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= BH

o WASHESHIVIEMREEINEL, EELEZRRES
SH— M DiERIEF

o HEKXZKBE T REZIMELAY imperative, object-oriented
BASMIZRE

o WHRIZESEAREMIAR MTEREROIEHE
=ETERN)
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(display “hello, world")

Example (hello, world)

o (display "hello, world")
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Scheme

@ Appeared in 1975
e Functional

@ Imperative
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EE Il_l\

@ minimalism
@ tail recursion
o first-class continuation
o lcon(?) B9 generator
o BAEMBFRE Python BHY yield
e coroutine
e exception handling
e delimited continuation: reset/shift
@ lazy evaluation
e delay/force

@ macro

e sigil, Ul number? set!
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40-32 /2 =4

Example (Twitter)

©40-32/2=4!
° 40 - (32 / 2) = 4%3*2*1
o (((40-32)/2)=4)!
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Smalltalk

@ Appeared in 1972
@ Object-oriented

@ Dynamically typed
@ Reflective
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Smalltalk

@ Appeared in 1972
@ Object-oriented

@ Dynamically typed
@ Reflective

Example (hello, world)

Transcript show: 'Hello, World!'




80 73 8 ITIES

Message passing

Example (Unary messages)

@ 42 factorial

@ ‘meow’ size
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Message passing

Example (Binary messages)

o1+ 2
@3=3
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Message passing
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Message passing
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Message passing

Example (Keyword messages)

o T selector BENES
@ Transcript print: ‘hello, world’
o 0 bitAt: 3 put: 1
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FMEM AL

o FBEZMMELR, RILE unary > binary >
keyword

o HEREMELS
o RWHANESNEERRITLMA?
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Block

o [:x | x+1]

@ an0bject ifTrue: [block-expression-1.
block-expression-2]

@ anObject ifTrue: [block-expression-1.

block-expression-2] ifFalse:
[block-expression-3. block-expression-4]

o N2 applicative order, BTEABYTE block BB R]LAZELE KB
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blocks

[:x | x+1] value: 3

e First-class objects

o BJLAFZRY closure

o &Y value: message SRHIT
e [3] value

°

°

[:x :y | x+y] value: 3 value: 3
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List comprehensions

Example (Smalltalk way)
@ (1 to: 10) fold: [:x :y | x *y].

A\

Example (if)

anObject
ifTrue: [
blockl
] ifFalse: [
block?2
]
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=2

object-oriented programming

& IMRRYIRT

virtual machine

message passing XUA&EF class hierarchy
integrated development environment

hot swapping
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Lua

@ Appeared in 1993
@ imperative

@ prototype-based object-oriented
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Table

@ Assocative array
o FALZ table

@ Metatable, object-oriented BYE A, Javascript BY
prototype R ANEMURIRT,
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Llama, alpaca, Camel
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Perl

@ Appeared in 1987
@ Imperative

@ Reflective
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Regular expression

@ named capture
@ look-around

@ executing code
o (7>pattern)
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Sigil

@newAoA = splice 2D( \QAoA, 4 => 8, 7 => 12 );
my $lrr shift;

o AME, EAEHLBEITE PHP-
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Overloadding

e i Zero one infinity rule

o BENTLT, EbUN perldoc -f open £50Y open HIFH
5

o ATARIFEENNEATRERHEYE Tl ixME, &
T E#H

o RUMNHSAEE, BMNRINNEBEETELTE
R T A SEERRY, mdE@AAY, 0
Scheme/Smalltalk HHLELRER N 55E
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Ruby

@ Appeared in 1995
@ Reflective

@ Dynamic typing
@ Object-oriented
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= E object-oriented

@ 3.to_s

@ 4.class

@ 5.methods

@ 6.send :to_f, Smalltalk BY message-passing X\4&
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Ruby

e Mixin, JBFRT AL marker interface AY[o]0

o ¥ functional &R¥F (Irif Python BJ BDFL ANER
FEHERR map filter IXLERREY, AR ANZFES) Haskell B9—
LM FE B reddit LRI ARLFE:----- TE, BTER
flame war 1)

e sort! nil? KB Scheme

@ Qinstance_var sigil, KB Perl, EE&XEETL, i
B $global FR/R global variable

o A\ nil # false AR, [0 " {3} FRE, EL=, nil
&= dynamic typing 0 reflective BJ— N1

@ First-class continuation 388 Scheme

Operator overloading B/ T4

o Smalltalk #J block, Ruby FJ do end iBiZR#5—
block(SER _£i1X ﬁﬂgﬁﬁT)

I — B al v b 6 11 I B R T
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Ruby 1.9 hash syntax

o BRI Smalltalk B keyword message

def f(*args)
p args
end

f 3, 'a’', one:5, two:8
=> [3, "a", {:one=>5, :two=>8}]

e {:arr => [1,2], :str => ‘hello’}
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Block

o == Python with statement 38 PR

def fun &block
# acquire resource
block.call 42
# release resource

end
fun do
p 'hello’

end
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Block

e (1..5).inject(1) {lacc,x| acc*x }
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Prolog

@ Appeared in 1972
e Logic
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1=E
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Operator

o EXNAIEERF S EAEM (Prolog #l Lisp —#tH2H
ERZB)

o AIABEX, TEEIREMSTR, FHEt
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Data type

o KEZ{FH compound term RIRBTE X FHIEL A
@ truck_year('Mazda', 1986)
e FH pattern matching RIZENFER
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Predicate

@ SLD resolution
o HEFIBSAER backtracking H1Hl
o 2EMIRAIFABLR, FRIEFEMAT cut KRERK
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Definite clause grammar

o & Prolog XA E (BiF) MBS I ARKIEE

Example (normal)

sentence(S1,83) :- noun_phrase(S1,S2),
verb_phrase(S2,S3).

noun_phrase(S1,S3) :- det(S1,S2), noun(S2,S3).

verb_phrase(S1,S3) :- verb(S1,S2),
noun_phrase(S2,S3).

det ([thelX], X).

det([alX], X).

noun([cat|X], X).

noun([bat|X], X).

verb([eats|X], X).
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Definite clause grammar

Example (DCG)

sentence --> noun_phrase, verb_phrase.
noun_phrase --> det, noun.

verb_phrase --> verb, noun_phrase.

det --> [the].

det --> [a].

noun --> [cat].

noun --> [bat].

verb --> [eats].
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Quick sort

gsort([1) -> [1;
gsort ([P|XS]) -> gsort([X || X <- XS, X < P]) ++
[P] ++ gsort([X || X <- XS, X >= P]).
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Erlang

@ Appeared in 1986
e functional

e dynamic typing
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Data type

EEL, EFREA tuple ®R

Lua EAESA table &R

Lisp EAERF list &R

EE list/tuple H EAERINRZLE table/hash 558
FrCASR R Lisp B9 property list 2T
INEZFRFTLRINRRFTZ atom, 458 tuple BERCRIZE
{84 property list BJTHXY

@ {hello, {x, Data}} {add,b3,4}
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Concurrency

e iIBSNE process, Erlang VM SEIPHYRTLABMZ green
process

o F green thread FIZFRTETF process [B;EFBHZIVIRE
@ Actor model, % lock
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OCaml

@ Appeared in 1983
@ Strong static typing
e Functional

@ Imperative

@ object-oriented
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Function call

@ juxtaposition

print_endline "hello, world"
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gyt

£5& functional F1 object-oriented

@ Expression problem

@ Algebraic data type 5 class-based object-oriented 3EYX
R TNIER

o [IFEMERESEMNAN
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Currying

# let add x y = x + y;;

val add : int -> int -> int = <fun>
# add 3;;

- : int -> int = <fun>

e Ruby/CoffeeScript HF T juxtaposition, {E@%& ¥
currying, HF dynamic typing, BHZ4E bug
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Structural typing

o M class, MNRFJFELHINFRIEED (public) T2 —K,
BLXFNEMEE X3

o AMIENOR B MBS, A4 AFRE B HIFE

o C++/Java XEEBBERFAAEIEZ marker interface,
MmB&EJ static typing, /AN ERMER
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Module

° EIE.%?ﬁj(EI’J.—JBu module system, FEAFIEGE _NEB
SeSZEREHA e

@ Functor
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Haskell

@ Appeared in 1990
@ Purely functional

e Strong static typing
o Lazy
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All positive rationals

take 8 $ fix ((1:).(>= \x->[1+x,1/(1+x)]))

[1.0,2.0,0.5,3.0,0.3333333333333333,1.5,0.666666666666t



80 73 8 ITIES

Powerset

filterM (const [True, False]) [1..3]

(f1,2,3],01,2],01,31,01],[2,3],[2], (3], 1]



80 73 8 ITIES

Typeclass

o Int PJLA{FRIZE, Double BJLAFRIZL, Rational =] LA
BRiZ. BEB typeclass T X MILL SRR BEMBRIE,

o El C++ BY virtual class 3¢& Java Y interface
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Num [a]

Example (Example)

instance Num a => Num [a] where

(f:fs) + (g:gs) = f+g : fs+gs

fs + [] = fs

[1 + &s = &s

(- 7s) *[(g:gS) = f*g : [f]*gs + fs*(g:8gs)

[1,1]74 = [1,4,6,4,1]
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Re-invent imperative programming

do x <— get; put 5; y <— get; put 6
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Parsec

o MEMT—N csv XI5

Example (csv)

csv :: CharParser st [[String]]
csv = (record ‘sepEndBy‘ newline) <* eof
where
record = (quoted <|> many (noneOf ” \ \n")) ‘sepBy"
quoted = between (char '"')y(chary'" ') . many $ |none
— AIAEEXRERN, BEMLER
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Pattern matching

Example (Pattern guards)

add x y | 3<— x=x+1y

N,

Example (View patterns)

mysort (sort —> xs) = xs

A\
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Off-side rule

e JEB ISWIN
o EfCRIEE BMT
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Number literal

o 1 BEMIZIEA Int KB ?
o MWiZ@E Num X4 Typeclass BJfEE— instance
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String literal

o “asdf” BJLAR IsString iXA Typeclass BEE—1
instance,

o FJUAZE [Char] B]BAZ ByteString, BJLARIREVBTE X
LR, QZRMT I1sString B instance
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List comprehension

e List comprehension FJIB/ZIERER, BEAMNIZE
set/dictionary comprehension ?
@ B Monad comprehension FLT% T
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Section

" TRERHMNZIBE currying BIBES]

Left section, (12+), HEHTF (+) 12

Right section, (x13), #HEF flip (%) 13

(3 “elem”), BIEEERENZSRY operator BB{tY section
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Monad

o B4: —NRBIEZSE a 1IRE b

o EIRBRIERILABM— action([RATF 10)

e Monad Ri@H, BESHE—EMAYIEZE do(Python
Y with statement @ BAZEBRHER FIEE? &
{LLIR B Lisp B9 unwind-protect)

o Arrow tt Monad IR, t{EFHBEMUIIIEE proc

o AJLAE M structured output

o FJLABMMIT T — 1N AER
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Monad transformer

o H—" monad EUR—FIFIARINR, BEAREEIEEL]
HERDEC R ? FR2FE T monad transformer

o Lt¥N xmonad HAAY layout transformer, REFLECTX
TABBED MIRROR NOBORDERS
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Meta programming

o Lisp Y macro B—MFAN, BREEAELES, T
ERALZ 2 Template Haskell
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Fold

2 FEBIZRPEBE fold ? List ? Tree ? Foldable ! # fold A9
TR BT AEHE ? Monoid !

Catamorphism

Ruby f#RIX/Ma]@RY 5 N2 duck typing

“When | see a bird that walks like a duck and swims like
a duck and quacks like a duck, | call that bird a duck.”
Common Lisp ##RIXAN AR RZEIL map delete-if
EHNRBEZ—INSBAREE, ERHME



80 73 8 ITIES

Getter/setter

@ Haskell B9 record syntax BYIRITANTBYEF
@ Lens

test :: [Int]
test = (addOne “to~ everyOther) “from™ [1, 2,9, 6,7, 8, -
-- test == [2, 2, 10, 6, 8, 8, 5]
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Lazy evaluation

o BT AMEMITE, tbMFSTMAXFERELE
SH merge sort, YNIRIFAERIIIFR head, LR
BIE#ER O(n) B9

o FJUARLIETLRRCAVTIZR

o —IAE—i8F, kUl fibs = O:scanl (+) 1 fibs



