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(Functional programming)
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(Procedural and non-procedural programming)
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Inajaz 1935 dsdodonnudairuaa) (assignment statement) asa06199 Ialdnasae 11

Program Modulo

1) read M1

read M2

M1 = M1 - M2

If M1 >= 0 then goto (3)
M1 = M1 + M2

write M1

halt

FJoanudadimuan 195U Taanudan 3) uag (5) TuTsunsy Modulo azsi e uzueg
A s A A o 9 a o 1] o v 7
aounmeslaswmlas e Tusunsuiinusn anuzgamevesneuiuneswzudiuennadns

a s a 1A ] o (YY) 1 A
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unil 9 My Tsunsudanini

&8ss nanaid anuzvoINONNIABS (State)
(Thread) slsllf]iJ“ﬁLGi,l’W muwuﬂuwmammm waﬁwﬁ
Ml M2
13,4
(1) read M1 13
(2) read M2 13 4
(B)M1=M1-M2 9 4
(4) if M1 >= 0 goto (3) 9 4
B)MI=M1-M2 5 4
(4) if M1 >= 0 goto (3) 5 4
(B)M1=M1-M2 1 4
(4) if M1 >= 0 goto (3) 1 4
B)MI=M1-M2 -3 4
(4) if M1 >= 0 goto (3) -3 4
(5) M1 =M1 + M2 1 4
(6) write M1 1 4 1
(7) halt 1 4

H a o
519 9.1 aauzvsInsuNInI VAU uIana 11515y Modulo

U
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[ 1

o Aa o W 3 a o { o I [
msmTsunsuFanszurumds Jatudsmsildsuasunldmdasmuaauiunanlums
o A A P Ao & A v e & J .
AUANMINNUVDUATOINBUNUADT Taslidrdelszinndn 15U Arderudn ( for, while, repeat,
o cb dd‘ . . 1] o o Y o =
etc.) mdalieuly (if, switch, ete.) Hwisznonlumssmuadidumsniian mseullsunsy
a o w [} I @
FeMBUTINTZUINAIFY (199 MW7 Pascal, C/C++, FORTRAN, BASIC, etc.) 3udludnyazms
= d'd a 7 d‘ w d' A d‘ 1 ] o d'
weu ldsunsunduunavannenumslasuaauzonlasua luntiteanuiveunsod
A o o w R v & Y Ay & A Y1 o o P
Aouumes e @y dunsenldwadnigamoendesmsdaie ldnansuzneasanasiay
[ o d‘ a A A 1 ax a an =
ANHALMINNUVBUATBIADUNUABI HONTNANDITMIAALALITM TN TUTHATUUDI
4
Tsunsuyes
o 9 o M < [ as o A d'
mymldsunsununSnszuudmds  iludnvazveddtmsiilsunsuignesnuuuuiive
Aa A @ o A A S T a =y A Y
ANBNTNAVIAAAULMIMNUVDUAToIRNN IR NUaBLIAA lumMsWeuTsunsy  islvims

weullsunsuidudaszanasaunns weamilaenisuduarsaunsasundasly @2 ldsunsumdlu
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1 4 1o $ U o W a
dugednas isuiludowfounlasny aulungulinszuiudmdaulsznondie muuFasing
a Y A a 9 v v ¢ A A o O ' o =
LA HUFIHUIN MB U5 1FANVTUNUTHI BT T uavlsznouran lumseu
o A a 4 a ] Y] o’ug.ll A 1
Tsunsy mamnuveslisunsuaemsngainnuezavesnanuduiusivatsnszyedlullsunsy
1 o o [ § Aa $ Y o §
TaeTsunsumes lidesszyddumahauldmuTsunsy luvaziawuFamihi 19iedduiinde
@ o Y a I 1 @ a § <3|
fuilansunnaiamaas @udidlseaeuranvedldsunsy ma@euldsunsudansnn Juilums
A ! ) ) o v JA  a A vy o A
sepvouTosmandoyadn ldwadnsnezinadu  Taglidesszyduasumsulasuntasaniuznie
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Tuvosnouninos

9.2  HanmIMIYsunINTIHINN

(Principles of functional programming)

@

a a’d‘ d' o a Y d‘ a1 d' o 1
MEINPUNAADI NoonuUUN NI TUsunsusmnveldindsenound U 3 au

1 4 1 A a 4 . 4 <
(1) dalassadedoyaiugv Taun InseadndoyaBaaions wio aaq (list) e 1y
' ° A Y Ao 9 ¥ Yy v s & AY o w A
pyallsziananeg  mpimsi TsunsuFardhidineg lildlaseaedoyaoisisdmaziidodinan

<] Y 1 J 4 { o a
punudeyaszinnideaniu uaz lildlaseadrusanesanio laseadeouandudoumnnmu'ly

Y
4
9
&
' o A 4 ° v a o o dw a o 7w
) druvesilanFuiugruomshaudvaad wu dndulumsaddad HassuSenly
9 a 4
Yoyaainaaa
1 { Y v Y o $ 1 [ o o o .
3) @wlaseasrengreaiwilasdunniladduiiiog Sonilsiduduaugs (higher-order
function)
a { g $ v t a 3 a 4 .
TdsunsudanthnduTdsunsuidsenoudieileantu  FallewUuanidnel  (expression)
a 4 I oA A dg’ a EAl A A 3 a 4 a A
Tagtinadomztuanfed9 n30UsENOUVUMNHNINEEDUY wseuiinainuuiineu v
1 Y o a A a 4 a2y o A 9 T o gl o
alszneuveailanduaziiiioatine Taeglulivonnuda (statement) (iodeanIFIR1NUE 13
v

a 4 I o o v Aa . . ;< v § Y] o
Tisupsuraninnez 1935 adailansudowiune (recursive function) FanAelaRFUNGTen@IBIT

aaieganfseumenlugili 9.2

int fact (int n) { fun fact (0) =1
int 1 = 1; | fact (n) = n * fact(n-1);
for (int j = n; 3 > 1; --73)
i=1*73;
return 1i;
}
a) Tdsunsuluniw C++ (b) TsunsuTuniz ML

517 9.2 1Wssuneumsi TlsunsuFaidaazmsi Tsunsudaeinm

U
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[ 1 o a o M 4 § o Jd v 1 y o Jd v
daunaldnlumsi Tsunsudaids Wedsemareilendu fact() drmvedvesileddune
9 o - 1 A S 1 o Aa Y A A A
dennudangegnieluniowimervavilnn {...} ualumsi TUsunsudathi woeilszmeaie
Y 1 dy o do A 1 A 1Y A A 1w & Ao I
landu fact() druvefvesilinduneaIuiegiuuNiveunTorMINAY (=) FaNdnvuziy
A g 1Y ¢ & o 1 A a o o I =3 1 a A o 9 A
inanl i lsdennuds dedaednalugili 9.2 dewilanduiluasensdiamamnaimes iswdn i
[ { o | [ L4 [ < a 4 1 [ o <3| [ 4 ] ] L4 &Y
ansuduumgud fact() vz Idnaansiduined 1 uadendsuduiluanlilsgud daddu fact()
] o a 4
winadnsidutinel n * fact(n-1)
v Y '
msdszananaldsunsuFanihin w1¥nalaiiugiuaessemsfie mateulss (binding)
1 4 [ 1 . . J o @ 1 § [
sEnIeFenum nazmsisenld (application) Hendu 9nded1alugalin 9.2 (b) Tusunsumama
I A A ey . A ve & 2 a
aeizeativzsnlszwanaogniEen s wu e ldiida fact(3) TuneunsnvoImslscuianane

4 [ @ 4 g;’ 1 Y, o [
WouTeaa 3 1Wnude n luTisunsy Yuaeudasunonscenldilandun n Jandlu 3
fact(3) = 3 * fact(3-1);

5 o d a L4 < 4 1 I o qu/
ﬁﬂﬂ%ﬂWWﬂaWﬁﬂlﬂﬂuW%u 3 * fact(3-1) “lgllﬂﬁﬂlﬁﬂlﬁqﬂﬁTﬂﬂVU'ﬂ\i fact(2) ﬂﬂﬂ%u%ﬂgﬂﬁﬁlﬂi%’%ﬂﬂﬁﬂ
Y
f

d‘ 1 Y o d‘
'JEJﬂTi!ﬂf'E]lITﬁNﬂW 2 [ UINUYD n
fact(2) = 2 * fact(2-1);
~ 9 & a dg’ g’ a na.zl 19y 1 a A1 a
Llagﬂ'ﬁﬁﬂﬂi“ﬁﬂﬂﬂ%u%&ﬂﬂﬂlum’lﬂﬂﬂiﬂ LANIIATNITIURABDINA TN INIAY
fact(l) =1 * fact(l-1);
9 o o = ~ Y o Y ~ @ g} Qy
wazgameilangulunsaigiu (base case) azgnizenlduazinlimsGendnesinauge
fact(0) =1

n’.z’ 1 [ [ Ya o’d‘w =\ o 9 1 4‘ o
NUUAM 1 ﬂzgﬂmﬂauﬂau'lﬂ‘lwuwauwEmeimmmﬂNag IWBATUIU

fact(l) =1 * fact (0) =1 * 1 =1
fact(2) = 2 * fact (1) =2 * 1 = 2
fact(3) = 3 * fact (2) = 3 * 2 = 6
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9.3 anwu

(Function)

a s s o 4 @ s
°lumﬂﬂmmmamﬂm%uﬁaﬂm%ﬂwﬁ'ayammmmaﬂmnu"lﬂm%'ay,aclummamm

(3o 1aTaww) awaasdoununinluzili 0.3

- f(X1)

5 f(X2) = f(X3)

=

Tawu(domain) 13 ufﬁ’(range or co-domain)
5101 9.3 Warddu £ i¥onToem x Mnaved Tamu T f(x) lusavousud

A Y . Y o 9 @ =3 o w 3 1
mawenleateya (mapping) 01nsivuTayannad lumaved Tawuazizenilanguiiun
o o . 1 4 Y] J
Wenduauyssl (total function) uadHimsFeuTesdoyaiioauailuaavodlamy  125on1
Y 1 . . [ [ I Y, &Y : o
Henduunau (partial function) ua liezduilsddununla deyanisdrnnmaveslamuoz
A o 9 =} v A I'd wadyr:s‘ wady o o 1
o Tos ldadoyaiiosdnfonlumaveusud quaniatiiduguamianugiuvemnilsndunaz e
a Jd v ()
Tmsienuilanau lusinoy
a A ' Y o 9 < o Y amd
myesemayen Teamandoyaluwaveslawu lddeyalumavousudi la 3 35ae
1) Tagma@euuaniaannmadonle
a Y
2) TagmsoFUIAIBUNUNIN
3) TasmseFinelugilvesnguieaums
~ o 1 a A 9 n’.zl % 1 <3| A o
71N 9.4 naadiegamsesuemaren Teateya lusivawgluuy ludredratlumsiyen Toaduiu

1 o o 1 1 1 1 4
mmmazmmu"lﬂmamm ﬁf] A1UIN, AAU, LasAIFUY
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sign(-3) = minus
sign(-2) = minus
sign(-1) = minus
sign (0) Zero
sign(l) = plus
sign(2) = plus
sign(3) = plus

(b) myeFematien Toadoya Taeldumunin

minus if x < 0
sign(x) = Zero if x =0
plus if x > 0

a A ) Y A
(¢) M3oFinemson leaUeyanlIonyioauns
{ 1 a o o
317 9.4 Junua1e veamseTinelandu

a A ] v A A o Sou oA . o ~ '
MyoTinemsrenTeatoyadieng(3Un 9.4 ¢ reilandune sign @wls x zFenN
a Jd a 4 o . <3| 1
miwessianesuoaformal parameter) vosflandu sign lag x dnsoutsiumlalumaves
3Ny 1 A 9 1 . A 1 Jd o :/I o .
Taun1d amsunilovesny (laun minus, zero, plus) Avmluaveusud daiuiladdu sign
o g o s . 4 ' @
vantluilanduanyseitotal function) waziimayenTeannm luaavesTamu g luaave

14
LIUR
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o o oo . 4 [ Y
tiimsmmuailandu sign2 Yulnideae Ui

minus if x < 0
sign2(x) =
plus if x > 0

% d’l ~ 1 o % 1 . . d' 1 [
HanduilvzSonnileansuuisdiu(partial function) ws1zm3ireu Tesmninasaved lawu ldusa
o o [ 1 1 1 o 4 o .
wousus nszi luasunnsat @1 0 hiimssmuamayenTos 1 uilassu sign2)
[ 1 o J o . o 1 a o Jd v 1 4 [
lufedravesilendu sign(x) Srivuan x e 6 Natemvesilantu a1 6 wwi¥onTloeld
1 d ~ 1 a J A A I 1 A A Y
A1 plus Twsavousud A1 6 9125971 W 1A05954(actual parameter) 1o9NTuA9T A 1%
) . 4 1o A o 4 ' s o
flafdu sign 1WeouToam1 Mmsdimes o1visendnde 1dd e15nunud(argument) LaznszUIUMT
1 a Jd A 4 Jd o 4 1 (B 4 1 LY J o .
damnslimesas uie TRl susen Toar luga Tumaveusus Fondn msGenldilesidu (function

4
v A

. . @ 1 ~ 9 d o . 9 1 1< a L) = F%
application) A10819m3158n1F7an%u sign Aremsda 6 1Humslmesase Weu'ladail
sign (6)

o o I~ A 1 a J a 1 J
m3ilszunanaevaluate)voailandu azitlumsyouTosnmsidneseseligamlumavousus aw

4
v A

ngmationToad Idtennen1d (31U 9.4 o) aunsadeulddsd

sign (6) » plus

a o d v ] I v ' < ~ A A
mﬂuﬂmuazaﬂymzmﬁﬂszmawmaﬁhﬂ%uﬂzmuulmwmuﬂs Wy x iluiesyengn

, ~ v A o 14 a d a A a ~ Yo Fow A A v
asruason BsemsiyenTesnumvzinatiussullolimsiSenldilendu wazilognionToada wu x
A g o < lqu/ EEY A Y A= 1o & ¥ Ao o o U @
Hautlu 6 daulsnazasaniuliaasaflansy muugamindalisuludesimdamivuan msizdn

[ 1 d‘ - = 9 1 na.zl [ 1 d' 1 A a Y d‘d‘ [
wilsazSuaniloilendugnisenlduazaeniniiudnseg ligniaeumlasadn s uFandhnili
9q 9 o T o U ~ 1 a 9 ~ 9 . Ty A a
oyl lgmdeivuas 1wGeni muuFathiui(pure function language) tATalinHUF
wihhswaunneaume LISP) imieuzluuumidelddldannsosmuaamazinlasunasam
o Y o q o q A ¥ A v
Fauals 18 Ml maniu lilsayusanihnud
A A ) - 1IN0 o o U A 9 Y- I a ' o
mynmpuraning limdadmuaa  eanndeams i lUsunsuiludaszanasauns
9 Y o U o = 9 = . & o 1 dy 1 a
wazdeams Iimsmauvesilandu lutinatnufsaside effect) FIAABAULIFUTILAIDINATHUF
Y 4

o o a o o 1 ] o o o o o o {
idsihduds luyndaduTaseadedumisvemitoanui  dldiladduaunsoldsrdadaou

1 @ 1 . 1 1 o [ % 4
udasmaudsaaunans (global variables) HAAINANTENUADM TN UVOITINFUDY
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[y 7|
9.4 uﬂagamsauﬂm

(Lambda calculus)

Y J <3| Y ' ' a 4 4 I
unagaauavilaniunnagddedisiie Andulae Alonzo Church Tudl a.d. 1941 iveldilu
a o o oo @ | 1 1 1
TueaeTiemaiauvesileddu  msdnvunagdasaviateielidiladulsznouaieg vea
o a Y ' ] o dou Y Y 1Y Y A o @
msm TlsunsuFandn  uazgeldidnlannuninevesiladdulaTas lide dredein Thensaives
a o
MY AN UADS A7)

Fovownagaauanilerldunnnmsldsnuselumpinin A (lambda) eunuilandu

4
=

an a Y o [ | Y] ] Yo
’J‘ﬁfﬂ'iuEJHW\IQﬂ“]fU"UENLlﬂﬁﬂﬁﬁlmijﬂﬂnlﬁﬂﬂﬁ’mEINU],@WN
(;\,X . X * X)

o o 7w 1o A 7w o Q a 7 a @ 7w
onvsz A ldszyiniluileddudae lufiveflandu) dauis x iumsiiinesyianesvoavesilandu
A Y 1 d’l [l o o oo d’l & dyd & =2
nIeenIega ()1sunaiuueasendnaIuivesilendu veavesilanduiine x * x Fanueds
J o o w o a o o 3 A 4 a
Handuenhasdos(square) Wuoa mstewilsnduaziiraauda " (" Wovenvo AT IALVES
Jd o = I o " " g v
andunazinuavida ") " veamsdugavouvaveslandy
o o Y J I A 1 g a J a Y J o
mssenldlsidulunnagdauaniar selinleumnszdailumaiimesssalnnuilasdu

Y [ a Jd v Y% 1 1 dy
'lmawamwuﬂmﬂqﬂw ﬂW]’JE]EJNG]E]‘lﬂL!
((Ax. x * x)2)

<3| 1 [ I~ a a § o @ 1 [ 4 1 v W ] I
Wumaden 2 Wumsiimesase wolansuldsuarazdonToaa 2 duduals x 1dmadwsidu 2 * 2
msttowilandulunnagdavanier  wziszaevulidedulsznouaesdn Ao dau

a 4 1 dy & 3 1 a J 1 dy 9 dg’ a 4
WISWADT HaZdIUVOAVDINNATY TIAIUNITNNDTLAZAIUVDATT NVUIINUWIY

a 4 o]
Uwauayilal

a o [ | 1
unnilunnagdauanilaiieg 3 Uszianfe
(1) fszyniealsaei(single identifier) 15U x
a o . .. . 5 1 4
(2) Henwilafdu(function definition, or abstraction) Fudeneglugiuuy (Ax. M) e x
A o A o Sld'r:s’ Aa J a o EEY A A A o Sld'd 1 dy
Aeadmls Nty iumesianesveavealantunar M AstwIuRm vl uaIuuea
d v ] Y I a 4 | a3
voaansu arvuvsamnsatluiwnivavianlszanlanla
U v . . . % [l 4 I
(3) m3isenldilsndu(function application) Fudouaglugluuy (MN) oM wag N 1iu
a 4 | 1 % 1 1 [ YY, Jd v 1
dnaivavian anunenSenldilansy M dremsaen N Innuiladdu wu (Ax. x * x)2)

M M An (Ax. x * x) uagfineii N s 2

211



uni 9 msi Isunsudaning

Y 9
Y Y] ] 1 [ I~ a
namdresnae lUtsadluiinaiuania

(Xx. x)
((Ax.x) (Ay.y))

= a 4 J a Y 1A < ' a <
mseuinaivauilarenimsazAuhidouavdy  wu Ax. x) owd@ewiu Ax. x m3

o o o w o o 4 o a P
GonlFiansuazidrduanndielidun auiudimsazdunsosuedsay dwel E1 E2 E3 ag

'
Ada L=

o du & o o & A ¢
wnedamsisenldileaddudusidu (Bl E2) E3) wazlunsaindwnilneimstewilsidunazms
=y 9 o Jd v 1 =y 9 o Jd v = 0o o 1 a o % [ na.zl a J
Fenlgflandy davveamsisenlslanduazinnudiaygeninmsiouilandy doiuinn Ax. y z
WwHIe (Ax. (y 2))

o J| 3 o o o A A Jo 1
Alonzo Church awnagdauaviladumlddunailduninmnimesduder wu

1 o a 2 A a 4 [ [ o
(A xx * x) souninaaiamansye Haskell B. Curry IdiduemaiiaiiodSuilgaunagdauaniald

A 9

Y F4
waziFenmalatianuFeia eI (A8304 (currying)

I o Y

prausudansuiivatemsiwes 1a
Y

a aa 9 9 & Y] J A A | B J o
INAUALNDTON GL“]fﬂﬁﬁiN’W\iﬂ%uclugllu‘UULLﬂﬂﬁaﬁLmNﬂﬂWﬂmEJ‘1JL1/I1ﬂ‘]J‘I/\|\1ﬂ"]5UWEHfJW1iW

'
Jou AA o a

N S Y o Ju 3 a Sy Jw A S A & o o A '
VNI ﬂWV\IQﬂ“]f'L! f L‘]J'L!W\iﬂ“]fu‘ﬂil k Wmsumes V\Iﬂﬂslﬁnl g muwwimmmmmﬂmﬂuWm%umﬂmm

(A curried version ¥e4 1) 81 f uaz g IiamAmduiufe

f(Xlr X2y 7 Xk) = g X1, X2y r Xk

fedrguilsnfumsga fix, y) = x * y amnsamuadsuaagaauavilatlaoulaslieglu
d o o QU % o 1 1
suuuaes laily A x.(hyx * y)zduuumesslimssnnailandutuiioansdn’ld wu lu
@ { QU o 1 a 1 13 QU o
Wandu £ nduilsidumsgudiianaiines x issanfedTas x tauiu 2 Heidu £ awisowlag

Togluzununes 1ailu
AxAy.x * y))2 => (Ay. 2 * y)

o U S v { g v 1 Y 3 4 1
MR 1d5UunviledFudasnnduilisiunigauesaunsomavesilasduil 1diies i y
@ 19 | =1 o I o 1 . o
muﬂﬂmmaf;]aﬁuamJ@1mmimwumammmﬂumuﬂimuﬂaw (global variable) taza?
~ . 1 2 [ a o [ = 1 [ o =)
wilsmwizh (local variable) iu@ediulummineuiunesszAUge isaus luunagdaauanilauion
Y] § & ] Y o T v $ .
fudsmmzigdveuwamsisonlFegmmzneluilandundlsgndamiion (bound variable)
~ @ 1 d' d' 1 1 % 1 @ a .
waziFenautlszarunarsninmsyen lesmoguenvouwavealandunaulsdase (free variable)

@ i 1 a d ] Aa v o w
A10019rU Hnartantanieuilantueniigs k

(Xx.xk)
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Y A w = d‘ w A Y a d‘ Y = d‘ =
duls x Aedlsgnaamien wazdunls k Aedlsvase wesndwlsgnaamiledi

(= Y/ J o 3 3 =2 A A o =< A Y 1a
youwasgiioaniwluilandumniy ssemnsanldasuredlsgniamition lalas lunananszny

v o do A T oA o J| { A S w o w { §y o 3
AuilanFuou iy dnaivanianteuiansuensiings k ansanasusednalsiilu

(Ay.v")

o ) o o
MSAMIUIUAIUNIULANIIA 1

o q A o o Ya o = Yo do Y A S A o A~

unagaauaniatdouilandu laglgined uaziFonlslansudlsinaiisunedny weling
= Yo J o a v J o o KX I J v J a Jd ax o
Fonlsilandumsinsansaanimsmauvesilansudailumsmamaanivesinal 35mMafiuIu
J v J a o I, a 4 . o a
Mmaansvesiineisz 1935msuasgiiine (rewrite) launseialdzuuuind (normal form)
a A g a a s [} 1 o @ [} 1 Y
invinidugduoudnadeinnin lildegdlugduuuvesmsSenldileidu  dredreae lfiuanns

udasgdiwni hgguuuuilng

((Ay. ((Ax.xyz)a))b)
=> ((Ay. (ayz))b paansnnmsGen1FlanFudulugalasunu x Ao a

[ 4 J o
=> (ayz) raansInmssonlsianduTaounu y d2e b

a s ° ‘o o 5 o J Y
fﬂiul]’ENE1JUWﬂu@1ﬂﬂ5$ﬂ1ﬂ1ﬂW\1ﬂ%u°ﬁuu@ﬂQ'ﬂ (LL‘VI“L! y g])'JfJ b) G’fﬁi]zslﬁ}waawﬂﬁgﬂuuumﬁmﬂu

147l
(Ay. ((Ax.xyz)a))b)

=> (Kx.xbz) a)
=> (abz)

nnfetmiuhtufildhdufiseiulumsuagiined  uaradwsii gy
UnAfimileuiu qasuiansigluuudndgduuuifevewnagdauandan Send Hauauifam
NOURVe T BIAzTOMH0T (Church-Rosser theorem)

nmsmuamdnnivauiangnsgimmngmsmlacguiinnd (rewrite rules) Wieanss

g Y =

= 1 . d‘o QJ

Foningmsaagliined (reduction rules) mqﬂszﬂaumﬂﬂgmm 2 U9AN
5 o 4 4 o 4 o o .

nguenl -  minlasuyediliniezendt mawlawuusar (d-conversion)

Ax.M 4 => Ay.{y/x}M, y is not free in M

A A o ° ) 3 o = ~ = A o
agmsnlasusedilsmruano x Wudwilsgrsamieusiannsanlasusedunls x
1] 1 ug.ll YA ] I o a o [ s 4
iy uasisiive y sxdeslidsingiludulsdaselu M doydnual {y/x} mnedamsunude x aao
y
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o 1 a o o] a dgl d‘ = = 9 o & Y a Y dou AaA
mymuramvesinaitauiarszinavuieimsGonlgiansunas drarudonuilansuilye
o < A4 J W A o P Ao Yo do Y~ A A o A o
aunlsgnoamitierdniudednls luduniGenldilsiduazdedimanlaousedulsivetloenums
o RS [ Y% U 1 g 'q o 1 1
MuramAanaafadledene ltintdouiladdu Axyz.xz(yz) udrsenlddremsden Axx) 14

a d v U Y a So A
WITTULABIAULTIN LASA (7\,X.X) Twsiimesaindes

(Axyz.xz (yz)) (Ax.x) (AxX.%)

A o = = & =< g a4 A o 4
yodwnlsgnoamites x Ty (Axx) aeunsudsdesgnulasusemungmsulamusanune
[ ] Y a dd’ 3’ d! o Y a a 1 o 1 a Jd Y d' d‘
ﬂﬁ]\iﬂuvlllsl'mﬂﬂﬂim"]f@“m GlfﬂilgﬂﬂﬁlﬂﬂﬂﬁWﬂWEI1@111/!5$ﬂ31\1ﬂ1iﬂ1u3mﬂ1%@\1uwfﬂu oudasure x

I [ ~{ o o Y
Tumonusnilu u uazlumeundadlu v o2 1dwadnsail
(Xxyz .xz(yz)) (Xu.u) (Kv.v)
ngiei2 . msaaglinaiuseisondn myaaguuuuiud (B-reduction)

Ax.M g => {N/x}M

@

o 1 4 Y o 1 o PPN ¥ a 4 H
ngmsanglimuaduiesonldileddu (Ax.M) dea1 N wadnsnmadunoiinel M g

= ~ Ay ' o ' ' v
LLﬂigﬂﬂﬂLWUﬂﬁ X gmmumma N (B UNAIDYNNOUHUIY

(Axyz.xz (yz)) (Au.u) (Av.v)

° 1A d | Y Y g o v o Y o g A
llﬁﬂ\ifﬂjﬂ’]u'Jmﬂ’]u%lﬂullﬁﬂﬂﬂqﬂjﬂﬂgﬂ’]ﬁﬁ@zﬂll‘ﬂ‘ﬂl‘ﬂﬁ’] lﬂu@i’]@ﬂﬂlu@lﬂull@@qu (LHEAUNDUNIL

gnaagldremsiaduld)

nyz xz(yz) _(M) Av. V)
p=> (7\,1_[2. (Ku.U)Z(XZ)) (M)
p=> (Az. (Au.u)z ((Av.wz))
p=> (Az. (Au.wz(z))
p=> (Az.(2) (2))
=> (Kz.zz)

Y ' 1 dy o 1A ts d 9y 9
Gl')f]ﬂqﬂﬁﬂqﬂullﬁﬂﬂﬂqﬁﬂ']u'Jmﬂ']uWﬂullﬁﬂﬂﬂqiﬂEli“]fﬂaﬂ’]ﬁﬁ@gﬂll‘ﬂ‘ﬂ!ﬁﬂﬁq

Wil (Av.v)c p=> c

Wodhiiz - (Av.x(v c) wiay) p=> x((ay) c)(ay)
Mgy (Av.c) (x.v) p=> o

dweduils : (Av.v c) (Ax.x a) p=> (Ax.x a)c p=> c a
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Woeeiis.] : (Ax.plus x 1) ((Ay.times vy y) 3)

p=> plus((Ay.times y y) 3) 1
p=> plus(times 3 3) 1
Meeiis.2 : (Ax.plus x 1) ((Ay.times y y) 3)

p=> (Ax.plus x 1) (times 3 3)
p=> plustimes 3 3) 1

o J| A <. o { o
Tuunagaauanilami (pure lambda calculus) Hwaritiiies 3 Usziandie dwilsnes, f
a s o o . ! ! s o ~ P .
denuilanyy, masenleilandu TagluldsmansnuazladFumsmuiansiamansaiy (times 3
<3| v J @ 1 1 1 I A 1 r?JI
3) Jalsnngilumadnsgaieludedndedulagliimsaaglaeliilu  (9) wazsalUniniulu
[ L 1 o 1 1 o 1 1 o o
unagaauanawd liimslddnuay wu 3 udezsmuannedsegluglvesdnilsuazilasdu
] Y o Y [ L4 I S A A 1 dgl £ 1 = [ A g
Wy mualn x unuaguanay f(x) Auilanduimum x Iuniem sansasuangiy

o o | @ Y
fnuavlugluovvesnagdauauiawi Idad

0 = Kf?xxx

1 = AMf.Ax.f(x)

2 = AM.Ax.E(f(x))
3= AM.Ax.F(f(f(x)))
n = Af.Ax.f"(x)

= 1 = o Fo A a s o q <
msdeumasiuazilansuniugiuneadiamans u + -, * lugduuvvenagaauanilain

o ' o 3 o 9 s . {
w1 hiazaandalimsdSulguilunnagdauauilalszgnd (applied lambda calculus) Noyaald
A R~ T = o o A ' Yy A qu s v o o '
unnidlumasiuazilanduinugiuase 18 eieldunuTenlomaes iy +, %) duiungmsmuaua

a 4 o] =K 9 a o A a d' 9 o U A Y o dy 1 9
éumuwwuauﬂmmmmnmﬁmwumwnmmwaiwmmsamumﬂmqmmzwqwuwugmmm “l@

Y A o v o o S v A A ' Y .
ﬂQﬁUE’)W.? : mimquwumcﬁaummsamw ﬂ13LL‘]Jﬁ\HL‘1J‘1JLE]‘VIWW (T]-COHVGI‘SIOH)

(Ax.E x) n => E , x i1s not free in E
Y A

a P 1 { 1 .
npdeii4:  msaaglinniniianeivieionin myaagiluuumadi (O-reduction)

' 9 . I 1 ~ 1 ~ [ dyd
WU 0 if, true, false nJuﬂmmﬂ;]miaﬂgﬂmﬂmmamﬂa

if true M N §5 =>M
if false M N §5 =>M

@

A A a 4 o w dy
Tagann true 1ag false uam"l@mnm@mmu
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Ax.Ay. x
Ax.Ay. v
Y J o3| 1 I A 9 £ A a & 0
unagaauandaniugluuvediaiumenmsignainiunuiiessuiedunsumsiuves
HasFuTaodlumsulasgivesdaydnual lggUuuulnagazilunadnigaiovesileddu Tu

o w

o 7 o do o A o o IS '
upagdauaudaneiladduiumninnudayge (firstclass value) Taoflenguansmiuailu

LA

9 A

a P! A 7 so A & ) & A g o o
HNIU, Lﬂuwwimmaﬂuﬂm%uauuamﬂumanammuﬂmayawugmauq HUHDNITOUNITNNIUNU

U

@

S o o J ' v o o o o I~ ' I~
Hendulunnagdauaviarn: iinadhefeaiuie  Svumsmautuiladdusziuedialsnldlae

v J o o 1< 1 a oA @ J =K 9 @
waawmmﬂm%u%L‘}Jm%umﬂmﬂaﬂuuﬂm LlﬂﬁﬂﬁﬁlmNﬂ@WﬂQLﬂuﬁuLlﬂﬂﬂlﬂﬂﬂ?ﬁW@Ju?ﬂ?‘ﬂ?ﬂ?i

v Y ' 4
M Tsunsudantnnnanaieninaviun1emas 153 111 LISP, Scheme, ML, Miranda, Haskell

9.5 mmaailuazanu
(LISP and Scheme languages)

4
7 w1 LISP (List and Symbol Processing Language) gﬂ’d%} 199 Tag John Macarthy 11

1 & 1 o 1< .
f.9. 1958 NaoTuuresgunaagannioulefi (Massachusetts Institute of Technology, MIT)

=KX o g a 4 @ A 1 1 3 v o J
WiIaluMIneNN AT ITAUgINLD N IUAR UBUAIADIT0INNMBIBSUNIY ME1 LISP gn
y 2 A v v o 2 = ci Y o
asnvuielszuananuveaNulszandydanyaiaieg vurmnzauneg lsuni lumsm
[y a J . . . . ' o3| Y

Tsunsuluailyanilse@ng (artificial intelligence) uaduilumsiszulranaduduauniun LISP

o Y9 ' J
5]31/]1\1'Iuvlﬂ%'lﬂj']ﬂ']‘H'W\I'ﬂjllﬂiuiJ'lﬂ

Y A

A 9 dgl ug.ll 1] A Y Aa ° [l o
My1 LISP Nignaiavuasaus nilumuyudaminned 1 aunasans izmsiaunnedansem
] % ] Y 1 ] o o'/ o 1 Y 1 % a
suilandu lutims1d@unlsarunananas lidnms lsmdadmuaa 1idals arvesdalsazinann
1 1 1 1 [ Jd v 1 3 1 1 [ ] o cb
msdaiuamsznIeilenFumnniy udnie LISP Tujunds wu Common LISP eyanalilddida
o 1 o 1 A § 1 a [ ~{ ia A
fruaadai ld idlunwdanedauiases s LISP - dadfummiusnnsisyliums 14
S o o H . Jo o o A o
Handuisendnoad (recursion), 1Hend iy first-class value uneflsndualsingTutinailld gn
Rz a v vy Y ) Ao as A A ' o AN 1 ¥
dufumsiimes 14 vazlfiiudoyald, nazfunmusniisimuaismsSonauntioanusiilild
gﬂ“l%’amué'a (garbage collection)
dnyuziAuYeInI¥ LISP Avgluunvestoyauazguuuveslsunsulidvuzmoununoe
1 I3 a o a J Y, o
@evognmelurvaudegluoutinnividlnd Tisunsulunw LISP  iszneudieileddulaoms

A 7o v & A ¢ 4 ' 7o o 4]
uame%u%"lwugmmmmW%uuan‘ﬂm LYU qufumamﬂmmaﬂammnﬂm

(7\,x.7\,y. X + V)
seiianunmnemidouiuTdsunsuluniu LISP ae'l1il
(LAMBDA (x vy) (PLUS x V)
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= Yo Jou Y 1 1 I a 3 = ] = [ [ o
Msen 1FNanFUAIeMIaen 2 uag 3 uJuwwsmmasﬂ%mﬂym:wummrmma@aﬁuamﬂm

((LAMBDA (x y) (PLUS x y)) 2 3)

Y
@

Hangulunizn LISP mmsagﬂm%a”lﬁ'ﬁ'aﬂﬂﬁ‘l%'ﬁwéﬂ (50l9r%1) DEFINE e
(DEFINE (ADD (LAMBDA (x y) (PLUS x vy) )))
Favzelisansason il Fuazainiuda
(ADD 2 3)

2111 Scheme fumdifisingumnanne LISP uadsudyalassadsveannIdiivug
@nas uagldmsfinsanveuwavesiulsuuuneda  (static  scoping)  unuitezunuunaia
(dynamic scoping) wiloulunip LISP (nunemagdaulanmafuansaaind Ivaa ldaindiy lad
voudaiu MIT i URL: Swissnet.ai.mit.edu/projects/scheme/index.html) msuuziiinsnmsm
Tlsunsmdenihiies1F5uunveann Scheme #wlanazlidnuaizuesduneiniamos Tag

o I o 9 [l
msasnuezluanvae Idaouiyu

(+45)

@

3 v ' o IA 19 o 2 & o 02 v o o A a
L‘]J‘L!ﬂﬁﬁ’ﬂ‘ﬂ’)ﬂﬂ? 4105 waawr.ﬁ”lﬁ'ﬁa 9 mumuamm > L‘]JL! ’LflluﬁﬂT:IiLlﬂﬁW%’ﬂNiUﬂWﬁ\uﬁﬂﬂmﬁﬂi%

il
> (quit)

> (exit)

nsenauilu control-D
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9.6 TUsunsumaziinai

(Program and expression)

Tsunsulumaduuazmuiaed

a I aa d
HUVUWIUNT NN 15U

+
g w N

)
- )
+ )

3
2
( )

2 7)

(
(
(* 4 6
( 31

3

ax

uni 9 msi Isunsudaning

s a IR A 1 I 9
ﬂzﬂ’i%ﬂaumumﬂuW%ummwagmﬂmuaumagﬂ

v W ¢ § A P ' J o § o o
dyanwaiamsnndsingmeluinnl (3w + - * max) wiiluTenlosmesiviodeilandu

v W P I J a d a o 1 a P
yanvaindsingamnegiuTenlousud msldgluouinainiingrzgieliannsadeuiinein

U

= A ] o [ Jo J SNV o ] 1 dy & ' "
llﬂ'ﬂllﬂﬂ'ﬁEJ“L!‘I/IN1“L!ﬂ‘]_lIE]Ll]E]Llj“L!ﬂi]11!'31!&‘1/]WGLﬂﬂvlﬂﬂQﬂ'JﬂfJNﬂﬂvlﬂu (GIERNEUIS

fisngu

f19871970 1NT0IMIBUDNTOANNHININANT® comment TUAEERAY)

evaluates
evaluates
evaluates
evaluates
evaluates

to
to
to
to
to

evaluates to 120

o ] 9 9 VoA a d <3| 1 ~ a Jd ua.zl J 3 Y Y
1nAeetsduanlsngmelutinnd wu (+ 5) widuauawzineluinnitumniu S1desms
1 @ I [l a P o oo [}
TawmTedunlsifuaunaseninsaiSonls ldaniinerious 1 19Has ¥y define 1y
(define £ 120)

| o y o 4 v 4 Aa oA o &
Wumstmuagednls £ 1hdeuToetua 120 uazie £ awsognienls 1@ luiinaidus dail

t ;
5) ;

evaluates to 120
evaluates to 125

a o A o Y 3 a a Jd a J Aa 4 a 4 =
uWﬂu1UﬂWE1ﬁﬂuﬂWMUﬂqﬂﬂh44ﬂi$ﬁWWﬁ]uWﬂUﬂmﬁﬁiﬁﬁi,uwau%iiﬂz,uWﬂuuuuu
A A o J|
Nauqmuaquﬂuuamﬂﬂ1
a s a J . . . I a saq Y1 @ o 1
uWﬂUﬂmﬁﬁiﬁﬁi(mﬂhnwhcexpnmmon@LﬂUUW%MWiﬂﬂHﬂH%WHQHmmL%u

7 ;
(+ £ 3) ;

has the value 7 (7 is called an atom)
has the wvalue 123

a o . 1] a P TS a <3
UNIUATING (Boolean expressions) Wuiinainldauiluesa (Lmué’hﬂ #) uazmny (UNU

&e #) 19
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(< 1 2) ; has the value #t
(>= 3 4) ; has the value #f
(= 4 4) ; has the value #t
(not (> 5 6)) ; has the value #t
(and (< 3 4) (= 2 3)) ; has the value #f
(or(< 3 4) (= 2 3)) ; has the value #t

a 4 A ‘. . I a J A o A dg’ "o
dnaiuuui@euly (conditional expressions) Lﬂuuwi]w,aaﬂmqmiﬂﬂﬂmaaﬂmuagﬂu

Wou'lviszy Tenlersimesn 143 2 Usziande if uaz cond Tasiizuuumsldde

(if <test> <true-expression> <false-expression>)
(cond
(<tes-expl> <expressionl>)

(<tes—-exp2> <expression2>)

(else <else-exp>))

A2061917 U
(1f (> 5 4) 42 99) ; has the wvalue 42
(if (< 5 4) 42 99) ; has the wvalue 99
(if (> 5 0) 33) ; has the wvalue 33
(1f (> 5 0) 33) ; has the value #f
(cond
((> 3 2) "greater ")
((< 3 2) "less "))
; has the value "greater"
(cond
(> 3 3) "greater")
((< 3 3) "less"))
(else "equal'"))
; has the value "equal")
(define n -5)
(cond
((< n 0) "negative")
((>n 0) "positive"))
(else "zero"))

; has the value "negative"
a o o] . I a P ya Y o o 1 ]
Unaauilal (lambda expressions) Wutdnaunlsdenilansu dedraasu

(lambda (x) (+ x 1)) ; has the wvalue 'the
; function that adds one
; to its parameter'
((lambda (x) (+ x 1)) 3) ; has the value 4
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v ' Y
myfare I nuiladsuannsainldaail
(define add (lambda (x) (+ x 1)))
wioldy1ldon ludoelif191 lambda

(define (add x) (+ x 1))

@

~ P du AN Yo oA o yve &
wazmsiFenlddansunldsumsasreninldaail
(add 3) ; has the value 4
% 4 [ a . . . [ 1 y
mwaauiilansunldsumsiieon'13uda (built-in functions) 1% 19911 18 daee 117

. max, min

. t, */ _I/

- quotient, modulo, remainder

- ceiling, floor, abs, magnitude, round, truncate

« gcd, lcm

- exp, log, sqgrt

- sin, cos, tan

e <, >, =, <=, >=

- real?, number?, complex?, rational?, integer?

.- zero?, positive?, negative?, odd?, even?,
exact?

- and, or, not

« equal?, boolean?

- char?, char=?, char<=?, char>=?

feg1ams 1
(define x 3) ; x has the value 3
(if (even? x) 7 (+ x 5)) ; expression has the value 8

a o [ a 4
Tulsunsuagdoyalumwadiu (agnndai) 1w 1¥lnssadradoriuie Inseadvvesdad

d! =) 1
mumauﬂgiugﬂuuu
(a b c d)

@ = Y A A A o A Ia o
@1amJamymfm%z1Jﬁzmawaiﬂmmnmﬂmmm a NAFONINFY Lag b, ¢, d ABVITNUNUAVD

Hansu 1aru

(+ 2 3 4)
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A A o do Ia A o ~ o S 4 A
INIDIVINY +ﬂ§]7\l\1ﬂsﬂuﬂ1§‘ﬂjﬂ D1ITNUNUNAD 2, 3,4 NITUINITNITNULUULTINAUDIFIUUAD (+ 2

Y v
3) Tamadniiiiu s vimiush (+ 5 4) Taradniidlu o ud Sf1HTousda
(2 3 4)

Y a A A S & ] ] [ 3 Y] 19
dlszuranarzneewdan 2 Aeveilandudelily  duindnlszuranaszdedonnuuonaiy
a £ 4
Aanaaduivenn
< 0 o { o o
dlddeamslid 2 3 4) Wugluvvvesdoya aunsailadremsldiids quote ivetisAy

@ 1 "o 4 & o o 4
dnlszananalifazdumsdszananaldsunsuiineneuinii 2 Ae¥eilandu msl¥sida quote tive

E4
=

seynduiimunidudoyarilad
(quote (2 3 4))
A =1 [ Y o dy
viowoulugilde ladail
'(2 3 4)

] [l 1 dgl a 4 ] 1 ~ o U A 1]
Fedaee liuanimsdszutarmaine, dwalsuazandn  Tasdulsuazananoenlu

~ 1Y = <
azmmﬂmmmﬂmuamﬁau

(define £ 120) ; binds indentifier £ to the
; value 120
; evaluates to 120
f 5) ; evaluates to 125
) ; calls + with no arguments
5) ; calls + with 1 argument
543 2 1) ; calls + with 5 argument
(54 3 2 1)) ; error: tries to evaluate
; 5 as a function
(f) ; error : f is not a function
5 ; evaluates to 5
nil ; evaluates to nil, predefined
#t ; evaluates to true, predefined
(define x f) ; defines x to be 120
; (value of )
(define x 'f) ; defines x to be the symbol f
(define acolor 'red); defines acolor to be red
(define acolor red) ; an error, symbol red not
; defined
(define colors (quote (red yellow green))) ; defines
; colors to be a list of red,
; yellow, green

(define colors '(red yellow green)) ; defines colors
; to be a list of red, yellow,
; green
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a Y a Jd a Jd
9.7 YHAVIIVIYaAaaN uazmsﬂszmawaaaﬂ

(List and list processing)

Tsunsulummimsi TsunsuFandhnenunsolddudsld  uanuAanertudulsoe
[} o A o o A A A o v o v Aq Y g 1 ] o & o Y
a1nnmsi llsunsusaidenwen Tesyedlsnudummisnlgnum lumieanus sl
{ 1 ' o 1 < 1 v o 1w o
Aldansalaoumlasmlumibeanuir ledrelsn ldmumsdsdmuamduls  mshldsunsy
a 9 A A A (=} A 9 =K o ] ] o @ ' [}
wantniimawen Teamiudnls Tag lutimsneadesa llfsdumialumizennusr - dredrury

< 4 4 @ 1 @ I~ { ]
(define x 3) iWlumaFoulesdo x Audr 5 dwaauifuuwuninldawgi 9.5 Taelulimsszy

o o Ja A = o o o A A A dyy A A @ 1 AA Vo
anuduiusaoiosas ldantneanud AIUUIUDTTLFD X Fan'ldazho 5 Gmmumm%aﬂﬂmgﬂu

4
=1

x Tag'ldamsovznlasunlasm e vuvseanasld i ldmesalaeumsyonToald x TihiyonTeq

o 1 A
NUNIDU

4 o o A a 2 Yo & )
517 9.5 Anwduius MAATuIINMI 19M1de (define x 5)

o [l A 1 A g a g dy . . =
mnmamﬂugﬂm 95 A1 5 amﬂu%uﬂmayawu@;m (primitive data types) lumwadu
A
fuasiadoyanugiu’ll 7 Usziande snuse (characters), 99A21W (strings), A1A53nZ (booleans),
o 3 . o . o a
RUUIUAY (integers), IIUIUATINYL (rational numbers), LAVIIUIUITY (real numbers), LASLAY

o a 9
NUIUFEDU (complex numbers)

a g a . 2 AaaA = A a I .
¥iavoyanou Indga (composite data type) lumwafulimestlsswnnifedne aaa (lists)

U

7 3

a 9 9 a ~ = a 9 o A A

agailulassadsdoyasalsznouimeludunsaliaundn ldnaedmou - aungniising
<3| % a 4 % a [l $ a o 1 . [l
Wudusnludadziseni1na (head) wazanFnaluitmas luaanazison111 (tail) 154 '@ b ¢)
3 a o dgl A YR v A [l A A S A& Y v,
WudadanlszaeuIunnaFnaudIaIuiIAe a tazdIunINAe aadnmasdyelaun '(b c)

a _d 9 A = o w o VoA a o ° a
(332 ﬂﬂﬁﬂﬂlﬂﬂﬂlﬂuﬁﬁﬂﬂﬂWﬁﬁEl\iﬁ?ﬂﬂ@ﬂll@l%!,ﬂuQWﬂSWﬂQﬂWﬂiuﬁﬁﬁ mmuﬁm%ﬂmﬁﬂu

4 '
=< =

a S Y 1 Jd v a . = a ~ 1A d . . =
adga 'lﬂmgmgfua 2wl daan lifiansnae Senaading (empty list, or null list) tagvey

Y 1

{ . a § a 4 I U < ] U
unude () wieldmai nil ansnlsingnieludad awsaduailsznnlanld wu dAassng,

@

[ [ [ [ 4 9 a Jd o Jd v [ 1 1 d’l 9 9 a J
dgav, dudls, dydanwal, Onusy, VoA, aad, HanFu mafmm]”hJuuaﬂﬂﬂNﬁiNmau”aaﬁ@

(I like programming)
(I (like) programs (with no objects))

'
AA o

Y [} I a a o a 1 Y o [} 1
GI’JE]EJNLLSﬂLﬂua’d@T NIUIUTUIYD 3 A1 ﬁ'ﬂﬂ“]fﬂu@]azgnﬁEJ“L!LLfJﬂﬁ]Wﬂﬂugl)'JEJﬂ1iL'SJ}11!"]5E]\1’JN

v
@

[l & 1 Y] Aa a o’y Y [ o Y] .
PUNTI08M 9% DI19 muuam%ﬂ‘luaamﬁﬂz"lé'uﬂﬁmuaﬂym (symbol) AN I, like,
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. @ ' A & a Jamo a @ a dé’ ¥ W o a J
programming ‘lumammﬁmzﬂuaﬁwnmuauam%ﬂ 4 A ﬁ‘JJW“]fﬂﬂWEJGlU‘iJVNﬁﬂJUaﬂhlmlm%ﬁﬁﬁ

=i

1&un 1, (like), programs, (with no objects) auFndinavaardiuaadlaseaiiavesaanmy

Y 1
Moddsduisaosdedansonaaslugueslaseasians 1daegii 9.6

U

® ®
- e
like P N
programming O like 0 /./ O
programs
with /\\\
no
. / 0O
objects
(I'like programming) (I (like) programs (with no objects))

{ a I o a
707 9.6 Tnseaswaaanuaaaludnvuzvowmugidulyd

a J¢ a J -

[ 1 da J 4
du'lihiedunaldndadnnaadezlidydnusiaading @mudromiowueg ()

q

a

DAL BRIV P

E4
- L4 a a -

A ' Y v A o o o a o 3 7
Yaihoegiaue dydnvaitivzudedgiovenmsaugadasd dyanval () Alamedaadezilulse Tem

q

o v Aa o v Aa .
lumsirnuduaaauuuNeuiane (recursive)

co A § A ' xSy . % Vo
Heandunugunldlumsadeaadlaunilendu  list wag  quote  (Fuiowmiumsly

¥ @ @

L4 1 1
anual ') AI0E1UBY

(list 1 2 (+ 1
(quote (1 2 (+
(1 2 (+ 1 2))

) ; has value (
2))) ; has value (
; has value (

o e

flefFuilfszmanadoyadadilsznondae

(null? x) : Masrvaeun x Judadinamsela drlvee Idauduesa
-t T lgag Iautludio

(cons a x)  Wiiveandnlnaidh T luded Tao a awwgaunsmidhla
Sflugwmiansnludad

(append xy)  ; WiSeunedaadesaasimlfiiadad mifiaindndiudy
- YOIRAANINNAAA X 1AY LATAINFNAIUTBVDIATA 111
;111NAAA y 1A

I o S v d a o 1 a
(car x) fuilsndundemaduiuansadumiansnludad x
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(cdr x)

(length x)

(reverse x)

unil 9 My Tsunsudanini

< do A1 v & a Ia 1 A a o
; L‘l]UW\1ﬂGIﬁ,WIﬁ\i?ﬂﬂﬁﬂlﬂuﬁﬁﬁﬂnﬂ'ﬂﬂﬁlﬁﬂﬂuﬁﬁﬁ X
Y a o A [} a o
3 UNAIUTUIFNAULTNUDY X ‘1/]5]81111]51?7;]11!'@?(@]
< do A1 v g o a a o
Sfuilensungsmnautusuiuaundnluaaa x

A wﬂadd’

I o a a A
;Lﬂu%ﬂﬂ%u AIATNAVUUATANUTVIFNNUDOU X

s uadmugndoundu

@ i Jo o v a J @ Y
ma&mmﬂ%’ﬂm%umqmﬂuaammm"léfmﬁ

i mild
(define mylist (list 1 2 3 4 5)) mylist
mylist (12345)
(length mylist) 5
(reverse mylist) 54321)
(cons a mylist) (al2345)
(append '(a b) mylist) (ab12345)
(null? Mylist) #t
(car mylist) 1
(cdr mylist) (2345)
(car (cdr mylist)) 2
(cdr (cdr mylist)) (345)
(car (cdr (cdr mylist))) 3
(equal? '(1 2)'(1 2)) #t
(equal? 5°5) #t
(equal? 5'(5)) #f
(equal?'(12)'(2 1)) #f
(equal? () () #t
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Jd v U A
9.8 WanvuNauvuna

(Recursive function)

v o gl o a Y A yaqg Y Jou A o g} A A '
mﬁmmmumﬂumﬁmi‘ﬂmmmmwmmz‘lmﬂwﬂqﬂ%umﬂmmm HnIBLIYNIM

% = v Aa [ 1 o Jd v o 1 S [ qy
Handuouiana aediegailansumsmulamunaneossans 1l

(define (factorial n )
dadf (<« n 1) 1
(* n ( factorial (n - 1)))))

@

@ ~ @ 3’ A a o ' < 3 Y dy
ANHUTNITLTYINAUDIHE LUDUNITATUIUAT 4! Llﬁﬂﬂlﬂumu@lﬂuqﬂ U

factorial 3 ))

* 3 (factorial 2 )))

* 2 (factorial 1 ))))

* 2(* 1l(factorial 0 )))))
*2(*11))))
*21)))
2))

(factorial 4 =

4 (
4 (
4 (
4 (
4 (
4 (
4 (
4

OV * ok Kk ok *

)

N T

N~~~ ~ ~ ~ —~ —~

o A Jo Ay o Yq Ya ° o = o o
GI'JLLl]aﬂTH1ﬁﬂ3J1JNL'JE]i"]5u3JV\I\1ﬂ"]5u trace 1W1Wﬂﬂﬂ1ﬂﬂ1iﬂ1\ﬂu‘ﬂ@ﬁﬂﬂﬂ"]ﬂ! HIVSLLFAAIAIAUNIT

=y o [ dy
1I5eneNIFU A9l

> (trace factorial)
> (factorial 4)

Trace: (factorial 4)
Trace: (factorial 3)
Trace: (factorial 2)
Trace: (factorial 1)
Trace: (factorial 0)
Trace: Value =1
Trace: Value =1
Trace: Value = 2
Trace: Value = 6
Trace: Value = 24

24

> (untrace factorial)
> (factorial 4)
24

E4

Y o do v a A 9 g ° ~A A £ g A
miﬁiNV\Nﬂ"]mL’JmeNLﬂﬂ i]miuﬂuﬂ?Elﬂﬁmﬁuﬂﬂimwuyu(base case) G]Nll]uﬂimﬂ

= 9 '

o 1 Y o "y ~ v g’ 1 aA A Y o Yo A
ﬁ'nﬂiﬂﬂﬂ!’J‘mﬂWU],ﬂVI‘Ll‘ﬂIﬂﬂulllﬁﬂﬂliﬂﬂﬁ’lmﬂcm IBU NTUN n UATUDEUNI 1 ’ﬂ%iﬂﬂiﬁﬂﬂ%ﬂu‘ﬂ’ﬂ n!

Y k4
A o

A dd’ q‘ ] 1 = 19 ~ Y o . ~ Y
o 1 ﬂimauw”lucl%ﬂsmwu;gm TAUIUAINIYNTLIUNANUDG(recursive step) UasNITLTINAUDI
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4
a @

Y v £ 1 v
Fuiusedesligaduga MndredumIsmuananeisoasulseiumsduga osnnlunaazas

- . ' L 0 o oo A ' o & @ v
YOIN5L38n factorial A1 n ﬂzgﬂaﬂawmm muu‘lquﬂ n fuzgﬂaﬂﬂmuﬂszmgﬂug{uﬂuazmﬁ

a4
NIUNUITU

@ 1 d v ' dy a I v ~ @ g’ o o [
NA0819HNTY sum m"l‘ﬂuuﬁmmﬁuﬁlmﬁdﬂ%uiuLL‘}J‘}JLiEJﬂmLENGm W9anTu sum U

9 Y I Aa 4 o [} Y 1 o 3 a o o [~ ]
m@yjamuﬂuaﬁmmmuamam WU (123 4) um‘mﬂmfﬂmamaﬁummmslua’dm gamnauitun

wasamﬂu 10

( define (sum alist)
(1f (null? alist) O
(+ (car alist) (sum (cdr alist)))))

o o o adl A A a I a ] g s 1Y a
GLHG]'J’E]?JN"UENV\IQWHU sum ﬂimWU§1Uﬂ@ maaﬁmﬂuaamw 1 WN@S'NJ"UEN?‘HLIIU@HEJ LADIDEA

9 = = a

:/I ] A CAl =K 9 o a dd‘ ] o A £ o
uu“lncl,%aamn ZANVDYAAIUTNINATAUNDTOUINNUUDYANITAINNATANNAD  HIUTAIAIAU

U

o o a ¢ Yo o
Msmauiuaad (123 4) laaaidl

(sum "(1 2 3 4)) (+ 1 (sum '"(2 3 4)))
= (+1 (+ 2 (sum '"(3 4))))
= (+1 (+ 2 (+ 3 (sum "(4)))))
= (+1 (+ 2 (+ 3 (+ 4 (sum "()))))
= (+1 (+ 2 (+ 3 (+ 4 0))))
= (+1 (+ 2 (+ 3 4)))
= (+ 1 (+ 2 7))
= (+ 1 9)
=10

@ 1 I v 1 9}c. { VA o3| a i a J¢ v g 1
1ndeeeilendu member ao'llil smdhiassnaeunafszyiluaundnegludaanio’lu d11ily

Jd o [ v F a I 1 Ty Jdao 1 o a  JA 1A < a o
Hndurzdemnauiuaaaine uas lsilsidurzdendvaadnimnseyduansndausn mssonly

v
Yo

o @ i
W\iﬂ%uuﬁﬂﬂﬁﬁﬂﬁﬂﬂqﬂﬂﬂﬁ

(member 4 "(0 2 4 6 8)) ; return (4 6 8)
(member 1 "(0 2 4 6 8)) ; return ()

(member 2 "((1 2) 3 (4 5))) ; return ()

(member '"(1 2)'((1 2)3 (4 5))); return ((1 2)3(4 5))

' Y
s1wazPeaidaluilandu member uaaalddaae lii

(define (member elm alist)
(if (null? alist) '()
(if (equal? elm (car alist)) alist
(member elm (cdr alist))

)))

a o = v a & amx o o cyd‘d 3 1 aldyd' [l
ﬂﬁuEﬂll’W\iﬂ“]fuGI,“L!!,L‘U‘UL’JEJ“L!‘UQLﬂﬂHJU’J‘ﬁ’dQ%N11/!“]511/13J§,°1_ILL‘1J‘1J?(U Ll,ﬂﬂﬁ'cl%mm/lsluﬂu%l

o 2 A v ¥ A A ' & A o do an (o
ﬂjqﬂﬂqﬂgﬁulﬂﬁﬂ\?ﬂqﬂlw31$ﬁ'ﬂ\11%luﬂﬂﬁllﬁﬂiullﬁagﬂﬁﬂﬂlﬂﬂﬂ15ﬁﬂﬂV\IQﬂ%u ’J‘ﬁﬂﬁ‘ﬂ‘ﬂﬁq\i
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a a { A ' o 4 { o o v a I .
Uszansnmms diemibeanuildasn fe werewnldsugluuuilsdudentduia iy tail
£ E4 '
a 9 o ~

. o A o v ~ o o aa A vq v & v
recursion HUﬂ@ﬂiﬂiﬂﬂJu@ﬂuﬁﬂﬂ@]?&ﬂ\?“ﬁuﬂﬂ"uuﬂ1ﬂq9] 95U 3%11?71“]5&14@1/]3&&@]’]1!@&@\1

e

Y ' 1 Y a o o . { o { <3| ' '
fodnae lUiuaaimsiewileidu number-interval Miihadesdeoyailugie wu &

. ] P 1] g @ H [l ] a
Al9321) (number-interval 1 5) madnwsn 1dvzidlu (1 2 3 4 5) FaTuduavfioglusae 1 fs 5 matew
S o o o v a A S o v a o
Wenduziluaesgduunne suvilsndudoutisfaawilng  waznpuilanduBeuiufaign

Usualgal¥idiu tail recursion

Recursive function

(define (number-interval f t)
(if > £t) '(
(cons £ (number-interval (+ £ 1) t))

))

Tail-recursive function

(define (number-interval-tail f t)

(reverse (number-interval-help £ t '())))
(define (number-interval-help f t result)
(if (> £ t) result
(number-interval-help (+ £ 1) t
(cons f result))

))

o U o v v A < . . v ] A ¥
dunaldnmsdsvlgailandutoutuialdilu tail recursion vzdeldFfleddFurisauniniudio

42
& . a, & @ 1 @
laf% number-interval-help 33m3GonlFauilasFunaasioisldast

> (number-interval 1 10)

(L 23456 789 10)

> (number-interval-tail 10 20)

(10 11 12 13 14 15 16 17 18 19 20)
> (number-interval-tail 20 10)

)
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[ YY)
9.9 lan¥uouauga
(Higher-order function)

A o A Y AA A P s o
ANUFINITONAN ﬂJ‘VI’c:fﬂ"llE]Qﬂﬁs]WﬂWSVHI‘}JﬁLLﬂﬁMLGHQﬂUWVIﬂﬂ ﬂ?iu&WﬂLLﬁ%ﬂWii%ﬂﬂﬂ%u

bg

v W

7w v 1 d ‘e v o Yo do o v oo du A & a ¢
suauga Wensuazgaiaduiuilensududuge dilansuivamunsasuilanduduilumaiimesuas
[ v 3 o o
annsoamnautluilandu
1 @ 1 a o o . < $ g
3 9.7 waasiredumstiowiladdn flip Tuaesguvvfe guuwdy Fuilugiuuy

U

o [ J [} { o 1! o A d o
Rernuunagaauavilar nazgiuuvdeazidudii lambda Tusitiewiladdn

(define flip (lambda (f) (define (flip f)
(lambda (x vy) (lambda (x vy)
(fy x)))) (fy x)))
(@) JUnURNUeailafFu (b) UuvvEe

{ a 7o = du o o
711 9.7 matiewilandu flip Mluilandusuduga

J o Y a s { g o do a 4 o
W\?ﬂ"]fu ﬂlp JUNITTIUADT fﬁgﬂm\hﬂ%uﬁﬁmwwmmas ﬁ’t] X ATy (ﬁﬁlﬂﬁqﬁ)ﬂWﬂ%}@ﬂﬁﬁJ

3 o o . o o o - (A [~ J o { a J o
lambda(x y)) 11miulandu flip idrde (fy x) Fatumsasmnduduileddu £ Atlmnstimesad
Y A

< o A < v o o du L 2 @ o du v o A, v o do
usnily y wazdnaeuilu x auiudledtu flip duduilandudusugenimihnsuilanduaes

a J I @ v o w a 4
WITTULADT LL%’J’E’NW\iﬂslﬁnlﬂﬁUI@&ﬁﬁUﬁ?ﬂﬂﬂlﬂﬂW?iﬁJmﬂi

v 1 o Jdo v w T A v 1 Ay o A o Y Ao T A9
f108 il FUIUADGIDI1NEDNAIDINAD NG negate  MIMINNTVIINFUDUILA?

1o o na.zl <] a <3 1 g a o Jo o A v <
dszanananiladFuinldauuesanioma drldauiusTeilandu negate vwiiiaslinduiume

Y H
S a Y

T & < d o { I a o [} 1 I 1 a <3 Qo
sazh Idauduiaflassu negate vzilaswiuaie ludredeiidsndwnduiuaniume lilyms
1 Y & = Y [}
denduilandumioulualrednansn

' Y
seazdeamdaluilendu negate uanslddasde 1y

(define (negate p)
(lambda (x)
(if (p x) #f #t)))

v o a a I A 1 = '
Wanduney Inda lunasiamansnweueglugluvy £ o g ewnameueglugduuvves

a o] [ Y
MEEAN azmenadail) lasal

(define (compos f qg)
(lambda (x)
(1f (g x))))
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@ o oo g o v v v o a s o o
maaudnzlims 19leidy map  ifluileddududugesumniiwesiuiladdunas 14

tu o o A do w1 J
Handwinuudeyanndr ludad asdaedine il

HAnai manla

(map square '(12 3 45)) (1491625)

(map string? (Hf #1 #t #1 #E #t)
List 1 'en "en" 2 'to "to"))

(map (lambda (x) (* 2 x)) (20 40 60 80)
(list 10 20 30 40))

o o ' 9 9y 9 A Yo o
Wm%u map mumaﬂwmﬂmmmmu ﬁ13J1iﬂUfJ1iJvlﬂﬂ\1u

(define (map f x)
(cond ((null? x) '())
(else (cons (f (car x)) (map f(cdr x))))))

v
=} o

J o & o do v o I v % 4
W\iﬂ‘]ﬂ! filter nJuWQﬂ%uauﬂ‘uqﬁﬂﬂQﬂ%uwﬁmmumﬂ%’mmﬁaﬁmmiﬂimmwwﬁ'ay‘a

U

guauiiaassnuSonly wu
(filter even? '"(1 2 3 4 5))

& g V& o oa Y a o o @ 1 Y 3
WumsnsesBmmedoyaniuavg Fwadninldviiluaad @ 4) wiedidedeliidumsnsos

IzavA
(filter (negate even?) '(1 2 3 4 5))
madnin ldadiu (13 5)

(define (filter predicate alist)
(reverse (filter-help predicate alist '() )))
(define (filter-help predicate alist result)
(cond ((null? alist) result)
((predicate (car alist))
(filter-help predicate(cdr alist)
(cons (car alist) result)))
(else
(filter-help predicate (cdr alist) result))
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° H a df
9.10 My dsunsumIriinilumuaaiuazany

(Functional programming in LISP and Scheme languages)

v
1

=
n

Y ' 1 9Ir:y’ o 4 1w :JI { g ' d o
aredneae ) didumsiTusunsulun LISP weuinmidiavianuaiiveglueisisd

5 a o s & v oA Iy
#alunmn LISP a4 Iaseadwaadunueisisd waanin ldazidludoniy "Sum = ..." udrudie

AWAVINVBIAAAY

1 %1lisp
2 >; Store values as a list of characters
3 >(define (SumNext V)
4 (cond ((null V) (progn (print “Sum”) 0))
5 (T (+ (SumNext (cdr V)) (car V)) ) ))
6 SUMNEXT
7 >; Create vector of input values
8 (defun GetInput (f c)
9 (cond ((eg c 0) nil)
10 (T (cons (read f) (GetInput £ (- c 1))))))
11 GETINPUT
12 >(defun DoIt()
13 (progn
14 (setqg infile (open '"lisp.data"))
15 (setqg array (GetInput infile (read infile)))
16 (print array)
17 (print (SumNext array))))
18 DOIT
19 > (DoIt)
20
21 (1 2 3 4)
22 “Sum="
23 10
24 10
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7u1 LISP, Scheme uazmy1msv‘iﬂﬂmmm%wﬁ'wﬁ§uq gneonuuum o ldty
m3szunanadadnual (symbol processing) 99199107181 FORTRAN ﬁgﬂaammumzﬁams
Uszinamadui ey (numerical processing) MImuIAFFANBAlFY  MIMUIMANMS
Lmaﬂﬁﬁﬁyugm (mnqmmsﬁwmmiugﬂﬁ 9.8) 39111 1@41811n 111 Scheme T1/51n517 81 Scheme

iedumaumsaieswBea naaaldaagii 9.9

d (¢c)=20 ¢ is a constant
dx
d
—x) =1
cix( )
l d dv
;—x( u+vy) = Il; + d_: 1 and v are functions of x
Ao, du_dv
dx dx dx
—(uv) = u@ +
dx dx dx

dfu\ vdu B udv 2
dx(v ( dx dx /
3107 9.8 masammAilesuFea

(define (diff x expr)
(if (atom? expr)
(if (equal? X expr) 1 0)
(let ((u (cadr expr)) (
(case (car expr)

((+) (list "+ (diff x u) (diff x v)))
((-) (list '- (diff x u) (diff x v)))
((*) (list '+ (list '"* u (diff x v))
(list '"* v (diff x u))))
((/) (list '/ (list '- (list '"* v (diff x u))
(list '"* u (diff x v))
(list '"* v v) ))

U1 9.9 Tolsunsuanamaumsdimeisuasalugdiuuniv Scheme

Qan
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nTusunsulugd 9.9 Tmslddids let Tuussiiad 4

(let

)

((u

(cadr expr))

(v (caddr expr)))

o o Y o A Yo a /A Y =R a o o ' o " Yy
M let 15lumsasyelvinuiinainezgnonsdidnratensaluilandu 1w ludedrainau

a o ¥y =Ky A a o ¥y =Ry A o
HNIU (cadr CXpI') ﬂ%gﬂ@%ﬁﬂﬂﬂ?ﬂ%ﬂ u HagHNnIu (caddr expr) Qﬂﬁnﬁﬂﬂﬂ?ﬂ%ﬂ \'% [“I(Tll'lfJLW@] W\?ﬂ"]fu

cadr iugunngeves Handu car(edr ...) nazilandu caddr luziuuudouss car(cdr(cdr ...)) ]

o 1 o a o o 4 o 3 o [
fegumsnuaivos wseaveslentu 2-x+1 Lﬁ@&ﬁﬂﬂﬂﬂ X HUTUADUMITATUINAL

E4

d(2-x+1) = d(2-x) +dl
dx dx dx
= 2-dx + x-dx + 0
dx dx
=21 +x0 +0
=2
FanasninldvzaseiunamsTauvesilenau diff Auaastunoumsian 1 daadl
(diff 'x "(+ (* 2 x) 1))
= (list "+ (diff 'x '"(* 2 x)) (diff 'x 1))
= (list '+ (list '+ (list '* 2 (diff 'x 'x))
(list '"* x (diff 'x 2)))
(diff 'x 1))
= (list '+ (list '+ (list '* 2 1)
(list '"* x (diff 'x 2)))
(diff 'x 1))
= (list "+ (list '+ '"(* 2 1)
(list '"* x (diff 'x 2))) (diff 'x 1))
= (list '+ (list "+ '"(* 2 1) (list '* x 0))
(diff 'x 1))
= (list '+ (list '+ '"(* 2 1) '"(* x 0)) (diff 'x 1))
= (list "+ (+ "(* 2 1) '"(* x 0)) (diff 'x 1))
= (list "+ (+ '"(* 2 1) '"(* x 0)) 0)

@

padnFgameneaadves (+ (+ (* 2 1) (* x 0)) 0) Fefuaa ldilua 2
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9.11 agyl

o a § I A, o $ [ o Jd v a o I
msm TsunsuFainnduasamsii Tl sunsunlsuanmsvesilansunmaadiamansduilu
a A 1 9 9 @ v J an o dy I a
m3yesuemsyon Tesmandoyad ldawadns s ldsuasulunuimaiisziludasyan
< P A o o a A ) Ad A
13 ALITUDITLUUABUNIAADT vannsaaieoontuy 15U uai NN UM %ou Te991n
9 9 1 [ Jd 1 3 1Y d' 9 [ a d' [ 9 ] o
Foya lguadnsmniulae ideunerdosnuunaneinuIaseaiumeluniteanuduazms
- ] o as o Aa ) AR A I 1 Aax o
1WaguaauEYBIHUIIANUN s IsunsusaninnvaanuiunusssugannIsmsm

Tsunsuaeida

a J o a § 1
MU AN 1% lumai TUsunsusarnmumsnasn v LISP uazluszezaoud

1 4
mywannmeoug Tunquiliuldausunis common LISP, Scheme, ML, Miranda, Haskell
¥ v Y Y

4 o a o a P 4 a
muunemsmh TUsunsuFmiinimats Tnugiunannmadamansignesniuuyneasug
o o @ A o | o do o 4 = !
mymauvesilindnivaemyivewnagaauanian Wandulunnagaauanaezieueg lu
o a 7 s g o 4 ' o o
dnvazvesinninlszneudisTonlosmesuaz Tonlousus unagaauanilat lufimsldmda
o 1 A A a d 1 a d A Jd a 4 a o A o g}
fvuaar Diflesinel wu dwladlamdas dwniessng dwnisuuiieuly maiaudly

[ | Jas A do A v A A o J o d‘d o 3’
Lmaﬂvaﬁuaﬂﬂﬂ1 wlEsiomilsnsuneutuna vieHanFunGend1Lo

J o Y J o a { v g o w
endulunnagdauavdawaz lunwmsi ldsunsusimdhn - Saidlumnlanudidy

v W

% o Jw 3 ' A ¢ g ' A s
UAVNII (first-class value) msrziansuanunsalddum luiined 1ddumlumsiinmes uazls

1] oA o S A v o Jo A < a o [l U o 1] v

Wumnaanaw Hanrunansosuianruawiumsnimosuazansadaninauiuilanyuay
1 o o W . . o v @ o o a {

FonNiladFuduauga (higher-order function) ms lfsnfusudugeildmsildsunsuFandhn

A

fhiatmaildsunsuiiidse@nsamgann

233



uni 9 msi Isunsudaning

= v Y d'
!!‘U‘Uﬁlﬂﬂﬂmﬂ‘lm‘n 9
ADINONE
1. wmuaradnsvosiwaitauilaine 1

(@) (Ax.x *x)5)
(b) (Ay.((Axx+y+2z)3))2)
©) (Av.Aw.w) (Axx)y(Az.z)))

2. W¥sumeniameueamummmagnivoiinide i
(2) (null? ()
(b) (null?'(abcde))
(c) (car'(a(bc)de))
(d) (der'(a(bc)de))
(e) (cadr'(a(bc)de))

3. fvuailaddu Sum asae i
(define (sum alist)
(if (null? alist) O

(+ (car alist) (sum (cdr alist)))
)

% a J OQJI o Jd v
f15en1¥andu sum Arefined (sum '(1 2 3 4 5)) IWuaastuaeumMsuvesilandu

R'F) o & 9
’ﬂUﬂizﬂﬂulﬂNaﬁW‘ﬁ’Q(ﬂVlm

M o 7w . I o A 79 Y o
4. THuanavuasumsiauvesilandu diff ideimviuaiinoil iy x + 2x + 1

o

o do Y s o & Y
5. Idaguiladsulumafurolandu elements Hanwudl

o

v
v IuFFNNIHua lu

o Y A
TMUMN
a 4 3 a CAl ] d‘ = 9 o
aammmﬂuaﬁmaﬂ LYY Lilﬂlﬁﬁlﬂi%%\iﬂ%u

(elements '(1 (2 (3) 4) 5 6))

Haans N 1ane 6

234



uni 9 msi Isunsudaning

o ) Y A o A Yy A
ﬂ1ﬂ13~l‘l.]‘§‘lr!€l: Glﬁlﬁ@ﬂﬂ?ﬁﬂﬂﬂ@jﬂﬁﬂﬂﬂfiﬂ

A
1. Tnsea$edoyaiiugu (primitive data structure) ¥990181 Scheme taz LISP Avoz 15 2
. atom 4o list 4. integer L8 object

f. function t1ag list 3. element Loy atom

- . .
2. dolaotvregiuuy lenseivesnivt Scheme waz LISP Idgndesiiga 2
a Jd o o
n. mstiowilandudoaldids lambda
v, Tsunsuuazdoyaldgiuuuves list
99y 9 = o
a. M3 lddoyavzdvalimsivua type

~ Yoy o 9 9 .
a. maisenlgflanguazaeelsgaluu recursive

3. ﬁWtﬁr’J (cdr ‘(A B CDE)) 92 return A la ?
n. ‘(A) v A

. (A B C D E) 1. (B CDE)
4. Yolage Ui lde e umsiowilaidui lifide 2

n. Functional ambiguity 4. car function

f. Lambda notation . Function signature
5. flafdu (Null? “()) 92 return fla 2

n. () . #T

f. #F 3. Error

42
6. Yolaeliliinagndes 2
) 4 s 1
n. M¥1 Scheme WU iiauyseininiy LISP
| A o =2 = ] a Y a J
¥, 7111 Scheme WumnianniuTasiivnunvasiinedounavosiiie

& v §
f. 11 Scheme Lﬂul’)ﬂi%uﬂﬁﬂﬂlﬂﬂﬂi’HW LISP

' '
IS 2K 1

4. 7M1 Scheme (58n9NY0%11991 Common LISP

7. lasdudadraniwn LISP 2

U

n. John McCarthy 9. Daniel Russell
f. Linda Edwards 4. Maurice Haskell

8. M#1 Scheme 1¥ddalalunsdindsudoniminvarenadon 2
n. IF THEN 9. cond

fl. cons 3. cdr

235



uni 9 msi Isunsudaning

' Y
N91391A1990 181 Scheme @0 141 udrnoudioudo 9-15

((Lambda (L) (car (cdr L))) (A B C D))

9. lumdadredudndaiduiladsu o

. ((Lambda (L) (car (cdr L))) ‘(A B C D))
. (Lambda (L) (car (cdr L)))

f. (car (cdr L))

. (Lambda (L) )

)

2

Lo

10. lugdadredudndadumsisenldiladsu o

. ((Lambda (L) (car (cdr L))) ‘(A B C D))
. (Lambda (L) (car (cdr L)))

f. (car (cdr L))

. (Lambda (L) )

)

2

Lo

1. lusrdedhadudnlafu body veailadiu 2

. ((Lambda (L) (car (cdr L))) ‘(A B C D))
. (Lambda (L) (car (cdr L)))

f. (car (cdr L))

. (Lambda (L) )

)

2

Lo

12. lusmdataduanladuainiia (header) veailadsu 2

N. ((Lambda (L) (car (cdr L))) ‘(A B C D))
9. (Lambda (L) (car (cdr L)))
f. (car (cdr L))

Lo

. (Lambda (L) )

13. mitszananasideineduaz Inadnsla 2
n A V. B
a. (B C D) 1. (C D)

14. fefuiiFeos 15 2
n. Lambda 9. Lambda (L)

ldd'
f. car 1. lunie

236



uni 9 msi Isunsudaning

I o dyw . o ]
15. Handuiisy Input parameter i la 2
N. 1 parameter V. 2 parameters

1o a 4
f. 3 parameters .. lisymsiwes

16. ¥01a'l3i19 Functional language ?
n. Simula 9. Scheme

f. Haskell 3. ML

< o 1 {a { @ .
17. Yolailufnainanelny Fnctional language ?
o aw U a 4
n. Mdefvayuauiteauilyanilszavs
Y v W Y
v. gneanuunldlszurananudnaylaE)
o o o .
f. avuayumMsUeuilanFuu recursive

3. Bamwannsalumsii garbage collection

18. %’a"lﬂﬂﬁn“lﬁ)gﬂéfauﬁmﬁ’u pure functional language ?
f. IMIUINANUUANANTEWIN function tiaz procedure
¥. @1W13091 recursion tag iteration ludnyue loop
Y . A A (Y
fA. @1150 1% assignment statement tieasumas

1. MIMauIuratesousz 14 recursive function

19. anvaz landneg lunulu pure functional language ?
. M31¥A1d4 recursion V. MIIAFTTHUIIANNION TUNA

o W . U Jdo & A s
f. ﬂﬁi%ﬂTd\i 3551gnment . ﬂ1icl°i’5}1/\|\1ﬂ"]5ulﬂuw1iﬂ~lm@5

20. 711 Scheme 1oz LISP fMnuadduanudinn(precedence) Y0unT0IWING +, -, *, /

1Aoenals 2

n. Mvuald * uag / ddgni +, -

IS} o %
Y. +, -, ¥,/ UANUAIAUNINU

g

a. Tudmssmua WlFsdumsiauanndieldvn

= o 9Jq ¥ < o @ 1 o
1. lugimsdmua 4wy () szydduneu-mas

237



