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¦Ǉ ǘƻ !ǇǊƛƭ нлмтΣ ǘƘŜ YƳп/ƛǘȅ ǎǘǊŜŜǘ ƎǊŀǇƘ Řŀǘŀ όǘƻǇƻƴȅƳǎΣ ǎǘǊŜŜǘ ƴǳƳōŜǊǎΣ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ 
ōƻǳƴŘŀǊƛŜǎΣ ǘǊŀŦŦƛŎ ǊŜǎǘǊƛŎǘƛƻƴǎΣ ŀƴŘ ǎƻ ƻƴύ ǿŀǎ ƎŀǘƘŜǊŜŘ ŦǊƻƳ ǘƘŜ ¢ǳǎŎŀƴȅ wŜƎƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ 
ƻŦ ŀǇǇǊƻǇǊƛŀǘŜ 9¢[ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ōŀǎƛŎŀƭƭȅ ƛƳǇƻǊǘŜŘ ǘƘŜ ¢ǳǎŎŀƴȅ wŜƎƛƻƴ Řŀǘŀ ǘƻ ŀǇǇǊƻǇǊƛŀǘŜ aȅ{v[ ǘŀōƭŜǎΣ 
ŀƴŘ ǘǊŀƴǎƭŀǘŜŘ ƛǘ ǘƻ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎŜǘ ƻŦ w5C ǘǊƛǇƭŜǎ ǘƘǊƻǳƎƘ ŀǇǇǊƻǇǊƛŀǘŜ ŜȄŜŎǳǘƛƻƴǎ ƻŦ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ 
ŎƻƴŦƛƎǳǊŜŘ YŀǊƳŀ1Φ ¢ƘŜ ƛƴǘŜƴǘƛƻƴŀƭ ǊŜǇŜǘƛǘƛƻƴ ƻŦ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŀŘƧŜŎǘƛǾŜ ƛǎ ŀƛƳŜŘ ŀǘ ŎƭŀǊƛŦȅƛƴƎ ǘƘŀǘ ŜǾŜƴ ƛŦ 
ǘƘŀǘ ǇǊƻŎŜǎǎ ƛǎ ƻǳǘ ƻŦ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ǊŜƭŜƎŀǘŜŘ ǘƻ Ƨǳǎǘ ŀ ōǳƴŎƘ ƻŦ ƭƛƴŜǎΣ 
ƴƻǘƘƛƴƎ Ƙŀǎ ōŜŜƴ Ŝŀǎȅ ǿƛǘƘƛƴ ƛǘΣ ƴƻǊ ƛǘǎ ŘŜǎƛƎƴΣ ƴŜƛǘƘŜǊ ƛǘǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ 

CǊƻƳ !ǇǊƛƭ нлмт ƻƴǿŀǊŘΣ ŀ ƴŜǿ ƴŜŜŘ Ƙŀǎ ŜƳŜǊƎŜŘΥ ǘƘŜ ŎƻǾŜǊŀƎŜ ƻŦ ǘƘŜ YƳп/ƛǘȅ ǇǊƻƧŜŎǘ ƘŀŘ ǘƻ ōŜ ŜȄǘŜƴŘŜŘ 
ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ¢ǳǎŎŀƴȅ wŜƎƛƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǘƘŜǊ ǎƻǳǊŎŜ Řŀǘŀ ƘŀŘ ǘƻ ōŜ ƛŘŜƴǘƛŦƛŜŘΣ ŀƴŘ 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ w5C ǘǊƛǇƭŜǎ ƘŀŘ ǘƻ ōŜ ƎŜƴŜǊŀǘŜŘΦ 

¢ƘŜ ƎŀǘƘŜǊƛƴƎ ƻŦ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ǘƘǊƻǳƎƘ ǊŜǉǳŜǎǘǎ ǘƻ ǘƘŜ !ŘƳƛƴƛǎǘǊŀǘƛƻƴǎ ƻǘƘŜǊ 
ǘƘŀƴ ǘƘŜ ¢ǳǎŎŀƴȅ wŜƎƛƻƴΣ ǿƻǳƭŘ ƘŀǾŜ ƛƳǇƭƛŜŘ ǘƻ ŘŜǎƛƎƴ ŀƴŘ ŘŜǾŜƭƻǇ ŀ ƴŜǿ 9¢[ ƛƴƎŜǎǘƛƻƴ ŦƻǊ ŜŀŎƘ ƴŜǿ Řŀǘŀ 
ǎƻǳǊŎŜΦ !ƭǎƻΣ ōǳǊŜŀǳŎǊŀǘƛŎ ƳŀǘǘŜǊǎ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ŦŀŎŜŘΣ ǿƘƛŎƘ ǿŀǎ ŀ ǘƘǊŜŀǘŜƴ ōƻǘƘ ŦƻǊ ǘƘŜ ǘƛƳŜ ƻŦ 
ǊŜƭŜŀǎŜ ŀƴŘ ŦƻǊ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŀŦŦƻǊŘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƴŜŎŜǎǎŀǊȅ Řŀǘŀ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎΦ 

!ƭƭ ǎǳŎƘ ƛǎǎǳŜǎ ƘŀǾŜ ōŜŜƴ ƻǾŜǊŎƻƳŜ ōȅ ŀŘƻǇǘƛƴƎ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ2 ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŘŀǘŀΦ hǇŜƴ {ǘǊŜŜǘ 
aŀǇ όōǊƛŜŦƭȅΣ h{aύ ƛǎ ŀƴ ƻǇŜƴ ǎƻǳǊŎŜ ǇǊƻƧŜŎǘ ŀƛƳŜŘ ŀǘ ŎǊŜŀǘƛƴƎ ƳŀǇǎ ǘƘŀǘ ŎƻǳƭŘ ƛƴŎƭǳŘŜ ǎǘǊŜŜǘ ƎǊŀǇƘǎΣ ǎǘǊŜŜǘ 
ƴǳƳōŜǊǎΣ ǘǊŀŦŦƛŎ ǊŜǎǘǊƛŎǘƛƻƴǎΣ ōƻǳƴŘŀǊƛŜǎΣ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘΣ ŀƴŘ ǎƻ ƻƴΦ ¢ƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ Řŀǘŀ ŎƻƳŜ 
ŦǊƻƳ ŀ ǿƛŘŜ ŎƻƳƳǳƴƛǘȅ ƻŦ ǾƻƭǳƴǘŀǊƛŜǎ ǎǇǊŜŀŘ ŀƭƭ ƻǾŜǊ ǘƘŜ ²ƻǊƭŘΣ ǿŜŀƪƭȅ ŎƻƻǊŘƛƴŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ h{a 
²ƛƪƛ3Φ  

¢Ƙƛǎ ǿŀȅΣ Ƨǳǎǘ ƻƴŜ ƛƴƎŜǎǘƛƻƴ ǇǊƻŎŜǎǎ ƘŀŘ ǘƻ ōŜ ŘŜǎƛƎƴŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘΣ ōŜƛƴƎ ǘƘŀǘ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ 
ŎƻǾŜǊǎ ǘƘŜ DƭƻōŜ ƛƴ ƛǘǎ ŜƴǘƛǊŜǘȅΦ !ƭǎƻΣ ǘƘŜ ǿƛŘŜ ŎƻƳƳǳƴƛǘȅ ƻŦ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ ŎƻƴǘǊƛōǳǘƻǊǎ ƛǎ ŀ 
ƎǳŀǊŀƴǘŜŜ ŀōƻǳǘ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǳǇŘŀǘŜŘ Řŀǘŀ ƻǾŜǊ ǘƘŜ ǘƛƳŜΦ !ƭǎƻΣ ǘƘŜ ƻǇŜƴ ƭƛŎŜƴǎŜ ǳƴŘŜǊ ǿƘƛŎƘ ǘƘŜ h{a 
ƳŀǇǎ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƛǎ ŀ ƎǳŀǊŀƴǘŜŜ ŀōƻǳǘ ǘƘŜ ŀŦŦƻǊŘŀōƛƭƛǘȅ ƻŦ ǎǳŎƘ ŘŀǘŀΦ CƛƴŀƭƭȅΣ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ ŎƻƳŜǎ 
ǿƛǘƘ ŀ ǎŜǘ ƻŦ ǘƻƻƭǎΣ ǘƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ƻŦ ǘƘƻǎŜ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘŜ ƛƴƎŜǎǘƛƻƴ ŀƴŘ ǳǇŘŀǘŜ ƻŦ ǘƘŜ hǇŜƴ 
{ǘǊŜŜǘ aŀǇ Řŀǘŀ ƛǎ ǘƘŜ hǎƳƻǎƛǎ4Φ 

Lƴ CƛƎǳǊŜ мΣ ŀƴ ƻǳǘƭƛƴŜ ƛǎ ǇǊƻǾƛŘŜŘ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ Řŀǘŀ ƛǎ ƭŜǾŜǊŀƎŜŘ ŦƻǊ 
ǇƻǇǳƭŀǘƛƴƎ ǘƘŜ YƳп/ƛǘȅ YƴƻǿƭŜŘƎŜ .ŀǎŜΦ  

CƛǊǎǘƭȅΣ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ ŦƛƭŜ Ƙŀǎ ǘƻ ōŜ ŘƻǿƴƭƻŀŘŜŘΦ 5ƛŦŦŜǊŜƴǘ ŦƻǊƳŀǘǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΣ ŀƴŘ ǘƘŜ 
ƻǇǇƻǊǘǳƴƛǘȅ ƻŦ ƎŜǘǘƛƴƎ Ƨǳǎǘ ŀƴ ŜȄǘǊŀŎǘ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ŎƻƳǇƭŜǘŜ tƭŀƴŜǘ ƳŀǇ ƛǎ ŀƭǎƻ ǇǊƻǾƛŘŜŘ ōȅ ǎƻƳŜ ǿŜōǎƛǘŜǎ 
ǎǳŎƘ ŀǎ DŜƻŦŀōǊƛƪ5Φ ¢ƘŜƴΣ ŀ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ǿƛǘƘ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎŎƘŜƳŀ Ƙŀǎ ǘƻ ōŜ ŎǊŜŀǘŜŘΦ ! ǎŜǘ ƻŦ {v[ 
ǎŎǊƛǇǘǎ ƛǎ ǇǊƻǾƛŘŜŘ ōȅ hǎƳƻǎƛǎ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜΣ ǘƘŀǘ ŀŘŘǊŜǎǎ ǘǿƻ ŀƭǘŜǊƴŀǘƛǾŜ ǎŎƘŜƳŀǎΦ {ƻƳŜ ƻŦ ǘƘƻǎŜ ƛƴǎǘŀƭƭ 
ƻǇǘƛƻƴŀƭ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎΣ ŀƴŘ Ŏŀƴ ōŜ ǎƪƛǇǇŜŘΦ !ǇǇǊƻǇǊƛŀǘŜ ŘŜŎƛǎƛƻƴǎ Ƴǳǎǘ ōŜ ǘŀƪŜƴ ŘŜǇŜƴŘƛƴƎ ƻŦ ǘƘŜ 
ǇǳǊǇƻǎŜǎ ƻŦ ǘƘŜ Řŀǘŀ ƛƴƎŜǎǘƛƻƴΦ ¢ƘŜƴΣ ǘƘŜ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ Ŏŀƴ ōŜ ŦƛƭƭŜŘ ǊŜŀŘƛƴƎ ŦǊƻƳ ǘƘŜ h{a ŦƛƭŜ 
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όhǎƳƻǎƛǎ ǎǳƛǘǎ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜύΣ ŀƴŘ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ {v[ ǎŎǊƛǇǘ ǘƘŀǘ ǿŜ ŀǘ 5L{L¢ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ Ŏŀƴ ōŜ 
ƭŀǳƴŎƘŜŘ ǘƘŀǘ ŎǊŜŀǘŜǎ ƛƴŘŜȄŜŘ ǘŀōƭŜǎ ǘƘŀǘ ǿƛƭƭ ōŜ ƭŜǾŜǊŀƎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀƴŘ ŀŘŘǎ ŀǇǇǊƻǇǊƛŀǘŜ ƛƴŘŜȄŜǎ ǘƻ 
ǎƻƳŜ ƻŦ ǘƘŜ ǘŀōƭŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŦƛƭƭŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Řŀǘŀ ƛƳǇƻǊǘ ŦǊƻƳ hǇŜƴ {ǘǊŜŜǘ aŀǇΦ hƴŎŜ ǘƘŀǘ ǘƘŜ 
ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ Ƙŀǎ ōŜŜƴ ŦƛƭƭŜŘΣ ǘƘŜ w5C ǘǊƛǇƭŜǎ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊŜŜǘ ƎǊŀǇƘ ƛǎ 
ǇŜǊŦƻǊƳŜŘ ƛƴ ǘǿƻ ǎǘŜǇǎΥ ŀǇǇǊƻǇǊƛŀǘŜ {v[ ǎŎǊƛǇǘǎ ǘƘŀǘ ǿŜ ŀǘ 5L{L¢ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŀǊŜ ŜȄŜŎǳǘŜŘ ƻƴ ǘƘŜ ǎŀƳŜ 
ŘŀǘŀōŀǎŜ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ŦƛƭƭŜŘ ǿƛǘƘ hǇŜƴ {ǘǊŜŜǘ aŀǇ ŘŀǘŀΣ ŀƴŘ ŀ {ǇŀǊǉƭƛŦȅ ŘǳƳǇ ƛǎ ǘƘŜƴ ƭŀǳƴŎƘŜŘ ǘƘŀǘ ǊŜŀŘǎ 
ŦǊƻƳ ǘƘŜ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ŀƴŘ ǿǊƛǘŜǎ ǘƘŜ w5C ǘǊƛǇƭŜǎ ŎƻƴŦƻǊƳƛƴƎ ǘƻ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƛƭŜ ǘƘŀǘ 
ǿŜ ŀǘ 5L{L¢ ƘŀǾŜ ǎƘŀǇŜŘΣ ƴŀƳŜƭȅ ŀ {a[ ό{ǇŀǊǉƭƛŦƛŎŀǘƛƻƴ aŀǇǇƛƴƎ [ŀƴƎǳŀƎŜύ ŦƛƭŜΦ ¢Ƙƛǎ ǿŀȅΣ ŀƴ ƛƴŎǊŜŀǎŜŘ 
ŜŦŦƛŎƛŜƴŎȅ ƛǎ ŀŎƘƛŜǾŜŘΥ ǘƘŜ {v[ ǉǳŜǊƛŜǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ {a[ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƛƭŜ ōŜŎƻƳŜ ƭƻƴƎ ǎƛƳǇƭŜǊΣ ŀƴŘ 
ǘƘŜƛǊ ƻǇǘƛƳƛȊŀǘƛƻƴ ōŜŎƻƳŜ ƭƻƴƎ ŦŀǎǘŜǊΦ !ǘ ƭŀǎǘΣ ǘƘŜ ƴŜǿ ǘǊƛǇƭŜǎ Ŏŀƴ ōŜ ƭƻŀŘŜŘ ǘƻ ±ƛǊǘǳƻǎƻΣ ǘƘŜ bƻ{v[ 5.a{ 
ƛƴ ǳǎŜ ǿƛǘƘƛƴ ǘƘŜ YƳп/ƛǘȅ ǇǊƻƧŜŎǘΣ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ŜƴŘǎΦ tŜǊƛƻŘƛŎŀƭƭȅΣ ǘƘŜ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ǊŜǇŜŀǘŜŘΥ ŀƴ h{a 
ŦƛƭŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƳŀǇ ǳǇŘŀǘŜǎ όƴŀƳŜƭȅΣ ŀƴ h{/ ŦƛƭŜύ Ŏŀƴ ōŜ ŘƻǿƴƭƻŀŘŜŘΣ ǘƘŜ ǳǇŘŀǘŜǎ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ 
ǘƘŜ w5. ǘƘǊƻǳƎƘ hǎƳƻǎƛǎΣ ǘƘŜ ŜŦŦƛŎƛŜƴǘ {v[ ǎŎǊƛǇǘǎ ŀƛƳŜŘ ŀǘ ǇǊŜǇŀǊƛƴƎ ǘƘŜ Řŀǘŀ ŦƻǊ ǘƘŜ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴ Ŏŀƴ ōŜ 
ŜȄŜŎǳǘŜŘΣ ǘƘŜ {ǇŀǊǉƭƛŦȅ ŘǳƳǇ Ŏŀƴ ōŜ ƭŀǳƴŎƘŜŘΣ ŀƴŘ ǘƘŜ ƴŜǿ ǘǊƛǇƭŜǎ Ŏŀƴ ōŜ ǳǇƭƻŀŘŜŘΦ 

 

Figure 1 The OSM data ingestion process 



Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ ŜŀŎƘ ƻŦ ǘƘŜ ƻǳǘƭƛƴŜŘ ǎǘŜǇǎ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭΦ 

!ǎ ŦƻǊ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǘƘŜ ƳŀǇǎ ŦǊƻƳ hǇŜƴ {ǘǊŜŜǘ aŀǇΣ ƛǘ Ƴǳǎǘ ōŜ ǎŀƛŘ ǘƘŀǘ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ Řŀǘŀ ƛǎ 
ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǎŜǾŜǊŀƭ ŘƛŦŦŜǊŜƴǘ ŦƻǊƳŀǘǎ6Φ LƴŘŜŜŘΣ ǘƘŜ ǎŀƳŜ h{a ƳŀǇ ŎƻǳƭŘ ōŜ ŦƻǳƴŘ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ŀǎ Ƴŀƴȅ 
ŀǎ ǎŜǾŜƴ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ŀ ŘŜŎƛǎƛƻƴ ŀōƻǳǘ ǘƘŜ ǎƻǳǊŎŜ Řŀǘŀ ŦƻǊƳŀǘ ƘŀŘ ǘƻ ōŜ ǘŀƪŜƴΦ !ƳƻƴƎ ǘƘŜ 
h{a ŦƛƭŜ ŦƻǊƳŀǘǎΣ ǘǿƻ ŀǊŜ ŎƻƳǇǊŜǎǎŜŘ ƴƻǘ ƘǳƳŀƴ-ǊŜŀŘŀōƭŜ ŦƛƭŜ ŦƻǊƳŀǘǎ ǘƘƻǳƎƘǘ ǘƻ ōŜ ǳǎŜŘ ǿƛǘƘ ǎǇŜŎƛŦƛŎ 
ǎƻŦǘǿŀǊŜ ǘƻƻƭǎΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊǎ ŀǊŜ ǘƘŜ h{a ·a[ όǘƘŜ ōŀǎƛŎ h{a ŦƻǊƳŀǘύΣ ǘƘŜ hǾŜǊǇŀǎǎ W{hb όŀ W{hb ƭƛǘŜǊŀƭ 
ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǘƘŜ h{a ·a[ύΣ ŀƴŘ ǘƘŜ [ŜǾŜƭл[ όŀ Ǉƭŀƛƴ ǘŜȄǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ [ŜǾŜƭл ƳŀǇ 
ŜŘƛǘƻǊύΦ Lƴ ŀƴȅ ŎŀǎŜΣ ƴƻƴŜ ƻŦ ǘƘƻǎŜ ŎƻǳƭŘ ōŜ ŘƛǊŜŎǘƭȅ ǳǎŜŘ ŦƻǊ ƎŜƴŜǊŀǘƛƴƎ w5C ǘǊƛǇƭŜǎΣ ŦƻǊ ŀ ǿƛŘŜ ǎŜǘ ƻŦ 
ƳƻǘƛǾŀǘƛƻƴǎΦ CƛǊǎǘƭȅΣ ǘƘŜ ƳŀǇǇƛƴƎ ƻŦ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ Řŀǘŀ ƳƻŘŜƭ ǘƻ ǘƘŜ YƳп/ƛǘȅ Řŀǘŀ ƳƻŘŜƭ ƛǎ ǾŜǊȅ 
ƛƴǘǊƛŎŀǘŜŘΣ ŀƴŘ ƎƻƻŘ ŎƘŀƴŎŜǎ ǿŜǊŜ ǘƘŀǘ ŀ ǾŜǊȅ ƘŀǊŘ ǘƻ Ƴŀƛƴǘŀƛƴ ƳŀǇǇƛƴƎ ǘƻƻƭ ŎƻǳƭŘ ǊŜǎǳƭǘ ŦǊƻƳ ŀƴ ŀǘǘŜƳǇǘ 
ƻŦ ǇŜǊŦƻǊƳƛƴƎ ŀ ƻƴŜ-ǎǘŜǇ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǎǳŎƘ ƳŀǇǇƛƴƎΦ !ƭǎƻΣ ŘǳŜ ǘƻ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ ƳŀǇǇƛƴƎΣ ŀ 
ǎŜǉǳŜƴǘƛŀƭ ŀŎŎŜǎǎ ǘƻ ǘƘŜ h{a ǎƻǳǊŎŜ ŦƛƭŜ ǿŀǎ ƴƻǘ ŀ ŎƘƻƛŎŜΣ ōǳǘ ǘƘŜ h{a ŦƛƭŜǎ ŀǊŜ ǎƻ ƭŀǊƎŜ ǘƘŀǘ ƭƻŀŘƛƴƎ ǘƘŜƳ 
ƛƴ ƳŜƳƻǊȅ ŦƻǊ ŜƴŀōƭƛƴƎ ŀ ǊŀƴŘƻƳ ŀŎŎŜǎǎ ǿƻǳƭŘ ƘŀǾŜ Ŝŀǎƛƭȅ ƭŜŀŘ ǘƻ ƳŜƳƻǊȅ ƛǎǎǳŜǎΦ !ƭǎƻΣ ƎŜƻǎǇŀǘƛŀƭ 
ŦǳƴŎǘƛƻƴǎ όǎǳŎƘ ŀǎ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ōƻǳƴŘŀǊȅ ǿƘŜǊŜ ŀ Ǉƻƛƴǘ Ŧŀƭƭǎ ŎƘƻƻǎƛƴƎ ŀƳƻƴƎ ǘƘƻǳǎŀƴŘǎ ƻŦ ŎŀƴŘƛŘŀǘŜ 
ōƻǳƴŘŀǊƛŜǎΣ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƴŜŀǊŜǎǘ ƭƛƴŜ ƎƛǾŜƴ ŀƴ ŀǊōƛǘǊŀǊȅ Ǉƻƛƴǘ ŎƘƻƻǎƛƴƎ ŀƳƻƴƎ Ƴƛƭƭƛƻƴǎ ƻŦ ŎŀƴŘƛŘŀǘŜ 
ƭƛƴŜǎΣ ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊύ ŀǊŜ ƴŜŜŘŜŘ ŦƻǊ ŀ ŦƭŜȄƛōƭŜ ŀƴŘ ŜŦŦŜŎǘƛǾŜ Řŀǘŀ ƛƳǇƻǊǘΣ ōǳǘ ǊŜŀŘȅ-ǘƻ-ǳǎŜ ƎŜƻǎǇŀǘƛŀƭ 
ŦǳƴŎǘƛƻƴǎ ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜ ǘƘŀǘ ŜŦŦƛŎƛŜƴǘƭȅ ǎǇǊŜŀŘ ŀŎǊƻǎǎ ŀ ǿƘƻƭŜ ·a[Σ W{hb ƻǊ Ǉƭŀƛƴ ǘŜȄǘ ŦƛƭŜǎΦ !ƭǎƻΣ ŀƴ 
ƻŦŦƛŎƛŀƭ 5¢5 ǎŎƘŜƳŀ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ h{a ·a[Φ ¢ƘŜǊŜŦƻǊŜΣ ƴƻ ŀǎǎǳƳǇǘƛƻƴ Ŏŀƴ ōŜ ƳŀŘŜ ǿƘƛƭŜ ǇŀǊǎƛƴƎ 
ƛǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƴƻǊ ŀ ǾŀƭƛŘŀǘƛƻƴ ƴŜƛǘƘŜǊ ŀ ǎŀŦŜ ƴŀǾƛƎŀǘƛƻƴ ƛǎ ǇƻǎǎƛōƭŜ ƻǾŜǊ ǘƘŜ ƻǊƛƎƛƴŀƭ h{a ·a[ ŦƻǊƳŀǘΣ ŀƴŘ 
ǘƘŜ ǎŀƳŜ ŀǇǇƭƛŜǎ ǘƻ ǘƘŜ W{hb ŀƴŘ Ǉƭŀƛƴ ǘŜȄǘ ŦƛƭŜǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ƛǘΣ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜŘ ŎƻƳǇƭŜȄƛǘȅ ƻŦ 
ǘƘŜ ƛƳǇƻǊǘ ǘƻƻƭΣ ǿƘŜǊŜ ǘƘŜ ŀōǎŜƴŎŜ ƻǊ ǘƘŜ ŎƻǊǊǳǇǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ƘŀƴŘƭŜŘΦ !ƭƭ ǘƘƛǎ Ƙŀǎ ƭŜŘ 
ǘƻ ǘƘŜ ŎƘƻƛŎŜ ƻŦ ƳŀƪƛƴƎ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ƛƳǇƻǊǘ ǘƻ ŀ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜΣ ŀƴŘ ǳǎƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ŀǎ ŀ 
ǎƻǳǊŎŜΣ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ h{a ŦƛƭŜǎ ŘƛǊŜŎǘƭȅΦ ¢ƘŜ w5.a{ ǘƘŀǘ hǇŜƴ {ǘǊŜŜǘ aŀǇ ǊŜŎƻƳƳŜƴŘǎ7 ƛǎ tƻǎǘƎǊŜǎǉƭ8Σ 
ŀƭǎƻ ŎƻƴǎƛŘŜǊƛƴƎ ƛǘǎ ǾŜǊȅ ǳǎŜŦǳƭ tƻǎǘDL{9 ŜȄǘŜƴǎƛƻƴ ό9ǊǊƻǊŜΦ [ϥƻǊƛƎƛƴŜ ǊƛŦŜǊƛƳŜƴǘƻ ƴƻƴ ŝ ǎǘŀǘŀ ǘǊƻǾŀǘŀΦύΦ !ǎ ŀ 
ǊŜǎǳƭǘΣ ƛǘ Ƙŀǎ ōŜŜƴ ƻǳǊ ŎƘƻƛŎŜΦ hǎƳƻǎƛǎ ƛǎ ǎǳƛǘŀōƭŜ ŦƻǊ ŦƛƭƭƛƴƎ ŀ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ǊŜŀŘƛƴƎ ŦǊƻƳ ŀƴ h{a ŦƛƭŜ10Σ 
ōǳǘ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ŘŀǘŀōŀǎŜ Ƴǳǎǘ ŜȄƛǎǘ ŀƴŘ ƛǘ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ƘŀǾŜ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎŎƘŜƳŀ11Φ hǎƳƻǎƛǎ 
ǎǳǇǇƻǊǘǎ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǎŎƘŜƳŀǎΣ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀǇǇǊƻǇǊƛŀǘŜ ǎŜǘǎ ƻŦ ǎŎǊƛǇǘǎ ŦƻǊ ōǳƛƭŘƛƴƎ ŜŀŎƘ ƻŦ ǘƘŜƳΦ ²ƛǘƘƛƴ 
ŜŀŎƘ ǎŜǘΣ ƻǇǘƛƻƴŀƭ ǎŎǊƛǇǘǎ ŀǊŜ ƛƴŎƭǳŘŜŘΣ ŀƛƳŜŘ ŀǘ ǎǳǇǇƻǊǘƛƴƎ ŀŎǘƛƻƴǎΣ ōōƻȄŜǎΣ ŀƴŘ ƭƛƴŜǎǘǊƛƴƎǎΦ 
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Figure 2 The Osmosis scripts for generating the two supported RDB schemas 

LŦ ǘƘŜ ǎƴŀǇǎƘƻǘ ǎŎƘŜƳŀ ƛǎ ŎƘƻǎŜƴΣ ǘƘŜ h{a ǘŀƎǎΣ ǘƘŀǘ ƛǎ ǘƘŜ ƳŜǘŀŘŀǘŀ ǘƘŀǘ ŀǇǇƭȅ ǘƻ ǘƘŜ h{a ǊŜƭŀǘƛƻƴǎΣ ǿŀȅǎΣ 
ŀƴŘ ƴƻŘŜǎΣ ǿƘŜǊŜ Ƴƻǎǘ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŀ ƳŀǇǇƛƴƎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛǎ ǿǊŀǇǇŜŘΣ ŀǊŜ 
ŎƻƴŎŀǘŜƴŀǘŜŘ ƛƴ Ǉƭŀƛƴ ǘŜȄǘ ŦƛŜƭŘǎΦ {ƻΣ ŀƴ ŜŦŦŜŎǘƛǾŜ ƛƴŘŜȄƛƴƎ Ŏŀƴƴƻǘ ōŜ ǇŜǊŦƻǊƳŜŘ ƻǾŜǊ ǘƘŜƳΣ ŀƴŘ ŀ όǘƛƳŜ ŀƴŘ 
ǊŜǎƻǳǊŎŜ ŎƻƴǎǳƳƛƴƎύ ǇŀǊǎƛƴƎ ƛǎ ƴŜŜŘŜŘ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ŜȄǘǊŀŎǘƛƴƎ ǘƘŜ ƪŜȅ-ǾŀƭǳŜ ǇŀƛǊǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ 
ƻƭŘŜǊ ǎƛƳǇƭŜ12 w5. ǎŎƘŜƳŀ Ƙŀǎ ōŜŜƴ ǇǊŜŦŜǊǊŜŘΣ ŀƴŘ ǘƘŜ {v[ ǎŎǊƛǇǘǎ ǿǊŀǇǇŜŘ ǿƛǘƘƛƴ ǘƘŜ ǊŜŘ ōƻȄ ƛƴ CƛƎǳǊŜ н 
ŀǊŜ ŜȄŜŎǳǘŜŘ ŦƻǊ ƎŜƴŜǊŀǘƛƴƎ ǎǳŎƘ ŀ ǎŎƘŜƳŀΦ   

!ŦǘŜǊ ƘŀǾƛƴƎ ǇƻǇǳƭŀǘŜŘ ǘƘŜ w5. ǿƛǘƘ ǘƘŜ h{a ŘŀǘŀΣ ǘƘŜ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ǎŎǊƛǇǘ ǘƘŀǘ ǿŜ ŀǘ 5L{L¢ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ 
Ŏŀƴ ōŜ ƭŀǳƴŎƘŜŘΦ ¢ƘŜ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ǎŎǊƛǇǘ ǘȅǇƛŎŀƭƭȅ ƴŜŜŘ ǘƻ ōŜ ƭŀǳƴŎƘŜŘ ƻƴŎŜ ǇŜǊ w5.Σ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ǘƘŀǘ 
ǘƘŜ ŦƛǊǎǘ ŦƛƭƭƛƴƎ ƻŦ ǘƘŜ w5. ǿƛǘƘ h{a Řŀǘŀ Ƙŀǎ ōŜŜƴ ŎƻƳǇƭŜǘŜŘΦ CǳǊǘƘŜǊ ŜȄŜŎǳǘƛƻƴǎ ƻŦ ǘƘŜ ǎŎǊƛǇǘ ŀǊŜ ƛƴŘŜŜŘ 
ƴŜŎŜǎǎŀǊȅ ƛƴ ǘƘŜ ƻƴƭȅ ŎŀǎŜ ƛƴ ǿƘƛŎƘ ŀ ƳƻŘƛŦƛŎŀǘƛƻƴ ǿƻǳƭŘ ƻŎŎǳǊ ǘƻ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜ 
ŘƛǎǘǊƛŎǘǎΣ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΣ ǇǊƻǾƛƴŎŜǎ ŀƴŘ ǊŜƎƛƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƛƳǇƻǊǘŜŘ ŦǊƻƳ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇΦ ¢ƘŜ 
ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ǎŎǊƛǇǘ ƛǎ ƛƴŘŜŜŘ Ƴŀƛƴƭȅ ŀƛƳŜŘ ŀǘ ǇŜǊŦƻǊƳƛƴƎ ƭƻƴƎ ǊǳƴƴƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ƻƴ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ 
όŘƛǎǘǊƛŎǘǎΣ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΣ ǇǊƻǾƛƴŎŜǎΣ ǊŜƎƛƻƴǎύ ǘƘŀǘ Ŏŀƴ ōŜ ŦƻǳƴŘ ǿƛǘƘƛƴ ǘƘŜ ƛƳǇƻǊǘŜŘ hǇŜƴ {ǘǊŜŜǘ aŀǇΣ ŀƴŘ ŀǘ 
ŘŜŦƛƴƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ƛƴŘŜȄŜǎ ōƻǘƘ ƻǾŜǊ ǘƘŜ ƴŜǿƭȅ ŎǊŜŀǘŜŘ ǘŀōƭŜǎ ŀƴŘ ƻǾŜǊ ǎƻƳŜ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ƻŦ ǘƘŜ ǘŀōƭŜǎ 
ŀƴŘ ŦƛŜƭŘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƛƴǘǊƻŘǳŎŜŘ ŀƴŘ ŦƛƭƭŜŘ ōȅ hǎƳƻǎƛǎ ŘǳǊƛƴƎ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŎƘŜƳŀ ŀƴŘ ǘƘŜ 
ǎǳōǎŜǉǳŜƴǘ Řŀǘŀ ƛƳǇƻǊǘΦ ¢Ƙƛǎ ǿŀȅΣ ŀ ǊŜƳŀǊƪŀōƭŜ ǎǇŜŜŘƛƴƎ Ƙŀǎ ōŜŜƴ ŀŎƘƛŜǾŜŘ ƻŦ ǎŜǾŜǊŀƭ ǉǳŜǊƛŜǎ ǘƘŀǘ ŀǊŜ 
ŜȄŜŎǳǘŜŘ ŀǘ ŜŀŎƘ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ƻƴŜǎ ǿƘŜǊŜ ǘƘŜ aǳƴƛŎƛǇŀƭƛǘȅ ǿƛǘƘƛƴ ǿƘƛŎƘ ŀ Ǉƻƛƴǘ Ŧŀƭƭǎ 
Ƙŀǎ ǘƻ ōŜ ǊŜǘǊƛŜǾŜŘΣ ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊΦ ! ŦǊŀƎƳŜƴǘ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ǎŎǊƛǇǘ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ CƛƎǳǊŜ оΦ 
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Figure 3 A fragment of the initialization script 

hƴŎŜ ǘƘŀǘ ǘƘŜ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ǎŎǊƛǇǘ Ƙŀǎ ōŜŜƴ ƭŀǳƴŎƘŜŘΣ ǘƘŜ ŦƛǊǎǘ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ǎǘŀǊǘŜŘΦ !ǘ ƴƻǿΣ 
ŜŀŎƘ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴ ǇǊƻŎŜǎǎ ƛǎ ǇŜǊŦƻǊƳŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŜȄŜŎǳǘƛƻƴ ƻŦ ŀ ǎƘŜƭƭ ǎŎǊƛǇǘ όCƛƎǳǊŜ пύ ǘƘŀǘ ǿŜ ŀǘ 5L{L¢ 
ƘŀǾŜ ŘŜǾŜƭƻǇŜŘΣ ǿƘƛŎƘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǇŜǊŦƻǊƳǎ ŀƭƭ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ƻǇŜǊŀǘƛƻƴǎΣ ŦǊƻƳ ǘƘŜ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ 
Řŀǘŀ ƻƴ ǘƘŜ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜΣ ǘƻ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŀ ǘŜȄǘ ŦƛƭŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ w5C ǘǊƛǇƭŜǎΣ ŀƴŘ ǘƘŜ 
ŎƭŜŀƴƛƴƎ ƻŦ ǎǳŎƘ ŦƛƭŜ ŦƻǊ ǘƘŀǘ ƛǘ ŎƻǳƭŘ ōŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǳǇƭƻŀŘŜŘ ǘƻ ±ƛǊǘǳƻǎƻΦ ¢ƘŜ ǳǇƭƻŀŘƛƴƎ ƻŦ ǘƘŜ w5C ǘǊƛǇƭŜǎ 
ǘƻ ±ƛǊǘǳƻǎƻ ƛǎ ǘƘŜ ƻƴƭȅ ǎǘŜǇ ǘƘŀǘ ƛǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎƘŜƭƭ ǎŎǊƛǇǘΦ ¢Ƙƛǎ ǿŀȅΣ ǎƻƳŜ ŦǳǊǘƘŜǊ ŎƘŜŎƪǎ ƻǾŜǊ 
ǘƘŜ ƎŜƴŜǊŀǘŜŘ w5C ǘǊƛǇƭŜǎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ōŜŦƻǊŜ ǘƘŜƛǊ ǳǇƭƻŀŘƛƴƎΣ ŀƴŘ ǇƻǎǎƛōƭŜ ǳƴŜȄǇŜŎǘŜŘ ŀƴƻƳŀƭƛŜǎ Ŏŀƴ 
ōŜ ŘŜǘŜŎǘŜŘΦ 5ƛƎƎƛƴƎ ƛƴǘƻ ǘƘŜ ǎƘŜƭƭ ǎŎǊƛǇǘΣ ǘƘŜ Ǉǎǉƭ ŎƻƳƳŀƴŘ ƛǎ ŜƳǇƭƻȅŜŘ ŦƻǊ ƭŀǳƴŎƘƛƴƎ {v[ ǎŎǊƛǇǘǎ ŀƴŘ 
ǉǳŜǊƛŜǎ ƻƴ tƻǎǘƎǊŜǎǉƭΦ ! ŘŀǘŀōŀǎŜ ŀƭǿŀȅǎ Ƴǳǎǘ ōŜ ǎǇŜŎƛŦƛŜŘΦ !ǘ ƴƻǿΣ ŀ ǎŜǇŀǊŀǘŜŘ ŘŀǘŀōŀǎŜ ŦƻǊ ŜŀŎƘ ŎƻǳƴǘǊȅ 
ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘ Ƙŀǎ ōŜŜƴ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ǇƎǎƛƳǇƭŜψŦƛƴΣ ƛǎ ǘƘŜ ŘŀǘŀōŀǎŜ ǿƘŜǊŜ ǘƘŜ hǇŜƴ {ǘǊŜŜǘ aŀǇ 
ƻŦ CƛƴƭŀƴŘ Ƙŀǎ ōŜŜƴ ǳǇƭƻŀŘŜŘΦ ¢ƘŜ ǎŎǊƛǇǘΦǎǉƭ ƛǎ ǘƘŜ ǇǊŜǇŀǊŀǘƛƻƴ ǎŎǊƛǇǘΣ ǿƘŜǊŜ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎŜǘ ƻŦ ǘŀōƭŜǎ ƛǎ 
ŎǊŜŀǘŜŘΦ .ŜŦƻǊŜ ōŜƛƴƎ ŎǊŜŀǘŜŘΣ ŜŀŎƘ ǘŀōƭŜ ƛǎ ŘǊƻǇǇŜŘΦ Lƴ ǊŜŀǎƻƴ ƻŦ ǘƘŀǘΣ ŀƭƭ ǘƘŜ ǇǊƛǾƛƭŜƎŜǎ ǘƘŀǘ ƘŀŘ ōŜŜƴ ǎŜǘ 
ƻƴ ǘƘŜ ǘŀōƭŜ Ǝƻ ƭƻǎǘΦ {ƻΣ ŀ ǉǳŜǊȅ ƛǎ ƴŜŜŘŜŘ ŀŦǘŜǊ ǘƘŀǘ ǘƘŜ ǇǊŜǇŀǊŀǘƛƻƴ ǎŎǊƛǇǘ ŜȄŜŎǳǘƛƻƴ Ƙŀǎ ŎƻƳǇƭŜǘŜŘΣ ŦƻǊ 
ƎǊŀƴǘƛƴƎ ǘƘŜ ƴŜŜŘŜŘ ǇǊƛǾƛƭŜƎŜǎ ǘƻ ǘƘŜ ǇƎǎƛƳǇƭŜψǊŜŀŘŜǊψŦƛƴ ǳǎŜǊΦ ¢ƘŜƴΣ ǘƘŜ w5C ǘǊƛǇƭŜǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ 
ǘƘǊƻǳƎƘ ǘƘŜ ŜȄŜŎǳǘƛƻƴ ƻŦ ŀ {ǇŀǊǉƭƛŦȅ ŘǳƳǇΦ ¢ƘŜ ƴŜŎŜǎǎŀǊȅ ǇŀǊŀƳŜǘŜǊǎΣ ŀǎ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴΣ ŀǊŜ ǘƘŜ {a[ 
ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƛƭŜΣ ŀƴŘ ǘƘŜ ǎƻǳǊŎŜ ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ƘƻǎǘΣ ŘŀǘŀōŀǎŜΣ ǳǎŜǊƴŀƳŜΣ ŀƴŘ ǇŀǎǎǿƻǊŘ όƻōŦǳǎŎŀǘŜŘύΦ 
CƛƴŀƭƭȅΣ ǘƘŜ ƘŜŀŘƛƴƎ Ǌƻǿǎ ŀǊŜ ǎǘǊƛǇǇŜŘ ŀǿŀȅΣ ǘƘŜ ŘǳǇƭƛŎŀǘŜŘ Ǌƻǿǎ ŀǊŜ ŀƭǎƻ ǎǘǊƛǇǇŜŘ ŀǿŀȅΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ 
ŦƛƭŜ ƛǎ ǘȅǇƛŎŀƭƭȅ ǎǘƻǊŜŘ ǿƛǘƘ ŀ ŦƛƭŜƴŀƳŜ ǘƘŀǘ ƳŀǘŎƘŜǎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ǇǊƻǾƛƴŎŜ ƻǊ ƳǳƴƛŎƛǇŀƭƛǘȅ ǘƻ ǿƘƛŎƘ ƛǘ 
ǊŜŦŜǊǎΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƴо ŜȄǘŜƴǎƛƻƴ ǿƘƛŎƘ ƛǎ ǘƘŜ ŜȄǇŜŎǘŜŘ ŜȄǘŜƴǎƛƻƴ ŦƻǊ ǘƘŜ w5C ǘǊƛǇƭŜǎ ŦƛƭŜǎΦ  



 

Figure 4 A sample shell script for the triplification of the Helsinki street graph 

Digging into the SQL script aimed at preparing the triplification, three sections can be identified within it.  

The first section, is the configuration sections. It is here that the boundaries of the triplification are set. In 

the sample fragment provided in Figure 6, as an example, it is stated that the boundary of this triplification 

is the Open Street Map relation whose OSM ID is equal to 34914 (Figure 5). If it was needed, a set of 

identifiers could be provided. This way, the subsequent triplification would have been extended over all the 

identified areas. Expectedly, for that the triples could be generated, such areas had to be confined within 

the boundaries of the Finland, being that the relational database that we have adopted as a source for our 

triplification has been filled with the only data from the Finland Open Street Map. 

 

Figure 5 The city of Helsinki on Open Street Map, OSM ID 34914 

Also remarkably, the RDF graph can be specified in the configuration section of the preparation script. In 

this case, we have not cared about it, because we generate RDF triples, where the graph does not appear. It 

should be noted that it is a choice. Indeed, when a Sparqlify dump is launched, appropriate options can be 

set for that it produces RDF quads, instead of RDF triples. In this case, the RDF graph appears on each row 

of the output file, and in this case, this setting about the RDF graph come to be relevant.  

Finally, a configuration can be set that is not relevant for the city of Helsinki, but that could be relevant for 

the city of Florence. Indeed, it can be chosen if the street numbers have to be obtained from the Open 

Street Map, or from the Tuscany Region, which also provides them. If the Tuscany Region is chosen, the 

RDF triples that represent the street numbers are not included in the output file, as they are expected to be 

generated and uploaded separately, through the leveraging of appropriate ETL processes. For the city of 

Helsinki, we have obviously chosen to leverage the street numbers that are included within the Helsinki 

Open Street Map. 



The second section of the SQL script aimed at preparing the triplification, is where the support tables are 

created. The support tables, are tables that are leveraged for preparation of the data of several properties 

of several concepts. For this reason, they are grouped at the beginning of the SQL script, without a clear 

indication of the concept and property to which they are related. 

 

Figure 6 The configuration section of the SQL script aimed at preparing the data for the triplification 

¢ƘŜ ǘƘƛǊŘ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ {v[ ǎŎǊƛǇǘ ŀƛƳŜŘ ŀǘ ǇǊŜǇŀǊƛƴƎ ǘƘŜ ǘǊƛǇƭƛŦƛŎŀǘƛƻƴΣ ƛǎ ǿƘŜǊŜ ǘƘŜ ǎǇŜŎƛŦƛŎ ǘŀōƭŜǎ ŀƛƳŜŘ 

ŜŀŎƘ ŀǘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ Řŀǘŀ ǘƘŀǘ ƛǎ ƴŜŜŘŜŘ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ǘƘŜ w5C ǘǊƛǇƭŜǎ ƻŦ ŀ ǎǇŜŎƛŦƛŎ ǇǊƻǇŜǊǘȅ ƻŦ ŀ ǎǇŜŎƛŦƛŎ 

ŎƻƴŎŜǇǘ Ŏŀƴ ōŜ ŦƻǳƴŘΦ Lƴ Figure 7 ŀ ŦǊŀƎƳŜƴǘ ǿƘŜǊŜ ǎƻƳŜ ǘŀōƭŜǎ ŀƛƳŜŘ ŀǘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ Řŀǘŀ ƻŦ ǎƻƳŜ 

ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ tǊƻǾƛƴŎŜΣ ƛǎ ǇǊƻǾƛŘŜŘΦ !ǎ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴΣ ǘƘŜ ŦƛǊǎǘ ǘŀōƭŜ ƛǎ ŀƛƳŜŘ ŀǘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ 

¦wLǎ ƻŦ ǘƘŜ ƛƴǎǘŀƴŎŜǎ ǘƘŀǘ ƘŀǾŜ ǘƻ ōŜ ǇǊƻŘǳŎŜŘ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ tǊƻǾƛƴŎŜΣ ŀƴŘ ƛǘǎ ǘŀǊƎŜǘ ƭƛǎǘ Ƨǳǎǘ ƛƴŎƭǳŘŜǎ ǘƘŜ 

w5C ƎǊŀǇƘ ǿƘŜǊŜ ǘƘŜ ǘǊƛǇƭŜǎ Ƙŀǎ ǘƻ ōŜ ƛƴŎƭǳŘŜŘ όǘƘŀǘ ǿƛƭƭ ōŜ ŀƴȅǿŀȅ ƛƎƴƻǊŜŘ ōȅ ǘƘŜ {ǇŀǊǉƭƛŦȅύΣ ŀƴŘ ŀ ŦƛŜƭŘ 

ƴŀƳŜŘ ƛŘ ǿƘŜǊŜ ǘƘŜ ¦wL ƻŦ ǘƘŜ ƛƴǎǘŀƴŎŜ ƛǎ ŎƻƴǘŀƛƴŜŘΦ bƻǘŀōƭȅΣ ǘƘŜ ƴŜȄǘ ǘŀōƭŜΣ ŀƛƳŜŘ ŀǘ ǇǊŜǇŀǊƛƴƎ ǘƘŜ Řŀǘŀ 

ŦƻǊ ǘƘŜ ǇǊƻǇŜǊǘȅ ƛŘŜƴǘƛŦƛŜǊΣ ƛǎ ƛŘŜƴǘƛŎŀƭ ǘƻ ǘƘŜ ŦƛǊǎǘΦ LƴŘŜŜŘΣ ŦƻǊ ŀƭƭ ŎƻƴŎŜǇǘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǎǘǊŜŜǘ ƎǊŀǇƘΣ ǘƘŜ 

ǇǊƻǇŜǊǘȅ ƛŘŜƴǘƛŦƛŜǊ ƛǎ ŀ ǎǘǊƛƴƎ ǿƘƻǎŜ ǾŀƭǳŜ ƛǎ ǘƘŜ ¦wL ƻŦ ǘƘŜ ƛƴǎǘŀƴŎŜΦ [ŀǘŜǊΣ ƛƴ ǘƘŜ {a[Σ ǘƘŜ ǘǿƻ ǘŀōƭŜǎ ǿƛƭƭ ōŜ 

ǘǊŜŀǘŜŘ ŘƛŦŦŜǊŜƴǘƭȅΥ ǘƘŜ ŦƛǊǎǘ ǿƛƭƭ ōŜ ŀŎŎŜǎǎŜŘ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ǘǊƛǇƭŜǎ ǘƘŀǘ ŎƻƴŦƻǊƳ ǘƻ ǘƘŜ ǘŜƳǇƭŀǘŜ ғǳǊƛҔ 

ǊŘŦΥǘȅǇŜ ƪƳпŎΥtǊƻǾƛƴŎŜΣ ǿƘƛƭŜ ǘƘŜ ǎŜŎƻƴŘ ǿƛƭƭ ōŜ ŀŎŎŜǎǎŜŘ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ǘǊƛǇƭŜǎ ǘƘŀǘ ŎƻƴŦƻǊƳ ǘƻ ǘƘŜ 

ǘŜƳǇƭŀǘŜ ғǳǊƛҔ ŘŎǘΥƛŘŜƴǘƛŦƛŜǊ άǳǊƛέΦ Lǘ ƛǎ ǘǊǳŜ ǘƘŀǘ ǘƘŜ ǎŀƳŜ ǘŀōƭŜ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘǿƻ ǘƛƳŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΣ 

ǎƻ ƴƻ ƴŜŜŘ ǿŀǎ ƻŦ ŎǊŜŀǘƛƴƎ ǘǿƻ ƛŘŜƴǘƛŎŀƭ ǘŀōƭŜǎΣ ōǳǘ ǘƘǊƻǳƎƘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŀ ǎŜǇŀǊŀǘŜŘ ǘŀōƭŜ ŦƻǊ ŜŀŎƘ 

ŘƛŦŦŜǊŜƴǘ ǇǊƻǇŜǊǘȅ ƻŦ ŜŀŎƘ ŘƛŦŦŜǊŜƴǘ ŎƻƴŎŜǇǘΣ ǿŜ ƪŜŜǇ ǘƘŜ {v[ ǎŎǊƛǇǘǎΣ ŀƴŘ ǘƘŜ {a[ ǎŎǊƛǇǘǎΣ Ŝŀǎȅ ǘƻ ǊŜŀŘΣ ŀƴŘ 

ŎƻƴǎŜǉǳŜƴǘƭȅ Ŝŀǎȅ ǘƻ ƳŀƛƴǘŀƛƴΦ  



Lƴ ǘƘŜ ǘƘƛǊŘ ǘŀōƭŜ ƻŦ ǘƘŜ ŦǊŀƎƳŜƴǘΣ ǘƘŜ ƴŜŎŜǎǎŀǊȅ Řŀǘŀ ŦƻǊ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǘƘŜ w5C ǘǊƛǇƭŜǎ ŦƻǊ ǘƘŜ ǇǊƻǇŜǊǘȅ 

ƴŀƳŜ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ tǊƻǾƛƴŎŜ ƛǎ ǿǊŀǇǇŜŘ ƛƴ ŀ ŘŜŘƛŎŀǘŜŘ ǘŀōƭŜΣ ǘƘŜ tǊƻǾƛƴŎŜbŀƳŜ ǘŀōƭŜΦ !ƭƭ ǿƘŀǘ ƛǎ ƴŜŜŘŜŘ 

ŦƻǊ ǇǊƻŘǳŎƛƴƎ ƻŦ ǘƘŜ w5C ǘǊƛǇƭŜǎ ŦƻǊ ǘƘŜ tǊƻǾƛƴŎŜ ƴŀƳŜ ǇǊƻǇŜǊǘȅΣ ƛǎ ǘƘŜ ¦wL ƻŦ ǘƘŜ ǎǳōƧŜŎǘΣ ŀƴŘ ǘƘŜ ŦƛƭƭŜǊ 

ǾŀƭǳŜΦ LƴŘŜŜŘΣ ǘƘŜ ǘŀǊƎŜǘ ƭƛǎǘ ƻŦ ǘƘŜ ǘŀōƭŜ ǎƛƳǇƭȅ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŦƛŜƭŘ ƛŘ όǘƘŜ ¦wLύΣ ǘƘŜ ŦƛŜƭŘ ǇψƴŀƳŜ όǘƘŜ ŦƛƭƭŜǊ 

ǎǘǊƛƴƎύΣ ŀƴŘ ǘƘŜ w5C ƎǊŀǇƘ ¦wLΦ 

 

Figure 7 A sample fragment from the third section of the SQL script aimed at preparing the triplification  

Digging into the SML script, where the SQL and the SPARQL query are mixed for instructing Sparqlify about 

what RDF triples have to be generated from which RDB source data, we now analyze the fragment provided 

ƛƴ CƛƎǳǊŜ ΧΣ ǿƘŜǊŜ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǎƻƳŜ w5C ǘriples for the concept Province is configured.  

In the first fragment, outlined in green, we are instructing the Sparqlify as follows. Through the From 

directive, we are indicating that the necessary data must be read from the table ProvinceURI. Remarkably, 

it is the simplest possible SQL query: get all rows and all fields from a specified table. It has been made 

possible, because the complexity of the mapping is wrapped within the SQL script that prepares the 

triplification, and it is a great advantage in terms of efficiency, because the simpler is the query, the faster is 

its optimization. Through the With directive, we define a set of variables (at the left side of the equality) 

leveraging the values that are contained within the RDB table. At the right side of the equality indeed, the 

names of the fields from the RDB table appear, together with native SML functions through which some 

basic operations such as specifying how a string value has to be interpreted (if it has to be considered a 

simple string, if it has to be considered an instance URI) or performing a concatenation can be executed. 

For each row of the RDB table, the properties are set, and they are employed as it is specified in the 

Construct directive. In this case, the Constraint directive instructs the Sparqlify to generate just one RDF 



triple for each row that can be found in the RDB table, which has to be put in a RDF graph whose URI can be 

found in the variable graph. The triple that has to be generated must have: (1) the value of the variable s, 

which is a URI, as subject; (2) the rdf:type as property URI (the reserved word a stands indeed for that); (3) 

the URI that identifies the concept Province as a filler. The leading Create View directive should be 

considered a simple label for this configuration fragment.  

Lƴ ǘƘŜ ǎŜŎƻƴŘ ŦǊŀƎƳŜƴǘΣ ƻǳǘƭƛƴŜŘ ƛƴ ȅŜƭƭƻǿΣ ǘƘŜ w5. ǘŀōƭŜ tǊƻǾƛƴŎŜLŘŜƴǘƛŦƛŜǊ ƛǎ ǊŜŀŘΣ ǿƘƛŎƘ ƛǎ ƛŘŜƴǘƛŎŀƭ ǘƻ ǘƘŜ 

tǊƻǾƛƴŎŜ¦wL ƻƴŜΦ ¢ƘŜ ƛŘ ŦƛŜƭŘ ƛǎ ŜƳǇƭƻȅŜŘ ƛƴ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΥ ƛǘ ƛǎ ŜƳǇƭƻȅŜŘ ŦƻǊ ǎŜǘǘƛƴƎ ǘƘŜ ǾŀǊƛŀōƭŜ 

ƛŘŜƴǘƛŦƛŜǊ Ŝǉǳŀƭ ǘƻ ŀ ǎǘǊƛƴƎ ǿƘƻǎŜ ŎƻƴǘŜƴǘ ƛǎ ǘƘŜ ¦wLΣ ŀƴŘ ƛǘ ƛǎ ŜƳǇƭƻȅŜŘ ŦƻǊ ǎŜǘǘƛƴƎ ǘƘŜ ǾŀǊƛŀōƭŜ ǎ Ŝǉǳŀƭ ǘƻ ŀ 

¦wLΦ Lƴ ǘƘŜ /ƻƴǎǘǊǳŎǘ ŘƛǊŜŎǘƛǾŜΣ ǘƘŜ ǾŀǊƛŀōƭŜ ǎ ōŜŀǊǎ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ǘƘŜ w5C ǘǊƛǇƭŜ ǘƘŀǘ Ƙŀǎ ǘƻ ōŜ 

ƎŜƴŜǊŀǘŜŘΣ ǿƘƛƭŜ ǘƘŜ ǾŀǊƛŀōƭŜ ƛŘŜƴǘƛŦƛŜǊ ƛǎ ǘƘŜ ŦƛƭƭŜǊΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ¦wL ƛǎ ǎǘŀǘƛŎŀƭƭȅ ǎŜǘ Ŝǉǳŀƭ ǘƻ ŘŎǘΥƛŘŜƴǘƛŦƛŜǊΦ 

 

Figure 8 A sample fragment from the SML file where the production of some triples for the concept Province is configured 

CƛƴŀƭƭȅΣ ƛƴ Figure 9 ǘƘŜ ŦƛǊǎǘ ƭƛƴŜǎ ƻŦ ǘƘŜ ǘǊƛǇƭŜǎ ŦƛƭŜ ŦƻǊ ǘƘŜ Ŏƛǘȅ ƻŦ IŜƭǎƛƴƪƛ ŀǊŜ ǎƘƻǿŜŘΦ ¢ƘŜ ŦƛƭŜ ǘƘŀǘ ƛǎ ǎƘƻǿŜŘ 

ƛƴ ǘƘŜ ŦǊŀƎƳŜƴǘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ŎƭŜŀƴŜŘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ƛǘ Ŏƻƴǘŀƛƴǎ ƻǾŜǊ мл Ƴƛƭƭƛƻƴǎ ǘǊƛǇƭŜǎΦ !ǎ ƛǘ Ŏŀƴ ōŜ 

ǎŜŜƴΣ ǘƘŜ Ǌƻǿǎ ŀǊŜ ƛƴŎƛŘŜƴǘŀƭƭȅ ƻǊŘŜǊŜŘ ƛƴ ŀƴ ŀƭǇƘŀōŜǘƛŎŀƭ ƳŀƴƴŜǊΣ ŀǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ǎƻǊǘƛƴƎ ǘƘŀǘ Ƙŀǎ 

ōŜŜƴ ŀǇǇƭƛŜŘ ŀǎ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ǎǘŜǇ ŦƻǊ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ǘƘŜ ŘǳǇƭƛŎŀǘŜ ǊƻǿǎΦ !ǎ ŜȄǇŜŎǘŜŘΣ ŜŀŎƘ Ǌƻǿ ƛǎ ƳŀŘŜ ǳǇ 

ōȅ ǘƘǊŜŜ ǇŀǊǘǎΣ ǎŜǇŀǊŀǘŜŘ ǘƘǊƻǳƎƘ ŀ ǎǇŀŎŜ ŎƘŀǊŀŎǘŜǊΥ ǘƘŜ ǎǳōƧŜŎǘ όǘƘŜ ŀƴƎƭŜŘ ǇŀǊŜƴǘƘŜǎƛǎ ŘŜƴƻǘŜ ǘƘŀǘ ƛǎ Ƙŀǎ 

ǘƻ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ ¦wLύΣ ǘƘŜ ǇǊƻǇŜǊǘȅΣ ŀƴŘ ǘƘŜ ŦƛƭƭŜǊΦ !ǎ ŜȄǇŜŎǘŜŘΣ ǘƘŜ ƎǊŀǇƘ ¦wL ŘƻŜǎ ƴƻǘ ŀǇǇŜŀǊΦ 



 

Figure 9 The first few lines from the triples file for the city of Helsinki 

Now that the overall process that leads to the generation of the RDF triples has been outlined, an eye can 

be put at the Open Street Map and Km4City data models mapping, that can be considered the specification 

for the SQL scripts and configurations that we have introduced above.  

CƻǊ ŀ Ŧǳƭƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ Řŀǘŀ ƳƻŘŜƭǎ ƳŀǇǇƛƴƎΣ ŀ ōǊƛŜŦ ƻǾŜǊǾƛŜǿ ŀōƻǳǘ Ƙƻǿ ǘƘŜ ǎǘǊŜŜǘ ƎǊŀǇƘ ƛǎ 
ǊŜǇǊŜǎŜƴǘŜŘ ǿƛǘƘƛƴ ǘƘŜ h{a ·a[ ŦƛƭŜǎ ƛǎ ƴŜŎŜǎǎŀǊȅΦ Lƴ hǇŜƴ {ǘǊŜŜǘ aŀǇΣ ŀƭƭ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴǎ όt!ύ ŀǊŜ 
ǊŜǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ǊŜƭŀǘƛƻƴ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƘŀǾŜ ŀ ǎŜǘ ƻŦ ǘŀƎ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŘŜǎŎǊƛōŜ ǘƘŜ ƭŜǾŜƭ ŀƴŘ ǘƘŜ 
ƴŀƳŜ ƻŦ ǘƘŜ t!Σ ŀƴŘ ŀ ǎŜǘ ƻŦ ƳŜƳōŜǊ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŘŜǎŎǊƛōŜ ǘƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ t!Φ Lǘ ǎƘƻǳƭŘ ōŜ 
ƴƻǘŜŘ ǘƘŀǘ ƴƻǘ ŀƭƭ ǊŜƭŀǘƛƻƴ ŜƭŜƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘ ŀ t!Υ ŀ ŘŜŜǇ ƭƻƻƪ ƻǾŜǊ ǘƘŜ ǊŜƭŀǘƛƻƴ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎ ƛǎ 
ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ƛǘ ǊŜǇǊŜǎŜƴǘǎΦ  Lƴ h{aΣ ǊƻŀŘǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ǿŀȅ ŜƭŜƳŜƴǘǎΦ 
tǊŜŎƛǎŜƭȅΣ ŀ ǊƻŀŘ Ŏŀƴ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ŀ ǎƛƴƎƭŜ ǿŀȅ ŜƭŜƳŜƴǘΣ ƻǊ ǘƘǊƻǳƎƘ ŀ ǎŜǘ ƻŦ ǿŀȅ ŜƭŜƳŜƴǘǎ 
ƎǊƻǳǇŜŘ ǿƛǘƘƛƴ ŀ ǊŜƭŀǘƛƻƴ ŜƭŜƳŜƴǘΦ 9ŀŎƘ ǿŀȅ ŜƭŜƳŜƴǘ Ƙŀǎ ŀ ǎŜǘ ƻŦ ƴŘ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎΣ ŜŀŎƘ ƻŦ ǿƘƛŎƘ 
ŀŘŘǊŜǎǎŜǎ ŀ ƴƻŘŜ ŜƭŜƳŜƴǘΣ ǎƻ ƻǳǘƭƛƴƛƴƎ ǘƘŜ ǇŀǘƘ ƻŦ ǘƘŜ ǿŀȅΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ƴƻǘ ŀƭƭ ǘƘŜ ǿŀȅ 
ŜƭŜƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘ ŀ ǊƻŀŘ ƻǊ ŀ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΦ LƴŘŜŜŘΣ ŀ ǿŀȅ Ƨǳǎǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ƭƛƴŜ ƻƴ ǘƘŜ ƳŀǇΦ ! ŘŜŜǇ 
ƭƻƻƪ ƻǾŜǊ ǘƘŜ ǿŀȅ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎΣ ŀƴŘ ƻǾŜǊ ǘƘŜ ǊŜƭŀǘƛƻƴ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǘƘŜ ǿŀȅΣ ƛǎ ƳŀƴŘŀǘƻǊȅ ŦƻǊ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ŀ ǿŀȅ ǊŜǇǊŜǎŜƴǘǎΦ Lƴ h{aΣ ǘƘŜ ǎǘǊŜŜǘ ƴǳƳōŜǊǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘŜŘ ŜƴǘǊŀƴŎŜǎ ŀǊŜ Ƴŀƛƴƭȅ 
ǊŜǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ƴƻŘŜ ŜƭŜƳŜƴǘǎΦ !ƎŀƛƴΣ ƴƻǘ ŀƭƭ ƴƻŘŜ ŜƭŜƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘ ŀ ǎǘǊŜŜǘ ƴǳƳōŜǊΦ LƴŘŜŜŘΣ ŀ 
ƴƻŘŜ ŜƭŜƳŜƴǘ ƳŜǊŜƭȅ ǊŜǇǊŜǎŜƴǘǎ ŀ Ǉƻƛƴǘ ƻƴ ǘƘŜ ƳŀǇΦ ! ŘŜŜǇ ƭƻƻƪ ƻǾŜǊ ǘƘŜ ƴƻŘŜ ŎƘƛƭŘ ŜƭŜƳŜƴǘǎ ƛǎ ǊŜǉǳŜǎǘŜŘ 
ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛŦ ƛǘ ǊŜŀƭƭȅ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎǘǊŜŜǘ ƴǳƳōŜǊΣ ŀƴŘ ŦƻǊ ŜŦŦƛŎƛŜƴǘƭȅ ŀƴŘ ŜŦŦŜŎǘƛǾŜƭȅ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ 
ǊƻŀŘ ǿƘŜǊŜ ǘƘŜ ǎǘǊŜŜǘ ƴǳƳōŜǊ ƛǎ ƭƻŎŀǘŜŘΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ǊŜƭŀǘƛƻƴ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ǘƘŜ 
ƴƻŘŜ ƛǎ ŜǾŜƴ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ǊƻŀŘ ǿƘŜǊŜ ǘƘŜ ǎǘǊŜŜǘ ƴǳƳōŜǊ ƛǎ ƭƻŎŀǘŜŘΦ LƴŘŜŜŘΣ ǘƘŜ ƴƻŘŜ 
ŜƭŜƳŜƴǘǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎǘǊŜŜǘ ƴǳƳōŜǊǎΣ ǊŀǊŜƭȅ ŎƻƛƴŎƛŘŜ ǿƛǘƘ ǘƘŜ ƴƻŘŜ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƻǳǘƭƛƴŜ ǘƘŜ ǇŀǘƘ 
ƻŦ ǘƘŜ ǊƻŀŘ ǿƘŜǊŜ ǘƘŜ ǎŀƳŜ ǎǘǊŜŜǘ ƴǳƳōŜǊǎ ŀǊŜ ƭƻŎŀǘŜŘΦ Lƴ h{aΣ ǘƘŜ ƭŀƴŜǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ǘŀƎ 



ŜƭŜƳŜƴǘǎ ǿƘƻǎŜ ƪŜȅ ƛƴŎƭǳŘŜ ǘƘŜ ƭŀƴŜǎ ǿƻǊŘΣ ŀƴŘ ǘƘŀǘ ŀǊŜ ŎƘƛƭŘǊŜƴ ƻŦ h{a ǿŀȅ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ 
ǊƻŀŘǎ ƻǊ ǇŀǊǘǎ ƻŦ ǊƻŀŘ ǿƘŜǊŜ ǎǳŎƘ ƭŀƴŜǎ ŀǊŜ ƭƻŎŀǘŜŘΦ ! ŘŜŜǇ ǇŀǊǎƛƴƎ ƻŦ ōƻǘƘ ǘƘŜ ƪŜȅ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǎǳŎƘ 
ǘŀƎǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ŀ ǎǇŜŎƛŦƛŎ ǘŀƎ ŜȄŀŎǘƭȅ ǎŀȅǎ ŀōƻǳǘ ǘƘŜ ƭŀƴŜǎΦ [ŀǎǘƭȅΣ ǘǊŀŦŦƛŎ 
ǊŜǎǘǊƛŎǘƛƻƴǎ ŀǊŜ ǎǇǊŜŀŘ ŜǾŜǊȅǿƘŜǊŜΣ ŀǊŜ ŜȄǇǊŜǎǎƛǾŜ ŜƴƻǳƎƘ ŦƻǊ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀƴȅ ǎƻǊǘ ƻŦ ǇǊƻƘƛōƛǘƛƻƴ ŀƴŘ 
ŜȄŎŜǇǘƛƻƴΣ ŀƴŘ Ŏŀƴ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ŘƛŦŦŜǊŜƴǘƭȅ ƛƴ ŘƛŦŦŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ h{a ƳŀǇΦ 

²ƛǘƘƛƴ YƳп/ƛǘȅΣ ŜŀŎƘ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ŀƴ ƛƴǎǘŀƴŎŜ ƻŦ ǘƘŜ Ŏƭŀǎǎ tŀ όCƛƎǳǊŜ млύΦ 

! ƴŜǿ ƛƴǎǘŀƴŎŜ ƻŦ ǘƘŜ Ŏƭŀǎǎ tŀ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ŜǾŜǊȅ h{a ǊŜƭŀǘƛƻƴ ǘŀƎƎŜŘ ǿƛǘƘ ǘȅǇŜ Ŝǉǳŀƭǎ ǘƻ ōƻǳƴŘŀǊȅ ŀƴŘ 
ōƻǳƴŘŀǊȅ Ŝǉǳŀƭǎ ǘƻ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜΦ ! ǘƘƛǊŘ ǘŀƎΣ ŀŘƳƛƴψƭŜǾŜƭΣ ƛǎ ǳǎŜŘ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǘƛŜǊ ƻŦ ǘƘŜ t!Σ ŀƴŘ 
ŎƻƴǎŜǉǳŜƴǘƭȅ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎƘƛƭŘ Ŏƭŀǎǎ ǘƘŀǘ Ƴǳǎǘ ōŜ ƛƴǎǘŀƴǘƛŀǘŜŘΥ ƛŦ ƛǘ ƛǎ ǎŜǘ ǘƻ пΣ ŀ wŜƎƛƻƴ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ƛŦ ƛǘ ƛǎ 
ǎŜǘ ǘƻ с ŀ tǊƻǾƛƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ŀƴŘ ƛŦ ƛǘ ƛǎ ǎŜǘ ǘƻ у ŀ aǳƴƛŎƛǇŀƭƛǘȅ ƛǎ ƎŜƴŜǊŀǘŜŘΦ !ǘ ŜŀŎƘ ƛƴǎǘŀƴŎŜ ƻŦ tŀ ƛǎ 
ŀǎǎƛƎƴŜŘ ŀƴ ¦wL ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛŘ ƻŦ ǘƘŜ h{a ǊŜƭŀǘƛƻƴ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘΦ CƻǊ ŜŀŎƘ tŀΣ 
ǘƘǊŜŜ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǎŜǘΥ ǘƘŜ ƛŘŜƴǘƛŦƛŜǊ όǿƘƛŎƘ Ǝƭƻōŀƭƭȅ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƛƴǎǘŀƴŎŜ ŀƴŘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛŘ ƻŦ ǘƘŜ h{a 
ǊŜƭŀǘƛƻƴ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ tŀ ƛǎ ŎǊŜŀǘŜŘύΣ ǘƘŜ ƴŀƳŜ όǘƘŜ ƻŦŦƛŎƛŀƭ ƴŀƳŜΣ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ 
ǊŜƭŀǘƛƻƴύΣ ŀƴŘ ŀƭǘŜǊƴŀǘƛǾŜ όǘƘŜ ŀōōǊŜǾƛŀǘƛƻƴΣ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎƘƻǊǘψƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴύΦ !ƭǎƻΣ ǘƘŜ 
ǇǊƻǇŜǊǘȅ ƘŀǎtǊƻǾƛƴŎŜ ƛǎ ǎŜǘ ŦƻǊ ŜŀŎƘ ǊŜƎƛƻƴΣ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƘŀǎaǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ ƛǎLƴwŜƎƛƻƴ ŀǊŜ ǎŜǘ ŦƻǊ ŜŀŎƘ 
ǇǊƻǾƛƴŎŜΣ ŀƴŘ ǘƘŜ ǇǊƻǇŜǊǘȅ ƛǎLƴtǊƻǾƛƴŎŜ ƛǎ ǎŜǘ ŦƻǊ ŜŀŎƘ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ŦƻǊ ƭƛƴƪƛƴƎ ǘƘŜ t!ǎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΦ ¢ƘŜ 
t!ǎ ŀǊŜ ƭƛƴƪŜŘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜƛǊ ōƻǳƴŘŀǊƛŜǎΣ ǘƘŀǘ ŀǊŜ ƻǳǘƭƛƴŜŘ ōȅ ǘƘŜ h{a ǿŀȅ ŜƭŜƳŜƴǘǎ 
ǘƘŀǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ŜŀŎƘ ǊŜƭŀǘƛƻƴ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ŀ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΦ 

¢ƘŜ Ŏƭŀǎǎ IŀƳƭŜǘ όCƛƎǳǊŜ ммύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƭƻǿŜǎǘ ǘƛŜǊǎ ƻŦ ǎǳō-ƴŀǘƛƻƴŀƭ ŘƛǾƛǎƛƻƴΣ ōŜƭƻǿ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅΦ 
²ƛǘƘƛƴ ŀ ŎƛǘȅΣ ǘƘŜ ƛƴǎǘŀƴŎŜǎ ƻŦ IŀƳƭŜǘ ƻŦǘŜƴ ǊŜǇǊŜǎŜƴǘ ƛǘǎ ŘƛǎǘǊƛŎǘǎΦ CƻǊ ŜŀŎƘ ƛƴǎǘŀƴŎŜ ƻŦ IŀƳƭŜǘΣ ŦƛǾŜ 
ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǎŜǘΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ƛŘŜƴǘƛŦƛŜǊ Ǝƭƻōŀƭƭȅ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƛƴǎǘŀƴŎŜΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ƴŀƳŜ ǇǊƻǾƛŘŜǎ ǘƘŜ 
ƴŀƳŜ ƻŦ ǘƘŜ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ƛƴaǳƴƛŎƛǇŀƭƛǘȅhŦ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ǿƘŜǊŜ ǘƘŜ ƘŀƳƭŜǘ 
ƻǊ ŘƛǎǘǊƛŎǘ ƛǎ ƭƻŎŀǘŜŘΦ ¢ƘŜ ǇǊƻǇŜǊǘƛŜǎ ƭŀǘ ŀƴŘ ƭƻƴƎ ǇǊƻǾƛŘŜ ǘƘŜ ƛƴŘƛŎŀǘƛǾŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘΦ 

 

Figure 10 An outline of the Km4City Pa class 



! ƴŜǿ ƛƴǎǘŀƴŎŜ ƻŦ IŀƳƭŜǘ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ŜǾŜǊȅ h{a ǊŜƭŀǘƛƻƴ ǘŀƎƎŜŘ ǿƛǘƘ ǘȅǇŜ Ŝǉǳŀƭ ǘƻ ōƻǳƴŘŀǊȅΣ 
ōƻǳƴŘŀǊȅ Ŝǉǳŀƭ ǘƻ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜΣ ŀƴŘ ŀŘƳƛƴψƭŜǾŜƭ ƎǊŜŀǘŜǊ ǘƘŀƴ уΦ !ƭǎƻΣ ŀ ƴŜǿ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ 
ŜǾŜǊȅ h{a ǿŀȅ ǘŀƎƎŜŘ ǿƛǘƘ ōƻǳƴŘŀǊȅ Ŝǉǳŀƭ ǘƻ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŀƴŘ ǿƛǘƘ ŀŘƳƛƴψƭŜǾŜƭ ƎǊŜŀǘŜǊ ǘƘŀƴ уΦ [ŀǎǘƭȅΣ ŀ 
ƴŜǿ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ŜǾŜǊȅ h{a ƴƻŘŜ ǘŀƎƎŜŘ ǿƛǘƘ ǇƭŀŎŜ Ŝǉǳŀƭ ǘƻ ǎǳōǳǊōΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŜǊ ƛƴŎƭǳŘŜǎ 
ǘƘŜ ƛŘ ƻŦ ǘƘŜ h{a ŜƭŜƳŜƴǘ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ƴŀƳŜ ƛǎ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ 
ƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ IŀƳƭŜǘ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ƛƴaǳƴƛŎƛǇŀƭƛǘȅhŦ ƛǎ ǎŜǘ Ŝǉǳŀƭ ǘƻ 
ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ǿƘŜǊŜ ǘƘŜ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘ ƛǎ ƭƻŎŀǘŜŘΣ ƛŘŜƴǘƛŦƛŜŘ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜƛǊ ōƻǳƴŘŀǊƛŜǎΦ ¢ƘŜ ƭŀǘ 
ŀƴŘ ƭƻƴƎ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ h{a ƴƻŘŜ ŜƭŜƳŜƴǘ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ 
IŀƳƭŜǘ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ƻǊ ŎƻƳǇǳǘƛƴƎ ǘƘŜ ŎŜƴǘǊƻƛŘ ƻŦ ǘƘŜ ōƻǳƴŘŀǊȅ ƛŦ ǘƘŜ IŀƳƭŜǘ ƛƴǎǘŀƴŎŜ ƛǎ 
ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ŀƴ h{a ǿŀȅ ƻǊ ǊŜƭŀǘƛƻƴΦ 

¢ƘŜ Ŏƭŀǎǎ wƻŀŘ όCƛƎǳǊŜ мнύ ǊŜǇǊŜǎŜƴǘǎ ŜǾŜǊȅ ǘȅǇŜ ƻŦ ǊƻŀŘΦ CƻǊ ŜŀŎƘ ƛƴǎǘŀƴŎŜ ƻŦ wƻŀŘΣ ŜƛƎƘǘ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ 
ǎŜǘΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ƛŘŜƴǘƛŦƛŜǊ Ǝƭƻōŀƭƭȅ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƛƴǎǘŀƴŎŜΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ǊƻŀŘ¢ȅǇŜ ǇǊƻǾƛŘŜǎ ǘƘŜ ǎǘǊŜŜǘ ǘȅǇŜ 
ŘŜǎƛƎƴŀǘƛƻƴ13Σ ǿƘŜǊŜ ŀǇǇƭƛŎŀōƭŜΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ǊƻŀŘbŀƳŜ ǇǊƻǾƛŘŜǎ ǘƘŜ ŘƛǎǘƛƴƎǳƛǎƘƛƴƎ ƴŀƳŜ ƻŦ ǘƘŜ ǊƻŀŘΣ 
ƻōǘŀƛƴŜŘ ǊŜƳƻǾƛƴƎ ǘƘŜ ǎǘǊŜŜǘ ǘȅǇŜ ŘŜǎƛƎƴŀǘƛƻƴ ŦǊƻƳ ǘƘŜ Ŧǳƭƭ ƴŀƳŜ ƻŦ ǘƘŜ ǊƻŀŘΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ŜȄǘŜƴŘbŀƳŜ 
ǇǊƻǾƛŘŜǎ ǘƘŜ Ŧǳƭƭ ƴŀƳŜ ƻŦ ǘƘŜ ǊƻŀŘΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ŀƭǘŜǊƴŀǘƛǾŜ ǇǊƻǾƛŘŜǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ƴŀƳƛƴƎ ŦƻǊ ǘƘŜ ǊƻŀŘΣ 
ǿƘŜǊŜ ŀǇǇƭƛŎŀōƭŜΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ Ŏƻƴǘŀƛƴǎ9ƭŜƳŜƴǘ ƛƴŘƛŎŀǘŜǎ ƻƴŜ ƻŦ ǘƘŜ ǊƻŀŘ ǎŜƎƳŜƴǘǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ǘƘŜ ǊƻŀŘ 
όƛŦ ǘƘŜ ǊƻŀŘ ƛǎ ŎƻƳǇƻǎŜŘ ōȅ ǎŜǾŜǊŀƭ ǎŜƎƳŜƴǘǎΣ ǎŜǾŜǊŀƭ ƛƴǎǘŀƴŎŜǎ ƻŦ ǘƘŜ ǇǊƻǇŜǊǘȅ ŀǊŜ ƎŜƴŜǊŀǘŜŘύΦ ¢ƘŜ 
ǇǊƻǇŜǊǘȅ ƛƴaǳƴƛŎƛǇŀƭƛǘȅhŦ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ǿƘŜǊŜ ǘƘŜ ǊƻŀŘ ƛǎ ƭƻŎŀǘŜŘΣ ŀƴŘ ǘƘŜ ǇǊƻǇŜǊǘȅ 
ƛƴIŀƳƭŜǘhŦ ǎƛƳƛƭŀǊƭȅ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘ ǿƘŜǊŜ ǘƘŜ ǊƻŀŘ ƛǎ ƭƻŎŀǘŜŘ όǿƘŜƴ ŀǇǇƭƛŎŀōƭŜύΦ 

! ƴŜǿ ƛƴǎǘŀƴŎŜ ƻŦ wƻŀŘ ƛǎ ƎŜƴŜǊŀǘŜŘ ǿƘŜƴ ƻƴŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŦƻǳƴŘ ǿƛǘƘƛƴ h{aΥ 

1. ŀ ǿŀȅ ŜƭŜƳŜƴǘ ǘŀƎƎŜŘ ǿƛǘƘ ƘƛƎƘǿŀȅ ǎŜǘ Ŝǉǳŀƭ ǘƻ ŀƴȅ ǾŀƭǳŜ ŜȄŎŜǇǘ ŦƻǊ ǇǊƻǇƻǎŜŘΣ ŀƴŘ ƴƻǘ 
ǊŜŦŜǊŜƴŎŜŘ ōȅ ŀƴȅ ǊŜƭŀǘƛƻƴ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǊƻŀŘΤ 

2. ŀ ǊŜƭŀǘƛƻƴ ǘŀƎƎŜŘ ǿƛǘƘ ǘȅǇŜ Ŝǉǳŀƭ ǘƻ ǊƻǳǘŜΣ ǊƻǳǘŜ Ŝǉǳŀƭ ǘƻ ǊƻŀŘ όƻǊ ƴƻǘ ƛƴǎǘŀƴǘƛŀǘŜŘύΣ ŀƴŘ ƴŜǘǿƻǊƪ 
ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ Ŝ-ǊƻŀŘΣ ŀƴŘ ǘƘŀǘ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ŀǘ ƭŜŀǎǘ ƻƴŜ ǿŀȅ ǘŀƎƎŜŘ ǿƛǘƘ ƘƛƎƘǿŀȅ ǎŜǘ ǘƻ ŀƴȅ ǾŀƭǳŜ 
ŜȄŎŜǇǘ ŦƻǊ ǇǊƻǇƻǎŜŘΦ 

Lƴ ǘƘŜ ŦƛǊǎǘ ŎŀǎŜΣ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ wƻŀŘ ƛƴǎǘŀƴŎŜ ŀǊŜ ǎŜǘ ŀǎ ŦƻƭƭƻǿǎΥ 

ω ǘƘŜ ƛŘŜƴǘƛŦƛŜǊ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛŘ ƻŦ ǘƘŜ ǿŀȅ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ƛƴǎǘŀƴŎŜ ƛǎ ŎǊŜŀǘŜŘΤ 

ω ǘƘŜ ǊƻŀŘ¢ȅǇŜΣ ǊƻŀŘbŀƳŜΣ ŀƴŘ ŜȄǘŜƴŘbŀƳŜ ŀǊŜ ǎŜǘ ǇŀǊǎƛƴƎ ǘƘŜ ƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ h{a ǿŀȅ ŜƭŜƳŜƴǘΦ 
tǊŜŎƛǎŜƭȅΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǘŀƎ ƛǎ ǿǊƛǘǘŜƴ ŀǎ ƛǎ ƻƴ ǘƘŜ ǇǊƻǇŜǊǘȅ ŜȄǘŜƴŘbŀƳŜΣ ǿƘƛƭŜ ǘƘŜ ǊƻŀŘ¢ȅǇŜ ŀƴŘ 
ǘƘŜ ǊƻŀŘbŀƳŜ ŀǊŜ ǎŜǘ ǎŜŀǊŎƘƛƴƎ ǘƘŜ ŜȄǘŜƴŘbŀƳŜ ŦƻǊ ƻƴŜ ƻŦ ǘƘŜ ŀƭƭƻǿŜŘ ǊƻŀŘ ǘȅǇŜǎΣ ƪŜǇǘ ƛƴ ŀ 
ǎŜǇŀǊŀǘŜ ƭƛǎǘ ǿƘƛŎƘ ǾŀǊƛŜǎ ŦǊƻƳ ŎƻǳƴǘǊȅ ǘƻ ŎƻǳƴǘǊȅΦ LŦ ŀ ƳŀǘŎƘ ƻŎŎǳǊǎΣ ǘƘŜ ƳŀǘŎƘŜŘ ǊƻŀŘ ǘȅǇŜ ƛǎ 
ǿǊƛǘǘŜƴ ƛƴǘƻ ǘƘŜ ǊƻŀŘ¢ȅǇŜΣ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƛǎ ǿǊƛǘǘŜƴ ƛƴǘƻ ǘƘŜ ǊƻŀŘbŀƳŜΦ hǘƘŜǊǿƛǎŜΣ ǘƘŜ 
ǊƻŀŘ¢ȅǇŜ ƛǎ ƴƻǘ ƛƴǎǘŀƴǘƛŀǘŜŘΣ ŀƴŘ ǘƘŜ ǊƻŀŘbŀƳŜ ƛǎ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ŜȄǘŜƴŘbŀƳŜΤ 

ω ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ƛǎ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ŀƭǘψƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ h{a ǿŀȅΣ ƛŦ ŀǾŀƛƭŀōƭŜΤ 
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Figure 11 An outline of the Km4City Hamlet class 



ω ŦƻǊ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ ƛƴǎǘŀƴǘƛŀǘƛƻƴ ŀƴŘ ƭƛƴƪƛƴƎ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘǎ ƻŦ ǊƻŀŘΣ ƛǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ŜŀŎƘ 
h{a ǿŀȅ ǊŜǇǊŜǎŜƴǘǎΣ ƛƴ ǘƘŜ Ƴƻǎǘ ƎŜƴŜǊŀƭ ŎŀǎŜΣ ŀ ŎƻƳǇƭŜȄ ǇŀǘƘ ƻǳǘƭƛƴŜŘ ōȅ ŀ ǎŜǘ ƻŦ h{a ƴƻŘŜ 
ŜƭŜƳŜƴǘǎ ŜŀŎƘ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀ Ǉƻƛƴǘ ƻƴ ǘƘŜ ƳŀǇΦ ! ƴŜǿ wƻŀŘ9ƭŜƳŜƴǘ ƛƴǎǘŀƴŎŜ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ŜŀŎƘ 
ƭƛƴŜŀǊ ǎŜƎƳŜƴǘ ƻǳǘƭƛƴŜŘ ōȅ ǘǿƻ ŎƻƴǎŜŎǳǘƛǾŜ ƴƻŘŜǎΣ ŀƴŘ ŀ ƴŜǿ Ŏƻƴǘŀƛƴǎ9ƭŜƳŜƴǘ ǇǊƻǇŜǊǘȅ ƛǎ 
ƛƴǎǘŀƴǘƛŀǘŜŘ ƻƴ ǘƘŜ wƻŀŘ ŦƻǊ ƭƛƴƪƛƴƎ ǘƘŜ ƴŜǿƭȅ ƎŜƴŜǊŀǘŜŘ ǊƻŀŘ ŜƭŜƳŜƴǘ ǘƻ ǘƘŜ ǊƻŀŘ ǿƘŜǊŜ ƛǘ ƛǎ 
ƭƻŎŀǘŜŘΤ 

ω ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƛǎLƴaǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ ǘƘŜ ƛǎLƴIŀƳƭŜǘ ŀǊŜ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƛƴǎǘŀƴŎŜǎ ƻŦ aǳƴƛŎƛǇŀƭƛǘȅ 
ŀƴŘ IŀƳƭŜǘ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ ǘƘŜ ƘŀƳƭŜǘ όƻǊ ŘƛǎǘǊƛŎǘύ ǿƘŜǊŜ ǘƘŜ ǊƻŀŘ ƛǎ ƭƻŎŀǘŜŘΦ LŦ 
ŀ ǊƻŀŘ Ŧŀƭƭǎ ǿƛǘƘƛƴ ƴƻ ŘƛǎǘǊƛŎǘΣ ǘƘŜ ƛǎLƴIŀƳƭŜǘ ǇǊƻǇŜǊǘȅ ƛǎ ƴƻǘ ƛƴǎǘŀƴǘƛŀǘŜŘΦ ! ǊƻŀŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ Ŧŀƭƭ 
ǿƛǘƘƛƴ ŀ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘΣ ƛŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜ ƴƻŘŜǎ ǘƘŀǘ ƻǳǘƭƛƴŜ ǘƘŜ ǇŀǘƘ ƻŦ ǘƘŜ 

ǊƻŀŘ Ŧŀƭƭǎ ǿƛǘƘƛƴ ǘƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘΦ 

Lƴ ǘƘŜ ǎŜŎƻƴŘ ŎŀǎŜΣ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ wƻŀŘ ŀǊŜ ǎŜǘ ŀǎ ŦƻƭƭƻǿǎΥ 

ω ǘƘŜ ƛŘŜƴǘƛŦƛŜǊ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛŘ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ƛƴǎǘŀƴŎŜ ƛǎ ŎǊŜŀǘŜŘΤ 

ω ǘƘŜ ǊƻŀŘ¢ȅǇŜΣ ǊƻŀŘbŀƳŜΣ ŀƴŘ ŜȄǘŜƴŘbŀƳŜ ŀǊŜ ǎŜǘ ǇŀǊǎƛƴƎ ǘƘŜ ƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴΤ 

ω ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ƛǎ ǎŜǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŀƭǘψƴŀƳŜ ǘŀƎ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴΤ 

ω ŦƻǊ ŜŀŎƘ ƭƛƴŜŀǊ ǎŜƎƳŜƴǘ ƻǳǘƭƛƴŜŘ ōȅ ǘǿƻ ŎƻƴǎŜŎǳǘƛǾŜ ƴƻŘŜǎ ǿƛǘƘƛƴ ŜŀŎƘ ǿŀȅ ƳŜƳōŜǊ ƻŦ ǘƘŜ 
ǊŜƭŀǘƛƻƴΣ ŀ ƴŜǿ ƛƴǎǘŀƴŎŜ ƻŦ ǘƘŜ Ŏƭŀǎǎ wƻŀŘ9ƭŜƳŜƴǘ ƛǎ ƎŜƴŜǊŀǘŜŘΤ 

ω ǘƘŜ ƛǎLƴaǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ ǘƘŜ ƛǎLƴIŀƳƭŜǘ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǎŜǘ ǎƻ ǘƘŀǘ ƛŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ƴƻŘŜ ƻŦ ŀǘ ƭŜŀǎǘ ƻƴŜ 
ǿŀȅ ŀƳƻƴƎ ǘƘŜ ƻƴŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜƭŀǘƛƻƴΣ Ŧŀƭƭǎ ǿƛǘƘƛƴ ǘƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ƘŀƳƭŜǘ 
ƻǊ ŘƛǎǘǊƛŎǘΣ ǘƘŜƴ ǘƘŜ ǊƻŀŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜƭƻƴƎ ǘƻ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ƘŀƳƭŜǘ ƻǊ ŘƛǎǘǊƛŎǘΦ 

¢ƘŜ Ŏƭŀǎǎ wƻŀŘ9ƭŜƳŜƴǘ όCƛƎǳǊŜ моύ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎŜƎƳŜƴǘ ƻŦ ŀ ǊƻŀŘΦ ! ƴŜǿ wƻŀŘ9ƭŜƳŜƴǘ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦƻǊ 

 

Figure 12 An outline of the Km4City Road class 



ŜŀŎƘ ƭƛƴŜŀǊ ǎŜƎƳŜƴǘ ƻŦ ŜŀŎƘ h{a ǿŀȅ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǊƻŀŘ ƻǊ ŀ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΦ 

¢ƘŜ Ƴŀƛƴ ǇǊƻǇŜǊǘƛŜǎ ǎŜǘ ƻƴ ŀ wƻŀŘ9ƭŜƳŜƴǘ ŀǊŜ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŜǊ ƛǎ ŎƻƳǇƻǎŜŘ ōȅ 
ŎƻƴŎŀǘŜƴŀǘƛƴƎ ǘƘŜ h{a ǿŀȅ ƛŘ ǿƛǘƘ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘ ƛƴ ǘƘŜ h{a ǿŀȅΦ ¢ƘŜ ǇǊƻǇŜǊǘƛŜǎ 
ǎǘŀǊǘǎ!ǘbƻŘŜΣ ŜƴŘǎ!ǘbƻŘŜΣ ŀƴŘ ǊƻǳǘŜ ǇǊƻǾƛŘŜ ōŀǎƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ 
ǘǿƻ ŜȄǘǊŜƳƛǘƛŜǎ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΣ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ŀ ƎŜƻƳŜǘǊƛŎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ŦƻǊ ǘƘŜ ǎŜƎƳŜƴǘΦ ¢ƘŜȅ 

ŀǊŜ ǎŜǘ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ h{a ƴƻŘŜ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƻǳǘƭƛƴŜ ǘƘŜ ǇŀǘƘ ƻŦ ǘƘŜ h{a ǿŀȅΦ 

¢ƘŜ ǇǊƻǇŜǊǘȅ ŜƭŜƳŜƴǘ¢ȅǇŜ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ƭƻŎŀǘƛƻƴ ŀƴŘ ǳǎŀƎŜ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΦ 
tǊŜŎƛǎŜƭȅΣ ƛǘ ǎŀȅǎ ƛŦ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘ ƛǎ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ŀ ǇŀǊƪƛƴƎΣ ŀ ƭƛƴƪΣ ŀ ǊƻǳƴŘŀōƻǳǘΣ ŀ ŎǊƻǎǎǊƻŀŘΣ ŀƴ 
ƘƛƎƘǿŀȅ ōŀǊǊƛŜǊΣ ŀ Ǌŀƛƭǿŀȅ ƭŜǾŜƭ ŎǊƻǎǎƛƴƎΣ ŀ ǇŜŘŜǎǘǊƛŀƴ ŀǊŜŀΣ ŀ ǊƻŀŘ ǊŜǎŜǊǾŜŘ ŦƻǊ ǇŀǊǘƛŎǳƭŀǊ ǳǎŀƎŜǎ όōǳǎ ǎǘƻǇΣ 
ǊŜǎǘ ŀǊŜŀΣ ŜƳŜǊƎŜƴŎȅύΣ ƻǊ ƛŦ ƛǘ ƛǎ ŀ ƎŜƴŜǊƛŎ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΦ ¢Ƙƛǎ ǇǊƻǇŜǊǘȅ ƛǎ ǇǊƛƳŀǊƛƭȅ ǎŜǘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ 
ƘƛƎƘǿŀȅ ǘŀƎ ƻŦ ǘƘŜ h{a ǿŀȅΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƻǘƘŜǊ ǘŀƎǎ ƭƛƪŜ ǎŜǊǾƛŎŜΣ ŀƳŜƴƛǘȅΣ ƧǳƴŎǘƛƻƴΣ ōŀǊǊƛŜǊΣ ŀǊŜŀΣ ǊŀƛƭǿŀȅΣ 
ƭŀƴŜǎΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ŎƻƳǇƻǎƛǘƛƻƴ ǘŜƭƭǎ ƛŦ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘ ƛǎ ŀ Řǳŀƭ ŎŀǊǊƛŀƎŜ ƻƴŜΦ Lǘ ƛǎ ǎŜǘ ǘƻ Řǳŀƭ ŎŀǊǊƛŀƎŜ ƛŦ 
ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘ ōŜƭƻƴƎǎ ǘƻ ŀ ǘȅǇŜ ƻŦ ǊƻŀŘ ǘƘŀǘ ŀƭǿŀȅǎ ƛǎ ŀ Řǳŀƭ ŎŀǊǊƛŀƎŜ ǊƻŀŘ ŦƻǊ ƭŀǿΣ ƻǊ ƛŦ ǘƘŜ ǿŀȅ ƛǎ 
ǿƛǘƘƛƴ ŀ ǊŜƭŀǘƛƻƴ ǘŀƎƎŜŘ ǿƛǘƘ ǘȅǇŜ Ŝǉǳŀƭ ǘƻ ŘǳŀƭψŎŀǊǊƛŀƎŜǿŀȅΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ŜƭŜƳ[ƻŎŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ŀƴ 
ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŜƭŜǾŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘΦ tǊŜŎƛǎŜƭȅΣ ƛǘ ǎŀȅǎ ǿƘŜǘƘŜǊ ǘƘŜ ǎŜƎƳŜƴǘ ƻŦ ǊƻŀŘ ƛǎ 
ƭƻŎŀǘŜŘ ƛƴ ŀ ǘǳƴƴŜƭΣ ōǊƛŘƎŜΣ ƭƛƴƪΣ ŀ ǳƴƛƻƴ ƻŦ ǘƘŜƳΣ ƻǊ ƴƻƴŜ ƻŦ ǘƘŜƳΦ ¢ƘŜ ǇǊƻǇŜǊǘȅ ƛǎ ǎŜǘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ 

 

Figure 13 An outline of the Km4City RoadElement class 


