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mocaml 15 TU%S
#trace func:: T func OIEUH U ZESR
#untrace func:: TEStR~REFR
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orint_int, prlnt_strlng, print_float,
orint_char: ENEZNOEDIEZH /]
orint_newline: 24T

orint_endline: XF5ZH LT
Printf.printf: C §5&® printf 18
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let rec iter x = iter x in fst (b, iter x)
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By Value ({EE L)
By Name (Z81E L)
By Need (:EXEZTi)



Call by Value (1)

= Ee'ﬂ’ﬁ&?&td)?; |28 %2 R D a1 (5T
sfib(1+1)>fib2—>
if 2 < 2then 1elsefib(2-1) + fib (2 - 2)
— if false then 1 else fib (2 —1) + fib (2 — 2)
—>fib (2-1) + fib (2 - 2)
—> fib 1 + fib (2 - 2)
—> (if 1 < 2then 1else...) + fib (2 - 2)
=>"1+fib(2-2)—>1 +fb0
=>"1+1—>2




Call By Value (2)
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Call By Value (3)
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let rec loop x = loop x in fst (5, loop x) = FENX
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Call By Value (4)
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mletif fbxy =ifbthenxelsey

s if ftrue 5 (loop x) > FEH

mletif dbxy =if bthen x () elsey ()

n if dtrue (fun () -> 5) (fun () -> loop x)
—>" if true then (fun () -> 5) () else (fun () -> loop x) ()
—> (fun () ->5)() > 5
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Call By Name (1)
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mletfx=x*xinf(b + 3)
—> 1 (b + 3)
—> (b + 3) * (b + 3)
—> 8 * (b + 3)
—> 8 * 8
— 64
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Call By Name (2)
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s 5| let rec loop x = loop x in fst (b, iter x)
—> fst (b, iterx) > 5+ 3 —>8

w if ©EBEFEDFHHAHEEEE U TEFEIRE
let (if)bxy = {b ZFHEL x h*y Z3RT }
(if) true (5 + 3) (loopx) >" 5+ 3—>8

12



T W B

Call by Name (3)
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letfx =x*xinf (b + 3)

—>f (5 + 3)

—> (b5 + 3)*(b+ 3)
—>87%8

— 64
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= module Delayed: Call-by-Name DZE1R

delay : BEEFF NI N ZEKT
AT bZERk
= UV delay (fun () -> )
force : delay SNICNDERDIEZEFD

16



EVESE (2)
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# let eager if b x y = if b then x else y;;
val lazy if : bool ->'a->"'a->"'a = <fun>
# let rec eager fact x = eager _if (x = 0) (1)
(x * eager fact (x - 1));;
val eager fact: int-> int = <fun>
# eager fact 10;;
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m {51 (2); if D2 DDEIREY % EIEST

# open Delayed;;
# let lazy if b x y = if b then (force x) else (force y)
val lazy if : bool -> 'a Delayed.delayed ->
‘a Delayed.delayed -> 'a = <fun>
# let lazy fact x = lazy_if (x = 0) (delay (fun () -> 1))
(delay (fun () -> x * lazy fact (x - 1)));;
val lazy fact: int-> int = <fun>
# lazy fact 10;;
- : int = 3628800
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= module Delayed % Call-by-Need semantics

CTHEERT L,
1[E] force SNICIEZEIRUTCHE. HLAI_?'J‘Z D
LAk force eN1IZE THFEMAMEBILMMEEC 5%
WEKDICT B,

IRIA:
= let p = delay (fun () - > print_endline “eval!”; 5 + 3)
in (force p) * (force p) &3 & evall H2EIRFTETND,
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module Sequence ZEE T X,
tail BN Z BT ET,

= head: o seq —> « SEEXRZHUS
=tail: o seq—> o seq  FLEEZPRULMC Seq.
= nil: o seq ZE Sequence

m CONns: O = O seq delayed = o seq
m take: o seq = int = o list
take s n:s DFBEHRA n BEXRZEHDOHT
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s T—IBEJMEETCT: I UVUDHTI D
type lazymlvalue (CIEPDEL TLWTYT,

s T—IBET R ICIRIFE make clean; make T
Reader TEZ{EDELTLIZE LY,
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= force > N ZRBGH 55T CICHER
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Primitive: 5|81 T N TR E
Cons, Pair: 5|13l delay sNTLITLL
Apply: ZE3BDIE (A ) BMpHE
Match: N5 — 29V FICRHBGEIDICITIE
force NTULVGEULLEWFEW
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