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ƂƳřŵ�ƾƿŚưƳŻŚŝ��ŚưƳƿƂƳřŵ�Ƃ�����

�Źŵ�ƶƯřŵřƴĪţ�ǀĨ��Źŵ�ƂƳřŵ�ƱŵźĩŶĩ�Źŵ�ƞƬŤŴƯ�įŚƷƿſ�ĨǀŦŰŝ�ŵŹƺƯ�řŹ�ƵźŞų�ƮŤƀ�İƯŹřźƣ��Ʒŵǀ�Ʈ���
�ƂƳřŵ�ƶŗřŹř� ƂƳřŵ�Ʊŵźĩ�Ŷĩ��

��

ƶƯŚƳźŝ�šƹŚƠţ�ſ�Śŝ�ƩƹřŶŤƯ�įŚƷǀƮŤƀ�ŵ�Żř�ƵźŞų�įŚƷƿƂƳřŵ�Ŷ��
o ƶƯŚƳźŝ�Ƶŵřŵ�įƹŹ�ƩƹřŶŤƯ�įŚƷ��ƭŚŬƳř�ƁŻřŵźě�ƪưƗ�ŚƷİƯ��ŶƴƷŵ�ƁŻřŵźě�řŹ�ŚƷ�Ƶŵřŵ�İƯ�Ŷƴƴĩ���
o ſǀƮŤƀ�Ɨ�ƂƳřŵ�įƹŹ�ƵźŞų�įŚƷưƭŚŬƳř�Ɓřŵźě�ƪ�İƯ��ŶƴƷŵ��İƯ�ƁŻřŵźě�řŹ�ƂƳřŵ��Ŷƴƴĩ���

��

ǇŵƿŚưƳ�ƪƿſ�Źŵ�ƂƳřŵ�ƂǀƮŤƀ�ƵźŞų�įŚƷ��
æ� ſ�ƶŤſƺěǀŚưƳ�Żř�İƇŚų�ƁƹŹ�įřźŝ�ƶĩ�ŶƳƺƃ�İƯ�İůřźƏ�įŹƺƏ�ƵźŞų�įŚƷ�ƮŤƀƿ�ƂƳřŵ�Ƃ�ŶƗřƺƣ�ƪŨƯƿ�ŶƴŞſŚƴƯ�ƢƐƴƯ�Ś� 

ç� �ƶŗřŹř�ƁƹŹřŹŚĩ�ƹ�ƶƘſƺţ���ŢƗźſ�įƹŹ�źŝ�ƂƳřŵƿſ�įŹřŶƸĮƳ�ƹ�İǀŢſř�źŧƺƯ�ƮŤƀ���
��

Domain Expert ��ƹ�ƵźŞų�ŵźƟ�ƶŝ�ƵŹŚƃř���ŵŹřŵ�ƾƳŚƀƳř�ƆƈŴŤƯ�ƽř�ƶƳƺĭ�ƶŝ�řŹ�ƶƫŚƀƯ�Ĩƿ�ŶƳřƺţ�ƾƯ�ƶĩ�ƽŵźƟ�ƾƴƘƿ��Ʊō�ƶŝ�ŹŵŚƣ�ƱřźĮƿŵ�ƶĩ�ŶƿŚưƳ�ƪů
�ŶƴŤƀǀƳ���Żř�ŹƺƔƴƯDomainŨƯ�ŶƃŚŝ�ƶŤƃřŵ�ƾƇŚų�ƵŵƹŶŰƯ�Ĩƿ�ƶĩ�Ţſř�Ʋƿř��ƪƦǀƳŚƨƯƹ�ƾĪƃżě���ƾſŶƴƸƯ��������

��
= Expert � Non Expert = knowledge_ Expert _��

��

ƶŤƨƳ���šƹŚƠţExpert �ƹ�Non Expert ��Źŵ�Ţſř�ƂƳřŵ��šŹŚŞƗ�ƶŝ�źĮƿŵ��šƹŚƠţ�Ţſř�ƂƳřŵ�ƲŤƃřŵ�Źŵ�ŚƸƴţ�ƽŵŚƗ�ŵźƟ�Ĩƿ�ƹ�ƵźŞų�ŵźƟ�Ĩƿ����
��

Ƃſźě�����Ţƀǀģ�ƂƳřŵ��
ƵŹŚƃř�ƾƿŚƳřŵ�ƹ�ƮƸƟ�ƶŝ�ƂƳřŵ�ƾƯ��Ŷƴĩ��řƾƠƀƬƟ�źƔƳ�Ż�ƾƯ�ƶưƷ�ƶĩ�Ţſř�ƾƯƺƸƠƯ�ƂƳřŵ��ǀƳ�Ʊō�ƞƿźƘţ�ƶŝ�ŹŵŚƣ�ƾƫƹ�ŶƴƳřŵŶƴŤƀ���

Ţſř�źŤƄǀŝ�ƾƿŚƳřƺţ�ŶƃŚŝ�źŤƄǀŝ�ƂƳřŵ�ƶģźƷ�ƶĩ�Ţſř�Ʋƿř�Ţſř�ŮƋřƹ�ƶĩ�ƽżǀģ��
Knowledge is Power 

ΧϪ �ฬ Χ�ଽ�ΧϪ �ฬ Ϫর র   
�Ţſř�ƽźŤƄǀŝ�ƂƳřŵ�ƽřŹřŵ��źţ�ƽƺƣ�ƵźŞų�ƮŤƀǀſ�ƹ���

ƂƳřŵ�ƶŝ�ƶūƺţ�Śŝ�ř�ƞƿźƘţ�Ĩƿ��Ţſř�źƿŻ�šŹƺƇ�ƶŝ�ƵźŞų�ƮŤƀǀſ�Ż���
Expert System = knowledge + Reasoning��

�ƵźŞų�ƮŤƀƀǀſ� �ƂƳřŵ��ƩǇŶŤſř��
��

�Ʀƿ�ƶƧ�ŹƺƐƳŚưƷƶƯŚƳźŝ�ƮŤƿŹƺĮƫř�Żř�ƾŞǀĩźţ���ŚƷ�Ƶŵřŵ�ƱŚưŤųŚſ�ƹƷ�ŢſŚ���
Program = Data structure + Algorithms��
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ƂƳřŵ�ƾŞţřźƯ�ƶƬƀƬſ�ƭźƷ��
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��

ƪƨƃê�æ��ƂƳřŵ�ƭźƷ��

��
o ŵŹřŵ�Źřźƣ�ŢưĪů�ƹ�ƂƳřŵ�žĜſ�ƹ�šŚƗǈƏř�ƱōŻř�ŶƘŝ�ƹ�Ƶŵřŵ�žĜſ�ŵŹřŵ�Źřźƣ�żƿƺƳ�ŮƐſ�Ʋƿźţ�ƲǀƿŚě�Źŵ���
o Ƶŵřŵ�Ţưƀƣ�ƹ�Ţſř�ƵŶƃ�ħŚě�ƽŚƷżƿƺƳ����ƽŚƷŶǀƠƯźǀƛŶƃ�ƝŸů�Ƶ�ŶƳř���
o Ƶŵřŵ�ƾƴƘƿ�šŚƗǈƏř�ƁŻřŵźě�ƶĩ�Ţſř�ƾƿŚƷ�Ţſř�ƵŶƃ����
o ƁŻřŵźě�ƶĩ�ƾţŚƗǈƏř�ƾƴƘƿ�ƂƳřŵ�Ţſř�ƵŶƃ��
o ŢưĪů�ŵźų��ƾĭŶƳŻ�ƶŝ�ƹ�ŵŹřŵ�ƁŻŹř�ƹ�ƝŶƷ�ƶĩ�Ţſř�ƾƄƳřŵ���Ʊō�ƶƠƀƬƟ�ƹŢſř�ƍƺŝźƯ���

��

ƶŤƨƳ���Ƶŵřŵ�źĭř�����ƽř����Ţſř�żƿƺƳ�ŶƃŚŝ�ƶŤƃřŶƳ�ƾƯƺƸƠƯ�ĢǀƷ��ƪŞưſ�Ʋƿř�ƮǀƳřŶŝ�źĭř�ŚƯř�Ƶŵřŵ�Ţſř�ƽŹƺƔƴƯ�ƶģ�ƽřźŝ�ŚƷŵŚưƳ�ƹ�ŚƷ��ƾºƯ���ŶºƃŚŝ������źºĭř�ƩŚºŨƯ�ŹƺºƏ�ƶºŝ
ŢſŚƴƃōŚƳ�Śưƃ�ƽřźŝ�ƶĩ�ŶƿƺĮŝ�ƲŴſ�ƾƳŚŝŻ�ƶŝ�ƾƈŴƃ�ƴŴſ�śƺƀŰƯ�żƿƺƳ�Śưƃ�ƽřźŝ�ƆŴƃ�Ʊō�ƱŚ�ƾƯ��ŵŹřŶƳ�Śưƃ�ƽřźŝ�ƾƯƺƸƠƯ�ĢǀƷ�Ʊƺģŵƺƃ� 

��
�żƿƺƳ��Ƶŵřŵ��ŵŹřŶƳ�ƾƯƺƸƠƯ�ĢǀƷ�ƶĩ�ƽř���
�Ƶŵřŵ��ƾƯ�ƪƣřŶů�ƾƯ�ƵŵŚƠŤſř�ƽŹƺƔƴƯ�ƶģ�ƽřźŝ�ƮǀƳřŵ�ŵƺƃ����
�ƂƳřŵ��Ţſř�ƅŚų�ƕƺƋƺƯ�Ĩƿ�Źŵ�ƮƸƟ���

��
ƩŚŨƯ���

�����ƶŤƃŹ�Ĩƿ�Ŷǀƴĩ�ƉźƟçé���������ĪƄţ�Ţſř�ƲĪưƯ�ƽżǀģ�źƷ�Żř�ƶĩ�ƮƿŹřŵ�ƽŵŶƗ���ŶƃŚŝ�ƵŶƃ�ƪǀ������ƾºƫƹ��Ţºſř�żƿƺºƳ�ŵƺƃ�ƾƯ�ƵŵŚƠŤſř�ŹƺƔƴƯ�ƶģ�ƶŝ�ƶŤƃŹ�Ʋƿř�ƮǀƳřŶƳ�źĭř
�ƹ�ƵźưƳ���Ţưǀƣ�ƱŚǀŝ�ƽřźŝ�ƮǀƳřŶŝ�źĭř�����Ţſř�Ƶŵřŵ���ŵƺƃ�ƵŵŚƠŤſř���

�����������ƮƿŹřŵ�ŻŚǀƳ�ƮŤƿŹƺĮƫř�ƶŝ�Ʈǀſźŝ�šŚƗǈƏř�ƶŝ�Ƶŵřŵ�Żř�ƶĩ�Ʋƿř�ƽřźŝ�����ƾƯ�šŹƺƇ�ƮŤƿŹƺĮƫř�Ĩƿ�Ǝſƺţ�šŚƗǈƏř�ƶŝ�Ƶŵřŵ�ƪƿŶŞţ�žě�ŵźǀĭ���ƶŤƃŹ�źĭř�ǈŨƯçé��ƽŵŶºƗ�
�řŹí�Śţ�í�źƷ�ƮǀƴĩřŶū��Śţ�íƾƯ�ƹ�Ţſř�ƾĪſř�Ŷĩ�Ĩƿ�źĮƳŚƿŚưƳ�źŤĩřŹŚĩ���ƮǀƳřŵźĭźŝ�ƾĪſř�Ŷĩ�ƶŝ�ƮǀƳřƺţ���

ŢưĪů 

ƂƳřŵ 

�šŚƗǈƏř 

��Ƶŵřŵ 

żƿƺƳ 

�İƴƟ 

�İƠƀƬƟ 
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ǀƴĩŹƺƈţ�ŚƿŶ�ƶŝ�ŵŶƗ�Ʋƿř�Gold + ŶƃŚŝ�ƾƯ�ƕǈƏř�Ĩƿ�ŵƺų�ƶĩ�ŵƺƃ�ƪƿŶŞţ���ƗǈƏř�ƶŝ�Ƶŵřŵ�ƩŶŞƯ�ƮŤƿŹƺĮƫř�žěšŚ�Ţºſř����ƶºĩGold + ���ƂƿřżºƟř�źĮƳŚºƿŚưƳ�
��ŝ�ǈƏ�Ţưǀƣ��ŶƃŚ��������ƵŵŚƠŤſř�ƾƿŚū�Źŵ�ƕǈƏř�Ʋƿř�Żř�źĭř�����ǈŨƯ�ŵƺƃ�ƾƯ�ƂƳřŵ�ƶŝ�ƪƿŶŞţ�ŵƺƃ��ŵƺƃ�ƽŹřŶƿźų�ǈƏ�žě�Ţſř�ƂƿřżƟř�ƩŚů�Źŵ�ǈƏ�Ţưǀƣ�Ʊƺģ����Ĩºƿ

Ţſř�Ƶŵźĩ�ŵŚŬƿř�řŹ�ƂƳřŵ���
�šŚƗǈƏř�ƽźǀĭ�ŹŚĩ�ƶŝ�ƂƳřŵŢſř��

�ƂƳřŵ�ơƺƟmeta Knowledge ���Ţſř�ƶŝźŬţ�ƹ�ƂƳřŵ�Żř�ƵŵŚƠŤſř�İĮƳƺĮģ�ƂƳřŵ����
��

ƶŤƨƳ��ƣƪŝŚ�ƶūƺţ�ƯŚưţ�ƶĩ�ŢſřƾƞƿŹŚƘţ�Ʋƿř��ƂƳřŵ�ƾƐǀŰƯ�Źŵ�ƶĩ�ƽżǀģ�Ţſř�ƲĪưƯ�ǈŨƯ�ŶƴŤƀƷ�ƾŞƀƳ��ƶŤƟźĭźƔƳŹŵ��ƾƯ�Ƶŵřŵ�źĮƿŵ�ƎǀŰƯ�Źŵ�ŵƺƃ��ŶƃŚŝ���
��
��

Ʋƿźưţ���ƪƨƃê�çŶǀƴƧ�źǀƀƠţ�řŹ����
��

��
ƪƨƃê�ç���ƪƿŶŞţ�ŶƳƹŹ�Śţ�Ƶŵřŵ�Żřźųŵ��

��
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�ƂƳřŵ�ƾƿŚưƳŻŚŝ��
���������������ƵŚĮƿŚě�Źŵ�ƂƳřŵ�Ʊŵźĩ�Ŷĩ�ƽřźŝ�ƶĩ�Ţſř�ƾƿŚƸƃƹŹ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�Śƿ�ƂƳřŵ�ƂƿŚưƳ�����ŵƺƃ�ƾƯ�ƵŵŚƠŤſř�ƵźŞų�ƮŤƀǀſ�ƂƳřŵ�������Żř�ƂƳřŵ�ƶĪƳō�Żř�ŶƘŝƿ��ƵźºŞų�ŵźƟ�Ĩ

�Ɓƺų�ƶƴƯřŵ�Źŵó�żĩźưŤƯ�(well-focused domain)ŶƯō�ŢſŶŝ��ŤſŚŝ�ƾ�Źŵ�ƿſ�Ĩǀŵƺƃ�Ŷĩ�ƵźŞų�ƮŤƀ��Ƴ�ƂƳřŵ�ƱŵźĩŶĩ�įřźŝǀ�Ţſř�ƂƳřŵ�įŶƴŝ�ŹŚŤųŚſ�ƶŝ�ŻŚ
ƶƳƺĭ�ƶŝ�ſ�ƶĩ�įřǀƮŤƀ��ƵźŞų�ŵźƟ�ƶŝŚƄƯ�İƃƹŹ�ƶŝ�ƶƫŚƀƯ�ƪů�ƶŝ�ŹŵŚƣ�ŶƃŚŝ���
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��
��
��

�ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƽŚƸƃƹŹ��
��
��
��
 
��

ƶŤƨƳ��ƁƹŹ�ƁƹŹ�źŝ�ƵƹǈƗ�ƽźĮƿŵ�ƽŚƷ�ŵŹřŵ�ŵƺūƹ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƽřźŝ��ǇŚŝ�ƽŚƷ���
 

ŚƤů���İŤųŚƴƃ�ƭƺƬƗ�Źŵƿ�Ƣ(fact)ħƺƬŝ��ƵŶƳŻŚſ�įŚƷ��Ţſř�ƱŚƀƳř�ƂƳřŵ�İƷŶƳŚƯŻŚſ�Źŵ���
ůƤŚƿŚƳřŵ�ƹ�ƮƸƟ�Ƣƿ�Żř�ŚƯ�İƿƹŹ�Ĩƿ�ŵřŶƿţ�ƂƳřŵ�Żř�İŞƫŚƣ�ƶĩ�Ţſř�ƶƫŚƀƯ�ŚƇƺǀ�Ţſř�İƠ���

ſ�ƹ�İƗƺƴƈƯ�ƁƺƷ�ŹŵǀŚƤů�ƵźŞų�ƮŤƀƿƘƣřƹ�ƹ�ƢǀŢ�ŚƸŞƫŚƣ�Żř�İƄŴŝ�ŚƷ�FramesƳřƺƣ�ƹ�ŚƴƘƯ�įŚƷ�ƶĪŞƃ�ƹ�ǀ�ƶŝ�ŜƬƛř�ƶĩ�Ţſř�Ʋƿ�ŵŹřŵ�ƵŹŚƃř�ƵŹřżĭ�Ĩ���
�ƵŹřżĭ���ŢſŹŵŚƳ�Śƿ�ŢſŹŵ�Ţſř�ƾţŹŚŞƗ��
�ƩŚŨƯ�����Ţſř�ƾƳřŹŚŝ�řƺƷ���ŶƃŚŝ�ŢſŹŵŚƳ�Śƿ�ŢſŹŵ�Ţſř�ƲĪưƯ�ƶĩ�Ţſř�ƵŹřżĭ�Ĩƿ��

��
ƬŨƯ�ƁƹŹŚţ�ƶſ�Ŧƾƿ�OAV����

OAV�Ʀƿ�ě�ƵŹřżĭ�ƕƺƳ�ǀĤǀ�ƶĩ�Ţſř�źţ�ƵŶƿƀƤţ�ƂŴŝ�ƶſ�ƶŝ�řŹ�šŹŚŞƗ�ĨǀİƯ�Ʈ��Ŷƴĩ���
OAVƵŹřżĭ�ƶŝ�ŵŹřŵ�ƶƠǀƓƹ����Żř�Ţſř�ƵŶƃ�ƪǀĪƄţ�ƽŶƴŝ�ƂŴŝ�Ʋƿř�ŶƷŶŝ��ƽŶƴŝ�ƂŴŝ�ŚƿŹŚŤųŚſ�Object�ƹ�Attribute ƹ��Value���żƯƿ�ŢOAVř�ƿ�ƶĩ�Ţſř�Ʋ

İƯ�įźŤưĩ�įŚƸţŹŚŞƗ�Śŝ�ŝ�ƂƳřŵ�Ʊřƺţǀ�įźŤƄƶŗřŹř��řŹ�ŵƺưƳ� 

ƶŤƨƳ��ƾĭĦƿƹ�Ĩƿ�OAVƵŹřżĭ�šƹŚƠŤƯ�ƽŚƸƄŴŝ�ŢƿźƿŶƯ�ƱŚĪƯř�ƶĩ�Ţſř�Ʋƿř��ŜŞſ�ƶĩ�ŵŹřŵ�ƾƯ�ŵƺƃ�OAVśřŸū��ƵŹřżĭ�ƾƿŚưƳŻŚŝ�Żř�źţ��ŶƃŚŝ�ƵŵŚſ�ƽř��
The ball�s color is red 

Ʈǀƴĩ�ƾƯ�ƲǀƘƯ�řŹ�ǇŚŝ�ƂŴŝ�ƶſ�ƵŹřżĭ�Ʋƿř�Źŵ�ƩŚů���
 
 

��
��

ƪƨƃê�è���ƾƿŚţ�ƶſOVA�ęƺţ�ƽřźŝ 

Ball color Red 

object Attribute Value 

Ʃƹř�ƶŞţźƯ��
ƢƐƴƯ 

�ƵŶƗŚƣƿ��ƱƺƳŚƣ�ŚRule  

 �ŚƴƘƯ�ƶĪŞƃ  Semantic Network  

ŦƬŨƯ�Śţ�ƶſƿ�İ(Object-Attribute-Value Triple)   

ƿźƟ�Ʈ�śŚƣ�  Frame   

įř�ƵŹřżĭ 
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ƿŹřŵ�ƽźĮƿŵ�ƵŹřżĭ�Źŵ�Śƿ�ƹ�Ʈ���
Chair color is brown 

 
��
 
��

��
ƪƨƃê�é���ƾƿŚţ�ƶſOVA��ƽřźŝƇƾƫŶƴ��

�ƵŹřżĭ�ŵŹƺƯŹŵIt�s rainingƮƿŹřŵ���
 
 
 
��
��

ƪƨƃê�ê���ƾƿŚţ�ƶſOVA�ƽřźŝřƺƷ�ƹ�śō���

��
�ƾĭĦƿƹ�ƲƿŶƴģ�Śŝ�ƾƃ�ĨƿObject with multiple attribute ����

�Ĩƿ�źƿŻ�ƪĪƃ�ŹŵObject�ƲƿŶƴģ�Śŝ�Attribute ƂƿŚưƳ��Ƶŵřŵ�ƵŶƃ�ƲƿŶƴģ�Ţſř�ƲĪưƯ�ƾƃ�Ĩƿ�ƶĩ�Ţſř�Ʋƿř�źĮƳŚƿŚưƳ�ƶĩ�ŢſřƾĭĦƿƹ�ŶƃŚŝ�ƶŤƃřŵ�� 

��
��
���

 
 
��

ƪƨƃê�ë���ƾƿŚţ�ƶſOVA�ŝƾĭĦƿƹ�ƲƿŶƴģ�Ś��

��
ƂƳřŵ���ƂƳřŵ�Ʋƿř�ƶŝ�ƾƯ�ƶŤƠĭ�ƾƿŚţ�ƶſ�ƾƯ�ƪƿŶŞţ�ƂŴŝ�ƶſ�ƶŝ�řźƿŻ�ŵƺƃ�ŵƺƃ�ƵŵŚſ�Ʊō�ƾƷŶƳŚƯŻŚſ�ƹ�ŢƿźƿŶƯ�ƹ�Ţſř�ƵŹřżĭ�Ĩƿ�źĮƳŚǀŝ�ƾƫƹ�Ţſř�źţ���

��
ƶŤƨƳ�æ���ĨƿObjectƾĪƿżǀƟ�ƾƯƺƸƠƯ�ŶƳřƺŤǀƯ����ƹ�ęƺţ���ƲǀƃŚƯ������ƾƗřżŤƳř�Śƿ��ƢƄƗƹ�ƾŤſƹŵ���������ŶƃŚŝ���

��

ƶŤƨƳ�ç��ValueƾƯ���ŶƃŚŝ�ƶŤƃřŵ�ŹřŶƤƯ�Ĩƿ�ŶƳřƺţ(Single value facts)�ŶƃŚŝ�ƶŤƃřŵ�ŹřŶƤƯ�Ŷƴģ�Śƿ�ƹ�(Multi Value facts)��
��
��

chair color Bown 

object Attribute Value 

weather Forecast Rain 

object Attribute Value 

Ball 

Diamete

color 

Weight 

1   foot 

Red 

1 pound 

object Attribute Value 
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Żř�Ţſř�ƾƫŚŨƯ�ŪƴſŹŚƄƟsingle value facts�Ƹƴţ�ƶƔŰƫ�źƷ�Źŵ�ƂƷŚĩ�ƩŚů�Źŵ���ŢŝŚŧ���ƂƿřżƟř�ƩŚůŹŵ�ŹřŶƤƯ�ƶſ�Żř�ƾƫƹ�ŵŹřŵ�ŹřŶƤƯ�ƶſ�ƶĩ�ŹřŶƤƯ�Ĩƿ�Ś
ƾƯ�ŵźǀĭ��źƿŵŚƤƯ�Żř�ƾĪƿ�ŚƸƴţ�ŪƴſŹŚƄƟ�ƶƔŰƫ�źƷ�Źŵ�ƾƴƘƿ�ŢŝŚŧ�Śƿ�ƹ�ƂƷŚĩ�ƩŚů�Źŵ�Śƿ�ƂƿřżƟř�ƩŚů�Źŵ�ƱŚƄƳ��ƾƯ��ŶƷŵ���Śŝ�ŢǀƇŚų�Ʋƿř�ŚƸƯźƟ�ŹŵRadio Box �ŚƷ

ƂƿŚưƳ�Ƶŵřŵ�ƾƯ�ŵƺƃ���
źĮƳŚƄƳ�ƶĩ�ŵŹřŵ�ƾƠƬŤŴƯ�šŚūŹŵ�šǈǀƈŰţ�ŮƐſ�Multi value factsţ�šŚūŹŵ�źĭř�ƩŚŨƯ�ŹƺƏ�ƶŝ�Ţſř����řźºŤĩŵ�ƹ�žƳŚƀºǀƫ�ơƺƟ���žƳŚƀǀƫ���ƮƬĜƿŵ�ƶŝ�řŹ�ƾƬǀƈŰ

�Ʈǀƴĩ�ƮǀƀƤţ���Ŷƴģ�žě�ŵŹřŵ�ƮƷ�žƳŚƀǀƫ�ƹ�ƮƬĜƿŵ�ŚưƬƀƯ�ŶƃŚŝ�žƳŚƀǀƫ�ơƺƟ�ħŹŶƯ�ƽřŹřŵ�ƾƈŴƃ�źĭřValue ƾƯ�źŝ�Źŵ�řŹ���ŵźǀĭ���Źŵ�žěMulti value facts �
�ĨƿAttribute�Ĩƿ�Żř�Ƃǀŝ�Value ŵŹřŵ����Śŝ�ŢǀƇŚų�Ʋƿř�ŚƷ�ƭźƟ�ŹŵCheck box ŚƷ�Ƶŵřŵ�ƂƿŚưƳ��ƾƯ�ŵƺƃ���

��

Ʋƿźưţ��ƁƹŹ�źŝ�ƵƹǈƗ�ŶǀƴƧ�ƢǀƤŰţ�ƁƹŹ�ƶģ��ƵŶƃ�ƾƟźƘƯ�ƾƿŚưƳŚŝ�ƽŚƷ�ŵŹřŵ�ŵƺūƹ�ƽźĮƿŵ�ƽŚƷ���
��

�ƂƳřŵ�ƕřƺƳř��
 

�ŵƺƃ�ƾƯ�ƮǀƀƤţ�ƾƳƺĭŚƳƺĭ�ƕřƺƳř�ƶŝ�ƂƳřŵ���
��

ƹŹ�ƂƳřŵƿř�ƶƽ�Procedural knowledge����
ŶƷŵ�ƾƯ�ŮǀƋƺţ�řŹ�ƶƫŚƀƯ�Ĩƿ�ƪů�ƾĮƳƺĮģ�ƶĩ�Ţſř�ƾƄƳřŵ�ƽř�ƶƿƹŹ�ƂƳřŵ�ƹ�řƺƣ�İſŹźŝ�ƶŝǀƳƫ���ŚƷ�įĦţřźŤſř���Ʋǀſƹźě�ƹ�ƝřŶƷř�ŢƀǀİƯ�ŚƷźŬ�ŵŻřŵźě���

��
Ƈƺţ�ƂƳřŵǀƠƾ�Declarative ���
ƾƠǀƇƺţ�ƂƳřŵ�ƂŴŝ�ŵŹƺƯ�Źŵ�ƶĩ�Ţſř�ƾƄƳřŵ��ƶŤųŚƴƃ�ƽŚƷ�ƵŶƃ�ŮǀƋƺţ�ƶƫŚƀƯ�ƽ�ƾƯ�ŶƷŵ�ƪƯŚƃ�ƶĩ�ƿ�ŢſŹŵ�ƁŻŹř�įřŹřŵ�įŚƸţŹŚŞƗ�įźſ�ĨƿŢſř�ŢſŹŵŚƳ�Ś����

��
�ƂƳřŵ�řźƟMeta knowledge �����

�řźƟƾƯ�ŮǀƋƺţ�řŹ�ƂƳřŵ�Żř�ƵŵŚƠŤſř�ƾĮƳƺĮģ�ƶĩ�Ţſř�ƾƄƳřŵ�ƂƳřŵ��ŶƷŵ�ř�ƿƂƳřŵ�Ʋ�İƯ�Ĩưĩ���ƪů�Źŵ�İƬŗŚƀƯ�ƶģ�ŶƴĩƿŜſŚƴƯ�ƶƫŚƀƯ�Ĩ�ŶƴŤƀƷ�źţ���
��

Ʒ�ƂƳřŵǀŤſŹƺǀ�ĨHeuristic Knowledge ����
�������ƾƯ�ƵŶǀƯŚƳ�ƾŤƄĮƳřźſ�ŶƗřƺƣ�ƾƷŚĭ�ƶĩ�ĨǀŤſŹƺǀƷ�ƂƳřŵ������ƾƯ�ŢƿřŶƷ�řŹ�ƩǇŶŤſř�ŶƴƿōźƟ�ŵƺƃ����Ŷºƴĩ�ř��ºƿ��ºŝźŬţ�ƂºƳřŵ�Ʋƶ���Ţºſř�įř��źƏ�Żř�ƵźºŞų�ŵźºƟ�ƹ�ºƿ��ƶºŝźŬţ�Ƣ

ŢſŶŝ��Ţſř�ƵŵŹƹō���
��

ŹŚŤųŚſ�ƂƳřŵƽ�Structural knowledge ���
�Ŷƴĩ�ƾƯ�ƞǀƇƺţ�řŹ�ƂƳřŵ�Ĩƿ�ŹŚŤųŚſ�Ţſř�ƾƄƳřŵ�ƽŹŚŤųŚſ�ƂƳřŵ��İƴƷŷ�İƬĩ�ƩŶƯ�ƂƳřŵ�ƕƺƳ�Ʋâř�ƿ�ŵŹƺƯ�Źŵ�ƵźŞų�ĨƿźƄţ�ƶƫŚƀƯ�Ĩƿř�ƶĩ�Ŷƴĩ�İƯ�Ůƿ�Ʋ

ƷŚƠƯ�ƪƯŚƃ�İƴƷŷ�ƩŶƯǀŻ���ƮƿƷŚƠƯ�źǀƹ�Ʈ����ſř�Ţ���
�ƩƹŶū�Źŵê�æƶƳƺưƳ���Ţſř�ƵŶƃ�ƵŵŹƹō�ƂƳřŵ�ƕřƺƳř�ƽřźŝ�ƾƿŚƷ���
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�ƩƹŶūê�æ��ƂƳřŵ�ƕřƺƳř��
Types of knowledge 

 

�Rules   ƲǀƳřƺƣ���  � 
Strategies   ŚƷ�ƽĦţřźŤſř�� 
Agendas    ƝřŶƷř�� 
Procedures   ŚƷ�ƶƿƹŹ�� 

 
Procedural��

Concepts��ƮǀƷŚƠƯ�� 
Objects��Śǀƃř�� 
Facts��ƢƿŚƤů�� 

 
Declarative��

Knowledge about the Other types of knowledge 
And how to use them 
ŵƺƃ�ƵŵŚƠŤſř�ƂƳřŵ�ƭřŶĩ�Żř�Ŷƴĩ�ƲǀƘƯ�ƶĩ�ƾƄƳřŵ 
�ŵƺƃ�ƵŵŚƠŤſř�ŚƸƳō�Żř�ƶƳƺĮģƹ� 

 
Meta��

Rules of thumb    ƾŤƄĮƳř�źſ�ŶƗřƺƣ Heuristic��
Rule sets�ŶƗřƺƣ�ƶƗƺưŬƯ�� 
Concept Relationship   ŚŞţŹřƯƺƸƠƯ�šŚƏƾ  

Concept to object Relationship    Śǀƃř�ƍŚŞţŹř�ƮǀƷŚƠƯ� 

 
Structural��

 
��

ŚƤůƿƘƐƣ�Ƣƾ�Certain Facts  ŚƤů�ƹ�ƿƛ�ƢǀƘƐƣ�źƾ�Uncertain Facts����
Ƴŵǀ���ŚƯ�ƝřźƏř�įŚƿƳŵ�Ĩǀſ�įŚǀƠſ�ƹ�ƵŚǀƳ�ŶǀƹŹ�ƹ���ŢƀƿƏř�įŚƷŵřŶź�ŢſŹŵ�ƭŚưţ�ŚƯ�ƝřƿƳ�ŢſŹŵŚƳ�ŚǀŶƴŤƀ���ƢƿŚƤů�źŤƸŝ�ħŹŵ�ƽřźŝƾƘƐƣ�źǀƛ�ƹ�ƾƘƐƣ�ƶŝ�

ƮƿŹřŵ�ŻŚǀƳ�ŢǀƘƐƣ�ŜƿźƋ�ƞƿźƘţ���
��

źƋƿƘƐƣ�Ŝǀ�ŢCertainty Factor (CF)�����
�ŶƃŚŝ�ƾƯ�ŢƤǀƤů�Ĩƿ�ƶŝ�ŢŞƀƳ�ŚƯ�ŹƹŚŝ�ƶūŹŵ�źĮƳŚǀŝ�ŢǀƘƐƣ�ŜƿźƋ��ƾĪƃżě�ƮŤƀǀſ�Źŵ�ŢǀƘƐƣ�ŜƿźƋ�ŹŚŝ�ƲǀƫƹřMYCINŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ����

�ƪĪƃê�ì�ƶŝ�ƍƺŝźƯ�CF �ƮŤƀǀſ�MYCIN ƾƯ��Ʋƿř�Źŵ�ŶƃŚŝ�ƪĪƃ�CF�Żř�ƽźƿŵŚƤƯ�æ�å���Śţ��æ�å���ŵŹřŵ���
��
��
��
��

ƪƨƃê�ì��ŢǀƘƐƣ�ŜƿźƋ��
�ŶƃŚŝ�ƾƯ�źƿŻ�źƿŵŚƤƯ�źĮƳŚƿŚưƳ�ŵřŶƗř�ŹřŵƺưƳ�Ʋƿř�Źŵ�ƶĩ���

æ�å�����������ŢſŹŵŚƳ�ǈƯŚĩå�í����������ŢſŹŵŚƳ�ŚŞƿźƤţå�ë�����ŢſŹŵ�ŚƳ�ǇŚưŤůř��
�����å�ç��Śţ�å�ç����ŢƀǀƳ�ƵŶƃ�ƶŤųŚƴƃ��
å�ë���ůř��������ŢſŹŵ�ǇŚưŤå�í�������������ŢſŹŵ�ŚŞƿźƤţæ�å����ŢſŹŵ�ǈƯŚĩ��

æ�å� å�í� å�ë� å�ç� å å�ç å�ë å�í æ�å 
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Ż�ƩŚŨƯ�Źŵƿ�ƵŹřżĭ�ƱŚưƷ�źIt is raining�Śŝ�CFŝ�ǀƯ�ƱŚƾ�ŵƺƃ����
� 

 
 
��
��

ƪƨƃê�í���ƾƿŚţ�ƶſOVA�ŢǀƘƐƣ�ŜƿźƋ�Śŝ�ƵřźưƷ��

ƱƺƳŚƣ�Rule�� 

ƵŶƃ�ƶŤųŚƴƃ�šŚƗǈƏř�ƶĩ�Ţſř�ƂƳřŵ�Żř�ƽŹŚŤųŚſ�ƱƺƳŚƣ�ƶŤųŚƴƃ�šŚƗǈƏř�ƶŝ�řŹ�ƽř�ƾƯ�ƎŞţźƯ�ƽźĮƿŵ�ƵŶƃ��ƶĩ�ŵŻŚſƾƯ��ƹ�ũŚŤƴŤſř�ŵŹƺƯ�ŹŚŤųŚſ�Ʋƿř�ŶƳřƺţ
ƶŬǀŤƳ��ŵźǀĭ�Źřźƣ�ƽźǀĭ����

�ƩŚŨƯ�ŹƺƏ�ƶŝ����
 
If the ball�s color is red 
Then I like the ball 

��

�ƭŹřŵ�Ţſƹŵ�řŹ�ęƺţ�Ʋƿř�ƲƯ�ŶƃŚŝ�żƯźƣ�ęƺţ�źĭř���
 

 
 
��
��
��
 
 
 
 
 
��
��
��
��
��
��

ƪƨƃê�î��ƫŚŨƯ�Źŵ�ũŚŤƴŤſř�ŶƳƹŹƾƵŵŚſ���
��

�ƪĪƃê�îƯ�ƱŚƄƳ�ƩŚŨƯ�Ʋƿř�Źŵ�ũŚƴŤſř�ŶƳƹŹ��ŶƷŵ�ƾ���ŶƷŵ�ƾƯ�ŲſŚě���Ţſř�ƾĮƳŹ�ƶģ�ęƺţ�Ŷſźě�ƾƯ�Ʃřƺſ�Źŵ���żƯźƣ��
�ƵŹŚưƃ�ƱƺƳŚƣ�Ŷƃ�Ƶŵřŵ�ƮŤƀǀſ�ƶŝ�żƯźƣ�ƾŤƣƹæ�řŹ�ęƺţ�ŵźǀĭ�ƾƯ�ƶŬǀŤƳ�ƹ�ŵƺƃ�ƾƯ�ƩŚƘƟ�ƲǀƿŚě�Ţưƀƣ�žĜſ�ƹ�ŵŹřŵ�ŢſƹŵřŹ�ęƺţ�ŵźǀĭ�ƾƯ�ƶŬǀŤƳ�ƹ�ŵƺƃ�ƾƯ�ƩŚƘƟ�

�Ŷƿźų�ŶƷřƺų���

weather forecast Rain 0.6 

Object Attribut Value CF 

If ball�s color is red 
Then I like the ball 

��
If I like the ball 

Then I will buy the ball 

Ball color is red 

I like the ball 

I will buy the ball 

Knowledge base 

Working Memory 

Step 3 

Step 5 

Step 2 

Step 4 

Step 1 

Q: Ball�s color ? 
A : Red 
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ƱƺƳŚƣ�ƕřƺƳř��
ƱƺƳŚƣ�ŚƷƽ�ƶƐŝřŹ�řƽ�Relationship Rules� 

IF the battery is dead 
Then the car will not start  

�Ŷƃ�ŶƷřƺŴƳ�ƲƃƹŹ�ƲǀƃŚƯ�ŶƃŚŝ�ƶŤƃřŵ�ƪĪƄƯ�ƽźƏŚŝ�źĭř���
�ŵŹřŵ�ŵƺūƹ�ƩƺƬƘƯ�ƹ�ŢƬƗ�Ʋǀŝ�ƽř�ƶƐŝřŹ�ƱƺƳŚƣ�ƕƺƳ�Ʋƿř�Źŵ���

��
ƱƺƳŚƣ�ŚƷƽƇƺţ�ǀƶ�řƽ�Recommendation Rules ���

IF the car will not start 
THEN take a cab 

��
ƲǀƃŚƯ�źĭř�ŵƺƃ�ƾưƳ�ƲƃƹŹ����Ʊżŝ�ǇŚŝ�řŹ�ƲǀƃŚƯ�šƺěŚĩ���

�ŶƴŤƀƷ�ƶǀƇƺţ�Śƿ�ŵŚƸƴƄǀě�Ĩƿ�ƽƹŚů�ƽř�ƶǀƇƺţ�ƽŚƷ�ƱƺƳŚƣ���
��
��

ƱƺƳŚƣ�ŚƷƽŹƺŤſŵ�ƽ���Directive Rules��
IF the car will not start  
AND the fuel system is ok 
THEN check out the electrical system 

��
ųƺſ�ƮŤƀǀſ�ƹ�ŵƺƃ�ƾưƳ�ƲƃƹŹ�ƲǀƃŚƯ�źĭřƲĩ�ƾſŹźŝ�řŹ�ơźŝ�ƮŤƀǀſ�ŵŹřŶƳ�ƾƬĪƄƯ�Ţ���

�ŵƺƃ�ƾƯ�ƮŤų�ƽźƯř�ƶƬưū�Ĩƿ�ƶŝ�ƲǀƳřƺƣ�Ʋƿř���
��

ƱƺƳŚƣ�ŚƷƽŵźŞƷřŹ�ƽ�Strategy Rules���
IF the car will not start 
THEN first check out the fuel system  
THEN check out the electrical system 

��
ƾưƳ�ƲƃƹŹ�ƲǀƃŚƯ�źĭř�řŹ�Ţųƺſ�ƮŤƀǀſ�řŶŤŝř�ŵƺƃ�Ʋĩ�Ĩģ�řŹ�ơźŝ�ƮŤƀǀſ�žĜſ�ƹ�Ʋĩ�Ĩģ����

�Ŷƴĩ�ƾƯ�ƱŚǀŝ�řŹ�ŹŚĩ�ƭŚŬƳř�ƪůřźƯ�ƽŵźŞƷřŹ�ƲǀƳřƺƣ���
��

ƱƺƳŚƣ�ŚƷƽŝźŬţ�ƾ�Heuristic Rules���
IF the car will not start  
AND the car is a 1957 Ford 
THEN check the float 

�ƩŚſ�ŵŹƺƟ�ƲǀƃŚƯ�ƩŶƯ�ƹ�ŵƺƃ�ƾưƳ�ƲƃƹŹ�ƲǀƃŚƯ�źĭřæîêì�Ʊō�ŹƹŚƴƃ�žě�Ţſř��Ʋĩ�Ĩģ�řŹ��
�ŵŻřŵźě�ƾƯ�ŹŚĩ�ƭŚŬƳř�ƶŝ�ƾƬŞƣ�ƽŚƷ�ƶŝźŬţ�ƽƹŹ�Żř�ƾŝźŬţ�ƲǀƳřƺƣ���
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ŽŹŶƯ��̶ έά �ϛਪ ඵෂ�� ��
çé 

 
�Żř�ƪŞƣ�źƿŻ�ƩŚŨƯ�ŹŵXƾƯ�ŦƗŚŝ�Ʊƺģ�ŵƺƃ�ƵŵŚƠŤſř�ŚƷźǀƜŤƯ�Żř�ƲǀƳřƺƣ�Źŵ�Ţſř�źŤƸŝ�ƶĩ�Ţſř�ƾƴƘƯ�ƲƿŶŝ�Ʋƿř�Ŷǀƴǀŝ�ƾƯ�Ʃřƺſ�ŢƯǈƗ���źţ�ƾƬĩ�ƹ�źţ�ƭŚƗ�ƲǀƳřƺƣ�ŵƺƃ

�ŶƳŵźĭ��
IF ?X is Employee 
AND ?X Age>65 
THEN ?X can retire  

 
Pattern Matching Rules��źǀƜŤƯ�Śŝ�ŹřŶƤƯ�ƢǀŞƐţ�ƾƴƘƿ��

��
Meta Rules���

Meta Rules�ŵƺƃ�ƵŵŚƠŤſř�ƾƳƺƳŚƣ�ƶģ�Żř�Ŷƴĩ�ƾƯ�ƱŚǀŝ�ƶĩ�Ţſř�ƾƳƺƳŚƣ�řźƟ�Śƿ�ƱƺƳŚƣ���
��

IF the car will not start  
AND the electrical System is operating normally 
THEN use rules concerning the fuel system 
 

ŝ�řŹ�Ţųƺſ�ƮŤƀǀſ�ƶŝ�ƍƺŝźƯ�ƲǀƳřƺƣ�Ŷƴĩ�ƾƯ�ŹŚĩ�ƾŤſŹŵ�ƶŝ�Ʊō�ơźŝ�ƮŤƀǀſ�ƹ�ŵƺƃ�ƾưƳ�ƲƃƹŹ�ƲǀƃŚƯ�źĭř�źŞŝ�ŹŚĩ�ƶ���
��

Black Board ��
ƵŶƃ�ƖƿŻƺţ�ƪŗŚƀƯ�ƪů��Distributed problem solving ( DPS)���

ů�ƽřźŝ�ƹ�ƶƫŚƀƯ�Ĩƿ�ŵŹƺƯ�Źŵ�ƵźŞų�ƲƿŶƴģ�ŶƃŚŝ�ŻŚǀƳ�ƾƬŗŚƀƯ�Źŵ�Ţſř�ƲĪưƯ�ƶƫŚƀƯ�Ĩƿ�ƱŵƺưƳ�ƪů�ƝŶƷ�Śŝ�ƵźŞų�ƲƿŶƴģ�źĮƿŵ�šŹŚŞƗ�ƶŝ�ƹ�ŶƴƄƿŶƴǀŝ�Ʊō�ƪ
�ŶƳŻřŵźĜŝ���ŶƴƃŚŝ�ƾƯ�ƵŶƃ�ƖƿŻƺţ�ƪŗŚƀƯ�ƕƺƳ�Żř�ƾƬŗŚƀƯ�Ʋǀƴģ���ƵŚǀſ�ƶŤŴţ�ŚƸƳō�ƽŻŚſ�ƵŵŚǀě�ƽŚƸƯżǀƳŚĪƯ�Żř�ƾĪƿ�ƹBlack Board�ŶƃŚŝ�ƾƯ���ƶƯŚƳźŝ�Żř�ƾƄŴŝ

ſƹ�ƵŚǀſ�ƶŤŴţ�Ʋƿř�ƶĩ�Ŷƴĩ�ƾƯ�ŵŚŬƿř�řŹ�ƵŚǀſ�ƶŤŴţ�ƭƺƸƠƯƶƬǀ�ƪů�ƵřŹ�ƽŹřŸĭ�ħřźŤƃř�ƽřźŝ�ƽř��ŶƃŚŝ�ƾƯ�ŚƷ���
��
��
��
��

ƪƨƃê�æå��ƵŚǀſ�ƶŤŴţ�ƭƺƸƠƯ��

��
��

ƵŵŚǀě�Źŵ�Ţſř�ƪƿŚƟ�Ĩƿ�ƂŴŝ�Ʋƿř�ƽŻŚſ�  ƮŤƀǀſ�ƶĩ�Ʋƿř�ŢƬƗ�ƶŝ�ƹ�Ţſř�ƾƴŤƯ�ƪƿŚƟ�Ĩƿ�ƩŚŨƯ�ŹƺƏ�ƶŝ�ƪů�ƵřŹ��ŶƴŤƀƷ�ƶƯŚƳźŝ�ƵźŞų�ƽŚƷ��řŹ�ƵŶƃ�ƪů�ƪŗŚƀƯ�ƽŚƷ
ƾƯ�Źřźƣ�ƪƿŚƟ�Ʋƿř�ƪųřŵ�ƿŚƟ�Ʋƿř�ƶŝ�ƵźŞų�ƽŚƷ�ƮŤƀǀſ�ƭŚưţ�ƹ�ŶƴƷŵŹ�Żř�ŻŚǀƳ�šŹƺƇ�Źŵ�ŶƴƳřƺţ�ƾƯ�ƹ�ŶƳŹřŵ�ƾſźŤſŵ�ƪŶƴƿŚưƳ�ƵŵŚƠŤſř�ƱřźĮƿŵ�ƽŚƷ�ƪů�Ƶř���ŹƺƏ�ƶŝ

ƾƯ�ƶǀƸţ�řŹ�ƲŤƯ�Ʋƿř�ƶĩ�ƾƀĩ�ƹ�ŶƃŚŝ�ƱŚŝŻ�Ŷƴģ�ƽřŹřŵ�ƲŤƯ�Ĩƿ�ƾƴƘƿ����Ţſř�ƵŶƃ�ƖƿŻƺţ�ƶƫŚƀƯ�Ĩƿ�ƶƳŚŝŻ�Ŷƴģ�ƲŤƯ�ƁŻřŵźě�Ĩƿ�ƩŚŨƯ��ƾĭźŞų�ŢƀƿŚŝ�ƾƯ�Ŷƴĩ
ƱŚŝŻ�Źŵ�řźƟř�Śƿ�ƹ�ŶƃŚŝ�ƶŤƃřŵ�ƞƬŤŴƯ�ƽŚƷ�ƂŴŝ���Ţųƺſ�ƂŴŝ���ŶƴŤƀƷ�ƵźŞų��ƪǀŞƯƺţř�Żř�ƾƄŴŝ�Źŵ�ƭřŶĩ��źƷ�Ŷƴƴĩ�ƾƯ�ŹŚĩ�ƾĪǀƳŚĪƯ�Ĩƿ�Źŵ�ƶĩ�ƾţƹŚƠŤƯ�ŵ

�ƹ�ŚƸųźģ���ŹƺţƺƯ���ĨƿźŤĪƫř�����

B.B 
Black Board 

E.S 1 

E.S 2 

E.S n 

Scheduler 
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ŽŹŶƯ��̶ έά �ϛਪ ඵෂ�� ��
çê 

ƩŚŨƯ���
ŹƺŤǀƳŚƯ�ƶƴǀƯŻ�Źŵ�ƵźŞų��� �ŶƳƺƃ�ƾƯ�ƵŶƳřƺų�řźƟ�ƪĪƄƯ�ƪů�ƽřźŝ�ƾţƹŚƠŤƯ�ƽŚƷ�ƵźŞų�śƺǀƗ�ŢųŚƴƃ�Żř�žě�ƶĩ��źţƺǀĜƯŚĩ�śŚƿ�ŜǀƗ�ƵźŞų�ƮŤƀǀſ��Źŵ�ƵźŞų���

�ƶƴǀƯŻMother Board��ƹ�����
��

ƵŶƃ�ƖƿŻƺţ�ƵźŞų�ƽŚƷ�ƮŤƀǀſ��ƾƬƇř�ƽŚƷ�ƶƠƫƺƯ���
æ� ƵźŞų�ƽŚƷ�ƮŤƀǀſ�Żř�ƽř�ƶƗƺưŬƯ�Commiunity of different Expert System  

ç� ƵŚǀſ�ƶŤŴţ�Black Board  

è� �Ŷƴŝ�ƱŚƯŻ�Schedular��
�ƄŴŝ�Ţſř�ƵźŞų�ƽŚƷ�ƮŤƀǀſ�Żř�ƽř�ƶŤǀưĩ�ƶĩ�Ʋƿř�źŝ�ƵƹǈƗ�ƵŚǀſ�ƶŤŴţ�ƮŤƀǀſ�ŚƷ�ƪů�ƵřŹ�Ʊŵřŵ�Źřźƣ�ƽřźŝ�ƾ(Black Board )  ���ƽřźŝ�żǀƳ�ŶƴŞƳŚƯŻ�Ĩƿ�ƹ�ŶƳŹřŵ�żǀƳ

�ŶƳŹřŵ�ŚƷ�ƵźŞų�ƱŚǀƯ�Źŵ�ƱŚƯŻ�Ʊŵřŵ�Źřźƣ�ŹŚǀŤųř�Źŵ�ƹ�ŵƺūƺƯ�ƱŚƯŻ�ƮǀƀƤţ��
��

ŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�Semantic Network ���
�Ƶźĭ�Żř�ƶĩ�ŶƴŤƀƷ�Ɲřźĭ�Żř�ƵŵŚƠŤſř�Śŝ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƽřźŝ�ƾƃƹŹ�Ĩƿ�ƾƿŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�ŚƸƫŚƿ�ƹ�Śǀƃř�źĮƳŚǀŝ�ŚƷ�Ƶźĭ�ƶĩ�ƽŹƺƏ�ƶŝ�Ţſř�ƵŶƃ�ƪǀĪƄţ�ŚƸƫŚƿ�ƹ�ŚƷ

ŶƃŚŝ�ƾƯ�Śǀƃř�Ʋǀŝ�ƍŚŞţŹř�źĮƳŚƄƳ� 

 
 
 
 
 
 
��
��
��
��
��
��
��
��
��
��
��
��

��
ƪƨƃê�ææ��ƵŶƳźě�ƽřźŝ�ŚƴƘƯ�ƶƨŞƃ��

Wings 

Bird 

Fly 

CANARY 

has 

Is - A 

Travel 

Node 

Object 

Object Properties 

Property Value 

Relation 

Is - A 

Has 

ƩŚƘƟř 
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ŽŹŶƯ��̶ έά �ϛਪ ඵෂ�� ��
çë 

Ţſř�ƵŶƳźě�ŵŹƺƯ�Źŵ�ƩŚŨƯ�Ʋƿř�Ţſř�ƵŶƳźě�ƕƺƳ�ƹ���ƱŶƃ�ŚŬŝŚū���ƲŤƃřŵ�ŢƠƇ�ƶſ�ƽ�řŹřŵ�Ɲřźĭ��Ʋƿř����ř�ŶƃŚŝ�ƾƯ�ƵŶƷŚƄƯ�ƪŝŚƣ�ŚŬƴƿř�Źŵ�ƶĩ�ƽř�ƶŤĪƳ�Ţſř�Ʋƿ
ŶƴŤƀƷ�ƮƸƯ�ƾƿŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�Ɲřźĭ�Źŵ�ŢƸū�ƶĩ����

o �ŵŹřŵ�ƩŚŝ�ƵŶƳźě��
o �ŵƺƃ�ƾƯ�Śū�ƶŝŚū�Żřƹźě�Śŝ�ƵŶƳźě��
o �Ţſř�ƽŹŚƴƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƵŶƳźě���

��
ƾƯ�ƶĪŞƃ�Ʋƿř��ƶſ�Żř�ƵŵŚƠŤſř�Śŝ�ƁźŤƀĭ�ƹ�Ŷƴĩ�řŶǀě�ƶƘſƺţ�ŶƳřƺţƁƹŹŵźǀĭ�ƾƯ�šŹƺƇ�����

�Żř�ƵŵŚƠŤſř�Śŝ�ŚƴƘƯ�ƶĪŞƃæ�ƅŚų����ƱŶƃ�źţç�ƭŚƗ��Ŷƃ�źţ�ƹ�Ʊè��ŶŝŚƿ�ƾƯ�ƁźŤƀƀĭ�ƶŝŚƄƯ�ƮǀƷŚƠƯ����
��

�ƩŚŨƯ��
 ��
��
��
��
��
��
��
��
��
��
��
��
��
��
��

ƪƨƃê�æç��ŚƴƘƯ�ƶƨŞƃ�ƁźŤƀĭ��

��
��

Ʃƹř�ƂŴŝ�Źŵ�æ���ƴƣ�ƾƴƘƿ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƂƿŚưƳ�ƶŝŚƄƯ�ƮǀƷŚƠƯŶƴŤƀƷ�ƵŶƳźě�ƹŵ�źƷ�ƲŗƺĮƴě�ƹ�ƽŹŚ���
�ƭƹŵ�ƂŴŝ�Źŵ�ç�����ƹ�Ţſř�ƵŶƳźě�ƕƺƳ�Ĩƿ�ƽŹŚƴƣ��ƵŶƃ�Ƶŵřŵ�ƂƿŚưƳ�ƮǀƷŚƠƯ�ƱŵƺưƳ�źţ�ƅŚųTweetyŢſŚƷ�ƽŹŚƴƣ�Żř�ƅŚŴƸƳƺưƳ�Ĩƿ����
�ƭƺſ�ƂŴŝ�Źŵ�è��řƺǀů�Żř�ƽř�ƶƳƺĭ�ƱŚĭŶƳźě�Ţſř�ƵŶƃ�Ƶŵřŵ�ƂƿŚưƳ�ƮǀƷŚƠƯ�ƱŶƃ�źţ�ƭŚƗŶƴŤƀƷ�šŚƳ���

Is -A Is-A Is -A 
Animal 

Air 

Bird 

Wings 

Canary Tweety 

Fly Penguin 

Walk 

Has Breathe 

Is-A Travel 

Travel 

2 

1 3 
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çì 

��
�ŢŧřŹƹInheritance���

�Ţſř�ŢŧřŹƹ�ŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�Źŵ�ƮƸƯ�ŹŚǀƀŝ�ƾĭĦƿƹ�Ĩƿ��Ƶźĭ�Żř�ƾŤǀƇŚųŚƿ�ƭƺƸƠƯ�ŢſŚƴƘƯ�ƲƿŶŝ�ŢŧřŹƹ�ƃ�Źŵ�ƾĭĦƿƹ�Ʋƿř��ŵƺƃ�Ƶŵźŝ�ťŹř�ƶŝ�ƽřƶĪŞ��ƶŝ�ŚƴƘƯ�ƽŚƷ
�ƶƬǀſƹIs � A ƂƿŚưƳ��Ƶŵřŵ�ƾƯ�ŵƺƃ���ƽŚƷ�ƾĭĦƿƹ�ƭŚưţ�ǇŚŝ�ƩŚŨƯ�ŹŵAnimal �řŹ�Bird �ƹ�ŵŹřŵ�Animal��ŶƴŤƀƷ�ƽŻřƺƷ�ƾţřŵƺūƺƯ�ŚƷ���

�ŵƺƄƳ�ŹřźĪţ�ŹŚŝ�ƲƿŶƴģ�ƾƯƺƸƠƯ�źƷ�ŵƺƃ�ƾƯ�ŜŞſ�ƹ�ŵƺƃ�ƾƯ�ƂƳřŵ�ƵŚĮƿŚě�ƮŬů�ƂƷŚĩ�ŦƗŚŝ�ŢŧřŹƹ���
ŤſřŹ�ƹ�ŮƐſ�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ�ǇŚŝ�ƩŚŨƯ�Źŵ�ƶĩ�Ţſř�Ʋƿř�źĮƳŚƿŚưƳ�Ʋƿř�ƹ�Ţſř�ƵŶƃ�ƪƇƹ�ƵŶƳźě�ƶŝ�ƩŚƿ�Ĩƿ�Śŝ�ƹŵ�źƷ�ƹ�Ţſř�ƾĪƿ�Ɲřźĭ�Źŵ�ƽŹŚƴƣ�ƹ�ƲŗƺĮƴě�ƽŚ

ŶƴŤƀƷ�ƶǀŞƃ�ƽŹŚƴƣ�ƹ�ƲŗƺĮƴě�Źŵ�ƮǀƷŚƠƯ�Żř�ƽŹŚǀƀŝ����
�ŵƺƃ�ƶŤƟŚƿ�ŲſŚě�Śţ�ŵźǀĭ�ƾƯ�šŹƺƇ�Ɲřźĭ�ƽƹŹ�ƾƿƺŬŤƀū�ŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�ƶŝ�ƾƿƺĮŴſŚě�Źŵ���

ŶƳŚŤſř�ŚƴƘƯ�ƽŚƷ�ƶĪŞƃ�ƾƬƇř�ƪĪƄƯƶƤǀƬſ�Ţſř�ƲĪưƯ�ƶĩ��Ţſř�Ʊō�ƾƿŚưƳŻŚŝ�ƁƹŹ�ƱŵƺŞƳ�ŵŹř��ŵƺƃ�ƪưƗ�ƽř����
ƶĪŞƃ�ƵŶƃ�ƪǀưĪţ�ƶƳƺưƳ��Žǈĩ�ƽŚƷŹřŵƺưƳ�ƱŚưƷ�ŚƴƘƯ�ƽŚƷŹŵ��UML�ŵƺŝ�ŶƷřƺų����

ƶĪŞƃ�ƁƹŹ��ƱƺĤưƷ�ƾƠǀƇƺţ�ƽŚƸƳŚŝŻ�ƶŬǀŤƳ�Źŵ�Ŷƴĩ�ƾƯ�ƞǀƇƺţ�ŵŹřŵ�ŵƺūƹ�ƶģ�źƷ�ƶĩ�Ţſř�ƾƴƘƯ�ƲƿŶŝ�Ʋƿř�Ţſř�ƾƠǀƇƺţ�ƽŚƸƃƹŹ�Ōżū�ŚƴƘƯ�ƽŚƷLisp 

,Prolog ,SQL��ƾƯ�ƾŝƺų�ƶŝ�Ŷƴĩ�Ŷĩ�řŹ�ŚƴƘƯ�ƶĪŞƃ�ŶƳřƺţ���
��

ŶƯƿźƿ�ŚƷŚƴŨŤſř�ŢException Handling���
�ƩŚŨƯ�ř�ƶĩŶƴĩ�İưƳ�Żřƹźě�İƫƹ�Ţſř�ƵŶƳźě�Ĩâ�ƲŗƺĮƴěƿƬŝŚƣ�Ʋǀ�Ǝſƺţ�Ţexception HandlingŰƈţ�ǀ�ŵƺƃ�İƯ�Ů���

�ƭƺƸƠƯ�ƶŝŚƄƯ�ƭƺƸƠƯ�ƲâřOverride �Ţſř�řźĭ�İƃ�įŚƷ�ƱŚŝŻ�Źŵ����
Override the Inherited Information 

��
��

śƺģŹŚƸģ�Śƿ�ƮƿźƟFrame ����
�ƶŝ�źĭřŚƴƘƯ�ƽŚƷ�ƶĪŞƃ��ŚƷ�ƶƿƹŹ�ƮǀƷŚƠƯ�Procedure��ŵƺƃ�ƶƟŚƋř���ŶƷŵ�ƾƯ�ƮƿźƟ�ƪǀĪƄţ�����

��
Semantic Network + Procedure = Frame 

ƽř�ƶƿƹŹ�ƮƷ�Ţſř�ƾƠǀƇƺţ�ƮƷ�ƮƿźƟ.��
źƟ�ƭƺƸƠƯƿ�ƭƺƸƠƯ�ƶŝŚƄƯ���ƮObject ���Ōƾƃ��Ţſř���

Object = Data (Properties ) + Procedure 
 
 
 
 
 
 
 
 
 
 

�ƮƿźƟ���ŶƃŚŝ�ƾƯ�Ōƾƃ�Śƿ�ƭƺƸƠƯ�ƶŝŚƄƯ�ƽř�ƶƄǀƬĩ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƽřźŝ�ƽř�Ƶŵřŵ�ƱŚưŤųŚſ�ƮƿźƟ���

�ƹ�ŚƷ�Ƶŵřŵ��
ƹƿŚƷ�İĭĦ��

��
Ɩŝřƺţ 

Object 
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çí 

Object �Ţſř�ƵźŞų�ƮŤƀǀſ�Źŵ�ƮƿźƟ�ƱŚưƷ��ŹřżƟř�ƭźƳ�ƾſŶƴƸƯ�Źŵ����
źƟ�šƹŚƠţƿƶĪŞƃ�Śŝ�Ʈ�ŚƴƘƯ�įŚƷ��źƟƿƷŚƠƯ�źŝ�ƵƹǈƗ�ŚƷ�ƮǀƮ�ſƹźě�įřŹřŵ�ǀ�ƮƷ�ŚƷźŬ�ŶƴŤƀƷ���

CRC���ƾƯ�ƂƿŚưƳ�ŚƷ�šŹŚĩ�ƹ�ŚƷ�ƭźƟ�Ǝſƺţ�řŹ�ƾƃ�ƮǀƷŚƠƯ�Żř�ƾƬǀų�ŚƷ�šŹŚĩ�Ʋƿř�ƶŝ�ƶĩ�ŶƴƷŵ�CRC�Ŷƴƿƺĭ��ĮƳŚǀŝ�źƿŻ�ƩŚŨƯƺŬƄƳřŵ�ŵŹƺƯ�Źŵ�ƾţŹŚĩ�źŢſ���
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ƪƨƃê�æè��ƭźƟ�Śƿ�šŹŚƧ�ƂƿŚưƳ��
řŹ�ŚƸƳō�šřźưƳ�ƹ�ƽŹŚū�ƭźţ�ŽƹŹŵ�ƭŚƳ�ƹ�ƺŬƄƳřŵ�ŽŹŵō�ƹ�ƭŚƳ�Ʊō�Źŵ�ƶĩ�Ţſř�ƽř�ƶƯŚƳŹŚĩ�ǇŚŝ�ƩŚŨƯ�ŶƷŵ�ƾƯ�ƂƿŚưƳ����

�śŚƣ�İƬĩ�ŹŚŤųŚſ��Źŵ�źƿŻ�ƪƨƃ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƂƿŚưƳ�ƮƿźƟ�ƾƬĩ�ŹŚŤųŚſ�Ĩƿ����
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ƪƨƃê�æé��ƮƿźƟ�ƾƬĩ�ŹŚŤųŚſ��

Report Card 

Student Name 

Address 

Course Grade 

Chemistry 

Math 

English 

*** 

Object 1 

Object 2 

Frame  Name 

Class 

Properties 
Property1 

Property2 

Value1 

Value2 

*** 

*** 

*** 

*** 
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�šŹŚĩ�Ĩƿ�ŹŵCRC �ŚƷ�ƾĭĦƿƹ�ƹ���Žǈĩ���ƮƿźƟ�ƭŚƳ�ŢƀƿŚŝ�ƾƯ�ŵƺƃ�ƵŵŹƹō�ŚƷ�ƾĭĦƿƹ�Ʊō�źƿŵŚƤƯ�ƹ��Ɵǀ�ŶƬclass �ƿƟ�ĨǀŤųř�ŶƬǀ�ƶĩ�ŶƃŚŝ�İƯ�śŚƣ�Źŵ�įŹŚ
�Ʊō�ŹřŶƤƯobj2Ƴ�ŵ�śŚƣ�ƭŚƿ�Śŝ�ƎŞţźƯ�źĮobj1�Ţſř���řƿ�ƕƺƳ�Żř�ǇƺưƘƯ�ƶƐŝřŹ�ƲIs � A �ŶƃŚŝ�İƯ����

Obj1 Is � A Obj2 

Obj1Żř�İţŚƗǈƏř��obj2�ŵźŝ�İƯ�ťŹř�ƶŝ����
��

�Žǈĩ�śŚƣ�Class Frame ���
�ƩŚŨƯ�ŹƺƏ�ƶŝCRC �Ţſř�ƵŶƳźě�Ĩƿ�ŵŹƺƯ�Źŵ�ƮƿźƟ�Ĩƿ�źƿŻ����

Źƺų�ƕƺƳ���ĬƳŹ�Ʊō�ƽŚƷ�ƾĭĦƿƹ�ƹ�Ţſř�ƵŶƳźě�ƮƿźƟ�ƭŚƳ�žě�Ţſř�ƵŶƳźě�ŢǀƫŚƘƟ�ƹ�ƾĮƴſźĭ���Żřƹźě�ŢǀƬŝŚƣ���ŚƸƫŚŝ�ŵřŶƘţ���ħř���
ř�Źŵƿƹ�ƶĩ�ŵƺƃ�İƯ�ƵŶƷŚƄƯ�ƪŗŚƀƯ�ƕƺƳ�Ʋƿƺě�ŢƫŚů�ƹŵ�ŚƷ�İĭĦƿƛ�ƹ�Śǀƺě�źƿ�Ś��ţŚŤſřǀŵ�ƹ�ĨƿƯŚƴǀ�Ĩ���ŶƳŹřŵ���

o řƿŚŤƀ���ƩŚŝ�ŵřŶƘţ���ĬƳŹ��
o ƺěƿŚ��ƫŚƘƟ�ƹ�İĮƴſźĭǀ�Ţ��
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��
��
��
��
��
��
��
��

ƪƨƃê�æê��ƮƿźƟƵŶƳźě���

 
Ź�ƶŤƟŚƿ�ƶƘſƺţ�ƮƿźƟ�Ʊƺģ��ƁƹSemantic Network �ŵŹřŵ�ŚưŤů�řŹ�ŢŧřŹƹ�ƾĭĦƿƹ�Ţſř����

��
�İŧŹř�įŚƷŹŚŤƟŹInheriting Behavior ���

���Žǈĩ�Żř�ƕƹźƃ�šŚƗǈƏř�įźŝ�ťŹř�ŹŚƴĩ�ŹŵƿƳ�řŹ�ƮƸƯ�įŚƷŹŚŤƟŹ�ŶƳřƺţ�İƯ�ƶƳƺưƳ�Ĩǀ�ŵźŞŝ�ťŹř�ƶŝ�ż��ř�įřźŝƿ�Žǈĩ�śŚƣ�Źŵ�ŹƺƔƴƯ�Ʋƿſƹźě�Ĩǀ�źŬƿ��ŶŤƯ�Ś
Śŝ�ƶĩ�İƫŚưƗřƿŶƷŵ�ƭŚŬƳř�śŚƣ�İŤƀźƘţ�ƿƺĮŝ�ƶĩ�įŶŤƯ�ǈŨƯ��ŵƺƃ�İƯ�ƞƿŚŝ�įŹŚĩ�ƶģ�ŶƃŚŝ�ƶƴſźĭ�ƵŶƳźě�źĭř�Ŷƿŵƺƃ�ƭŚŬƳř�İŤƀ� 

Frame Name 

Properties Color Unknown 

Unknown 

Unknown Activity 

Hungry 

Flies True 

No- Wings 2 

Eats Worms 
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Ƶƺūƹ�Facets � 

Facet��ŢƠĭ�Ʊřƺţ�ƾƯ�ƾƳŚǀŝ�ƶŝ�ŢſŚƷ�ƾĭżƿƹ�źƿŵŚƤƯ�ƽƹŹ�ƾƫźŤƴĩFacetŢſř�ƽŹřŸĭŶǀƣ�ƹ�ŢƿŵƹŶŰƯ�ƾƗƺƳ��ƾƯ�ƩŚŨƯ�ŹƺƏ�ƶŝ��ŪƳŹ�ƶŝ�řŹ�ƽŵŶƗ�ŹřŶƤƯ�Ʊřƺţ
ŹŵŚƣ�ŚƸƴţ�Śƿ��ŵƺưƳ��ŵƹŶŰƯ�ƅŚų�ƅŚų�ƽźƿŵŚƤƯ�ƲŤƟźƿŸě�ƶŝ�ŶƃŚŝ���

�Facet �ŵƺƃ�ƾƯ�ƮǀƀƤţ�ƕƺƳ�ƹŵ�ƶŝ����
æ� IF Needed ���ŻŚǀƳ�šŹƺƇ�Źŵ 

ç� IF change��źǀǀƜţ�šŹƺƇ�Źŵ�� 

źĭřFacet ŵźǀĮŝ�ƽŹřŶƤƯ�ƶƳƺĮģ�ƾĭĦƿƹ�Ĩƿ�ƶĩ�ŹƺƔƴƯ�Ʋƿř�ƶŝ���Ʊŵřŵ�ŹƺŤſŵ�ƽřźŝ�ŚƯ���IF Needed��Źŵ�řŹ�ƾƈŴƄƯ�šŚǀƬưƗ�ƶĩ�ŶƃŚŝ�Ʋƿř�ŹƺƔƴƯ�ƶŝźĭř�ƹ�Ţſř
�šŹƺƇŶŝŚƿ�źǀǀƜţ�Ʊō�ŹřŶƤƯ�źĭř�ŶƷŵ�ƭŚŬƳř�ƽŹŚĩ�ƶģ�Ŷƴĩ�ƲǀǀƘţ�ƾƴƘƿ���ŶƿŚưƳ�ƲǀǀƘţ�ŹřŶƤƯ�źǀǀƜţIF Change �ƵŶǀƯŚƳ��ƾƯ��ŵƺƃ���

IF Needed ��

If Tweety has less than two wings  
THEN  Tweety can�t fly 

��
�źĭř�TweetyƩŚŝ�ƹŵ�Żř�źŤưĩ�ŢƀǀƳ�Żřƹźě�ƶŝ�ŹŵŚƣ�ŶƃŚŝ�ƶŤƃřŵ����šŹƺƇ�ƶŝDefault ŵ��Źŵ�źĭř�ǇŚů�Ţſř�Żřƹźě�ƶŝ�ŹŵŚƣ�ƽř�ƵŶƳźě�źƷ�Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Ź

�ŹřŶƤƯ�Ʊō�žě�ŵŹřŵ�ƩŚŝ�ƹŵ�Żř�źŤưĩ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�ƽř�ƶƳƺưƳCan not �ŵƺƃ�ƾƯ�����ŹŵIF needed�ŚŬƴƿř�ƩŚŨƯ�ŹƺƏ�ƶŝ�ŵƺƃ�ƾƯ�ƉƺƗ�ƽŹřŶƤƯ�ƎƤƟ��Fly �ƶŝ��
Not Fly �Ŷƃ�ƪƿŶŞţ��. 

 
IF Change ���

IF self : Hungry = True 
THEN self : Activity =Eating  #self =Eats 

��
ŶƃŚŝ�ŢŞŨƯ�ƾĮƴſźĭ�ƾĭĦƿƹ�źĭř�šŹƺƇ�ŢǀƫŚƘƟ��ƶŤƟźĭ�ŵƺŝ�ŶƷřƺų�ƱŵŹƺų����ŹŵIF Change �ŢƟźĭŶƷřƺų�šŹƺƇ�ƾƇŚų�ƪưƗ�ƅŚų�ƾĭĦƿƹ�ƶŝ�ƶūƺţ�Śŝ�

ŢƟźĭ�ŶƷřƺų�šŹƺƇ�ƾƇŚų�ƪưƗ�ƾƇŚų�ƾĭĦƿƹ�ƱŶƃ�ƾƠƴƯ� Śƿ�ŢŞŨƯ�ƽřŻř� ƶŝ�ƾƴƘƿ�Self ƿƹ� Żř�ƪŞƣ�ƽŚƷ�ĦƷ�ƾĭ� ƶưƬĩ� ƶŝŚƄƯ� ŚTHISŝ� Źŵ�źƶƯŚƳ��ƾƀƿƺƳ
ŢſřźĭŌƾƃ���

��
ƢƐƴƯ�Logic���

Ţſř�ƢƐƴƯ��źţƺǀĜƯŚĩ�Źŵ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƁƹŹ�Ʋƿźţ�ƾưƿŶƣ�ƶƟźů�ƱŚůřźƏ�ŚƯř��ƾƯ�ƵŵŚƠŤſř�šŹŶƳ�ƶŝ�ƁƹŹ�Ʋƿř�Żř�ƽř�Ŷƴƴĩ���ƾƿŚưƳŻŚŝ�ŽŚſř�ƹ�ƶƿŚě�ƢƐƴƯ�ƁƹŹ
�Ţſř�ƂƳřŵ���ƩŚŨƯ�ŹƺƏ�ƶŝProlog �ƹ�Ţſř�ƢƐƴƯ�ƾƿŚưƳŻŚŝ�ƽřźŝ�ƾƳŚŝŻ��ƱŚŝŻ�ƍŚŞţŹřProlog ƶƯŚƳźŝ�ƽŚƸƳŚŝŻ�Śŝ�ƾƬŞưſř�ƱŚŝŻ�ƍŚŞţŹř�ŶƴƳŚƯ�ƵźŞų�ƮŤƀǀſ�Śŝ���ƽŻŚſ

ƲǀƿŚě�Źŵ�ƾƿŚưƳŻŚŝ�ƽŚƸƳŚŝŻ�ƭŚưţ�ƹ�Ţſř�ŮƐſ�Ʋƿźţ�ƾƯ�ƢƐƴƯ�ƶŝ��ƶƯŚƳźŝ�ƽŚƸƳŚŝŻ�ƶĩ�ƶƳƺĮƳŚưƷ�ŶƴſŹ�ƲǀƿŚě�Źŵ�ƽŻŚſ�ŮƐſ�Ʋƿźţ�ƾƯ�ƾƬŞưſř�ƶŝ���ƮǀƷŚƠƯ�ƾƴƘƿ��ŶƴſŹ
�ŵźǀĭ�ƾƯ�źŝ�Źŵ�řŹ�ƶƿŚě���

ƺƳ�ƹŵŵŹřŵ�ŵƺūƹ�ƢƐƴƯ�ƕ��
æ� ƽř�ƵŹřżĭ�ƢƐƴƯ 

ç� �Ʃƹř�ƶŞţźƯ�Śƿ�ƽŶƴƀƯ�ƢƐƴƯ 

ƵŹřżĭ�ƢƐƴƯ��ƽř��
ƹ�ŵƺƃ�ƾƯ�ƾƿŚưƳŻŚŝ�ƪŞưſ�Śƿ�ŵŚưƳ�Ĩƿ�Śŝ�ƵŹřżĭ�źƷ�ƽř�ƵŹřżĭ�ƢƐƴƯ�Źŵ�ƩƹŶū�ƾſŹźŝ�Śŝ�ƷƮƿŻřŵźě�ƾƯ�ũŚŤƴŤſř�ƶŝ�ƾŤſŹŵ�ƽŚ� 

A= The car will start��
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�ŵŚưƳ�Śŝ�ƲǀƃŚƯ�ƱŶƃ�ƲƃƹŹ�ƩŚŨƯ�Ʋƿř�Źŵ�A ř�ƵŶƃ�ƾƿŚưƳŻŚŝ��Ţſ���
�ũŚŤƴŤſř�ƽřźŝ�ŻřŶūř�ƾŤſŹŵ�Ʃƹ�ƵŵŚƠŤſřƾƯ�ŵƺƃ��ƞƐƗ�ƪưƗ�ƽřźŝ�ƾŤſŹŵ�ƩƹŶū�ƩŚŨƯ�ŹƺƏ�ƶŝ�A B �ŵƺŝ�ŶƷřƺų�źƿŻ�šŹƺƇ��ƶŝ�� 

A B��B��A 
F� �F��F��
F� �T��F��
F� �F��T��
T T T 

�ƪƈƟ�ƪưƗ�ƾŤſŹŵ�ƩƹŶū�AB�ƶŝ��ŵƺŝ�ŶƷřƺų�źƿŻ�šŹƺƇ��
A B��B��A 

F� �F��F��
T T��F��
T� �F��T��
T T T 

ƮƿŹřŵ�ƽŻŹř�ƮƷ�ƽřźŝ�ƹ�AB����
A B��B��A 

T� �F��F��
F T��F��
F� �F��T��
T T T 

�źĮƬưƗ�ƽřźŝ�ƹ�NOT �ƮƿŹřŵ����
NOT A A 

T� �F��
F T��

źĮƬưƗ�ƽřźŝ�ƹIMPLIES �ƮƿŹřŵ�ƵŚĮƳō�źĮưƗ�Śƿ����
B     ~ABĺC= A 

C��B��A 
T� �F��F��
T T��F��
F� �F��T��
T T T 

ŶƴƀƯ�śŚƀůƽ���
�śŚƀů�ƶƧ�ƽŶƴƀƯƵŹřżĭ�ƢƐƴƯ�ƶŤƟŚƿ�ƁźŤƀĭ�ƱŚĪƯř�ƂƳřŵ�Żř�ƽźţ�Ƣǀƣŵ�ƾƿŚưƳŻŚŝ�ƶĩ�Ţſř�ƽř�ƾƯ�źƿŸě�ŶƿŚưƳ��řƿŵŚƠŤſř�Śŝ�ƁƹŹ�ƲƜŤƯ�Żř�Ƶǀ�ƁŻřŵźě���Ɩŝřƺţ�ƹ�ŚƷź

Ư�ŵƺŞƸŝ�řŹ�ƂƳřŵƾ�ŶƄŴŝ���ƽŶƴƀƯ�ƢƐƴƯ�Źŵ �ŵƺƃ�ƾƯ�ƵŵŚƠŤſř�ŶƴƀƯ�ƹ�ƖŝŚţ�ƹ�źǀƜŤƯ�ƹ�ŢŝŚŧ�ƹ�ƪŞưſ�Śƿ�ŵŚưƳ�Żř. 

Żř�ƵŵŚƠŤſř�ƽřźŝ�Constant �ŵřźƟř�Ʈſř�ƪŨƯ�ƮǀƷŵ�ƾƯ�ƂƿŚưƳ�Ĩģƺĩ�Ɲƹźů�Śŝ�řŹ�ŚƸƳō����
ƽř�ƶƳƺưƳŶƴƀƯ�Żř����

like (john,mary)��
 

 Predicate řŹŚū�Ʋƿř�Źŵ�Ţſř�ƮǀƷŚƠƯ�Ʋǀŝ�ƶƐŝlike Śƿ�ŶƴƀƯ�Predicate �ƹ�Ţſř�John  , maryƽŚƷ�źŤƯřŹŚě�Predicate �ƵŶƷŚƄƯ�ƶĩ�ŹƺƐƳŚưƷ�ƹ�ŶƴŤƀƷ�
Ŷǀƴĩ�ƾƯ John  , mary�ŶƴŤƀƷ�ŢŝŚŧ�ƹŵ�źƷŶƳř�ƵŶƃ�ƕƹźƃ�Ĩģƺĩ�Ɲƹźů�Śŝ�řźƿŻ� 

ƾƯ�ƂƿŚưƳ�īŹżŝ�Ɲƹźů�Śŝ�řŹ�ŚƷ�źǀƜŤƯ��ƮǀƷŵ��
Likes(X,Y)��

�ƩŚŨƯ�Ʋƿř�Źŵlike �ŶƴŤƀƷ�źǀƜŤƯ�Ʊō�ƽŚƷ�źŤƯřŹŚě�ƹ�ŶƃŚŞǀƯ�ŶƴƀƯ�řźƿŻ�X,Y�Ƶŵřŵ�ƂƿŚưƳ�īŹżŝ�Ɲƹźů�Śŝ�řŹ��Ʈƿř���
�Ĩƿ�ƖŝŚţ�ƾūƹźųObject �ƾūƹźų�ƶĩ�ƾƫŚů�Źŵ��Ţſř�predicate �ŢſŹŵ�Śƿ�ƎƬƛ�False �Śƿ�True �ŶƃŚŝ�ƾƯ����

Father(jack) = bob 



ƂƳřŵ�ƾƿŚưƳŻŚŝƮŤƀǀſ��������������������������������������������������������������������ƵźŞų�ƽŚƷ��ƽźſƮŬƴě�������������������������Knowledge Representation 

 

ŽŹŶƯ��̶ έά �ϛਪ ඵෂ�� ��
èç 

Mother(judy) = kathy 
Śƣ�ƽř�ƵŹřżĭ�ƢƐƴƯ�Źŵ�ŵƺūƺƯ�ƽŚƷźĮƬưƗ�ƭŚưţŶƃŚŝ�ƾƯ�ƮƷ�ƽŶƴƀƯ�ƢƐƴƯ�Źŵ�ƵŵŚƠŤſř�ƪŝ���ƹ�ƪƈƟ�ƹ�ƞƐƗ���ƵŚĭ�Ʊō�źǀƔƳ�ƾƿŚƷźĮƬưƗ�ƩŚŨƯ�ŹƺƏ�ƶŝ�����ƢƐƴƯ�Źŵ

ŶƴŤƀƷ�ƵŵŚƠŤſř�ƪŝŚƣ�ƽŶƴƀƯ��Ŝǀĩźţ�Śŝ�Predicate ��Ʈǀƴĩ�ƾƿŚưƳŻŚŝ�řŹ�źţ�ƵŶǀĤǀě�ƽŚƷ�ƂƳřŵ�ŵƺŝ�ƮǀƷřƺų�ŹŵŚƣ�ŚƷ�źĮƬưƗ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ���
Likes(X,Y)   likes(Z,Y)  Implies  Not like(X,Z) 
OR 
 ~likes(X,Z)ĺLikes(X,Y)   likes(Z,Y) 

 
źĭř�X,Y�ƹ�ŶƴƃŚŝ�ƶŤƃřŵ�Ţſƹŵ�řŹ�źĮƿŶĪƿ�Z,Y�ƶĩ�ŢƟźĭ�ƶŬǀŤƳ�Ʊřƺţ�ƾưƳ�ŶƴƃŚŝ�ƶŤƃřŵ�Ţſƹŵ�řŹ�źĮƿŶĪƿ�żǀƳ�X,Z ŶƳŹřŵ�Ţſƹŵ�řŹ�źĮƿŶĪƿ�żǀƳ����
��

Źƺſ�ƹ���ƽŵƺūƹ�Źƺſ�ƭƺƸƠƯƾƯƺưƗ����
�Ʈǀƴĩ�ƾſŹźŝ�ŵŹřƺƯ�ƾƯŚưţ�Źŵ�řŹ�Ʊō�ŵƺūƹ�ƮǀƷřƺŴŝ�Śƿ��ŶƃŚŝ�Ţƃřŵ�ŵƺūƹ�ŵŹřƺƯ�ƾƯŚưţ�ƽřźŝ�ƽŵŹƺƯ�ƶĩ�Ʈƿźŝ�ƾƯ�ŹŚĩ�ƶŝ�ƾƯƺưƗ�Źƺſ�ƾŤƣƹ���ƽŵƺūƹ�Źƺſ

�Ʈǀƴĩ�ƾſŹźŝ�ƮǀƷřƺŴŝ�řŹ�ŵŹƺƯ�Ĩƿ�ƪƣřŶů�ƶĩ�ŵƹŹ�ƾƯ�ŹŚĩ�ƶŝ�ƾƳŚƯŻ���
ƶưƷ�maryŶƳŹřŵ�Ţſƹŵ�řŹ����

X  likes(X,mary)   �    
 

�ƶĩ�ŵŹřŵ�ŵƺūƹ�źƠƳ�Ĩƿ�ƪƣřŶůmary�ŶƃŚŝ�ƶŤƃřŵ�Ţſƹŵ�řŹ���
  likes(X,mary) 

��
�ƶŤƨƳ���ŹŵPrologƮǀƴĩ�ƾƯ�ƪƿŶŞţ� �ƾƯƺưƗ�Źƺſ�ƶŝ�ŢƿŵƹŶŰƯ�ƽźſ�Ĩƿ�ŵŚŬƿř�Śŝ�żǀƳ�ƽŵƺūƹ�Źƺſ�ƭƺƸƠƯ�ƽřźŝ�ƹ�ŵŹřŵ�ŵƺūƹ�ƾƯƺưƗ�Źƺſ�ŚƸƴţ����

ŹƹŚŰƯ�ƹ�ƽŹŚŤƠĭ�ƱŚŝŻ�ƪƿŶŞţ�ƶŞţźƯ�ƽřŹřŵ�ƽŹŚŤƠĭ�ƱŚŝŻ�řźƿŻ�ŢƀǀƳ�ƽř�ƵŵŚſ�ŹŚĩ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƱŚŝŻ�ƶŝ�ƽř�Ƶn ƽŶƴƀƯ�ƢƐƴƯ�ƶŞţźƯ�ƹ�Ţſř�Ʀƿ���Ţſř����
��
��

Modus Ponens��
ƾſŹźŝ�Ʊƺƴĩ�Śţ�ƶĩ�Ŷƃ�Modus PonensŶƴĩ�ƾƯ�ŵŚŬƿř�ƶǀƫƹř�ƶƫŚƀƯ�Ƶŵřŵ�Żř�řŹ�ŶƿŶū�šŚƗǈƏř��ƲŤųƺƯō�ƶĩ�Ţſř�ƾƿŚƷŵźŝŹŚĩ�Źŵ�ƾŞſŚƴƯ�ƶƴƿżĭ�ƁƹŹ�Ʋƿř��ƹ�

ŵƺƃ�ƽŹƹō�Ɩưū�ƾƟŶƷ�šŚŞŧř�ƽřźŝ�ƆŴƄƯ�ƾţŚƗǈƏř�ƶĩ�ƮƿŹřŵ�ŻŚǀƳ�ƾƿŚƷŵźŝŹŚĩ�Źŵ�ƩŚů�Ʋƿř�Śŝ�ŵŹřŵ�ŢǀưƷř�šŚƗǈƏř�Żř�šŚƗǈƏř�ŵŚŬƿř���
ƭƺƸƠƯ�Modus PonensŢſř�ŽŚǀƣ�ƱŚưƷ����

��
IF  A  is True 
AND  A→B  is True 
THEN  B   is True 
 

�źĭřA�ƹ�ŶƃŚŝ�ŢſŹŵ�A→B�ƶŬǀŤƳ�Źŵ�ŶƃŚŝ�ŢſŹŵ�żǀƳ�B Ţſř�ŢſŹŵ�ƮƷ����
��
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�Resolution ��
Resolution �ƮĪů�Śƿ�ƶǀƳŚǀŝ�ƾŤſŹŵ�ƲǀǀƘţ�ƽřźŝ�ƾƤƐƴƯ�ƽŚƷ�ƮŤƀǀſ�Źŵ�ƶĩ�Ţſř�ũŚŤƴŤſř�ƽĦţřźŤſř�Ĩƿ�(Assertion)�ŵƺƃ�ƾƯ�ƵŵŚƠŤſř��ƾƯ�Ɓǈţ�ƁƹŹ�Ʋƿř��Ŷƴĩ

�ƵŹřżĭ�ŶƴƳŚƯ�ƾƟŶƷ�Śƿ�ƽŹƺŘţ�ŚţPř�Żř�ƽř�ƶƗƺưŬƯ�Żř�ƵŵŚƠŤſř�Śŝ�řŹ�ŚưƳ�šŚŞŧř�ƶƫŚƀƯ�Śŝ�ƎŞţźƯ�ƩƺƇŶƿ���ƶĩ�Ŷƴĩ�ŢŝŚŧ�ƪưƗ�Źŵ�Ŷƴĩ�ƾƯ�ƾƘſ�Ɩƣřƹ�Źŵ~P�ƾưƳ���ŶƳřƺţ
ƾƯ�ƵŶǀƯŚƳ�ƞƬų�ƱŚƷźŝ�ƱŚưƷ�Śƿ�ƊǀƤƳ�Śŝ�šŚŞŧř�ƹŹ�Ʋƿř�Żř�ŶƃŚŝ�ŢſŹŵ�ŵƺƃ��(proof by Refutation)��ŚŬƿř�ƽ�ŶƿŶū�ƽŚƸţŹŚŞƗ�ƁƹŹ�Ʋƿř�Śŝ�šŚŞŧř�ŶƳƹŹ�Źŵ�ŵ�

�ƶĩ�ŵƺƃ�ƾƯResolventƾƯ�ƵŶǀƯŚƳ��ŵƺƃ���
��
 
 
��
��
��
 
��

�ƩŚŨƯ�Ʋƿř�Źŵ�AC�Ĩƿ�Resolvent �Ţſř��Resolvent�ƹ�ŶŝŚƿ�ƾƯ�ƶƯřŵř�ŶƳƹŹ�Ʋƿř�ƹ�ŵƺƃ�ƾƯ�ƶƟŚƋř�ŵƺūƺƯ�ƩƺƇř�ƶŝ�ƵŶƯō�ŢſŶŝ�����
��

Ƃſźě���ŵŚŬƿř�ŶƳƹŹResolvent�ƾƳŚƯŻ�ƶģ�Śţ�ŚƷ�ƶƯřŵř��ƾƯ���ŶŝŚƿ��
��

�ŶƃŚŝ�ƶŤƃřŵ�ŵƺūƹ�ƊƣŚƴţ�šřŹŚŞƗ�Źŵ�ƶĩ�ƾƳŚƯŻ�Śţ���ƹŵ�ƶĩ�ŶƷŵ�ƾƯ�űŹ�ƾƳŚƯŻ�ƊƣŚƴţŶƴƃŚŝ�źĮƿŶĪƿ�Śŝ�ŵŚƌţ�Źŵ�ƾƤƐƴƯ�źƔƳ�Żř�ƪƇř���
~B�ƹ�BǇŚŝ�ƩŚŨƯ�Źŵ����ƁƹŹResolution �Ŷƿō�ŢſŶŝ�ƾƿŚƸƳ�ƶŬǀŤƳ�Śţ�ƵŵƺưƳ�ƵŵŚſ�řŹ�ŚƸƳō�ƹ�ƶŤƟźĭ�řŹ�ƞƬŤŴƯ�ŵŹřƺƯ�ƶĩ�Ţſř�Ʋƿř���
��
��
��
��

Ťſř�ƶƀƿŚƤƯũŚŤƴ�Modus Ponens�ƹ�Resolution��
��

�ŹŵM.Pƀū�ƹ�ƵŚĮƳō�ƭźƟ�ƹ�ƶǀƫƹř�šŚƗǈƏř�ƢƿźƏ�Żř�ŚƷ�Ƶŵřŵ�ƾƯ�ŢſŶŝ�ŜƫŚƣ�Ʋƿř�ƽƹŹ�ƺŬŤ�Ŷƿō��ƶƫŚƀƯ�źĭř��ŶƴƿōźƟ�Ʋƿř�ŶƃŚŝ�ƶŤƃřŵ�ƽŵŚƿŻ�ƾƏźƃ�šŚƯřżƫř�ƽř
�ƶĪǀƫŚů�Źŵ�ŵƺƃ�ƭŚŬƳř�ƲĪưƯ�šŚƗǈƏř�ƭŚưţ�ƽƹŹ�ŶƿŚŝResolution �ƎŞţźƯ�ƶĩ�ƾţŚƯřżƫř�ŚƸƴţ�ƶŬǀŤƳ�Źŵ�ƹ�ŵŹřŵ���Ţſř�Ʊō�šŚŞŧř�ŢƸū�Źŵ�ƶĩ�ƾƟŶƷ�ƽƹŹ�żĩźưţ�

Ţſř�ƉźƟ�Śƿ�ƝŶƷ�Ʋƿř�Śŝ�ƾƯ�źƔƳ�Źŵ��ĭŵźǀ���
��
��

AB ~BC 

AC 
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�ƶŤƨƳ�����Śƿ�ƽżƿŹ�ƶƯŚƳźŝ�ŢƸū�šŚŝŹ�Ĩƿ�ƽřźŝ�ƶƫŚƀƯ�ƪů�ƎǀŰƯ�ƾƿŚưƳŻŚŝ�Źŵ�ƢƐƴƯ�ƽŚƷŵźŝŹŚĩ�Żř�ƾĪƿPlanningŹ�ƹšŚŝ�ƾƯ�ŚƷ��ŶƃŚŝ���Źŵ�ƩŚŨƯ�ŹƺƏ�ƶŝ
ƪĪƃê�æë�Ź�Ĩƿ�ƹšŚŝ��ƱŚƄƳ�Ƶŵřŵ�ƵŶƃ�Ţſř���

��
��
��
 
 
 
 
 
 
 
 
 
 
 
 

ƪƨƃê�æë��ŭźƏ�ƥƺƬŝ�ƾƿŚŬŝŚū�Źŵ�ƽżƿŹ�ŚƷ��
 
��

Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ǇŚŝ�šŚŝŹ�ŵŹƺƯ�Źŵ�źƿŻ�ƲǀƳřƺƣ���
��

1) Cube(a) cube(b) cube(d) pyramid(c) sphere(e) hand(hand) table(table) 
2) On(a,table) on(b,table) on(d,a) on(c,b)�on(e,table) 
3) Holding(hand,nothing) 

��
���������������ŶƴŤƀƷ�ŢǀƘƋƹ�ƮƿźƟ�Ĩƿ�źĮƿŵ�ƱŚǀŝ�ƶŝ�ŶƿŚưƳ�ƾƯ�ŮƿźƄţ�řŹ�ƶƫŚƀƯ�ƪů�ƎǀŰƯ�ƲǀƳřƺƣ�Ʋƿř��Cube�ŚưƳ�ŵ�ŜƘĪƯ����ŚƷ�pyramid�źƷ�ŵŚưƳ���ƭsphere����Ƶźºĩ�ŵŚºưƳ�hand�

�šŚŝŹ�ƽƹŻŚŝ�Śƿ�ƵźǀĮŤſŵ tableŢſř�żǀƯ����ƖŝŚţOnƾƯ�ƱŚƄƳ�ƹ�ŵƺƃ�ƾƯ�ƵŵŚƠŤſř�źĮƿŵ�Ōƾƃ�ƽƹŹ�ƽř�ƾƃ�ƲŤƟźĭ�Źřźƣ�ƽřźŝ������ƭƹŵ�źŤƯřŹŚºě�ƽƹŹ�Ʃƹř�źŤƯřŹŚºě�ŶºƷŵ
ŵŹřŵ�Źřźƣ��ƖŝŚţholding ŵƹŹ�ƾƯ�ŹŚĩ�ƶŝ�Ţſř�ƵŶƃ�ƶŤƃřŵźŝ�šŚŝŹ�ƽƹŻŚŝ�Ǝſƺţ�ƶĩ�ƽř�Ōƾƃ�ƂƿŚưƳ�ƽřźŝ���ŵ������źºŝ�řŹ�ƽżºǀģ�šŚºŝŹ�ƶºĩ�Ţºſř�ƾƴƘƯ�ƲƿŶŝ�ŚŬƴƿř�Ź

Ţſř�ƶŤƃřŶƳ��ƾƯ�ƹ�Ƶŵźĩ�źǀǀƜţ�źƿŵŚƤƯ�ƹ�Ɩŝřƺţ�ƮŤƿō�źƷ�ŢǀƘƣƺƯ�źǀǀƜţ�Śŝ�ƩŚŨƯ�Ʋƿř�Źŵ��Śƿ�ƽżƿŹ�ƶƯŚƳźŝ�ƶŝ�ŶƳřƺţPlanning�řŹ�ŢǀƘƋƹ�ƹ�ƶŤųřŵźě�TraceŶƴĩ����
ƱřƺƴƗ�ŢŰţ�ƾƯƺƸƠƯ�ƩŚůputOn(b,a) �ƶĩ�Ţſř�Ʋƿř�Ʊō�ƭƺƸƠƯ�ƶĩ�ŵƺƃ�ƾƯ�ƞƿźƘţ�b�řŹ��ƽƹŹa �ƵŶŝ�Źřźƣ����

 
Hand �holding(b)  clear(a) →putOn(b,a) 

 
ƶĩ�Ţſř�ƾƴƘƯ�ƲƿŶŝ�ƱƺƳŚƣ�Ʋƿř� Ź�ƽƹŻŚŝ�źĭřƹšŚŝ��b�ƽƹŹ�ƹ�ŶƃŚŝ�ƶŤƃřŵźŝ�řŹ�aƾƫŚų��Ţſř�ƾƯ���ƱřƺţbƽƹŹ�řŹ�aŵ�Źřźƣ�ŵř��  

 

Ʋƿźưţ��ƱŚŝŻ�ƹ�ƢƐƴƯ�ŶǀƴƧ�ƢǀƤŰţ�ƾƯ�ƶƳƺĮģ��ƢƐƴƯ�źŝ�ƾƴŤŞƯ�ƽŚƷ�ţƶƯŚƳźŝ�Źŵ�ŶƴƳřƺ�šŚŝƹŹ�ƽżƿŹ�ŶƳƺƃ�ƵŵŚƠŤſř�ŚƷ����
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 B 

C 


