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1 Bevezetés
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el >�:FJ7YVB5@?>A@FB Xs:9J7e9@FL5OFi 1*354H698H:F;=:C>=@H>A3 B5:9D7@F8H:9E7G�>=@FJ*:FB ���������	�
��� 
��
��� ��������������
����
WFL5BP6FL5W<E*NI>�6<EZD735O?>=J7W9L�a"m*8z6j]*;ANHJ*;A69Xz`A:ca"LP:?>=OFB5@C>T8*NHE*BS:��7BPmU>�W94*6FEIp D769LP69Xs3VE*Br6 >�O9:F87D*:9EHeF35W9LP3�>
]*;ANHJ*;A69XsNH8_1*3P4*6F8*:9;A:C>�@?>=@)E*:98_LS:<J7`�NHE*B5NU>=6F4H4�a":FLPL5:FXZO 3PB�BS:F8H3PE*B a��*8^W)B �F0 `A:ca":<O
:FBfXzWC>�N*RH358
;A@?>AO)@F4H:9E 6 ]*W<;A1*mHO)6FXzNI> @?> :9L5N�>AO)BPNHBSB ]*;�N*J7;A69XsNH8 1H354*6987:9;�:?>�@C>�@FEH:F8 `ANHE*BVN�>�694*4
]*;ANH4*L5@9XZ698*~H;=:F3PBCB5W9;AJ7G769L�acm78��

0 >A:FJ7@<R*L5:9BP47:9E ;A~HD735R*YVB5:FBVBz`�N*;�XsW94769E :9L5N�>AO)BPNHB5B 1*3V476F8H:F;=:f>�@C>=87@9EHB �!�����
�"�������#���$�
debugging

� 173PD76FBV8*N*OFm*E*8_6u]*W<;A1*mHO)6FXzN�>I@C>r:<L5NU>=O)B5NHB5B�]H;AN*J7;�6FXsNH8_173P4*6F8*:9;A:C>�@?>=@F;A:��

1.1 %'&)(+*-,/.-0-1
032-4525(-6�0/7�45.-0-839:2-4�;
nT@9BP:)LP:9O)O��*8 `A:<L�p 1*NHJ7G 6FRHN*B5B :9J7G 6FLV8*6FLPXs69O)WC> @f> :<J7G 1HN*OFOFW B569;AB5N*OFi

>�]*:<e)35`+3P87W)e93PiIp 6FXZ3 L5:<Y5;,a+6 69O 69L58*69L5XZ6FOFWC> :9LPD7W9;AB D*3">�:<L58*:9R*@f>�@9B<� q�R*:FW9L53"> :?>A:)B54H:FE 6
>�]*:<e)35`+3P87W)e93Pi `+N*;AXZW<LS3+>�a":9LS~*LV@?>=;�:FE*RU>=O
:9;AB\1H6C>�O9E*W)LPD76 4H35OFBPN�>=YPB51*6<B a+6?pM35L5LP:FB5D7: el >�:<J7Y5B51H:9BP3�p
1*NHJ*G 6FO 6FL58H69LPX_6<O)W?>Am*E78 D769LP6FXz35L5G7:<E XZ:FJ*D769LPi�>=YPB5WC>�6 1*:)LVG7:?> L5:FJ*G*:FE 6FO 6FR*NHBPB
]*;ANHJ*;A69XsNHOFW?>A3 XsNHR*:FLPL5B L `<�HJ*J :9E��o0b4*4*6<EQ69O :C>�:FB54H:FEUpo176 6FO 69LP8769L5Xs69O)W?> 8Hi*R
a"W9B
6FmHB5N*XZ6FB53V8*m�>�6<E BPm*R*EHWFEH8 J*:9E*:F;�WFLPEH3^6 >�]*:9eF3S`�3V87WFe93Pi74Hi*L+ph698*8*NH; 1*:9LPG7:C> � @C> 1769BP@98*N*EHG �
]*;ANHJ*;A69Xs8Hi*R*NHB 8*6F]HE*W9E*8 @H>�1*354HW98 �

bugs
� ef>�6<8 6 >=]*:FeF3P`�3587W)e<35i >=OF35E*B a"@FE_a":<LS:FE*1H:FB5EH@FE7:<8

Xs:9J �!�+=������ >�����?@�A� �#
B���$�#�C� pC6F1HN*J7G 6FO9BM69OED$�?WF4H;=6 X_m*BP69B a+6F� {jLSBP6)LPW9EHN�>v@C>�69m*BVN7Xs69BP358Hm�>
8*iHR*J7:FEH:F;AW<B5NH; :?>=OF8*~*O9~*8 1H35W9EHG7WF4H6FE – 69Xz:)L5G7:<8 XZ69J76C> >=O)3PE*B >A]7:)e<3S`�358HWFeF3Pi�>
nyelvekb L L5:FEHE*@FEH:F8y8*@9]*:?>A:F8 8*iHR*NHBhJ*:FE7:9;AW9LPE*3 – 6 ]H;AN*J7;�6FXZN*OFi XZ6F;A69R 6 `+:)LP:9L >\6
`�NH;AXsW9L53+> >A]7:Fe935`A358HWFe935i ]H;AN*J7;�69XZ8*iHR*;A6 B5~*;�BP@FE L5:987@<]*O)@C>�@F@<;AB<�bxy3PE*R*69Xs:9L5L5:9B5B XZ35E*RH:FE
]*;ANHJ*;A69XsNHOFW?>A3 XzN*RH:)L5L 8*~*EHE*G @9;AB51*:<B >=@FJ*@FD7:<L @f> 8H35`A:cac:FO 8*@<]*:H>�>�@9J*@FD7:9L ]H;Ai*4HW9L
1*NHO)O)W(a"WF;AmHLPE*3z69O :FL 4*4 :)XzL5Y5BV:)B5B L5:987@<]*O)@C> Xs:9J78*~HE*E*GHY5B5@C>=@F1H:9O*p\R*: XZ@FJ 6<878*NH; 3+> 6
L5:F8H@9]HO
@?>=3 BP:FD*@F87:<E*GI>=@9J LV:91H:FB >=@FJ*:9B 69R :<J7G XZWC>=3P8 BPY5]*m�>A| 1H3P4*6 4*:9D7:9OF:FB5@C>=@F;=: 6
]*;ANHJ*;A69XsBV:F;AD7:9OF@C> @?>dXZ:FJ*D76<L5i�>=YPB5WC> >=N*;�WFE@Gb6 ]H;AN7J7;A69XsNHOFW?>A3z1*354HW98H;A6 � =3�H�#���H?#I:IJ� 
��
bugs

� pF6F1HN*J*Go69OFBf69OKDL�
W947;A6l35LVL5m�>AO)B5;AW<L a+6F�

{jL5B56FLPWFE*NU> J*G*6F8*NH;ALP69B�p 1*N*JHG >=6(acEHN�> E*:<X 8H@C>=O��*L :<L 6FO 69LP8769L5Xs69O)Wf> B5:)L a":?>
`�NH;AXsW9L53+> >A]7:Fe935`A358HWFe935i�a"6?p\BV:F1HW)B 6 ]*;ANHJ7;A69X 1H:FLVG7:?>(>=@9J7: e?>�698 69O 69LP8*6)LVXs69O)WH> :FL5D7W9;�B
D73+>A:FL58*:<R*@C>�@F1*:FO 8H6F]*eC>=NHL5176<B5iIp�6FXZ3o:FJ7G*:9R��*Lo6 `+:ca"LP:?>=OFB `�:(a+@F47:<E L5@9B5:FO9358@��KTO BV:?>AO)3^6
1*354H6F8*:<;=:?>A@H>=32B5:FD*@98H:FE*G�>=@)J7:9B2;�:FE*RH8*Y5D#�*L 4HN*E?G7N*LVm*LVB5BPWHpy1H3+>=O9:FE 6 ]H;AN*J7;�6FXZN*OFWC>=32@?>

Alkalmazás
elvárt

viselkedése

Alkalmazás
specifikációja

Program

Specifikációs
hibák

Programozási
hibák

1 MCNLO
P�Q - R�S
TVUVWYXZW\[]N�UVW!^C_a`�_aS�PVb�cCPVQ$debCf�NL_HW�g�WhO]N�[
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>=]*:9eF35`+3587W9eF35iU> 1*3547W<8 m*J*GH6FEH6FO)NHE 6 >=O)3VE*B5:9E ac:FLS:FEHBP8H:FO)EH:F8 � 4H:)W9J*G*6FOFD76 6
programkódba1.

0 `�:<E*B53ME*:<17@FO?>=@FJ*:98HE*:F8 87~U>=O)~HE*1*:9B :FEIpC6Z1*3P47698H:F;=:?>=@?> 6FL569]*D7:9B :9E `+N*E7BPN�>(p?4HW9;
E*:<X 35J769OFW9Eo8*~*O98*:9R*D7:9LPBfBS:)D7@<8*:9E*GI>A@FJHJ7@\D7W9L5B �

0bO :<L5XZ|*LVB ��� @<D `+N*LVG76FXsW9E 176<B56)LVXs6H>b:9; `A:C>=O)YVB5@?>�:F8*:<B�B5:9B5B5:98y6 >�O9:F8HD7:FEHe93SW9LP3�>
prNHJ*;A69XsNH8 1*3V4*698*:F;�:?>�@f>�: B5:9;<�*LP:FB5@9E@���7OFW9XsNU>ba":9L5:FE7B >Z1*3V4*698*:F;=:f>�@f>�3^B5:9eF1*EH35876 8*:F;<�*L5B
8*3P`�:ca"L5:C>=O)BP@C>�;�: 69O 6FL58H6FLSXZ69O)NHB5B ]H;AN*J7;�69XZN*O)WC>=3 694�>AO)BP;A698*eF3Vi*8HB5i*L @C>Q]*6<;A6FR*35J7XzWF8HB5i*L
függ :9E � ]HL �h35Xz]7:9;A6FB5YPD D76FJHG RH:F8*LP69;A69B5Y5D � [16] Xs:9J7e9@FL5NHOFD76 XZ3PE*R 6 >�]7:<e)3S`�3V87WFe93PiU>�p
XZ3PE*R 6 ]*;�N*J7;A6<XZN*O)Wf>�3 1*3P4*WF8H6FB<�lxy3PD7:9Lz6 >AO):F8HD*:FEHeF35W9L53+> 6)LV8*6FLSXz69O)WC>�B >=OF:F8*D7:FEHe935W9LP3�>
;A:9EHR�>�O9:F;A:9E 1H6�a+B a�m*8 D7@<J7;A:?p 6<L58769LPX_69OF1H6FB5i 69O WFLSLP69]*N*B -6FL569]*| Xs:9J78*~HO):<L5Y5B5@C>�py1*NHJ7G
XZ:9J7D73VOH>=JHWFL acm*8 6FO 6FLP8*6)LVX_6FO9W?>Am*E*8 D73c>�:<L587:FR*@C>�@9B<�&0 `A:<L5176?>AO)E*W<L5iH8 >=OFWFXsW9;�6 3SEHB5:<;A6F8HBSYPD
hibakeres 8 BS:C>=O)3V8ZLS:<1 et D7@fp 1HN*J7Gz6 >=O):<8*D*:FE*e93PW9L53">h>�OFW9XsYVBSW?> >=NH;AWFEzXZ:FJ7D73PO?>=JHW9L a"W98z6FO
:9J7G*XsWf> mHBPWFEH3_W<LSL56<]*N*BPN*8 >A358*:9;A:f> D7@<J7;A:91*6ca�BSW?>AW)B ��0 R*:FBV:F;AXZ3PE73">=O)B53V8*mU> D73c>�:9LS8H:FRH@C>�E*:98
köszönhet :9E 8*~HE*E*G 6Q]H;AN*J7;�6FXzN*By|
ac;A6 @f> |�a";=6 D7@9J7;A:91*6�acB56<E73 � 69RHN7B5B 47:FXZ:<E7:FB53
`�:FLPB5@FB5:9L5:F8 Xs:FLPL5:)BVB � p 1*NHJ*G ;�@?>=OFLP:FBP:?>�:94*4*:<E XZ:)J*D*3POH>=JHWFL51H6?>�>=m*8 69L58H6)LPXs6FO9W?>=mHE*8
viselkedését2 �

0 >�O9:F8HD7:FEHe935W9L53+> 1H3P476)8H:F;A:f>�@f> :FJ7GI>AO):<; >�@<J7@FEH:F8 XZWf>�3P8 NH876?p 1*NHJ7G 6
`�:FLP1*6?>AO)E*W9L5i*EH6F8 6 1H354*6987:F;�:?>=@C>=3z`�N*L5G76<Xs69BZXz35EHR7:FE :<J7G7:C> L5@F]H@?>�@<47:9E e?>=698 :FJ7GH:FB5L5:<E
D*:FOF@F;�LP@?>=3o>�O9WFL5;AiHL�8H:9LPL�J7NHE*RHN�>=8HN*RHE*356��t0 >=O):98*D7:<E*e935WFLV3+>l]H;AN*J7;+6FXZN*8 WFLPBP6)Lh:?>�:9BPLS:9J7:C>=:9E
LP@FBP;A:91HN*O)NHB5B E76FJ*G W<L5L56<]*NHB5B5@F; 8H~*E*EHG7:FE 8H:FOF:9L517:<B 6 `+:FL5BS@<B5:)LV:?>2D76FJ*G 8Hi*R?;A@?>AO)LP:9B5;A:
:9L51H:)LPG*:FO):<B5B BP~*;�@?>=]HN*E7BPN*8 >=:FJ*YPB+>A@FJ7@9D7:9L � 691*N*L 6 1*354H698H:F;=:?> :?>=OF8*~*O9E*:98 XZ:9J 8*:9L5L
W9L5LPYPBS6FEH356 6 `�m*BPW?>=B � � 0 1*354H698H:F;=:C> :C>=O)8H~*O 3VLSG7:FE 8*YPD#�*L5; L BP~H;AB5@9E D7:FO9@F;AL5@f>�3
4*:<6FD769BP8*NHO)W?>=6lE*35E*eC>�L5NHJ7358H693f1H6)B5Wf>(>�6FLC6s>AO):F8HD7:<E*e)35W<LS3�>�>AO)WFXZY5B5W?>�D*3">�:<L58*:9R7@f>�@9;A:��

0 ]*W9;A1*mHOF69XsNU> @f> :9L5N�>=O)BPNHB5B 69L58*6<LSXZ69O
WC>=N*8 `A:�acLS:?>�O9B5@?>A@FE7:<8 aci*D76<L EH69J*G7N*4?4
8*N*Xz]HL5:��H3PBSW?>=6lX_@<Jo4*NHE*G7NHL5m*LVB56F4H47WlB5:C>=O)3f6u`A:9E*B53f1H354*6F8*:F;A:C>�@f>�3fX_:<J78*~HO):FLVY5B5@f>�B �

1.2 ���
	)2�� 6
	)6 6/& (+*-,/.-031]032-4-2
0 `+:ca":<O
:FBV47:FEz6<O ��� �#�
�
� ���A�C=-�H�����H?�I)��� >AO):F8HD7:<E*eF35W<L53�>M`�NHL5G*69Xs69B5N*8z:9J7G#�HB5B5:?>A@FEH:98

BP:F8H35E*B�a �*8�p 691*NHL 6 `+N7L5G769Xs6<B5N*8 D76FLV6FXZ3PL5G*:FE :<L5NU>=O)B5NHBPB Xs:FXzi*;A3PW)B `+:)L5BP@9BS:9LS:9O
8*N*XzXZm*EH358*W9eF35iU>TXzNHR7:FL5LPBr1*6f>�O9E*WFLPD76oB5m*RHE76<8Z:9J7G��HBPB5X 8H~*R*EH3 � qABPBI6<Ob:9L5N�>=OFB5NHB5BI8H35`A:(a":FOF@?>
6 1*69E*JI>A|*L5G7NU>�p�Xs3VD7:FL :<O):F8 6 `+N*LPG*6FXZ69B5NH8 E*:)X 69LS6)]HN*O91*6FB5EH698 6 `�35OF358H6F35LP6FJ Xs:<J7NU>�OFB5NHB5B� 8*~HOF~�>A:FE :9LS@9;A1*:<B � Xz:)XZi*;�3PWF;�6HpZD76<J7G 6<8*WF; 6 J7LPNH4*WFLP3"> iH;A6 694�>�O9B5;A698*eF3Pi�a"W9;A6 � 69Xs3
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0jO N*E -lin: Xs:FJ7`+3PJHG7:FL5@f>�3lXZ:<J78*~HO):FLVY5B5@?>=:98 Xz35EHR7:FJ7G*3P8*: 69O �*OF:9E*:9B58*~HO)D7:<B5Y5BP@C>�3
>�OF694*WFLVG7N*8H8*69LM876<]*eC>�N*LP6FB54H6FE >�OFW9XsNU>�`�:FLPBS@9B5:FLP:9O
@C>=;A:Z69LP6F]*m*L+pC6FXZ35B ;AWz87:FLPLM8H@FE*G�>=O):9;�Y5B5:9E*3
6FO :<L5N�>AO)B5NHBPB^;=:9E*R�>AO):<;A;A:Hp�8*:9O)R*DH: 69OE�*OF:FE*:<BS:F8 �rq � � ;A:FE*RH:FO9@?>�@9;A: 6 `�N*LPG769Xs6FBV]*WF;�N*8
8*~HO)~*B5Bcp�:9J7@C>=OF:FE 6FO �HO):<E7:FB5:<8 8H6Fm*OFWFL53+>l8*@9O)47:f>�YPBS@C>�@)3PJ��r0jO 35L5G*:9E `�:FLSBV:FD7@C>=:98 `AN*EHB5N�>A6F8Ip
1*NHJ*G_6w8#�HL+> X_:<J7`+35J7G7:9L 8*N*EHO)3">=OFB5:9E�>TJ7LPNH4*WFLP3+>&W9L5L56)]HN*B5NH8*69Br@9]HY5B517:f>(>�:9E@� 0 87@FOF4*:?>AY5BP@C>�3
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>=O)6<4*W9L5G7N*8 � ]HL �CD*:98HB5N*;hR*W9B5m*Xz4*@9L5G7:<J7:F8 69LP6F]
a+W9E � ;�@?>�O)LP:9B5:C> LS:<Y5;AWC>�6zBP|HL5XsmHB56FB%6 >=:FJ*@9RHL5:FB
8*:<;A:FBS:<35E@�\qABPBz:9J7G R*NHLVJ7NHB 8*:9L5L Xs:FJ�ac:FJ7G7:9OFEH3+pl62D7:F8HB5N*; RHW9B5m*Xs4H@9L5G*:FJ7:<8 BPW)XZN*JH6FB a"W98
69O)NH8*69B 6FO :C>�:FXz@FEHG78*69]7e?>=N*LP69B5N*8*69B�pd6FXZ:FL5G*:F8 4H35O)BVN�>�YPB acWF8 6 8769mHO)6FLV3SB5Wf>�B � �bN*XZ]*LV:FB5B
áttekint BS6<E*mHL5X_W<E*G*N*8o6 [13][34][46]-4H6FEoB569L5WFLP1*6FBSiH6F8^6lBS@9XsW9D76<L?8H69]*e?>=NHLS6FBV476FE@�

0bO :FLc> >=BP;A69BS@9J*356 XZ:9J7]*;�i*4*W9L^:FJ*G J7LPNH4*W9L53">z]H35L5L569E76FBV8*@F]*:FB^LS@9BP;=:F1HN*O)EH3 [7] 6)O
:9L5NU>=O)BPN*BPB\>AO)WFXZY5B5WC>h:FJ7G 8?N*EHOF3+>AO)B5:<E�>hJ7LVN*4HWFL53+>uWFLPLS69]7N*BVWF1*NHO��I0\O M XZ:9J7`�3PJ*G7:<L `+:FLS:<L >
69Ol~U>(>=OF:C>�`+N*L5G769Xs69B�LS:F8H@F;ARH:FO9@?>�@9@F;AB+p)@C>�69OFNH8*E*698^D7W<LS6?>AO)m*L�:9Lf87:9LPL�8#�7LPR*:FEH3A�H8o69O 6<8*B5m7W9LP3+>
LPN*8HWFL53c> W)L5LV6F]HN7B5N*8H6FB � LPWC>�R ���HWF4H;A6 � 6 �+� �H0 XZ:FJ7`+3PJHG7:FL :98*8HN*;vL5@9BP;A:91*NHO)OF6^6s8*NHE*O)3+>AO)BP:9E�>
J*L5NH4*WFLP3">�WFLVLS6F]HN*BPNHB�p)BS:<17W9Bf6uXsiHR�>=OF:F;&4*3PO)BPNU>�YPB ac6?pF1*N*J*G L-4*:9E_D769E^:FJ*Go|*BPD*N*E*69L+pF6FXZ3f:FOFBC6
8*N*EHOF3+>AO)B5:<E�> J7LPN*4*W9LP3+> W9L5L56F]HN*BVN*B BP6F;�BS69L5Xs69OFO)6�� M :FJ7G7XzWC>=BQ8*~HD et LP:F8*@);AR*:<O)@C>=:F3
1*6f>�OFEHWFL5176<B5i7698 6<;A;A6Hp 1*N*JHG 6 8*NHE*O93+>=O)BP:9EU> J*LPN*4HWFL53c> W<L5LS6<]*NHB5N*8 `A:�acL R7@?>A@)B
XZ:9J7]*;�i*4*W9LP1H6?>�>�6 `�:9LS@9]*YPBS:FE*3 �/��6cacE*NU> :9O 6 XsiHR�>=O
:9;y8H351*6<J7G71H6FB `�NHE*B5NU>y8*N7EHO)3+>AO)BP:9E�>
J*L5NH4*WFLP3">MWFLSLV6F]*NHB5N*8*69B�p7D76FJ7Gz698*WF;%:<LS`�N*J*6FR*1H69BS69BPLS69E*m*L�E*69J7Gz8*~*LPB+>=@9J7:o3+>ML5:<17:FB�6b`�N*LPG*B5N*EHN�>
lekérdezé>�:F8HE*:<8 8*~U>=O)~HE71*:<B :9EIpTD769LS69Xz35E*Bu1769B56FLPXs6C>j8*@?>ALS:9L5BS:<BS@?>=:F8 3+>o`A:FL5LP@F]71H:FBPEH:F8 6
megfigyelésben.

0 XZW?>AN*RH358 >�BP;�6)B5@<J7356 LS:F1H:9B D7@ B5:C>=O)3 M-E*:<8Ip 1HN*J*G `+:FLS@<]*Y5B">�: 6 B5:FL ac:H>
XZ:9J7`�3PJ7G*:9L5@?>ABZD*69JHG 69O :9LPN�>=OFB5N*BVB >=OFWFXZYPBSWC> 8*NHE*O)3c>�OFB5:FEU> `�mHBSWC>�W9B � L5Wf>�R �@�\W)4*;A6 � 4 �+� �
xy3PE*R*:<E :9J7G7:f> `�NHLPG769Xs6<B&` elel >v6FOF@F;AB+pH1HN*J7G @<;AB5:C>=Y5B">�: M-:FB�p?1*6_D76<L56)Xz35L5G*:9E ;=:FL5:<D7WFEU> 5
:C>�:9Xs@9E*Gs8*~*D*:FBP8H:FO)3V8_4H:�� M 4H:9JHG acB53r69O\~U>�>�O9:?>&3PE*`�NH;AXZWFeF3Vi7Br69O\~�>�>=O):f>&`+N*L5G769Xz6FB5B5iHL+p9@?>
4*3POFB5N�>AY5B a"6s6z8*N*EHO)3+>AO)BP:9E�> `Am*B5WC>�`�:FL5@9]*Y5B5@C>�@FB �?0bOs35LPG7:9E 8HN*E*OF3">�O9B5:FEU>�`+m*BSWf>v8*6<]7eC>�N*L5iHR*358 6
LP:F1H:)B">=@9J7:C>w|*BVD7N*EH6FL56<8 8H~7O$�*L\:9JHG71*:9O �

L-ben
� pM69Xs3u69O :9L5NU>�OFBPN*B5Bs>AO)W<XsY5BPW?>w6)8HBPmHWFL53c>�69E

8*~*DH:FB5EH3�B5mHR*N*BPB<�
xy3PEHR*:FJ*G73P8zXZ:FJ7`+3PJ*G*:FL5@f>�3�XsiHR�>=OF:9;AEH:F8zD76<E*EH6F8s:<L E7G7:F3U@C>T1*WFBP;�WFE*G*6F3U3+>(p 6FXs3VBr6

kés 4H4*35:98^`�NHL5G76FXZWFEoBPWF;AJHG76FLVm*E*8_Xs:9J@�

5 � � �.-(0J-
;
7()C# -(#&-��54()����$U.>"�C� �(+1+1 "0JA =C����� �5' 0 �
-�) +*81� 
"#�� 7(010J�(�C��+ ;�7(0*+1�"%(72#:�C���(+������(� 
C)"�
megfigyelni.
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KTJHG W<L5B56<LSWFE*NU> XZi*RU>�OF:9; 6FO :9LPNU>�OFB5NHB5B 1H354*6987:9;�:?>�@?> BSW9XZN*J*6FB5WC>=WF;=6 � >=OFW9XsN�>
szerz XZm*EH8*W(a"WF;�6 6FL569]*N7OFD76 [9][19][25][51]

� p^6 8H~*D7:9BP8*:9O 1HWF;ANHX LP@9]H@H>=4 L W9L5L �
J7L5NH4*WFLV3+> 1*:9L5G*:C>�>�@9J*3 `A:9L5B5@9B5:FL5:98 >=]H:)eF3P`�3587W9LPWH>A6Hp 6FOFNH8 � N*`+` -LP35E*: D*69JHG N*E -L535EH: �
8*35@9;ABP@987:FL5@C>=:Hp\@f> :FJ7G Xz:9J7`�:9LP:FL ;=:F6<87e935i 6<O :FL5NU>�O)BVN*B5B 1H3P4*6987:F;�:C> t Ld6 8*3S@9;�B5@987:FLP@?>
eredményét LC`<�*J*J :<E [4] �)K%J7GoB5:<L a":C>�Xs:<J7D769L5i�>AY5BPWH>AE*698oL5:F1*:9B D7@l87:9L5LfBS:9EHE*3S:HpF1*NHJ7G �

1. � >=]H:Fe)3V`A358*W9LP176C>�>�mH8 6 D73+>A:FL58H:FR*@C>�B �E� OFW9XsNU> Xz:9J78*~HO):9LPY5BP@C> D*6FE�p
1HN*JHG76FE >�]H:Fe<3S`�358HWFL a"mH8s6jLPN*8*WFLP3">&@C>tJ*L5N*4HW9L53">&W9LSLP69]HN7B5N78H;A6wD7N*EH6FBP8HN*O)iH6FEZ6
J*L5N*4HW9L53">U873 ac:)LP:9E*BS@f>�:98H:)B<�

2. � 6ZJ*L5N*4HW9L53"> 8H3 a":9LS:9EHB5@?>=:)8*:<BMRH:FB5:98*BSW<L51*6?>�>=mH8@� ��OFWFXzN�>&a"69D76?>AL569B%D769E 69O
off-LS35E*: @C>^N*E -L535E7:yJ7LVN*4*WFL53">^8*3 a+:<LS:FEHBP@?>oR*:)BP:98*B5NH;^:?>=O)8*~HOF;A:Cp%X_:FLVG7:F8 6
globáli >U873 ac:)LP:9E*BS@f>�:98oB5:9B+>�O LP:9J7:?>UBPY5]*mU>=WFBCB5W9XZNHJ76FB�a+W)8 [6][17].

3. � 6FO :<L5N�>AO)B5N*BVBz1*354H6987:9;=:?> ;A:F6<J7WFLP176C>�>=N*E@�l0bO :<LSN�>AO)B5N*BVBz1*354H698H:F;=:?>
:C>=O)8H~*O9E*:F8 :<L 8*:FLSL D7@<J7:9OFE*3V: 6 8*N*EHOF3+>AO)B5:<E�>bJ7L5NH4*W<LS3+>jWFL5LP6F]*NHB � N*`A` -L535EH:
D*6FJ*GsN*E -L535EH: � ;�:F8*NHE�>AB5;Am*8He93Pi�a+W<B�pF69Xz3f6\R*:9B5:F8HBSW9L5BrJ7L5N*4HWFLV3+>&873�a":)LV:FE7B5@C>=17:<O
BP6F;ABVN*O)358��

KTO9:F8 6 8H:9;�:FB5;A:9E*RU>=O):9;j:<LSXZ@9LS:9BP3u6FLS6<]�a+W9E*6<8 ]*;ANH4*LS@FXZWF3"pt69Xs3 Xz:FJ7`+35J7G7:<L5@C>=;A: @C>
D7:FOF@9;AL5@C>=;A:w69L5876<L5X_6f>t:9L5N�>AO
BPNHB5Br1H3P4*6987:F;�:C> BS:9e91HE*3587W98s8H35`�:�a"L5:?>AO)B5@C>=@)B�8*~HD7:FB5:<L5BS:wXZ:9J � L5R��
���)`�:ca+:<O):)B � �

4.1 � �:	 *����H(+2 .3( �]0 �+0-8/6�4-2-05. 2	�J0�
3( fikálása
KTO 6 LP@F]*@f>o69O :)LPN�>=OFBPN*BPBl]*;ANHJ*;A69X 8*Y5D7W<E*69B5N�>^@C>^E7:FXZ8*YVD7WFEH6FBPN�>ha+:9L5L5:FXzO 35E*:F8

Xs:9J71*6<B5WF;�N*OFWC>�WFD*6FL 8*:FO9R R*358Up X_:<L5G7:98 6 ]H;AN*JH;A6FX 1*:9L5G7:f>(>=@9J73 8*;A3VB5@F;A3Pm*XZ6F351HN*O
tartoznak.

0 a":9L5L5:9XsO 8*:FB�p�XZ35E*B J7LPN*4*W9LP3+>h8*3 a":FLP:FE*BP@?>�:98 �!� � ���#? �#=-�	����� ���"�\�#
 � ��� � `�:�a":9OFO$�*8
8*3+p%Xs:FLPG*:F8 boolean 8H3S`�:cac:FO)@f>�:98 8#�HL5~*EH4*~*O `A:9LPBS@9B5:FL5:<87:9BlB569;�BS6FLPXs6FO9D76 6y`�N7LPG76FXZ69BPN*8
L5N*8HWFLP3">_D*WFL5BVN*O)iH35;A6 @?>_6 8*N*XZXzm*EH358*W)e<35iU>^eC>=6)BVN*;AEHW)8 W9L5LS6<]*NHB56)3P;�6yD*N*E*6<B58HN*O)iH6FE��vnM~H4*4
szerz 8#�HLP~*EH4*~HO >=]*:9eF35`�358*W9eF35iU>dEHG7:FLPD7:98H:FBla"6FD*6?>�NHL5Bz6 J7LPN*4*W<LS3+> 8*3 ac:FLS:<E*B5@?>�:F8H1*:<O*p 6
J7L5NH4*WFLV3+> WFLPL569]HN7B5NH8*;A6 D76FJHG :C>�:<XZ@FE*G*:98H;A:Hp illet LS:<J 6<O WFLPLS69]*N*BVN*8 >AN*;ANHO)6<BSWF;A6Cp�D769J*G 6<O
:?>A:)Xs@<E*G7:98oXz35E*BSW<O)6FBPWF;A6lD*N*E*69BP8HN*O)iH6FE [6][17].

KTJHG 35LPG7:<E >=]H:FeF3P`A3P87W9eF3Vi�> E*G7:9LPD B5:F;�D*:FOF@C>�: >=N*;AW<E ac:FL5:9E7BP8H:FO LS:9J*`�NHE*B5NU>�6<474
]*;ANH4*L5@9XZW98w6l8*~HD7:9BP8*:FO k:

1. 0 EHG7:FL5D28*3V`�:cac:9O képe>�>�@FJ7:fph1*NHJ7G 6<L58H6FLPXs6?>dLS:9J7G*:FE 6 XZ:FJ*8*~*D*:9B5:9LPB
`+:)L5BV@)B5:<LS:F8 >=]H:)e<3S`�3587W<L5WC>�WF;A6Cpf6 1H:FL5G7:C>�>A@FJ7J7:9L�D76FJHG 6 1*354HWC>�1H:FLPG*O):FBV:F8*8*:FL
kapcsolatban.

2. �7O)WFXzY5BPW?>=3Z8*NHXs]*L5:��H3SB5Wf>�ph1*N*JHG 1H6FBP@98*NHE*G76FE LP:917:?>�>�:FE 35Xz]*LS:9Xs:9E*BSW<L5E*3<�
KMJ*G ;A:9E*RH8*YPD#�*L 8*3P`�:cac:FO a+:9LP~HLS@?>=;�:FE*RU>=O
:<; 3"> :9L5D*:H>=O)YVB53 6 J7G76<8*NH;AL569BP3
jelent >�@FJH@FB+pF176u6FO\} � -B5:FL�a+:?>�8H35@F;ABP@987:9LS@C>=;A:u69LS69]*m*L �

3. KMLP`ANHJ*69R*1*69B5i 8*NHXZ]H;AN*XZ3+>(>AO)m*X 6FO :FLPN�>�O9B5N*B5B ]H;AN*J7;�6FX XzN*R*:FL5L a"@FE*:<8
694�>AO)B5;�698*e)3Pi�>_>AO)35EHB a": @C>u6)Od:9L5NU>=O)BPN*BPB 1*354H6F8*:<;=:?> :C>�O98*~HO Xs:<J7`+35J*G7:9LP@C>=3
>AO)35EHB�a+:j8*~HO)~*B5B��9x 69J7G76<;Am*LI8*~*EHE*G E*:<8_8H:FLPLrLP:FEHE*35:j6\XZ:FJH`A:9LS:9LPBS:9B5@?>AE7:F8Z6
helyességhez 8H6F]7ef>�NHLPi7RHi `A:9LPBS@9BS:9LP:F8�p 69O :9LSN�>=OFBPN*BPB ]*;ANHJ7;A6<X
8HN*EHeF:F]HeF35i
a"6 � @?> XZ6FJ*6 6 ]*;ANHJ7;A6<X 8*iHR�a"6 � p D769LP6)XZ3PEHB 69O :)LPNU>�OFB5NHB5B
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hibakeres :?>AO)8*~HO WFLPBS6FL 6F8*BVm*W)LP3">�6<E XZ:<J7`�35J*G7:FLVB :<E*BP35B5W?> � ]*L � 6FO
6FL569e?>=NHE*Gd>AO)3PEHB :C>�:<Xs@9E*G7:<8oD76<J*GoJ7LPN*4*W<L53+>UW9LSLP69]*N*BPN78 � 8H~*O)~HB5B �

0bO :FLPNU>�OFBPN*B5B 1H35476<8*:F;=:C>�@?> >AN*;AW9E B5~*;�B5@9E 8*3 a":9LS:9EHB5@H> -6FL569]*| XZ:FJ78H~*O):<L5Y5BV@H>
69L58H6)LPXZ6FOFW?>=W9E76F8 LS:9J7EH6FJHG7N*4H4 6F8H6FR*W<L5G76 6 J7L5NH4*W<L53+> `�:9LSBP@FBS:<LS:F8 8*35@<;ABS@F8*:9L5@?>=@FE*:98
komplexitása.

4.2 � �:	 *����H(+2 .-( �]0 �+058)6�432 0-. .3(+451�6�45.-0 �+4-250
KMOZ6dLS@F]*@C>�`+:FL5:9L >v6 J7LVN*4*W9L53"> 8*3�a+:FLV:FE7B5@f>�:<8 R7:FBS:<8*BSWFLPW?>=WF@F;AB+pf6F87W<; N*`A` -L535E7:CpC6F8HWF;

on-L535EH: X_:<J78H~*O):9LPY5B5@f>�Bu69L58*69L5Xs69O)m*EH8��M0 J7L5N*4HWFLV3�>j8*3 ac:FLS:9EHBS@?>A:F8 W9L5B56FLPWFE*NU>j`�N7;�XsW(a"WFE*698
8*3P@9;AB5@<87:FLS@f>�: } � -EH:91H@FO ]H;AN*4HL5@FXzWFE*6F8 4*3VO)N*EHG7m*LVB [8] p�:FOF@9;AB >AO)W9XZN�> >=OF:F;�O J7L5NH4*W9LP3+>
8*3�a":FL5:9E*BS@f>�:98 Xz:FJI>AO)N*;�Y5BPNHB5B `�N*;�XsW935;A6 `�iH8*m�>AO)WFLVB�po|7JHG XZ3PEHB 8HN*E)acmHE*8*BPY5D [18][24] @?>
R*3">=O�a"mHE*8HBSYPD J7L5NH4*W<L53+> 8H3 a":9LS:9EHB5@H>A:F8@�Hkj6F47W9;v6_J7L5NH4*W<LS3+>%8*3 ac:FLS:<E*BS@C>=:F8 8*~7BP~*B5B5@_D7WFLVBS6F8�p*XZ@9J
XZ3PE*R*3PJ^1*6C>=O)EHN�>�698^6FOu:)LVN�>�O9B5N*B5Br1*35476<87:9;A:?>�@C>�>�NH;AW9E��

KMJ*GZ`AN*EHBPN�>t8#�HL5~*EH4�>=@9J7:FBIWFL5LP6F]*YVB51769BPm*EH8_XZ:FJ^6<Ol:<L5N�>AO)B5N*BVB�]*;�NHJ7;�69XZN*8s|*E�� stabil
@C> instabil BPm*LP6�a+R*NHE�>=W9J76<3�8*~HOF~*BPB � kj6b:9J7GI>�O):F;%:FJHG >=BV6F4H3PLrBVm*LS6ca�R*NHE�>�W<J_35JH6FO)O9WjDHWFLV358s:<J7G
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10 Terminológia
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végrehajtás
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Probe-effect Próba-effekt

Process Folyamat
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Tracing Nyomkövetés
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