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Aoxknon 4 YAiomoinon cuvopTGLEKAV YAMGGAV TPOYPUUIOTIGHOV

Ipobeouia mapdadoong: 16/1/2012

2115 emduEVES 600 GEAIDEG VTLAPYOVV dVO PAOTOTLINUEVES AGKNOELS atd To BiPAio Tov John C. Mitchell,
“Concepts in Programming Languages,” Cambridge University Press.

I va AMboete v doknon 4.12 Ba ypelaoteite Tov Tapukdt® optopud tov Declarative Language Test:

Within the scope of specific declarations of x1, ..., x,, all occurrences of an expression e
containing only variables x1, . . ., z,, have the same value.

TO OTLO10 TEPVAVE O1 ALYVA GUVAPTNOLUKEG YADGGEC TPOYPUULOTIGLOV.

INo v doxnon 7.17, ektdg amd TIG EPMTHCELG TOV AVOPEPOVTINL OTI GOTOTLTNUEVN GEAIdO ATOVTNOTE
Kol otV €£NC EMMAEOV EPATNON:

(d) Onwg avagépetor Kot 6TV EKEOVNON, “TumKd”’, 1] cuvaptnon fact” elvan tail recursive. I166o¢
XOPOg xpetdletar yio ) anotipunon g facto(n) og cuvapmon tov n; E&nynote mod deopedeton
AVTOG 0 YDPOC KOTA TNV EKTELECT] TOV AVOIPOUIK®DY KARce®V TG fact” Kol TOTE KOl LE TOL0
TPOTO 0 YDPOC AVTOG amodeaeveTal. Me Bdon TV AmAvVTNGN 0AG GE QLTI TNV EPMTNOT, TLYVOUN
€YETE Y10, TOV GLVNON OPLGUO TNG AVASPOUNG OVPAG TTOV OVOLAGTIKG AEEL OTL L0 GLVAPTNGOT TOL
glvan tail recursive amotipdral o otabepd péyebog pvnung (otoifag);
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7.17 Tail Recursion and Order of Operations
This asks about the order of operations when converting a function to tail recur-
sive form and about passing functions from one scope to another. Here are three
versions of our favorite recursive function, factorial:
Normal recursive version
facty (n) =  (if n=0 then 1 else n*fact,(n-1))

Tail-recursive version
fact'(n,a) = (if n=0 then a else fact'(n-1,(n*a)))
factp(n) = fact'(n,1)

Another tail-recursive version
fact”(n,rest) =  (if n=0 then rest(1) -
else fact”(n-1,(fn(r)=> rest(n*r))))
factc(n) = fact”(n,fn(answer)=>answer)
Here is the evaluation of fact, (3) and facty (3):
fact,(3) =  (if 3=0 then 1 else 3*fact, (2))
= (if false then 1 else 3*fact,(2))
= (3*fact(2))
= (3*(if 2=0 then 1 else 2*fact,(1)))
= (3*(2*fact(1)))
= (3*(2*(if 1=0 then 1 else 1*fact,(0))))
= (3*(2*(1*fact(0))))
= (3*(2*(1*(if 0=0 then 1 else 0*fact,(-1)))))
= (3*(2*(1*(1))
fact(3) = fact'(3,1)
= (if 3=0 then 1 else fact'(2,(3*1)))
= (fact'(2,(3*1)))
= (if 2=0 then (3*1) else fact'(1,(2*(3*1))))
= (fact(1,(2*(3*1)))
= (if 1=0 then (2*(3*1)) else fact'(0,(1*(2*(3*1)))))
= (fact/(0,(1*(2*(3*1))))
= (if 0=0 then (1*(2*(3*1))) else fact'(-1,(0%(1*(2*(3*1))))))
= (1*(2*(3*1)))
The multiplications are not carried out in these symbolic calculations so that we
can compare the order in which the numbers are multiplied. The evaluations show
that fact, (3) multiplies by 1 first and by 3 last; fact; (3) multiplies by 3 first and 1
last. The order of multiplications has changed.

(a) Show that fact, (3) multiplies the numbers in the correct order by a symbolic
calculation similar to those above that does not carry out the multiplications,

(b) We can see that fact” is tail recursive in the sense that there is nothing left
to do after the recursive call. If these functions were entered into a compiler
that supported tail recursion elimination, would fact, (n) be closer in efficiency
to fact, (n) or facts (n)? First, ignore any overhead associated with creating
functions, then discuss the cost of passing functions on the recursive calls,

(¢) Do you think it is important to preserve the order of operations when trans-
lating an arbitrary function into tail recursive form? Why or why not?



