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IFEL DR

print_int, prlnt_strlng, print_float, print_char:
ZNENDEDEZ L]

print_newline: 2817

print_endline: 3XF5ZH D LeNTT
Printf.printf: C §5&® printf 18
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= 5I5M: BIEROZ1E
= fl5h2: EFESEWTOTS L

let rec iter x = iter x in fst (b, iter x)
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T\DFHMEIERF (2)
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Call by Value ({E;E U)
Call by Name (&BIE L)
Call by Need (3E3EET{ih)




Call by Value (1)

-%M&t@ﬂﬂQﬁ. D a5
sfib(1+1)—>1fb2-—>

if 2 < 2then1elsefib(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




T W M R

Call by Value (2)
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Call by Value (3)

D D D >
n R
FERMNEE > TL D NDOFHEH
IEESTGEWC EDHDB

let rec loop x = loop x in fst (5, loop x) = FENX

R W DHD special form Z=FHE
n if (ERHFEIE VBT DOENUDFEM U %L
if (FRIEN T Iy
o], 88, ; BEGEE
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Call by Value (4)

s IIE = 0D il 1]
A R (EEHTNBEDOFNENICFEZ D
mletif fbxy =if bthen xelsey

s if ftrue 5 (loop x) —> FEN

P

sletif dbxy =ifbthenx()elsey ()

n if_d true (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)

s JMAIDEGEEIFE %2 5 |28 &k D Fel 5T
mletfx=x*xinf(b + 3)
—> 1 (b + 3)
—> (5 +3)*(b+ 3)
—>8* (b + 3)
—>8*8
— 64
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Call by Name (2)

) ) R )
m Fls
STEBEIH FL

= Call by Value C&Hii ol ge’s® D (F5F{Hi o] 5E

s 5| let rec loop x = loop x in fst (6+3, loop x)
—> fst (5+3, loopx) >b5+3—>8

s if HEFEDIHHFAHEEE U TCEERTEE
let (if)bxy ={bZFHiiL x 'y ZiRT }
(if) true (5 + 3) (loopx) "5+ 3 —> 8
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Call by Name (3)
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Call by Need (1)

n JMBI DI ERE AR 72 e (5T
n B UV 1B/ EEME. fFRZ=EWLET
letfx =x*xinf (b + 3)
—>f (b + 3)
> bB+3)*MB +3 #2DM (5+3) [E[E]—
—>8*8
— 64

cf. “Haskell” (Call by need 7B EIS EE)

14



Call by Need (2)

m sz

STEBENDH'F L (call by name &[G U)
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= Sharing D' DTS IZEHMEC
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EIECT{H D ESE (1)

D D ] D
= module Delayed: Call by Name D3£I
delay : BEEFHH NS N =K
AT 1D k=45 R
= EULVA: delay (fun () -> =)
force : delay SNICHDERDEZFD
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EVESE(T (2)

0 0

m {5 (1)
# 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;;

(LEES57%F0..)
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EVESE( (3)

® ® 0 ®
5 (2): if D2DDZFEIRAR = EEET
# 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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sred 1

= module Delayed % Call by need

semantics CHEET .

1[6] force TNICEZEIREUTHE. BUED
2[BIL1_E force ENICIFT THE@EAE UL

tLb&L\JD('—gﬁo
IRAA:
= let p = delay (fun () -> print_endline “eval!”; 5 + 3)
in (force p) * (force p) &1°3 & evall H2[O|FX RS

nd.
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meed1 (E2 F)

n T —JI¥8&: Reference Cell
Ml S NS EIDIE : unit > o
Ml S NICEDIE : o
ZAZHN T =S reference Z{E- T
BIEZ—EFHAUICSREBICETIRAS

global REEIFZ(EDEEBIE D < LKz Ly
= BYHYNE S delayed value IR A &L
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m EIE (EPE) VAN =RKRIHTS
module Sequence ZEE&ETE X,
tail MB %ELéﬂcx?o

= head: o seq = o FLEHE R ZHUF
= tail: o seq = A seq BEZPRLVC Seq.
= nil: o seq ZE Sequence

mcons: O = O seq delayed = o seq
= take: o seq —> Iint = o list
take s n : s DFLEEHZRA n BERZHDOHT
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sFi83 (optional)

m BIEIDA 5T % Call by need T
BEEC L

s T—YEERFEETCT: LI UHETUFD
type lazymlvalue [C1EDE < TLIWTT,

s T—HBISEZZ X IR make clean; make T
Reader T EZ{EDELTLIZE LY,
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meea3 (E2 1)

>
n HEER
force > D= RGH S5

S ICREBERE AT =T

= Primitive: 5|EXHV9 N TA3

= Cons, Pair: 5|#3 delay SN TUL T LWL

= Apply: Z£380D1E (A ) ML E
= Match: \T =29V FICREREIDICITIE

force SN TULVEU & WMFE0
ZE® (I VvFI B force U< TEL
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