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caselclauses:
{ default: void;
siz: size(clauses);
max: 0; 4
for(k: 1, k <= siz, k:= k+l,
clause: clauses[k];
if(clause[l] = else,
default:= clause[2],
if(clause[1l] > max,
max:= clause[1],
void)) });
tbl [max]: default;
for(k: 1, k <= siz, k:
clause: clause




O minimal&reg

variable

tabulation

application

X
variable/constant
reference

t[idx]

table indexing

f(1, x)

function call

v: 123

variable definition

t[1e]: x()
variable
table definition

f(x): x+x
variable
function definition

c:: 123

constant definition

t[1e]:: y(O)
constant
table definition

f(x):: x*x
constant
function definition

vi= 123

variable assignment

t[10]:= @
table modification

f(x):= -x
function redefinition

invocation

invocation: expression

invocation: : expression

invocation: = expression




O minimal&re

0 infix operatc

a++b: a+b+1
<function ++>
Q tables every IR
<function **>
p<=>Q: abs(p-g)<1
<function <=>>

14++2<=>1**2
<native true>

counter():
{ count:0;
counter():=
count:=count+1;

counter() }

<function counter>

tab[10]: counter()

<table>

display(tab)

[1,2,3,4,5,6,7,8,9,10]

table@arguments: arguments

<function table>

begin@arguments: arguments[size(arguments)]
| <function begin>

T: table(1,2,3,4,5)

<table>

display(T)

[1,2,3,4,5]

begin(X: 1, Y: 2, X+Y)

3




number
a0 fraction

O minimal&reg text
| function

table

° infix Opel'at 4 environment

continuation

{true(p, q())::
p;
false(p(), q)::
q;
if(p, c(), a()::
p(c(), a();
while(p(), e())::

{ loop(value, boolean)::
boolean(loop(e(), p()), value);

loop(void, p()) }}

map(filter(item), table):

{index: 0;
° ta‘bles eve filtered_table[size(table)]:

filter(table[index:= index+1]) }
<function map>

° first=class ( dgspaymapien?, (1235711

[1,4,9, 25,49, 121]




<expression> :=<void>1 ... | <number>

<void> == VOl

<reference> = REF <name>

<application> ::= APL <expression> <arguments>

<tabulation> TBL <expression> <indexation>

<declaration> ::= DCL <invocation> <expression>

<definition> ::= DEF <invocation> <expression>

<assignment> ::= SET <invocation> <expression>

<constant> CST <name> <expression> <dictionary>
<variable> = VAR <name> <expression> <dictionary>
<continuation> CNT <dictionary> <number> <number> <table>
<native> NAT <name> <number>

<function>  ::= FUN <name> <arguments> <expression> <dictionary>
<table> TAB <table>

<text> = TXT <text>

<fraction> FRC <fraction>

<number> == NBR <number>

<name>

<indexation>

<arguments>

<arguments>

<dictionary> ::= <variable>
<dictionary> ::= <constant>
<dictionary> = <void>
<invocation> ::= <reference>
<invocation> ::= <application>
<invocation> ::= <tabulation>

http://www.cs.uni-bonn.de/~costanza/lisp-ecoop/

* variable-length chunks

» mark-and-compact gc

» tagged size-headers

« single bit per cell for gc
* programs -> chunks

* values -> chunks

* environments -> chunks
» threads -> chunks




O uniform me

O abstract grami

if(n>1, n*f(n-1), 1)

* resident in chunks

+ garbage collected

+ small integers

* expressions + values

* embedded “raw” values
* reflection operators

+ string pool

O uniform me

Q abstract gram

O environments

{z::1; f(x,y): x+y+z}

+ association list

* linked list

- circular closures

+ static scoping

+ apply => shallow copy

* duplicate variables

+ performance <=> cache




evaluation engine

infinite loop
NIL_ tupe THR_evaluate(NIL_tupe)
{ NBR_tupe nbr;

UNS_type idx;
THK tupe thi, preempt memory overflow
for (53)
{ GLOBAL_claim_default();
nbr THREAD->nbr;

idx = get_NBR(nbr);
R
thk 5
identify thunk ~__

lookup thunk code

execute thunk code

O thread/con

THREAD —(F[0 9 0 o o ]
Blrbr] —{fe e -

static void evaluate_function_body(EXP_tupe Bod, DCT_type
{ DCT_tupe dect;
dect = DICT;
DICT = Dct;
THR_poke_eval_1(rET_thunk, Bod, dct); }

static void evaluate_function_body(EXP_type Bod, DCT_type Dct)
{ DCT_tupe dect;
THR_zap();
det = DICT;
DICT = Dct;
if (THR_get_thunk() == rET_thunk)
{ THR_keep_eval(Bod); }
else
THR_push_eval_1(rET_thunk, Bod, dct); }




BUDDIES

DrScheme Pico

1.372 1.237

: Eratosthenes(50000)| ©.380 0.366
Fibonacci(25) 0.436 0.648

counter(n):

{function counter>
c: counter(10)<=
<{dictionary>
c.iner()

11

d: counter(5)
<{dictionary>
d.decr()

4

* object = environment
* instantiate = call
* message = lookup




~ counter(n):
{ incr(): n:= n+1;
decr(): n:= n-1;
super: void;
protect(limit):
{ incr(): -
if(n = limit,
error("overflow
super.incr());
decr(): 4
if(n = -limit,
error("underflo

super:= clone()
nction counter>
nter(la)

* inheritance = nesting
* overriding = homonyms
* late binding = lookup

makeProtected()::
{ push(x)::
if(full(),
error("overflow"
.push(x));
pop()::
if(empty(),
error

* constant = visible/shared
 variable = hidden/unshared
* clone = shallow/deep copy




~.Before

hame

hame

[ value |

[ value |

var

value

[ var

| [ var ]

[ value

| [ value |

cst

value

cst

I

[ var |

[ var |

[ value |

[ value |

var

R [ est

R [ est

[ value |

[ value |

_,I

* clone(constant
= shallow copy

[ var ]

[ var |

'l value |

Vl value |

cst

value

_.I

[ var ]

[ var ]

[ value |

[ value |




lazy c

...Before

fun(x,y,z): x*y/z
<function fun>
f: fun

<function fun>

fun(x,y,z): x*y/z
<closure fun>
f: fun

<closure fun>

A

A

f | [ |
[ function | [ function
T T

/

[x,y,x] x*y/x e%v I

I

f | [ |
[ closure | [ function

A

function || env

|mm|

Message Oriented Programming
The Case for First Class Messages

Dave Thomas,

defined by a metacircular
interpreter

convertible into e.g.
denotational semantics

no difference between
scalars, tables, functions

smooth integration of
procedures, methods

can be assigned, passed,
returned, etc.

but: overriding semantics
imply dynamic scope




Procedural
Hybrid
Pure

classes

blocks

closures
/

environments

ucturing the Object-So

cturing Concurrency

cturing Distribution
-ucturing Mobility




Many Technical

Prototypes=
Objects + Messages




view.Person()::

\./.i-ew. PhDStudent():
{-%

view.Researcher():

Lo I8
{3}

john: this().Person()
johnPhD: john.PhDStudent()

johnVUB: john.Researcher()
johnLIB: john.LibraryUser()

this().fib(n-1).do()+athis().fib(n-2).do()) }

active object
ct concurrency?)




ate’ scoping

nsparant proxy




* “Connected A ts”’
* “Smart” Proxie 3
)
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Move methods are like
e have a name
e can have arguments
* have a body

And when invoked, their |

objects on t




aview.Swarm@methods:{
move.doMove @args ::

{ e:Englishman(); foreach(methods,elm@args)
f:Francais(); }
b:Belg();
s:Swarm(e.come,f.viens,b.kom)
s.doMove() }

aview.Englishman()::{
send move message move.come():{
display("arrived”)}}

aview.Francais():{
move.viens():{
display("arrive”)}}

aview.Belg():{
move.kom():{
display("aangekomen”)}}

Classless : Obje
Expressiveness of
« First-class method
* Cloning, dynamic
* Extensible
Secure
* Objects + Mess
* Capability-ba




hitChat is at the junction of
* Prototype-based language desi
» Concurrent object-oriented lang
e Distributed and mobile language

echnical contributions
* Intersecting class-based and p
Intersecting object-based anc
econciling prototype-b
nart” proxies are

unify(Ex1, Ex2, Frm): cas(Var, Exp) };
void;
referenced(Var, Exp) };

unify_fail@Any:
void; unify_variable(Var, Exp, Frm):

same_number(Nb1, Nb2):
Nb1[NBR_NBR_idx] = Nb2[NE

tp 4/ P ico.vub.ac.be

same_text(Tx1, Tx2):
TXATXT_TXT_idx] = Tx2[TX’
m,
same_void(Vo1, Vo2): unify_table_items(Tat, Ta2, unify(Ta1[ldx], Ta2[ldx], Frm), Idx+1));
true;
unify_2_tables(Ta1, Ta2, Frm):
same_fail(Vo1, Vo2): {ta1: Tal[TAB_TAB_idx];
false; ta2: Ta2[TAB_TAB_idx];
unify_values_case: case(NBR_tag # same_number, unify_table_items(ta1, ta2, Frm, 1),
FRC_tag # same_fraction, void) };
TXT_tag # same_text,
VOI_tag # same_void, unify_table_case: case(VAR_tag # unify_variable,
void # same_fail); TAB_tag # unify_2_tables,
void # unify_fail);

unify_values(Val, Exp, Frm):
{tg1: Val[TAG._idx]; unify_table(Tab, Exp, Frm):
1g2: Exp[TAG._idx]; {tag: Exp[TAG_idx];
if(tg1 = g2, cas: unify_table_case(tag);
{ cas: unify_values_case(tg1); cas(Exp, Tab, Frm) };
if(cas(Val, Exp),
Frm, inify_2_patterns(Pa1, Pa2, Frm):
void) ) ¥; if(Pa1[PAT_SYM_idx] = Pa2[PAT_SYM_idx],
unify(Pa1[PAT_TMS_idx], Pa2[PAT_TMS_idx], Frm),
referenced(Var, Exp): void);
{ referenced_variable(Vat, Va2):
same_variable(Va1, Va2); /_pattern_case: case(VAR_tag # unify_variable,
PAT _tag # unify_2_patterns,
referenced_table_items(Var, Tab, Idx): void # unify_fail);
if(Idx > size(Tab),
false, unify_pattern(Pat, Exp, Frm):
if(referenced(Var, Tab[ldx]), { tag: Exp[TAG_idx];
rue, cas: unify_pattern_case(tag);
referenced_table_items(Var, Tab, ldx+1))); cas(Exp, Pat, Frm) };
referenced_table(Var, Tab): unify_value(Val, Exp, Frm):
referenced_table_items(Var, Tab[TAB_TAB_idx], 1); { tag: Exp[TAG_idx];
if(tag = VAR_tag,
referenced_pattern(Var, Pat): unify_variable(Exp, Val, Frm),
referenced_table(Var, Pat[PAT_TMS_idx]); unify_values(Val, Exp, Frm)) ;
referenced_value(Var, Val): unify_case: case(VAR_tag # unify_variable,
false; TAB_tag # unify_table,
PAT _tag # unify_pattern,
referenced_case: case(VAR_tag # referenced_variable, void # unify_value);
TAB_tag # referenced_table,
PAT_tag # referenced_pattern, unify(Tm1, Tm2, Frm):=
void # referenced_value); { tag: Tm1[TAG_idx];
cas: unify_case(tag);
referenced(Var, Exp):= cas(Tm1, Tm2, Frm) };
{tag: Exp[TAG._idx];
cas: referenced_case(tag);
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