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Ma n y fu n c t io n a l p r o g r a m m in g la n g u a g e s o p e r a t e o n S-expressions. Th e s e t s o f b u ilt -
in fu n c t io n s o f t h o s e la n g u a g e s c o n t a in car; cdr; cons; atom; eq; if then else fu n c t io n s .
It is s h o wn t h a t Tu r in g c o m p u t a b le fu n c t io n s d e ¯ n e d o n S-expressions c a n b e p r e s e n t e d
in s u c h fu n c t io n a l p r o g r a m m in g la n g u a g e s wh ic h h a ve car; cdr; cons; atom; eq;
if then else b u ilt -in fu n c t io n s . In o t h e r wo r d s , if t h e s e t o f b u ilt -in c o n s t a n t s o f a fu n c t io n a l
p r o g r a m m in g la n g u a g e c o n t a in s a ll t h e s e fu n c t io n s , t h e n t h a t la n g u a g e is Tu r in g c o m p le t e .
Th e fo llo win g t wo r e s u lt s a r e o b t a in e d fo r t h e m in im a lit y o f t h e s e t o f b u ilt -in fu n c t io n s
© =fcar; cdr; cons; atom; eq; if then elseg.

1 . © is m in im a l fo r fu n c t io n a l p r o g r a m m in g la n g u a g e s wh ic h u s e m o r e t h a n t wo a t o m s .

2 . Th e fu n c t io n eq is r e p r e s e n t a b le in a fu n c t io n a l p r o g r a m m in g la n g u a g e wh ic h u s e s o n ly
t wo a t o m s a n d t h e s e t ©n feqg o f b u ilt -in fu n c t io n s ; t h e s e t o f b u ilt -in fu n c t io n s ©n
feqg is m in im a l fo r fu n c t io n a l p r o g r a m m in g la n g u a g e s wh ic h u s e o n ly t wo a t o m s a n d
it is t h e o n ly p r o p e r s u b s e t o f t h e s e t ©, wh ic h is m in im a l fo r s u c h la n g u a g e s .
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