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$QDKWDU�V|]F�NOHU��LNLOL�NDUDU�GL\DJUDPODUÕ��ORMLN�WDVDUÕP��DVDO�ELOHúHQ�
�

g=(7�
øNL� VHYL\HOL� PLQLPDO� JHUoHNOHPH\L� ROXúWXUDQ� LNL�
DGÕPGDQ� ELULQFLVL� RODQ� DVDO� ELOHúHQ� EXOPD� �SULPH�
FRPSXWDWLRQ��� LNLQFL� DGÕP� RODQ� |UW�� SUREOHPLQL�
�FRYHULQJ� SUREOHP�� GR÷UXGDQ� HWNLOHPHNWHGLU�� gUW��
SUREOHPLQGH� ROGX÷X� JLEL�� DVDO� ELOHúHQ� EXOPDGD� GD�
NÕVD� V�UHGH� D]� EHOOHN� NXOODQDUDN� o|]�P� EXOPD��
SUREOHPLQ�NDUPDúÕNOÕ÷Õ�DUWWÕNoD�|QHP�ND]DQPDNWDGÕU��
%X�oDOÕúPDGD��%RROH�IRQNVL\RQODUÕQ�DVDO�ELOHúHQOHULQL�
EXOPDN� LoLQ� øNLOL� .DUDU� 'L\DJUDPODUÕ� �%LQDU\�
'HFLVLRQ� 'LDJUDPV�� %''�� DGÕ� YHULOHQ� ELU� J|VWHULP�
úHNOLQGHQ� \DUDUODQÕOPÕúWÕU�� %''� J|VWHULPLQLQ� |WHNL�
J|VWHULPOHUGHQ� KÕ]� YH� EHOOHN� EDNÕPÕQGDQ� GDKD� L\L�
ROGX÷X�OLWHUDW�UGH�EHOLUWLOPLúWLU��
%''� LOH� %RROH� IRQNVL\RQODUÕQÕQ� DVDO� ELOHúHQOHULQLQ�
EXOXQDELOHFH÷LQL� J|VWHUPHN� LoLQ� ELU� ELOJLVD\DU�
SURJUDPÕ� �,3&3�� JHOLúWLULOPLúWLU�� øNL� VHYL\HOL�PLQLPDO�
JHUoHNOHPHQLQ� ELULQFL� DGÕPÕ� RODQ� DVDO� ELOHúHQOHUL�
EXOPDGD�� EX� oDOÕúPDGD� JHOLúWLULOPLú� RODQ� ,3&3��
SURJUDPÕ� \DUGÕPÕ\OD� %''¶GHQ� \DUDUODQÕOPDVÕ�� DVDO�
ELOHúHQ� EXOPD� SUREOHPL� NRQXVXQGD� ELU� DOWHUQDWLI�
ROPDNWDGÕU�� $VDO� ELOHúHQ� EXOPDGD� %''� NXOODQÕPÕ��
|UW��SUREOHPL�LoLQ�GH�\HQL�VHoHQHNOHU�VXQPDNWDGÕU��
�
���*ø5øù�
%LU� %RROH� IRQNVL\RQXQXQ� DVDO� ELOHúHQ� N�PHVL�� LNL�
VHYL\HOL� ORMLN� LQGLUJHPHQLQ� LNLQFL� DGÕPÕ� RODQ� |UW��
problemine girdi olarak verilir. Günümüzde birçok 
DVDO� ELOHúHQ� N�PHVL� ROXúWXUPD� DOJRULWPDODUÕ� YDUGÕU��
.DUPDúÕN�SUREOHPOHU� LoLQ��EX�DOJRULWPDODUGD�PLQLPDO�
]DPDQ�YH�EHOOHN�NXOODQÕPÕ�JHUHNOLGLU��
�
%RROH� IRQNVL\RQODUÕQ� LNLOL� NDUDU� GL\DJUDPODUÕ� �ELQDU\�
GHFLVLRQ� GLDJUDPV�� %''�� DGÕ� YHULOHQ� ELU� J|VWHULPL�
YDUGÕU�� %X� J|VWHULPGH� JHUoHNOHúWLULOHQ� WHPHO�
DOJRULWPDODUÕQ� |WHNL� J|VWHULPOHUGHQ�GDKD�KÕ]OÕ� ROGX÷X�
YH�GDKD�D]�EHOOHN�NXOODQGÕ÷Õ�ELOLQPHNWHGLU�>�@��
�
7HPHO� DOJRULWPDODUÕQ� %''¶GH� GDKD� KÕ]OÕ� oDOÕúPDVÕ�
|]HOOL÷L�� %RROH� IRQNVL\RQODUÕQ� DVDO� ELOHúHQOHULQLQ� GH�
KÕ]OÕ� EXOXQPDVÕ� LoLQ� DOWHUQDWLI� RODUDN� %''�
NXOODQÕODELOHFH÷LQL�J|VWHULU��
�
%LU� %RROH� IRQNVL\RQXQXQ� DVDO� ELOHúHQ� N�PHVL��
Shannon  kofaktörlerinin� DVDO� ELOHúHQ� N�PHOHULQGHQ�

HOGH� HGLOHELOLU� >�@�� %X� GD�� %RROH� IRQNVL\RQXQXQ�
N�SOHULQL� KHVDSODPDGDQ� DVDO� ELOHúHQ� N�PHVLQL� HOGH�
HWPHN� DQODPÕQD� JHOLU�� .�SOHULQ� KHVDSODQPDPDVÕ��
o|]�P�V�UHVLQL�NÕVDOWDELOLU��
�
%''¶GH� ELU� G�÷�P�� %RROH� IRQNVL\RQXQX� 6KDQQRQ�
DoÕQÕPÕ� Finsinden gösterir. Bu sayede BDD 
J|VWHULPLQGH� ELU� %RROH� IRQNVL\RQXQXQ� DVDO� ELOHúHQ�
N�PHVL� 6KDQQRQ� NRIDNW|UOHULQLQ� DVDO� ELOHúHQOHUL�
FLQVLQGHQ�EXOXQDELOLU��
�
%X� oDOÕúPDGD��0&1&�EHQoPDUNÕQGD� WDQÕPODQPÕú�ELU�
%RROH� IRQNVL\RQXQXQ�%''�J|VWHULPL� \DUGÕPÕ\OD�DVDO�
ELOHúHQ� N�PHVLQL� EXODQ� ELU� SURJUDP� JHOLúWLULOPLúWLU���
,3&3� �,PSOLFLW� 3ULPH� &RPSXWDWLRQ� 3URJUDP�� DGÕ�
YHULOHQ� SURJUDP�� &RXGHUW
LQ� %''
OHUGH� DVDO� ELOHúHQ�
EXODQ� DOJRULWPDVÕQÕ� NXOODQPDNWDGÕU� >�@�� 3URJUDP��
BDD gösterimi için Kopenhag Enformasyon 
Teknolojisi Enstitüsü'nde bir doktora tezinde 
JHOLúWLULOPLú� RODQ� %X''\� DGÕ� YHULOHQ� SURJUDPGDQ�
\DUDUODQPDNWDGÕU�� ,3&3�� %RROH� IRQNVL\RQXQX�0&1&�
IRUPDWÕQGD� RNXU�� %''� J|VWHULPLQH� oHYLULU� YH� %''�
J|VWHULPLQGH�DVDO�ELOHúHQ�KHVDEÕ�\DSDU��
�
%''¶GH� oDOÕúDQ� EX� DOJRULWPD�� JHUH÷LQGHQ� ID]OD� DVDO�
ELOHúHQ�EXOPDNWDGÕU��$QFDN�EXOXQDQ�N�PH�HOHPDQODUÕ�
ELUELULQL� NDSVDGÕ÷ÕQGDQ�� HOHPH� LúOHPL� VRQXFXQGD� KHU�
]DPDQ�GR÷UX�VRQXo�HOGH�HGLOPHNWHGLU��
�
,3&3�� %''¶OHULQ� DVDO� ELOHúHQ� EXOPD� NRQXVXQGD� ELU�
DOWHUQDWLI�RODELOHFH÷LQL�J|VWHUPHNWHGLU��
����%''�*g67(5ø0ø�
BDD, çevre içermeyen, köklü ��\|QO��ELU�JUDIWÕU��%''�
JUDIÕQGD� ELU� G�÷�P� %RROH� IRQNVL\RQXQX� J|VWHULU��
%''� JUDIÕQGD� KHUKDQJL� ELU� Y� G�÷�P�QGHQ� oÕNDQ�
HOHPDQ� VD\ÕVÕ� KHU� ]DPDQ� �
GLU�� .HQGLVLQH� HOHPDQ�
JHOPH\HQ� G�÷�P� N|N� G�÷�PG�U� YH� %''� JUDIÕQÕQ�
%RROH fonksiyonunu gösterir. Bir Y�G�÷�P�QGHQ�oÕNDQ�
HOHPDQODU�� G�÷�P�Q� %RROH� IRQNVL\RQXQXQ�
NRIDNW|UOHULQL�J|VWHUGL÷L�G�÷�POHUH�JLGHU��6RQ�G�÷�P��
NHQGLVLQGHQ�oÕNDQ�HOHPDQODUÕQ���YH���GH÷HUOHULQH�ED÷OÕ�
ROGX÷X�G�÷�PG�U��.|N�G�÷�PGHQ�VRQ�G�÷�PH�NDGDU�
RODQ� KHUKDQJL� ELU� \ROGDNL� G�÷�POHU�� GH÷LúNHQ�
DoÕVÕQGDQ� VÕUDOÕ\VD�%''�JUDIÕ�2%''��RUGHUHG�%''��
DGÕQÕ� DOÕU�� .HQGLVLQGHQ� GDKD� XIDN� %''� J|VWHULPL�
ROPD\DQ� %''� JUDIÕQD� 52%''� �UHGXFHG� 2%''��
GHQLU�� /LWHUDW�UGH� 52%''
\H� oR÷X� NH]� NÕVDFD� %''�
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GHQPHNWHGLU�� ùHNLO� �¶GH�� �� GH÷LúNHQOL� ELU� %RROH�
IRQNVL\RQXQXQ�%''�JUDIÕ�J|U�OPHNWHGLU��
%''
OHULQ�WHPHO�DOJRULWPDODUGD�dDUSÕPODU�7RSODPÕ�YH�
7RSODPODU� dDUSÕPÕ
\OD� ]DPDQ� NDUPDúÕNOÕ÷Õ� DoÕVÕQGDQ�
NDUúÕODúWÕUPDVÕ�7DEOR��¶GH�J|VWHULOPLúWLU��
7DEOR� � : ÇT, TÇ YH� %''¶OHUGH� NDUPDúÕNOÕN�
PHUWHEHOHUL�
$OJRULWPD� d7� 7d� %''�
<HWHUOLN� SROLQRPVDO� Üstel� /LQHHU�
7RWRORML� Üstel� 3ROLQRPVDO� 6DELW�
tümleme� Üstel� Üstel� 6DELW�
7HPHO� DOJRULWPDODUGD� %''
QLQ� �VW�QO�÷�� DoÕNoD�
görülmektedir.�
%''
OHUGH�WDQÕPODQPÕú�W�P�LúOHPOHU��NXOODQÕODQ�%''�
JUDIODUÕQ� E�\�NO�÷�� FLQVLQGHQ� SROLQRPVDO� ]DPDQGD�
JHUoHNOHúWLULOLU��
7DEOR� �� �� %''¶GHNL� WHPHO� LúOHPOHULQ� NDUPDúÕNOÕN�
PHUWHEHOHUL�

øúOHP� øIDGH� .DUPDúÕNOÕN�
øQGLUJH��UHGXFH�� ��� ����� 2��_*_��
8\JXOD��DSSO\�� *���RS!�J� 2��_*�_��_*�_��
.ÕVÕWOD��UHVWULFW�� I��[�� �D�� 2��_*_��
%LUOHúWLU� I��[�� �J�� 2��_)_��_*_��
%''
GHNL� W�P� WHPHO� LúOHPOHULQ� SROLQRPVDO� ]DPDQGD�
ROPDVÕ�� ORMLN� GHYUH� WHRULVL� LOH� LOJLOL� EHOLUOL� ELU�
DOJRULWPDQÕQ� KÕ]OÕ� ELU� úHNLOGH� \DSÕODELOPHVLQH� RODQDN�
YHUPHNWHGLU��
%''
OHUGH� GH÷LúNHQ� VÕUDODPDVÕ� JUDIÕQ� E�\�NO�÷�Q��
GR÷UXGDQ� HWNLOHPHNWHGLU�� %RROH� IRQNVL\RQODUÕQD� HQ�
X\JXQ� GH÷LúNHQ� VÕUDODPDVÕQÕ� EXOPDN� ³13�hard” 
VÕQÕIÕQGDGÕU�>�@��

���$6$/�%ø/(ù(1�$/*25ø70$6,�
Bir Boole fonksiyonunun küpleri, bilgisayar 
SURJUDPODPDVÕQD� X\JXQ� RODQ� JHQLú� oDUSÕP�
�PHWDSURGXFW�� DGÕ� YHULOHQ� ELU� J|VWHULPGH�
WDQÕPODQDELOLU�� %X� J|VWHULPGHNL� ELU� N�SWH�� YDUOÕN�
GH÷LúNHQL�R���RFFXUUHQFH�YDULDEOH��YH��LúDUHW�GH÷LúNHQL�
V���VLJQ�YDULDEOH��WDQÕPODQÕU��gUQH÷LQ���GH÷LúNHQOL�ELU�
%RROH� IRQNVL\RQXQGD� 321 [[[ � N�E�Q�Q�JHQLú�oDUSÕP�
LIDGHVL��>R��R��R�@��>V��V��V�@�� ��>�����@��>�����@��ROXU��
%LU� %RROH� IRQNVL\RQXQXQ� DVDO� ELOHúHQ� N�PHVL�$%�I���
6KDQQRQ�NRIDNW|UOHULQLQ�DVDO�ELOHúHQ�N�PHVL�FLQVLQGHQ�
LIDGH�HGLOHELOLU�>�@��'ROD\ÕVÕ\OD��%RROH�IRQNVL\RQXQXQ�
DVDO� � ELOHúen kümesi $%�I), rekürsif bir fonksiyonla, 
%''� J|VWHULPLQGH�� JHQLú� oDUSÕPODUOD� LIDGH� HGLOHELOLU�
>�@��
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%X� oDOÕúPDGD� \XNDUÕGDNL� UHN�UVLI� DOJRULWPD\D� ED]Õ�
VÕQÕU� GH÷HU� NRúXOODUÕ� X\JXODQPÕúWÕU�� +HU� UHN�UVLI�
DGÕPGD� LQFHOHQHQ� GH÷LúNHQ�� %''� JUDIÕQÕQ� N|N�
G�÷�P�QGH� WDQÕPOÕ� GH÷LOVH� UHN�UVLI� IRUP�O� EDVLWOHúLU��
%X� VÕQÕU� GH÷HU� NRúXOXQGD�� UHN�UVLI� IRUP�O�Q� ��� YH� ���
WHULPOHUL�G�úHU��%X�GD�KHVDSODPD�V�UHVLQL�YH�EHOOH÷LQL�
|QHPOL� |Oo�GH� D]DOWÕU�� gUQH÷LQ� W���� EHQoPDUNÕ� VÕQÕU�
GH÷HU�ROPDGDQ�������VDQL\HGH�o|]�O�UNHQ��VÕQÕU�GH÷HU�
NXOODQÕODUDN���VDQL\HGH�VRQXFD�XODúÕOPDNWDGÕU��
$VDO� ELOHúHQOHULQ� %''� LOH� EXOXQDELOHFH÷LQL�
J|VWHUHELOPHN� LoLQ�� EX� oDOÕúPDGD� ,3&3� DGOÕ� SURJUDP�
JHOLúWLULOPLúWLU�� 3URJUDP� %RROH� IRQNVL\RQXQX� 0&1&�
IRUPDWÕQGD�RNXU��%''�JUDIÕQD�oHYLULU�YH�%DD üstünde 
DVDO�ELOHúHQ�N�PHVLQL�ROXúWXUXU��
$VDO� ELOHúHQOHULQLQ� EXOXQPDVÕ� LVWHQHQ� Q� [� P� %RROH�
fonksiyonu, önce P�D\UÕ�%''�JUDIÕQD�G|Q�úW�U�O�U�YH�
P�JUDI�ELUELUOHUL\OH�oDUSÕODUDN����WDQH�%''�JUDIÕ�HOGH�
HGLOLU�� %''� �VW�QGH� oDUSPD� LúOHPL� SROLQRPVDO�
]DPDQGDGÕU�� (OGH� HGLOHQ� ��� %''� JUDIÕQÕQ� D\UÕ� D\UÕ�
DVDO� ELOHúHQOHUL� ROXúWXUXOXU�� *HUHNVL]� LúOHPGHQ�
NXUWXOPDN�LoLQ��%''�JUDIÕQÕQ�WRWRORML�ROXS�ROPDGÕ÷ÕQD�
EDNDQ�VÕQÕU�GH÷HU�NRúXOODUÕ�NXOODQÕOÕU��7�P�EX�LúOHPOHU�
VRQXFXQGD� HOGH� HGLOHQ� DVDO� ELOHúHQ� N�PHVLQGH�� RUWDN��
ELUELULQL� NDSVD\DQ� YH� JHUHNVL]� DVDO� ELOHúHQOHU� VÕUDOÕ�
DUDPD�\|QWHPL\OH�HOHQLU�YH�GR÷UX�VRQXo�HOGH�HGLOLU��
,3&3�� %''� �VW�QGH� LúOHP� \DSDELOPHN� LoLQ�� %X''\�
%''� \D]ÕOÕP� SDNHWLQL� NXOODQPDNWDGÕU�� %X''\��
Kopenhag Enformasyon Teknolojisi Üniversitesi'nden 
-RHUQ� /LQG�1LHOVHQ
LQ� GRNWRUD� oDOÕúPDVÕ� VÕUDVÕQGD�
JHOLúWLULOPLúWLU��
3URJUDP�� GXDO� ���� 0+]� 8OWUD63$5&�,,� 5,6&�
LúOHPFLOL� �� *%� 5$0¶OL� ELU� Lú� LVWDV\RQXQGD�
JHOLúWLULOPLúWLU��

� [�
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ùHNLO��� ( ) ������� �� [[[[[[[I += �
IRQNVL\RQXQXQ�%''�JUDIÕ�
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$VDO� ELOHúHQ� DOJRULWPDVÕQÕQ� %''
GHNL� LúOHPL��
JHUH÷LQGHQ�ID]OD�DVDO�ELOHúHQ��UHWPHNWH�YH�SURJUDP�EX�
JHUHNVL]� DVDO� ELOHúHQOHUL� HOHPHN� LoLQ� HNVWUD� ]DPDQ�
KDUFDPDNWDGÕU�� *HUHNVL]� DVDO� ELOHúHQOHU�� UHN�UVLI�
DOJRULWPDQÕQ� ��� YH� ��� oDUSÕP� WHULPLQGHNL� W�POHPH�
LúOHPLQGHQ� ND\QDNODQPDNWDGÕU�� *HUHNVL]� DVDO�
ELOHúHQOHU� ROXúWXUXOPDVÕQÕ� HQJHOOH\HQ�� %''�
J|VWHULPLQGH� oDOÕúWÕUÕODELOHQ� \|QWHPOHU� JHOLúWLULOPLúWLU�
>�@�� ,3&3�� JHUHNVL]� DVDO� ELOHúHQOHUL� HOHPHGH� %''�
J|VWHULPLQGHQ�\DUDUODQPDPDNWDGÕU��
$OJRULWPD�� VLPHWULN� IRQNVL\RQODUGD� JHUHNVL]� DVDO�
ELOHúHQ� �UHWPHPHNWH� YH� KÕ]OÕ� ELU� úHNLOGH� o|]�P��
EXOPDNWDGÕU��
���6218d�
IPCP 90 bençmarktD�WHVW�HGLOPLúWLU��%X�EHQoPDUNODUÕQ�
HQ�|QHPOLOHUL�7DEOR���YH��¶WH�YHULOPLúWLU��
%RROH� IRQNVL\RQXQXQ� DVDO� ELOHúHQ� N�PHVLQL� %''�
J|VWHULPLQGH��UHWHQ�DOJRULWPD��JHUHNVL]�DVDO�ELOHúHQOHU�
ROXúWXUPDNWDGÕU�� *HUHNVL]� DVDO� ELOHúHQOHU�� JHUoHNWH�
%RROH� IRQNVL\RQXQGD� WDQÕPOÕ� N�SW�UOHU� YH�
DOJRULWPDQÕQ� EXOGX÷X� GL÷HU� DVDO� ELOHúHQOHU� WDUDIÕQGDQ�
KHU� ]DPDQ� NDSVDQPDNWDGÕU�� *HUHNVL]� DVDO� ELOHúHQOHU�
QHGHQL\OH�� DVDO� ELOHúHQ� EXOPD� DOJRULWPDVÕ� JHUH÷LQGHQ�
ID]OD�]DPDQ�YH�EHOOHN�NXOODQDUDN�oDOÕúPDNWDGÕU��
%D]Õ� EHQoPDUNODUGD� ID]OD� N�S� RUDQÕ�� GR÷UX� VRQXoWDQ�
�����NDW�GDKD�ID]OD�ROPDNWDGÕU��%HQoPDUNODUÕQ�E�\�N�
oR÷XQOX÷XQGD�o|]�PGHQ����NDW�GDKD�ID]OD�VD\ÕGD�DVDO�
ELOHúHQ�N�PHOHU�HOGH�HGLOPHNWHGLU��

,3&3�� %RROH� IRQNVL\RQODUÕQÕQ� DVDO� ELOHúHQOHULQL�
bulmada ve örtü problemi için BDD’nin bir alternatLI�
RODELOHFH÷LQL�J|VWHUPHVL�DoÕVÕQGDQ�JHOLúWLULOPLúWLU��
.$<1$./$5�
[1] Andersen, H.R., “An Introduction to Binary 
Decision Diagrams”, Lecture Notes for 49285 
$GYDQFHG� $OJRULWKPV� (���� 'HSDUWPHQW� RI�
,QIRUPDWLRQ� 7HFKQRORJ\�� 7HFKQLFDO� 8QLYHUVLW\� RI�
'HQPDUN��������
�
[2] Coudert, O. and Madre, J.C., “Implicit and 
,QFUHPHQWDO� &RPSXWDWLRQ� RI� 3ULPHV� DQG� (VVHQWLDO�
Primes of Boolean Functions”, 29

��� 'HVLJQ�
$XWRPDWLRQ�&RQIHUHQFH��$QDKHLP��&$��86$��SS����–�
����
�
[3] Wegener, I., “Branching Programs and Binary 
'HFLVLRQ�'LDJrams”, SIAM Mon  ographs on Discrete 
0DWKHPDWLFV�DQG�$SSOLFDWLRQV���6,$0���������
�
>�@�%UD\WRQ�5�.���*�'��+DFKWHO��&�7��0F0XOOHQ��$�/��
6DQJLRYDQQL�9LQFHQWHOOL�� /RJLF� 0LQLPL]DWLRQ�
$OJRULWKPV� IRU� 9/6,� 6\QWKHVLV� �.OXZHU� $FDGHPLF�
3XEOLVKHUV��'RUGUHFKW���������
�
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6\QWKHVLV� DQG� 2SWLPL]DWLRQ�� (G�� 6DVDR�� 7��� �.OXZHU�
$FDGHPLF� 3XEOLVKHUV�� ������

�
�
7DEOR�����%D]Õ�]RU�EHQoPDUNODUÕQ�,3&3�SURJUDPÕQD�X\JXODQPDVÕ�

%P� ,�2� 10,� 13,� 513,� (13,� 7���� 7������ 7����� 6���� 6���� 6����
���  ! "��# �� �� �� $%$� �%$ $%$�  �$ #"�& &&�
'()*� #!� �$�" � �& %�+ � �& $%� ���%� & &%�& �"�$  �% + ��+
,-./� #! �#��$�  &�� % +  &�� $%$ &$%$$ ��" $ ��$ #�%"+ � %�+

EP�� bençmark�
,�2�� ,��*LULú�GH÷LúNHQ�VD\ÕVÕ��2��oÕNÕú�IRQNVL\RQ�VD\ÕVÕ�
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