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print

C++

scheme Lisp

print

(progn (print "foo) (print “"bar)) ;==> bar

DISPLAY> foo
DISPLAY> bar

(+12) ;==>3

(list "foo "bar "baz) ;==> (foo bar baz)

Ag

variable

[x <- "foo]

[var <- (variable x)]

vref

Lisp

Lisp

STL

Lisp



(vref var) ;==> foo

[(vref var) = "bar]

X_;==> bar

variable vref #8 #*

(defun compute-square (var)

[#*var = #*var * #*var])
(defun test (num)
(compute-square #&num)
num)
(test 3) ;==> 9

Ag iexpr

|+ (*ab) (/cd) |

| Giexpr a*b+c/d) |

*

iepr [1
lfa*b+c/d|

S
| (expand "[a * b + c / d]) :== (+ (* ab) (/c d) |

[[+123*_-654] ;==>-18 |

defbinary
(defbinary prio op-sym fn-sym :lock #f :serial #f)



prio
+ - * / 10
op-sym fn-sym

,Fn-sym

my:+ my:*

(defbinary 9 "my:+)
(defbinary 10 "my:*)

(defun my:+ (a b) (+ a b))
(defun my:* (a b) (* a b))

[3 my:* 4 my:+ 5 my:* 6] ;==> 42 |

+ -

(defmacro my:+ (&rest body) ~(+ ,@body))

(defmacro my:* (&rest body) “(* ,@body))

defbinary
S

(GtaCbcd (tefg)

[a my:+ b my:* ¢ my:* d my:+ e my:* f my:* g]

expand

(expand "[a my:+ b my:* c my:* d my:+ e my:* £ my:* g])

= G GaCGCehad) ¢ CGef)q)

serial iexpr

serial

(defbinary 9 "my:+ :serial #t)

(defbinary 10 "my:* :serial #t)

(expand "[a my:+ b my:* c my:* d my:+ e my:* £ my:* g])

=>(+ta(Cbcd (*efqg)

lock

op-sym

fn-sym



(defbinary 9 *my:+ :serial #t :lock #t) ;== #t
(defbinary 9 *my:+ :serial #t :lock #t) ;== #t
(defbinary 9 *my:+ :serial #f :lock #t) ;== #f
(defbinary 10 "my:+ :serial #f :lock #t) ;== #f

serial

Ag

(defun foo (n &optional (acc 0))

(if [n > 0]
(bar (1- n) [acc + n])
acc))

(defun bar (n &optional (acc 0))

(if [n > 0]
(foo (1- n) [acc + n])
acc))
foo bar

[ (foo 100000) :==> 5000050000 |

funcall apply

(defun foo (n fn &optional (acc 0))

(if [n > 0]
(funcall fn (1- n) fn [acc + n])

acc))
(foo 100000 #"foo) ;==> 5000050000

(defun foo (n fn &optional (acc 0))
(if [n > 0]
(apply fn (1- n) fn [acc + n] nil)
acc))
(foo 100000 #"foo) ;==> 5000050000




Ag

(defun foo (&rest rest &key key) (list rest key))

(foo 1 2 3 -key 4) ;==> ((1 2 3) 4)

foo CL CL

(defun cl-foo (&rest rest &key a b) (list rest a b))

(cl-foo :a "bar :b "haz) ;==> ((ta "bar :b "baz) bar baz)

Ag

(defun ag-foo (&rest rvest)

(list-bind (&key a b) rest
(list rest a b)))

(ag-foo :a "bar :b *baz) ;==> ((za "bar :b "baz) bar baz)

:flag irest

pair
(defun foo (&key :flag a b :rest c :pair (d 0)) (list a b ¢ d))
(foo) ;==> (#f #f nil 0)
(foo :a :d 1 :c "bar "baz) ;==> (#t #f (bar baz) 1)
(foo :b :c "bar "baz :d 2) ;==> (#f #t (bar baz :d 2) 0)

(&key :flag (a 1) :rest (r "(1 2))) ;; NG

Ag &aux &key &optional &rest

(&optional a b &optional ¢) (&optional a b ¢)
(&key :flag a b &key ¢) (&key :flag a b :pair c)



&aux

&key &aux
&rest &key &aux

got?

(foo :print "bar) ; bar

(foo :quote “bar) ; T“bar
(foo) ;

(defun foo (&key print quote)

(cond {print (print print)}

{quote "*",quote}
{#t (error)}))

(foo :quote nil) ;==>

(foo :-print nil) ;==>

&aux

nil

(defun foo (&key (print "NULL) (quote “NULL))

(cond {[print !'= "NULL] (print print)}
{[quote = °"NULL] "*",quote}

{#t (error)}))

Ag

(defun foo (&key print quote)

(cond {(got? print) (print print)}

{(got? quote) " ",quote}
{#t (error)}))

got?

got?

nil



(defun got-test (&optional a b &key c :rest d)

(list (got? a) (got? b) (got? c) (got? d)))
(got-test) ;==> (#f #F #F #F)
(got-test 1) ;==> (1 #F #f #F)
(got-test 1 2 :c nil) ;==> (L 1 1 #H)
(got-test :d 1 2 3) ;==> (#f #f #f 1)
(got-test :d) ;==> (#F #f #f 1)

got?
got?
=1)

got?

(defun got-test-2 (&key :flag a b ¢)

(values::list (got? a b ¢)))

(got-test-2) ;==> (#f 3)
(got-test-2 :a) ;==> (1 2)
(got-test-2 :b :c) ;==> (2 1)
(got-test-2 :a :b :c) ;==> (3 0)

Ag
(C/C++ static)

HH HH

| (defparameter ##local data ...) |

##local data



#

[##a <- 100] ;(defparameter ##a 100)
(print ##a)

DISPLAY> 100

(defun get-local-a () ##a)

et g

(bound? “##a) ;==> #f

(get-local-a) ;==> 100 get-local-a

#."module: foo"

4

module: foo

author: Xxxx

#."test-1"

[##a <- "local-a-test-1]
#."test-1" ;

(print ##a)

DISPLAY> local-a-test-1
#."test-2" ;

(bound? ##a) ;==> #f
[##a <- "local-a-test-2]
(print ##a)

DISPLAY> local-a-test-2
#."test-1" ;

(print ##a)

DISPLAY> local-a-test-1

module: foo

intern



(symbol-name ##a)

Ag
C++

FooLib: -bar

#.FooLib

"#<bar ;==> FoolLib::bar

#>bar FoolLib::bar
#it

(defin #<bar ...)

(defun FooLib::bar ...)

#>bar

#_.FoolLib

" Exp --> (function Exp)

~ Exp --> (back-quote Exp)

, Exp --> (unquote Exp)

,0 Exp --> (unquote-splice Exp)
#* Exp --> (function Exp)

#? Exp --> (? Exp)

#& Exp --> (delay Exp)

#* Exp --> (force Exp)

#>

intern

#>



#: Exp --> (unique Exp)
#¥C --> C
Sym1.Sym2 --> (cref Syml "Sym2)

Sym1.Sym2.Sym3 --> (cref (cref Syml "Sym2) "Sym3)

Syml..Sym2 --> (static-cref Syml "Sym2)
Syml..Sym2..Sym3 --> (static-cref (cref Syml "Sym2) "Sym3)

Syml..Sym2.Sym3 --> (cref (static-cref Syml "Sym2) "Sym3)

Sym_#[ Exps... ] --> (@ Sym Exps...)
Sym.Sym2.#[ Exps... ] --> (@ (cref Sym "Sym2) Exps...)

(Expl Exp2). Exp --> (Exp Expl Exp2)
(Expl Exp2 Exp3). Exp --> (Exp (Exp Expl Exp2) Exp3)
(Expl Exp2 Exp3 Exp4). Exp --> (Exp (Exp (Exp Expl Exp2) Exp3) Exp4)

Ex)
123).- ;=>-4;;-(-12)3)

(Expl Exp2).. Exp --> (Exp Expl Exp2)
(Expl Exp2 Exp3).. Exp --> (Exp Expl (Exp Exp2 Exp3))

(Expl Exp2 Exp3 Exp4).. Exp --> (Exp Expl (Exp Exp2 (Exp Exp3 Exp4)))

Ex)
123)..-;=>2;;,-1(C223))

{+-{x O-. O)-.

[Expl Exp2]. Exp --> [Expl Exp Exp2]
[Expl Exp2 Exp3]. Exp --> [Expl Exp Exp2 Exp Exp3]

Ex)
[L2345].+ ;==>15;; [1+2+3+4+5]

(apply #*s::cat [“foo" “bar" “baz"]."-")
[EXpl].. Exp --> [Exp Expl EXp]



[Expl Exp2].. Exp --> [Exp Expl Exp Exp2 Exp]
[Expl Exp2 Exp3].. Exp --> [Exp Expl Exp Exp2 Exp Exp3 Exp]

[+ * - /71.10 ;==> 109 ;; [10 + 10 * 10 - 10 / 10]

Ag

(defmacro mac (x) ~(defun ,x O ",x))

(funcall # mac "foo) ;==> (defun foo () "foo)

(function? #"mac) ;==> #t

macro?

| (macro? #"mac) ;==> #t |

macro?
| (macro? (lambda ())) ;==> #f

Ag
| (defun foo ((a b c) d &rest e) (list a b c d e)) |

Ag

(foo "(123) 4586) :==> (1L 23 4 (5 6))

Ag (

Ag

defun,defmacro, lambda

eval



d
(let ((a "a))
(defun foo (b)
(et ((c "c))
(list a b c d))))

(defparameter d "global-d)

(foo nil) ;==> (a nil c global-d)

CL
(defparameter x "global-x)

(let ((x "local-x))
(defun foo() (lambda () x)))
(funcall (foo)) ;==> "local-x

Ag

(funcall (foo)) ;==> "global-x

(let ((x "other-x))
(funcall (foo))) ;==> "other-x

foo A foo
expand
expand

(expand " (,(cadr x) ,(cddr y))) ;==> “(,(car (cdr x)) ,(cdr (cdr y)))

(expand "(let ((a (cadr x)))
(lambda () (cddr a))))
;==> (let ((a (car (cdr x))))
(lambda () (cddr a)))
A cddr



defun lambda

CL x foo
(let ((x "local-x))
(defun foo() (import-let (x) (lambda () x))))
(funcall (foo)) ;==> "local-x
import-let X

import-let X

foo X

A

(defmacro mac () ""mac-1)

(defun fundef () (defun foo () (mac)) (foo))
(fundef)

(defmacro mac () ""mac-2)

(fundef)

(defmacro mac () ""mac-1)

(defun fungen () (funcall #"(lambda () (mac))))
(fungen)

(defmacro mac () ""mac-2)

(fungen)

nil #f
#t
nil #f
(false? nil) => #t (false? #f) => #t
(eq? nil #F) => #f
#f nil
(null? nil) => #t (null? #F) => #f (list? #f) => #f

nil #f
null? false?



null? 2 false? not

t? true?

Ag CL  scheme

"On Lisp"
(defmacro abbrev (short long)
“(defmacro ,short (&rest args)
“(,",long ,@args)))
Ag Ag
(defmacro abbrev (short long)
“(defmacro ,short (&rest args)
“(¥,long ,@args)))
,., ¥1 ¥
G .0
a foo
GR,a)
~(, “foo)
(foo)
a
Ag ¥ , ,0 ¥
t 1@

¥
T (*,9)
~(foo)

¥
“““ ¥¥¥¥ a ;==> " foo
¥

foo bar bar baz



setq defvar defparameter

setq setf

* ( ##* #<* #>*

(defparameter *svar* "foo)

(defparameter gvar "bar)

(defun test () (list *svar* gvar))

(test) ;==> (foo bar)

(let ((*svar* 100) (gvar 200))
(test)) ;==> (100 bar)

(test) ;==> (foo bar)

(accessor)
(... :-access-to-bind value)
value

(car x :access-to-bind y) [(car x) =vV]
(... :-access-to-addr)

(car x :access-to-addr) [& (car x)]

(... :access-to-apply fnc)
fnc

(car x :access-to-apply (lambda (xX) (1+ x))) [++ (car x)]

setf

Ag

gsetq



values

(values mainval [val2 ...])

- values: :capture
values: :capture
(values::capture (values "a "b "c) 0) ;==> a
(values::capture (values "a "b "c) 2) ;==> ¢
nil

(values::capture (values "a "b "c) 3) ;==> nil

(values::list (values::capture (values "a "b "c))) ;==> (a b ¢)

(values::list (values::capture (values "a "b "c) 2 0)) ;==> (c a)

(values::list (values::capture (values "a "b "c) 0 1)) ;==> (b ab)

- values::list
values::list
(values::list (values 1 2 3)) => (1 2 3)
values::list
(values::list (values "a "b "c "d "e) 0 2 4 6) ;==> (a c e nil)
2 0

nil

(values::list (values "a "b "c "d "¢) 32 13) ;==>(dc b d)

- values::bind

(values::bind (vardecll ...) mvalues-exp [exp ...])

values: :bind

CL  multiple-value-bind

(values::bind (a b ¢) (values 1 2) (list a b ¢)) ;==> (1 2 nil)

- values::multiple?

values: :multiple?



(values::multiple? (values 1 2)) ;==> #t
(values::multiple? (values 1) ;==> #f
(values::multiple? 1)) ;==> #f

(values::list (values::multiple? (values 1 2))) ;==> (#t (1 2))
(values::list (values::multiple? 1) ;==> (#f 1)

progl
(defmacro progl (expl exp2 &rest rest exp)
“(let (G#:?multiple ,#:result)
,expl
(values::bind (Pmultiple result) (values::multiple? ,exp2)
(setq ,#:?multiple ?multiple
,#:result result))
,Orest_exp
(if L#:?multiple
(apply #"values ,#:result)
,#:result)))

scheme (delay,force)
delay
force force

force

(let* ((@0) (b 1) c
(promise (delay [c = a + b])))

c ;==> nil
[a = 100]
(force promise) ;==> 101
c ;==> 101
[b = 200]

(force promise)) ;==> 101

(force 0) ;==> 0

force

[p <~ (delay (values (print “hello) “world))]
p.#force ;==> hello



DISPLAY> hello

(values::list p.#force) ;==> (hello world)

promise?
(promise #&[a + b]) ;==> #t

forced? force
(forced? #&[a + b]) ;==> #f

* defvar
(defvar var exp [reset=#f])

defvar var exp

var

defparameter

* defconst

defvar
Ag defconst

* if
(if test a [b=nil])
test a b CL

* repeat

(repeat expl ...)

expl expl
return

* return

(return [retval=nil]) retval repeat

* tagbody

(tagbody {tagjexp} ...)
tagbody

nil

go



[ex]
(tagbody) => nil
(tagbody label-1 (progn 10)) => 10
(tagbody (progn 10) label-1) => nil
(tagbody (+ 1 2)) => 3
(let ((x 0))
(tagbody (go tag2) tagl [x = x + 1] tag2 [x = x - 1]

X) ;==> -1

*go
(g0 tag)
tagbody

* block
(block label [exp ...1)
block exp

progn

return-from block

* return-from
(return-from label [retval=nil])

block retval

* list-bind

list-bind Common Lisp multiple-value-bind

(list-bind (a (b c &optional (d 0)) é&rest e)
"1 (23) 45)
(listabcde)) ;==>(1230 (45)

* error
(error [val ...]D
show



C++

addr pref
addr & pref *
pref

(let* ((a 0) (ptr (addr a)))
(pref ptr) ;==> 0
(pref ptr :access-to-bind 100)

a) ;==> 100
* &
(let* ((a 0) (ptr [& al))
[* ptr] ;==>0
[* ptr = 100]
a) ;==> 100
& car cdr

[a <- "(1 2 3)]

[p <- [& (car a)]]
[ p = 100]

a ;==> (100 2 3)
(setq a nil) ;;
[*p =101 ;:/G

* save-Scope Copy-scope

ex) [scp = (save-scope)]

* save-scope-without copy-scope-without



[scp = (let (a b c) ... (save-scope-without a c))] ; a c

*scope
(scope scope-object-exp [exp ...1)
scope-object-exp
dynamic-let
fetch

ex)
[scp <- (let ((a 0) (b 0))
(defun status () (list a b))
(save-scope))]
(defun foo () (scope scp (dynamic-let (a b) (list [-- a] [++ b]))))
(status) ;==> (0 0)
(foo) => (-1 1)
(foo) ;==> (-2 2)
(status) ;==> (-2 2)

* scope”

scope

ex)

[scp <- (let ((a 0) (b 0))
(defun status () (list a b))
(save-scope))]

(defun foo () (scope® scp (dynamic-let (a b) (list [-- a] [++ bD))))

(status) ;==> (0 0)

(foo) => (-1 1)

(foo) => (-1 1)

(status) ;==> (0 0)

* dynamic-let
(dynamic-let (var ...) exp ...]

scope

ex)
[scp <- (let ((a "other-a) (b "other-b)) (copy-scope))]
(let ((a "lexical-a) (b "lexical-b))



(scope scp
(dynamic-let (a b) (list a b)))) => (other-a other-b)

(defun foo () (dynamic-let (a b) (list a b)))
(let ((a "a) (b "b)) (foo)) ;==> (a b)
eval
dynamic-let
(defun foo () (eval "(list a b)))
(let ((a "a) (b "b)) (foo)) ;==> (a b)

* fetch
(fetch symbol-exp)
symbol-exp
nil
[scp <- (let* ((a "other-a)) (save-scope))]
(let ((a "lexical-a))

[* (fetch "a)] => lexical-a
(scope scp
[* (fetch "a)] => other-a
(fetch "b))) => nil

* blind-let blind-let*
let let let*
blind-let blind-let*
[a <- 100]
[b <- 200]
(et ((a 0))
a ;==> 0
(blind-let ((b 1))
b ==> 1
a ;== 100
)
53C2

[a <- 100]
(let (@ 0) (b 1) (c 2))
(blind-let ((b b) (c ¢))
(list a b ¢))) ;==> (100 1 2)

Ag



Ag
catch try

(+ 1 nil) ;=
- error
error

(error [vals...])

vals

(error “illegal "parameter'™)

"illegal parameter”

- throw-if-error

throw-if-error

(throw-if-error exp [tag [val]l])
tag val tag

exp
(throw-if-error [1 + 2]) ;==> 3

show

“error

exp

(throw-if-error [1 + nil] "“fail nil) ;==> fail ,nil

catch
(catch tag-exp exps...)
catch tag-exp
exps. . .

nil

unwind-protect
(unwind-protect exp [rest-exp...])
exp rest-exp
exp
unwind-protect exp

rest-exp

exp (exp

val



(catch "tag (unwind-protect (throw "tag "foo) (print "bar))) ;==> foo

DISPLAY> bar

protect
(protect [exp...])
protect exp

(protect (print “hello-world)) ;==> 0
DISPLAY> hello-world

(protect (error "errl™) (print "hello)
(error "err2™) (print “world)) ;==> 2

DISPLAY> hello

DISPLAY> world

try
(try trying-exp {[tag-exp [catch-exp...]1} [Ffinally-exp...])
try tag-exp
trying-exp catch
finally
finally

catch finally

catch catch-exp... __exctag
finally

__interrupting__

finally

try finally

nil

catch-exp...

finally

__excval __

finally

protect

finally



(@ table key)
#t
nil #f
(values: :capture (@ table key) 1)

[ht <- (make-hash-table)] ;;(make-hash-table #"eq)
ht.#["key] ;==> nil #f

[ht.#["key] = "data]

ht.#["key] ;==> data #t

[str <- "hello"]

[ht.#[str] = "world]

ht.#[str] ;==> “world

ht.#["hello"] ;==> nil

[ht <- (make-hash-table :test #"EqQ?)]
[ht.#[str] = “world]

ht.#["hello"] ;==> world
ht.#["Hello"] ;==> nil

[ht <- (make-hash-table :test #"EQ?)]

[ht.#[str] = "world]

ht.#["Hello"] ;==> world

[ht.#["hello] = "world"]

(maphash #"(lambda (key data) (print (list key data)))
ht) ;==> nil

DISPLAY> (“hello™ world)

DISPLAY> (hello "world™)

(@ array index..)

C array[x]lyl[z]
(@ array x y 2)

array.#[x y z]

[a <- (make-array 10 :set 0)] ;; 10
a.#[0] ;==> 0

[a.#[0] = 100]

a.#[0] ;==> 100



[a <- (make-array 4 5 6)] ;;
a.#[0 1 2] ;==> nil

[a-#[0 1 2] = 100]

a.#[0 1 2] ;==> 100

array::new
array: :define-index-rule
array::size
array::set

array?

(defstruct foo
a
(b 0)
(c 1)

[obj = (make-foo :a "hello)]
(foo-a obj) ;==> "hello
[(foo-a obj) = 100]

(foo-a obj) ;==> 100

obj .#foo-a ;==> 100

struct: :new
struct: :name
struct: :copy
struct::assign
struct::refer

struct?

parser?
parser::new
parser::read

parser::rewind

(4,5,6)



stream?

io:
io:
io:
io:
io:
io:
io:

io:

io:
io:
io:

io:

:getb
:getl
:gets
:gets”
:putb
sputl
Iputs
Iputs”

stell
:seek-set
:seek-cur

:seek-end

C++

STL

C++ STL

std::vector,std: :deque,std:: list,std::set,std: :multiset,std::map,std: :multimap

C++ Ag STL
C++
C++

STL

C++ ag_base t Ag

C++ Ag std::vector<uintl6_t>

std::vector<uintl6_t> AG_CT_VECTOR_CAST

Ag

Ct++:
AG_USE _CT_VECTOR(uintl6 t); // std::vector<uintl6 t>
AGDEFUN_BEGINQ);

AGDEFUN("'vec-ul6-square', vec ulé_square)

{

CheckArgNum(1); CheckArglsDynamic(0);

std::vector<uintl6_t> *vecl6 = AG _CT VECTOR_CAST(uintl6_t, argv[0].get dynamic());

if( ! vecl6 ){

//

Yelse{

for(std: :vector<uintl6_t>::iterator p=vecl6->begin(); p!=vecl6->end(); p++)

C++

C++ Ag



*p *— *p;
return argv[0];
}
}

Ag:

[vec <- new ct-vector <uintl6>]

(ct::push-back vec 2 4 6 1 3 5)

(ct::translate-to-list vec) ;==> (246 1 3 5)
(ct::translate-to-list (vec-ul6-square vec)) ;==> (4 16 36 1 9 25)

Ag C++ Ag C++

ct-list,ct-deque,ct-vector,ct-set,ct-multiset,ct-map,ct-multimap

seq.#[1] <-

seq.#[1 :iterator] <-

seq.#[1 :reverse-iterator] <-

SET

set. #[val] ;==>

[set.#[val] = #t( )] ;== val
[set.#[val] = #f( nil)] ;==> val

set.#[val :iterator] <-

set._#[val :reverse-iterator] <-
MAP

map,#[key] <-

map.#[key :iterator] <-

map.#[key :reverse-iterator] <-



