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DGFHS DU/I^6[E].D+3X-�ZG-0CQCQDUZG3:36521./�DL].DU/y36^:3652143�-=ZLZLWJK$-0/�365JD�ZG-0T×S<WJ3XDLKU9
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;�-0^63�[Q^+S2K)-.�I14�ICE_8365JD×-d].DLK6K%[Q@2[Q/J�BZG-0/I^6[Q@JDLK)1436[Q-0/�p�5JDU/Û@JDUZL[Ù@2[Q/J�?p�52[ÙZ)5�3`_=S�DU^�-.P�DL].DU/y36^�3X-�ZG-0CÙCEDUZG3L9
u 5=W2^Lc(-0/2D×p�-0W2CÙ@OCQ[E>.D×3X-�521d].D¬^X-0T&D&^X-.K63�-.P m WI^X36[��IZL1436[E-0/�P�-.K�ZG-0CQCQDUZG36[Q/J��-.K�[Q�0/J-.K)[Q/J�aSI14K636[ÙZLW2CQ14K+3`_=S�DU^
-.P�DL].DU/V36^U9�NODaZL1./ 3652[Q/J>8-.P'365JD�ZG-0CQCQDUZG3XDU@�DL].DU/y3�3|_yS�DU^�1.^�1.ZG36[Q/2�8CQ[E>.D&1�p�[Q/2@2-dp -0/y3X-�365JD¬DGF=DUZLW236[E-0/
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DL].DU/y3:3`_=S�DU^LcJCQ[QT&[E36[Ù/J��p�52143'ZL1./���Dk^XDLDU/�-.P
365JDkS2K6-HZGDU^6^�DGF=DUZLW236[E-0/�9 u 5JD *=WJDU^X36[E-0/a365JDU/?��DUZG-0T×DU^UcJp�52143
S�-.K636[E-0/�-.P�365JD�T&-=@JDUC�DL].DU/V3k3|_yS�D�^6DL3$-�].DLK)CQ14SI^�365JD�p�[Q/2@J-�p)C u 5JD�1./I^Xp�DLK��0[E].DU^�W2^�1¬Z%5214K)1.ZG3XDLK)[�,U1436[Q-0/
-.P�365JD Ñ�ËÙÁ�ËÃÎLËÍÄ§Ë�»ÈÏ -.P�365JD&DGFHDUZLWJ36[E-0/�PÍK6-0T 365JD&S�DLK)^XS�DUZG36[E].D×-.P�365JD¬T×-=@2DUCÃ9¬A CE-�p ]=[Ù^6[E�I[QCÙ[E3`_�T�[E�05V3�^6DLK6].D
1.^ m W2^X36[��IZL1436[Q-0/8P�-.K�ZG-0CQCEDUZG36[Ù/J��1.@2@2[E36[E-0/I1.C�3|_yS�DU^k-.P�DL].DU/y36^Lc
p�52[QCED�3X-y-B5I[E�05�1?]=[Q^)[E�I[QCQ[Q3`_?T&[E�05y3k[Ù/2@2[QZL143XD
p�1.^X3XDU@BD���-.K63�ZG-0CQCQDUZG36[Q/J�&[EK6K)DUCEDL]s1./y3:@214361H9

M�DL3ED ��D�365JD�^XDL3�-.P�ZG-0CQCEDUZG3XDU@ÝDL].DU/V3k3|_yS�DU^�1./2@GF ��D�365JD�^XDL3�-.P�DL].DU/y3k3`_=S DU^�1.^6^X-HZL[Q143XDU@Ýp�[E365�365JD
T×-H@JDUCÃ9 u 52DU/�1&^6[QT×S<CED$]H[Q^6[Q�I[QCQ[E3|_&T×DL3XK)[QZ+[Ù^��0[E].DU/B�=_¬3652D+PÍ-0CQCQ-dp�[Q/2��K%1436[E-J9

H DJIKF H
H F H

7�].DU/y3k]=[Ù^6[E�I[QCÙ[E3`_�[Ù^�365=W2^�@JDU^6ZGK)[E��DU@��y_�365JD�P�K)1.ZG36[E-0/8-.P�T×-H@JDUC(DL].DU/y3k3`_=S DU^�3652143k14K6D�ZG-0CQCEDUZG3XDU@�9kA ]41.CQWJD
-.P�{MLogO[Q/2@2[QZL143XDU^×T�1sFH[QT�1.C�]H[Q^6[Q�I[QCQ[E3|_.c�p�52[QCEDa1�]s1.CÙWJD?-.P�gO[Q/I@2[QZL143XDU^�/J-�]=[Ù^6[E�I[QCÙ[E3`_.9ÛA ^X-0T×DLp�5I143&T×-.K6D
K6D��I/2DU@¬]H[Q^6[Q�I[QCQ[E3|_×T×DL3XK)[QZk/J-.K)T�1.CQ[�,LDU^�14�01.[Q/2^X3�365JD�/=W2T���DLK�-.P
DL].DU/V3$^6[E3XDU^'[Q/?1�T×-H@JDUCÃ9��x3�[Ù^��0[Q].DU/��y_¬365JD
P�-0CQCE-dp$[Q/J��K)1436[E-

NPO Q�ORTS�U*V �?W R �
NJO XYOZ[S�U V ��\ Z �

p�5JDLK)D�W�]GD×c�\^]_F c<1./2@ V ��`X�'[Q^:1&PÈW2/2ZG36[Q-0/?3652143�K6DL36W2K)/2^'365JD�/yW2T���DLK'-.P�DL].DU/V3k^6[E3XDU^:[Ù/B1&T×-H@JDUC�P�-.K
1./?DL].DU/y3'3`_=S Da`�9 u 5JDk/yWIT×DLK)143X-.K:[Q^�365JDk3X-.361.C(/=W2T�� DLK�-.P�DL].DU/y3:^6[E3XDU^�P�-.K'1.CQC�ZG-0CQCEDUZG3XDU@?DL].DU/y3:3`_=S�DU^�3652143
14K6D�T&-=@JDUCQDU@�c0p�52[ÙCED�365JD�@JDU/J-0T�[Q/2143X-.K�[Ù^�365JD:3X-.361.C /yWIT���DLK�-.P(1.CQCHDL].DU/y3�^)[E3XDU^�[Q/�3652D$T×-H@JDUCÃ9 u 52[Q^�^6DUZG-0/2@
T×DL3XK)[ÙZ+D�� DUZG36[Q].DUCE_?p�DU[E�05y36^$365JD�ZL1.CQZLW2CÙ1436[E-0/�-.P�]=[Ù^6[E�I[QCÙ[E3`_×3X-�p�14K)@8365JD�3|_yS�DU^�-.P�DL].DU/y36^�3652143�14S2S�DU14K�T×-0^X3
-.P�3XDU/�[Q/?365JD�T&-=@JDUCÌ9

NÛ1.^X3XDU@�ZG-0CQCEDUZG36[Q-0/�D���-.K63 �Ü3652143�[Q^LcdD���-.K63�^XS�DU/V3(ZG-0CQCQDUZG36[Q/J�:DL].DU/y36^�365I143
14K6D�/2-.3(]=[Ù^6[E�ICED�[Q/k3652D�T×-H@JDUC��
[Q^k1.CQ^X-�1./O[QT&S -.K)361./V3k3652[Q/2�¬3X-BT×DU1.^)WJK6D.9�\�^6[Q/2�¬365JD&^63`_HCED�-.P�365JD%�2K%^X3$]H[Q^6[Q�I[QCQ[E3|_�T×DL3XK)[QZ�p�D�ZL1./�@JD��I/JD

}



365JD�P�-0CQCE-�p�[Q/J��T×DL3XK)[ÙZ49
H D�� D@IYF H

H D H
u 52[Ù^�T×DL3XK)[ÙZ�[Q^�1�T×DU1.^)WJK6D�-.P2365JD�P�K)1.ZG36[E-0/�-.P2ZG-0CQCQDUZG3XDU@�DL].DU/y36^�3652143�14K6D�-0/2CE_+P�-0W2/2@�[Ù/�365JD�^XDL3�-.P2DGF=DUZLW236[E-0/
DL].DU/y36^�1./2@Û/2-.3�[Q/Ý365JD�^XDL3+-.P�T×-H@JDUC�DL].DU/V36^a�È^XDLD .�[E�0WJK)DB{d�%9&A ]41.CQWJD�-.Pk{MLogB[Q/2@2[ÙZL143XDU^k3652143�1.CQC�-.P�365JD
DL].DU/y3�3|_yS�DU^�� DU[Ù/J��ZG-0CQCEDUZG3XDU@a14K6D�[Q/V]H[Q^6[Q�ICED�p�[E365×K)DU^XS�DUZG3�3X-�3652D$T×-H@JDUCÃcyp�52[QCED:1�]s1.CÙWJD:-.P(g�[Q/2@2[QZL143XDU^�3652143
1.CQC�ZG-0CQCQDUZG3XDU@BDL].DU/y3�3`_=S�DU^:14K6D�K)DLS2K6DU^XDU/y3XDU@B[Q/?365JD�T×-=@2DUCÃ9

�$-.36[QZGD�3652143�3652DU^XD�T&DL3XK)[QZL^�3614>.D�1�^X361436[QZ$S�DLK)^XS�DUZG36[E].D:-0/¬DL].DU/V3�]H[Q^6[E�<[QCQ[E3|_.9�ek/JD$ZG-0W2CQ@¬�.-�PÈWJK6365JDLK�1./2@
@JDL]H[Q^XD�T×DL3XK%[QZL^'3652143�/J-.K)T&1.CQ[+,LD�14�01.[Q/2^X3:3652D�/yWIT���DLK'-.P�1.ZG36W21.C(DL].DU/y36^$S2K6-H@2W2ZGDU@�@J_H/21.T&[QZL1.CÙCE_¬@2W2K)[Q/J�×1
S2K6-HZGDU^6^�DGFHDUZLWJ36[E-0/�9��$-dp�DL].DLKUcI[E3�[Q^�/J-.3�ZLCEDU14K'3652143�K)14365JDLK'ZG-0T×SICÙ[QZL143XDU@�cH@J_=/I1.T&[QZ�T&DL3XK)[QZL^�p�-0WICQ@���Dk1./V_
T×-.K6D�W2^XDLPÈW2C�36521./�365JD�^6[QT×SICQDLKUc=^6361436[QZ+-0/JDU^L9��x/BP�1.ZG3Lc<DGF=S�DLK)[EDU/IZGD�[Q^'/JDLDU@JDU@�p�[E365�1.CQC�365JD�T×DL3XK)[QZL^'��DLP�-.K6D
@JD��I/I[E36[E].D+^X36143XDUT×DU/y36^$14��-0WJ3'3652DU[EK�W2^XDLPÈW2CQ/2DU^6^�ZL1./���D�T&1.@JD.9
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�n/&3652[Ù^�^XDUZG36[E-0/ap�D$[Q/y3XK6-H@2W2ZGD:3652K6DLD$T×DL3XK%[QZL^�P�-.K�@JDL3XDLK)T&[Q/I[Q/J�+365JD�ZG-.K6K6DU^XS�-0/2@JDU/IZGD���DL3`p�DLDU/¬1�P�-.K)T&1.C
T×-H@JDUC<-.P�1�SIK6-=ZGDU^)^�1./I@¬1./aDGFHDUZLWJ36[E-0/a-.P(365JD�S2K6-HZGDU^6^L9 u 52D$T×DL3XK)[ÙZL^�14K)D�^6WIZLZGDU^6^6[E].DUCE_&T&-.K6D$K)D��I/JDU@a1./2@�c
/J-.3k^6WJK6SIK)[Q^6[Q/2�0CE_.c2^6W2ZLZGDU^6^)[E].DUCE_BT×-.K6D�ZG-0T×SICQDGF 9 u 5JDL_B^65214K)D�365JD�Z)5I14K)1.ZG3XDLK)[Q^X36[ÙZ�3652143k365JDL_BZG-0T&SI14K6D�365JD
DL].DU/y3�^X3XK6DU1.T SIK6-=@IW2ZGDU@a�y_?1�S2K6-HZGDU^6^�DGFHDUZLWJ36[E-0/�3X-�1./?DL].DU/y3�^X3XK)DU1.T K6DLS2K)DU^XDU/V36[Ù/J��1&S -0^)^6[E�ICED$��DU521U]H[E-.K
S2K6DU@I[QZG3XDU@a�y_a365JDkS2K6-HZGDU^6^'T×-H@JDUCÃ9 u 5JD+[Q^)^6WJD�-.P�5J-�p 365JD�^XDUZG-0/2@?-.P�365JDU^XD+DL].DU/y3�^X3XK)DU1.T&^'[Q^'ZG-0/2^X3XK%W2ZG3XDU@
[Q^�1./8[ÙT×S�-.K6361./V3$-0/JD�1./2@8[Ù^�@2[Q^)ZLW2^6^XDU@8[Q/ÝY=DUZG36[Q-0/Ýh=9t}J9 u p�-�-.P�3652D�T×DL3652-=@2^$K6D2*=W2[EK6D�1 �n�I1.^6D2�a^63XK6DU1.T
P�-.K�ZG-0T×SI14K%[Q^X-0/ ��14K6�I[E3XK%14K)[QCE_Bp�D¬Z%5J-=-0^XD�365JD�DGF=DUZLWJ36[Q-0/ÛDL].DU/y3�^X3XK)DU1.T 1.^�3652D&�I1.^XD.9aNOD¬@JDLP�DLK�@2DL361.[QCEDU@
DGFJ1.T×SICEDU^'-.P�14S2SICQ_=[Q/2��3652D�T×DL3XK)[QZL^'3X-?Y=DUZG36[E-0/�}J9

� � � ³ � � ����� � �	� ���	� ���#� ���

u 52D �2K)^X3�T×DL3XK%[QZ'[Q^�1+].DLK6_×^X3XK%1.[E�05V3XP�-.K6p�14K)@×-0/JD�3652143�521.^ m W2^X3�3|p�-�]s1.CÙWJDU^Lc03XK)W2D:1./2@×PÈ1.CQ^XD.9 u 5JD�]41.CQWJD
[Q^�3XK)WJD�[EP�365JD�DL].DU/V3�^X3XK6DU1.T&^�DGFJ1.ZG36CE_�T&1436Z%5 1./2@ [Q^�PÈ1.CQ^XD�-.365JDLK6p�[Q^6D.9aNOD¬K6DLP�DLK�3X-83652[Q^�T&DL3XK)[QZ&1.^�365JD
¹6º6Ê)¶)¸.½2ËÈ»ÈËÈ¶.½ �Èv�7�;���T×DL3XK)[QZ���DUZL1.W2^XD'p�D:[QT&14�0[Q/2D�1./×[ÙT×SICEDUT×DU/y361436[E-0/�-.P 365JD:T×DU1.^6WJK)DUT×DU/V3�365I143�-.S DLK%143XDU^
1.^'1×^6[QT&SICED�K)DUZG-.�0/2[E36[E-0/aDU/J�0[Q/2Dk[Ù/¬3652Dk^63`_HCEDk-.P�1��.K)1.T&T�14K:Z)5JDUZ)>.DLKUcI-0/JDk3652143'3XDLK%T&[Q/2143XDU^��=_�K6DL36W2K)/2[Q/J�
365JDk]41.CQWJDkP�1.CÙ^XD+143'365JD �2K)^X3�DLK6K6-.K'-.K��y_aZG-0T×SICEDL36[Q/2��365JD+K)DUZG-.�0/2[E36[E-0/�1./2@aK6DL36W2K)/2[Q/J��365JDk]41.CQWJDk3XK)WJD.9�A�/
[QT×S<CEDUT×DU/y361436[E-0/�-.P�365JD�T&DU1.^6WJK6DUT×DU/y3kZL1./Ý1.CÙ^X-¬DU1.^)[QCE_�S�-0[Q/y3�-0WJ3�365JD�DL].DU/V3+143kp�52[ÙZ)5B3652D�3|p�-B^X3XK)DU1.T&^
@2[E].DLK)�.D.9 .J-.K$DGFH1.T×S<CED.cIZG-0/2^6[Ù@JDLK:365JD�3|p�-¬DL].DU/V3�^X3XK6DU1.T&^$^65J-�p�/B[Q/ .�[E�0W2K6D &=cIp�52DLK6D+365JD�CEDL3X3XDLK)DU@B��-UFHDU^
[Q/2@I[QZL143XD�DL].DU/y36^L9 u 5JD�K6DUZG-.�0/2[E36[E-0/8T×DL3XK)[QZ�14S2SICQ[QDU@?3X-¬365JD�3`p�-a^63XK6DU1.T&^$p�-0W2CÙ@�K6DU^6W2CQ3�[Q/�365JD�]s1.CÙWJD�PÈ1.CQ^XD
��DUZL1.W2^XD+365JDL_�@2[Q].DLK6�.D�14PÍ3XDLK$365JD�3652[QK)@aDL].DU/V3L9

� � � ± ����
 � � ± ��� � ���
� �
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.J-.Kk365JD�^XDUZG-0/2@�T×DL3XK%[QZ4c<p�D�]=[EDLp"DL].DU/y3k^63XK6DU1.T&^k1.^k^X3XK)[Q/J�0^UcIp�5JDLK)D�DL].DU/y3�3|_yS�DU^k14S2S�DU14Kk1.^�@I[Q^X36[Q/2ZG3
3X-.>.DU/2^�[Q/�365JD�^63XK)[Q/J�0^L9�NOD$ZL1./�365JDU/�14SISICE_�1�p�DUCQCEwÌ>=/J-�p�/&T×DL3652-=@×P�-.K�ZL1.CÙZLW2CQ1436[Q/J�+3652D Æ4ËÙÁG»Ì·4½<Ê�º ��DL3`p�DLDU/
^X3XK)[Ù/J�0^�$Ô{�
 ':1./2@ W2^XD?@2[Q^X361./2ZGD�1.^�365JD�T×DL3XK%[QZa-.P�@2[-��DLK6DU/2ZGD?��DL3`p�DLDU/ 365JD?S2K6-HZGDU^6^×T×-H@JDUC�1./2@ S2K6-HZGDU^6^
DGFHDUZLWJ36[E-0/�9
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u 52D��I1.^6[QZ�M�DL].DU/2^65y3XDU[Q/�@2[Q^6361./2ZGD���DL3`p�DLDU/�3`p�-$^63XK)[Q/J�0^�[Q^�T&DU1.^6WJK6DU@+�=_kZG-0W2/V36[Ù/J�'365JD�T&[Ù/2[QT&1.Cs/yWIT���DLK
-.P�3X-.>.DU/¬[Ù/2^XDLK636[E-0/I^Lc0@JDUCEDL36[E-0/I^LcV1./2@&^)WJ�I^X36[E36W236[E-0/2^�/JDLDU@JDU@&3X-�3XK)1./2^6PÍ-.K)T -0/JD�^X3XK)[Ù/J��[Q/y3X-�365JD:-.365JDLKd9 u 52[Q^
T×DL3XK)[ÙZ�[Q^�ZL1.CQCEDU@¬1�@2[Ù^X361./2ZGD$T&DU1.^6WJK6D$� DUZL1.WI^XD�[Q3�-.��DL_=^�365JD$S2K6-.S�DLK636[EDU^�-.P(@2[Q^X361./2ZGDU^
���0[Q].DU/¬3652K6DLD$^X3XK%[Q/J�0^
`�c���cI1./2@��IcI1./2@�@2D��I/2[Q/J��� �������H�'3X-&��D+365JD�@2[Q^6361./2ZGD+��DL3`p�DLDU/���1./2@��Ic

� � �������J��� g��È@I[Q^X361./2ZGD�[Q^�/J-0/Hw`/JDL�01436[E].D��

� � �������J����g&[��������

� � ��` ������!"� �������J���#� ��` ���J����3XK)[Q1./2�0CED�[Q/JD2*=W21.CQ[E3|_J�
u 5JDU^6D&S2K6-.S�DLK636[EDU^k�0[Q].D¬1./�1.^)^6WJK)1./2ZGD�3652143�365JD¬T×DU1.^6WJK6DUT&DU/V36^�p�[QCQC���D×��-.365ÛZG-0/2^6[Ù^X3XDU/V3�1./2@Û1.ZLZLWJK%143XD.c
[Q/Ý365JD×^XDU/2^6D×3652143�1?CQ14K6�.DLK�@2[Q^6361./2ZGD×@J-yDU^+[Ù/8PÈ1.ZG3�T×DU1./�365I143+365JD×@2[-��DLK6DU/2ZGDU^k��DL3`p�DLDU/O365JD×^X3XK)[Ù/J�0^+14K6D
�.K6DU143XDLKU9

.�[E�0WJK)D & ^65J-�p�^a3`p�- DL].DU/V3�^X3XK6DU1.T�^Lc�K6DLSIK6DU^XDU/y3XDU@ 1.^?^X3XK%[Q/J�0^Lc�1./I@Þ-0/JD�S�-0^6^6[Q�ICEDBZG-.K6K6DU^6S -0/I@JDU/2ZGD
��DL3`p�DLDU/Û365JDU[QK�DL].DU/V36^U9 u -B3XK)1./I^XPÍ-.K%T ^X3XK6DU1.T {&[Q/y3X-�^X3XK6DU1.T &=c
p�D�ZG-0W2CQ@�@JDUCEDL3XD�18;kc�^6WJ�I^636[E36WJ3XD×1�R
P�-.K$1¬;�c<1./2@B[Q/2^6DLK63:1./B7:c<1&R�c<1./2@B1./2-.365JDLK$7�c2K6DU^6W2CQ36[Q/J�×[Q/B1&@I[Q^X361./2ZGD+-.P 
=9 u 52[Q^'5214SIS DU/I^�3X-���D+365JD
T&[Q/I[QT&1.C 3XK)1./2^XP�-.K)T&1436[Q-0/?K6D2*yWI[EK6DU@�9

u -O^X3XK6DU/J�.365JDU/ 365JD�T×DL3XK)[ÙZ4c�p�DU[E�05y36^×ZL1./ � Da1.^6^6[E�0/2DU@ 3X-ÝDU1.Z)5 -.P$365JDa-.S DLK%1436[E-0/�3|_yS�DU^��È[Q/2^6DLK636[E-0/�c
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exec <mod>-test <n>

co <mod>-tests

tcov <mod>-testdiff t<n>.out t<n>.ok

make <mod>-test

ci <mod>-results

mail <developers> mail <testers> mail <manager>

begin
test-unit

tests done

diff result

test failed

test problem
module
problem all done & ok

coverage
percentage

<95% >=95%ok

test binary
ready

test case
ready

not ok

fetch test
package

make test
binary

test case
done

tests
passed
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