾Î�ÊJÕ¾Ñ�ã©Ì�Ñ³Ð³ËÅÑ � Ñ�ÉßÎ�ÒJÓ�Ì1ÑJÊ�ÉßÊJËÅÌ�Îhë3ü�ÉßÒJÒ�ÉßÔßå�Ý�ÒJÕ¾ÊJÊJÒ9��Î�ÒJÊJËÅÊJÝ�ÊJÕ
Ì�ã � Õ¾Ô�å�Î�Ì1ÏÍÌ1ö�×pë÷Ç³ÌiÜ î çGè�è&é�î

ÃÅÄ;
GÆñü®ËÅÎ�ËÅØ�Ý�ØeÐ�Ü�Ë�ÉGÊJËÅÌ�Î�Ö�×�ÒJÊJÕ¾Ø Þ�Õ¾ÑJã©Ì1ÑJØñÉßÎ�Ô¾Õ�ÖiÊ�ÉßÎ�âhÉßÑJâ�Ò�à 	 Õ¾ê
^ Ý�ËÅÑJÕ¾â*Ç�ÉuÜ�ËÅö�ÉßÊJËÅÌ1Î Þ�Õ¾ÑJã Ì�ÑJØñÉGÎ�Ô¾Õ�ã Ì�Ñ!Ð³ÑJÕ÷ÉaÇÈÉJÜ�ËÅö�ÉGÊJËÅÌ�Î/ë
	 � ä�Ð�ò¦Ù�ê�ç�é��ßÐÈë ÖiÕ¾Ó�Ê�îsÄ�é1ë�çGè�è�è&î

ÃÅÄ;@GÆñÖ�Õ¾Õþå�ÊJÊJÓ/àÅô�ô�_�ü®ÿ�î Ì1ÑJöLã Ì�ÑÈö1Õ¾Î�ÕæÑ�ÉßÏ�ËÅÎ�ã Ì�ÑJØñÉGÊJËÍÌ1Î�Ì1Î`_Èü®ÿ�î
Ö�Õ¾Õ åpÊJÊJÓhàÅô�ôßõ�õ�õ@î õ@éGÒJÔ�å�Ì÷Ì�ÏÅÒ�î Ô¾Ì�ØñôGð�ØÈÏ ã©Ì�Ñ�ÉñÊJÝ�ÊJÌ�ÑJËnÉGÏ�Ì1Î
_�ü®ÿ�î

ÃÅÄ;:GÆñò�Õ¾Î�Õ¾ÑJ×pë�ò¦î`="îÅû¢ÉGÎ�âOÛïÑJù¾ó�Õ¾ÑJö1Õ¾Ñ�ëa<�îÅà � å�ÕÚä�Õ¾Î�ÊJÕ¾ÑJê
� 	 Ð�ä�Ù�Ç Ð³Ý�ÊJÌ1ØñÉßÊJËÅÌ1Î Ö�×�ÒJÊJÕ¾Øñà Ö�ËÅØ@Ý�ÏnÉßÊJËÅÌ1Î ÉßÎ�â
á/ËÅÕ¾ÏÅâ � Õ¾ÒJÊJËÅÎ�ö�î Ç�Ð�ÖiÐ�ô � ü�b�Ä;:�:�íGêæÄ1Äßè&é;�;�1îIÖiÕ¾Õ ÉßÏÅÒJÌ
å�ÊJÊJÓ/àÅô�ôGõ�õ�õ@î ÔæÊ�ÉßÒ�îÅÉßÑJÔ�î ÎhÉßÒ�É�î ö1Ì�Ü ô

ÃÅçßè1ÆñÖ�ÏnÉßÊJÊJÕæÑJ×pë 	 îÅû�ÉGÎ�âZc�åhÉßÌ&ë;d�îÅà � Ñ�É4E©Õ¾ÔæÊJÌ�ÑJ×LÖ�×�Î�ÊJå�Õ¾ÒJËÅÒïã©Ì1Ñ�Ð³ËÅÑ
� Ñ�É��®Ô³Ð³Ý�ÊJÌ�ØñÉGÊJËÅÌ�Î/î+!�egfh#F0ji$($')2�W4k�QS"$'T6U%5"$*Ykl($'Ti�m9Xn')($oMp
0124qGë�Ü�Ì�Ïnî çGè�ë�Î�Ì�î¥ç�ë¥ü�ÉßÑJÔßå�ê»Ð�Ó�ÑJËÅÏnë Ä�:;:;
1ëpÓ�Ó/î¥ç�é�çGê�ç�é;@1î

ÃÅç�ÄGÆñý Õ¾ÎTEJÉßØ®ËÍÎhë Ö�îr="îÅû¡ú
î@ü�î�ý ÑJÌiõ�Îhû�øþî�ú
î�ý¥ÑJÝ�Î�âhÉßö1Õ�û¡ò¦î
ò�Õ¾Ü
ÕæÎp×�Ënû�="î³Ð�î�=�ÑJÕæÏÍÏnû�ò³î�ø"ËÅØñû ý�î³Û³îÈÖiÔ�å�õ"ÉGÑJÊJù�û � î
="î�Ö�ØÈËÅÑJÎ�ÌiÜ�É�û � î�ÿ�î�Ö�ØÈËÅÊJå/û�Ö�î>�LÕ¾×�ö�ÉßÎ�â�Ê�ûþÉßÎ�âs="î�Ö�î
ü�ÉßÎ�Ët �ËÅÎ/à 	 ��ä�çßè�ê � å�ÕÈçGè�êu �Ø*Ü
Õ¾ÑJÒJËÅÌ�ÎþÌ�ãsÊJå�Õ 	 ÉßÓ�ËÅâ���Ó�ê
â/ÉGÊJÕ ä�×�Ô¾ÏÅÕ�î�ÇÈÙïÐ�Ð � Õ¾Ô�å�Î�ËÅÔ�ÉGÏ�ü®Õ¾Ø®Ì�Ñ�ÉßÎ�â�Ý�ØÚÙïÐ 	 á�Öiÿ�ê
ç;@1ë çGè�è�çJ�JÉuÜ�ÉßËÅÏnÉßó�ÏÅÕ"ã ÑJÌ�Ø�å�ÊJÊJÓ/àÅô�ôGØñÉßÓ�Ò�î ã ÒJÏnî Î�Ì�É1É�î ö�ÌiÜv�Jî

Î�Î



ÃÅç�çGÆÈÿ�ËÅÎ�â�Ò�Éu×pëþøþî�Ö�îÅûa=�ÑJÕ¾Õ¾Îhë�Ö�î�ü�îÍû�ü®Ì1Î�â�Ì�ÏÅÌ�Î�Ë�ë!Ö�îÅû¸ÉßÎ�â
Þ/Éßö1ÏÍËÅÌ1Î�Õ�ëÈü�îÅà�ä�Ì�ØÈØ®Ì�Î � Ñ�ÉLE Õ¾Ô¾ÊJÌ1ÑJ× ü®Ì÷â�Õ¾ÏÅËÅÎ�ö�ã Ì�Ñ¡ÇÈÉßê
ÊJËÅÌ�Î/ÉGÏÈÐ³ËÅÑJÒJÓhÉßÔ¾ÕvÖ�×�ÒJÊJÕ¾Ø ò�Õ¾Ô¾ËÅÒJËÅÌ�Î¢Ö�Ý�Ó�Ó�Ì1ÑJÊ � Ì÷Ì1ÏÅÒ�î�ü�Þ
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