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Wednesday 9 March 2011

Abstract

SLIP is a minimalist platform for the instruction and exploration of language
implementations. It is a distillation of two previous platforms - Pico and 'ském -
but is not intended as a language in its own right. SLIP is of course a language: a
very minimal but complete version of LISP - with a distinct Scheme flavour. But
SLIP is also a sequence of interpreters, starting with a 100 line fully metacircular
version. In the spirit of Friedman's EOPL, this version is rewritten in continuation
passing style and translated into C in a straightforward way. Twelve successive
versions introduce features such as trampolines, lexical addressing and garbage
collection, to end with a fully optimized version that executes a simple benchmark
on par with the PLT Scheme interpreter.

SLIP is a chain of implementations presented as an instruction tool. It is also an
experimentation tool, and this presentation will present a 13th version that
introduces simple futures into SLIP in view of experimenting with multi-core
systems.

SLIP has been used in the Francqui chair (soft.vub.ac.bel/francqui) in 2010, and
already twice in the Programming Language Engineering (soft.vub.ac.be/PLE)
course. It will again be used - including version 13 - in this year's issue of PLE.
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ooo| pdateooo

(begin
(define (Sort V Low High Recurse)

(Recurse Left Right))

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))
(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

(define (MultiCore-QuickSort Depth V Low High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)
(begin
(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))
(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(begin
(SingleCore-QuickSort V Low High)
(collect))))
(Sort V Low High MultiCore-Recurse))
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(define (Sort V Low High Recurse)
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(Recurse Left Right))

(define (SingleCore-QuickSort
(define (SingleCore-Recurs
(if (< Low Right)
(SingleCore-QuickSort
(if (> High Left)
(SingleCore-QuickSort
(Sort V Low High SingleCor

(define (MultiCore-QuickSort

cpSlip/c version 13: multithreading
>>>(eval (read "quadcoreQuickSort.scm"))
quadcore quicksort of 100000 integers
. Collecting 109145 cells into 103092
. Collecting 339952 cells into 106248
. Collecting 940109 cells into 105837

. Collecting 501743 cells into 105810
elapsed time = 12 secs

cells

cells

cells

cells

in

in

in

in

0.003919 seconds

0.006443 seconds

0.01088 seconds

0.003370 seconds

(define (MultiCore-Recurse Left Right)

(if (> Depth 0)
(begin
(define promise
(if (< Low Right)

(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))

(if (> High Left)

(MultiCore-QuickSort (- Depth 1) V Left High))

(sync promise))
(begin

(SingleCorne-QuickSort V Low High)

(collect))))

(Sort"V"Low High MultiCore-Recurse))
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History: Pico 1

#define NDEBUG

#include <float.h>
#include <limits.h>
#include <setjmp.h>

#define
#define
#define
#define

FUN_NAM_INDEX
FUN_ARG_INDEX
FUN_EXP_INDEX
FUN_DCT_INDEX

#define
#define

NAT_NAM_INDEX
NAT_NBR_INDEX
#define VAR _NAM_INDEX

#define APL_NAM_INDEX
#define APL_ARG_INDEX

#define
#define

TBL_NAM_INDEX
TBL_IDX_ INDEX

/* ___________________________________ */
/* >>>Pico<<< */
/* Theo D 'Hondt */
/* WUB Programming Technology Lab */
/* (c) 1997 */
/* ___________________________________ */
/* Main program */
/* ___________________________________ */

/* private constants */

P WN R

N B

=

Theo D’Hondt —

Storage chunks

header

ik

gl L Lol bar Lo b

chunk
g lorage—» E___Dj -5 lorage—»

GC sweep DFA (cont'd)

Execution stacks case # 6: Wmﬂpdm%m‘:dbﬁn&ﬁr:
expressions free continuations
top bottom
expressions are confinuations are C
instances of Pico thunks implementing
\obdncigmr . some action
pointer
o 1303
B
5 r r — : —
- L | JJ:(‘/ [T I p.m:}
- 29 e L X 7 \
m =< vgs=ry | outhor, >
< messages :a, mbhr>
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History: Pico 1

/*
/*
/*
/*
/*
/*

/*

#define
#define
#define
#define

#define NAT_NAM_INDEX
#define NAT NBR_INDEX

#define

#define APL_NAM_INDEX 1
#define APL_ARG_INDEX 2

#define
#define

>>>Pico<<<
Theo D'Hondt
VUB Programming Technology Lab
(c) 1997

#define NDEBUG

#include <float.h>
#include <limits.h>
#include <setjmp.h>

private constants */

FUN_NAM_INDEX
FUN_ARG_INDEX
FUN_EXP_INDEX
FUN_DCT_INDEX

P WNER

N B

VAR_NAM_INDEX 1

=

TBL_NAM_INDEX
TBL_IDX INDEX 2

*/
*/
*/
*/
*/
*/
*/

Storage chunks

chunk
-5 lorage—» E::I:D -5 lorage—»

header

-
P R

=
i
z
-—24

Lk B S s B
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GC sweep DFA (cont'd)

Execution stacks

case # 6: if current points o a marked chunk then

follow the back-pointer

continuations

EEE
f t

hotton ton top bottom

expressions free

confinuations are C

thunks implementing
some action

%

) a
m < g+

I G
Lo | e b
x .

< messages !a, mbar >

' % n
0o l pe,om
X

"1 ] outhor, >
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/*
/*

/*
/*

>>>Pico<<<
Theo D 'Hondt
/* WUB Programming Technology Lab */

(c) 1997

#define NDEBUG

#include <float.h>
#include <limits.h>
#include <setjmp.h>

#define
#define
#define
#define

#define
#define

#define

#define
#define

#define
#define

FUN_NAM_INDEX
FUN_ARG_INDEX
FUN_EXP_INDEX
FUN_DCT_INDEX

NAT_NAM_INDEX
NAT_NBR_INDEX

VAR_NAM_INDEX

APL_NAM_INDEX
APL_ARG_INDEX

TBL_NAM_INDEX
TBL_IDX_ INDEX

/* ___________________________________ */

/* private constants */

P WNER

N B

=

*/

Storage chunks

header

I —
Q Q:dst
9 plirluir

=
i
z
-—24

Lt B Rt £ B £

chunk
-5 lorage—» E::I:D -5 lorage—»

Theo D’Hondt —

GC sweep DFA (cont'd)

Execution stacks

continuations

EEN

t

bottom

free

expressions

) a
m < g+

I G
Lo | e b
x .

' % n
0o l pe,om
X

"1 ] outhor, >

< messages !a, mbar >
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/*
/*

/*
/*

#define

#define
#define
#define
#define

#define
#define

#define

#define
#define

#define
#define

>>>Pico<<<
Theo D'Hondt
/* VUB Programming Technology Lab

(c) 1997

NDEBUG

#include <float.h>
#include <limits.h>
#include <setjmp.h>

FUN_NAM_INDEX
FUN_ARG_INDEX
FUN_EXP_INDEX
FUN_DCT_INDEX

NAT_NAM_INDEX
NAT_NBR_INDEX

VAR_NAM_INDEX

APL_NAM_INDEX
APL_ARG_INDEX

TBL_NAM_INDEX
TBL_IDX_ INDEX

YA e e

/* private constants */

P WNER

N B

=

History: Pico 1

Theo D’Hondt —

*/
*/
*/ GC sweep DFA (cont'd)
*/
*/
*/
*/
*/
Execution stacks case # 6: if current points %mdMI
expressions continuations
to Lo top bottom
expressions are confinuations are C
instances of Pico thunks implementing
Storage chunks abstract grammar . some action
chunk
-5 lorage—» E::I:D -5 lorage—»
header pointer
s 1t ”[J'h"b"p' (o ’n‘aj
i o ods t f d ‘l
z 9 _|mlirlvr] s rinlr — -
L | }Jl:':‘\l v L0y l (z.m\l'\
e~ B e L - 29 e b S £ 7
m =< vgs=ry | outhor, >
< messages :a, mbhr>
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#define
#define
#define
#define

FUN_NAM_INDEX
FUN_ARG_INDEX
FUN_EXP_INDEX
FUN_DCT_INDEX

#define
#define

NAT_NAM_INDEX
NAT_NBR_INDEX
#define VAR _NAM_INDEX

#define APL_NAM_INDEX
#define APL_ARG_INDEX

#define
#define

TBL_NAM_INDEX
TBL_IDX_ INDEX

/* ___________________________________ */
/* >>>Pico<<< */
/* Theo D 'Hondt */
/* WUB Programming Technology Lab */
/* (c) 1997 */
/* ___________________________________ */
/* Main program */
/* ___________________________________ */

/* private constants */
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are
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GC sweep DFA (cont'd)
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free

f

top

%
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EEN
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SLIP: a simple language implementation platform

O A O

History: Pic%

stack.pc%

{ stack(n):
{ TIn]: void;

t: 9;
empty()::
t =0;
full()::
t = n;
push(x)::

{ Tlt:= t+1]:= x;

this() };
pop()::
{ x: T[t];
ti= t-1;
x };

makeProtected()::

push(x)::

if(full(),
error('overflow'),
.push(x));

pop()::

if(empty(),
error('underflouw'),

clone()
clone() };
S: Stack(10);
T: clone(S);
if(s.full(),
void,
S.push(123));
if(T.empty(),
void,
T.pop());

°PO?§))3

R: S.makeProtected();

R.push(1);
R.pop()
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SLIP: a simple language implementation platform

7N
! ! |

History: Pic%

£

stack.pc%

{ stack(n):

{ TIn]: void;
t: 9;
empty()::
t =0;
full()::
t = n;
push(x)::
{ Tlt:= t+1]:= x;
this() };
pop()::
{ x: T[t];
ti= t-1;
x };
makeProtected()::
push(x)::
if(full(),
error('overflouw'),
.push(x));
pop()::
if(empty(),
error('underflouw'),
-Pog())i
’

clone()

emoose

IS closed

Ambient-Oriented Programming

» What i AvbventTalk about?

Ambent-Orierted Programming 3 3 paradgm for programming peer-10-peer
nteractions between mobile and/or embedded devices.

This page s 0 the home of AmblentTalk, our experimental
programming Angwage to develop applications for software
remning on mobile ad hoc networks. To get started, you can
read the 1 il o Qhe essence of AmbemTalk in 10 steps.
To experiment with the WUnguage, you can download O ideAT

AMBIENTTUK Our Eclipse plug-» for AmbientTakk or simply download a
stand - alone version of the
ednor Gan DEmacs mode and & D TextMate burk

¢ and develop code using your favorite text
ile are avaiable),
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emoose
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clone() };
S: Stack(10);
T: clone(S);
if(s.full(),
void,
S.push(123));
if(T.empty(),
void,
T.pop());
R: S.makeProtected();
R.push(1);
R.pop()

«C

\

AmbientTalk is now Qopen-sourced on Coogle Code

& Google
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Of first-class methods and dynamic scope
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SLIP: a simple language implementation platform

History: Pic%

OO0 stack.pc%

{ stack(n):
{ TIn]:
t: 9;
empty()::
t =0;
full()::
t = n;
push(x)::
{ Tlt:= t+1]:= x;
this() };

void;

pop()::
{ x: T[t];
ti= t-1;

makeProtected()::
push(x)::
if(full(),
error('overflow'),
.push(x));
pop()::
if(empty(),
error('underflow'),
.pop());
clone() ?;
clone() };
S: Stack(10);
T: clone(S);
if(s.full(),
void,
S.push(123));
if(T.empty(),
void,
T.pop());
R: S.makeProtected();
R.push(1);
R.pop()

\
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SLIP: a simple language implementation platform

OO O

Theo D’Hondt —

History: Pic%

stack.pc%

{ stack(n):

{ TIn): void

t: 9;
empty()::
t =0;
full()::
t = n;
push(x)::

{ Tlt:=

t+1]:= x;

this() };

(s
po? )
t
x };

: TIt];
= t-1;

makeProtected()::
push(x)::
if(full(),

error('overflow'),
.push(x));

pop()::
if(empty(),

S: Stack(10);

T: clone(S);

if(s.full(),
void,

error('underflow'),
.pop());
clone() ?;
clone() };

S.push(123));

if(T.empty(),
void,
T.pop());

R: S.makeProtected();

R.push(1);
R.pop()

«C

\

emoose

is closed
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Ambient-Oriented Programming

e » What is AsbiestTalk about?

Ambent-Orierted Programming 3 3 paradgm for programming peer-10-peer
nteractions between mobile and/or embedded devices.

This page s a0 the home of AmblentTalk, our experimental

programming angwage to develop applications for software

renning on mobile ad hoc networks. To get started, you can

read the tuterial o Qthe essence of AmbemtTalk in 10 steps.

To experiment with the Unguage, you can downioad QideAT
AMBIENTTUK Our Eclipse plug-» for AmbientTak or simply download a
stand -adlone version of 1he e and develop code using your favorite text
ednor Gan Dimacs mode and & O TextMate bundie are avallable),

AmbientTalk is now Qopen-sourced on Coogle Code

under an o MIT License!
,!l
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SLIP: a simple language implementation platform Theo D’Hondt —

History: Pico 2

is. MetaPicoEval.pico

w’ A \— “ 0 ‘\
D — - .

¥ »»OPico 1.8<<K ** }

A Th D'Hondt *°

“*  UUB Pr‘ogrommfzg Tezgnologg Lab ** IZ 1 St Class V
* 92005 **

S evolvator . M no compromises

{ Eval(Exp): void;

Copture()s voids @ abstract grammars

Init_Eval(Dct):

{ Dictionanies’ & uniform memory

CURRENT: void;

T o, ot )y ™ continuations
get(Var, Nxt):

i f(TAG(Nxt) = VOI_tag, % %
o CUs [TXTLTRTTS * ot found", @ interpretation
{ var: Nxt[DCT_UAR];
if(uar [TXT_TXT] = Uar [TXT_TXT],
Nxt [DCT_UAL],
get(Var, Nxt[DCT_NXT])) });

set(Var, Val, Nxt):
if(TAG(Nxt) = VOI_tag,
Error(Var [TXT_TXT] + " not found"),
{ var: Nxt[DCT_UAR];
i f(var [TXT_TXT] = Uar[TXT_TXT],
Nxt[DCT_VAL]:= Val,
set(Var, Ual, Nxt[DCT_NXT])) });
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SLIP: a simple language implementation platform

History: \'skem\

® 00 uy counter.scheme )
QARG %
;* —————————————————————————————————— *
3 * >>>Principles of Object<<X *
3 ¥ >>> Oriented Languages <<X *
;* k4
3 ¥ Actor System *
3 * Counter example *
;* 4
3 ¥ Theo D'Hondt *
3* UUB Programming Technology Lab *
3* (c)2ee1 »
;* —————————————————————————————————— *
(begin
(load "dictionary.scheme")
(load "queue.scheme")
(load "scheduler.scheme")
(load "actor-generator.scheme")
(define p
(act->scheme
'((define counter
(BEHAVIOR (value)
(METHOD (up n)
(BECOME counter (+ value n)))
(METHOD (down n)
(BECOME counter (- value n)))
(METHOD (display)

(define c1 (NEW counter 8))
(define c2 (NEW counter 5))

(SEND
(SEND
(SEND
(SEND c1
(SEND c2
(define act-p
(act-p))

c2
cl
c2

» WG 5 AnDiere Tl &

Theo D’Hondt —

——,

Ambient-Oriented Programming

iScheme AR :
Dirgineer Banomugisha iScheme

5cheme " a prototype
implementation of Qambilent-
onemed programming concepts
;hat runs on IPhone devices. It
provides  developers with 3
convenient Scheme enviconment

L

for comstructing Phome  applications that
explon mobile platform capablities soch as
semors (accelerometer, and GFS), and Wi-Fi connectivity

IScheme s duilt on o of an RSRS QScheme implementation that is developed
& O ab. It supponts SCheme and OBpective ~-C interaction, thus enabling access
to Phome AP (e.g. GPS, SNS, phone) from Scheme whie bringing Scheme's
well-known DbDenefits (higher-order functions, stractural macros, automatic

(display "value=")
(display value)
(newline))))

down 2)

up 1)

up S5)

display)

display))))

(eval p (interaction-environment)))
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SLIP: a simple language implementation platform

SLIP: design

dperformance,performance,performance
“smallest possible footprint (loc, kb)
Jabstract syntax everywhere

“no compromises or limitations

“minimal dynamic language

“main focus on interpretation

“clean code

dincremental implementation

— SOFT Research Presentation 31

Wednesday 9 March 2011

31



SLIP: a simple language implementation platform

SLIP: the language

(begin
(define (counter count)
(define (self message)
(if (eq? message '+)

(begin
(set! count (+ count 1))
self)
(if (eq? message '-)
(begin
(set! count (- count 1))
self)
(if (eg? message '?)
count
‘error))))
self)

(define c¢ (counter 10))
((((c "+) "+) "-) "?))

Wednesday 9 March 2011
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SLIP: a simple language implementation platform Theo D’Hondt —

(begin SLIP: the language (cont’d)

(define empty ©0)

(define full 1)

(define push 2)

(define pop 3)

(define (Stack n)
(define stack (make-vector n))
(define top -1)
(define (empty)

(define S (Stack 10))
(define T (Stack 20))
(if (S full)
(display 'Overflow)
(S push 123))

(< top 0))

(define (full) (T push 456)
(>= top n)) (if gs empty)

(define (push item) (display 'Underflow)
(set! top (+ top 1)) (dinggg)zT pop))
(vector-set! stack top item) :

) (newline)
(if (S empty)

(define (pop)
(define item (vector-ref stack top))
(set! top (- top 1)) (S pop)))
item)
(define (self message . arguments)
(define methods (vector empty full push pop))
(apply (vector-ref methods message) arguments))
self)

— SOFT Researc h Presen tation 33 November 9th, 2010 —
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SLIP: a simple language implementation platform

SLIP: the language (cont’d)

@begin, define, if, lambda, set!(,while)
“define and set! have a value
@define used anywhere

@ () instead of ' ()

“local variables = parameters
“no forward references

“natives inherited from metalevel
“no top-level sequences
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SLIP: a simple language implementation platform

(begin
(define environment '())
(define (loop output)
(define rollback environment)
(define (error message qualifier)
(display message)
(set! environment rollback)
(loop qualifier))
(define (bind-variable variable value)
(define binding (cons variable value))
(set! environment (cons binding environment)))
(define (bind-parameters parameters arguments)
(for-each bind-variable parameters arguments))
(define (evaluate-sequence expressions)
(define head (car expressions))
(define tail (cdr expressions))
(if (null? tail)
(evaluate head)
(evaluate-sequence tail)))
(define (make-procedure parameters expression)
(define lexical-scope environment)
(lambda arguments
(define dynamic-scope environment)
(set! environment lexical-scope)
(bind-parameters parameters arguments)
(let ((value (evaluate expression)))
(set! environment dynamic-scope)
value)))
(define (evaluate-application operator)
(lambda operands
(apply (evaluate operator) (map evaluate operands))))
(define (evaluate-begin . expressions)
(evaluate-sequence expressions))
(define (evaluate-define variable expression)
(define binding (cons variable '()))
(set! environment (cons binding environment))
(let ((value (evaluate expression)))
(set-cdr! binding value)
value))
(define (evaluate-if predicate consequent alternative)
(define boolean (evaluate predicate))

A Scheme interpreter for SLIP

(if (eq? boolean #f)
(evaluate alternative)
(evaluate consequent)))
(define (evaluate-lambda parameters expression)
(make-procedure parameters expression))
(define (evaluate-set! variable expression)
(define binding (assoc variable environment))
(if binding
(let ((value (evaluate expression)))
(set-cdr! binding value)
value)
(error "inaccessible variable: " variable)))
(define (evaluate-variable variable)
(define binding (assoc variable environment))
(if binding
(cdr binding)
(eval variable (interaction-environment))))
(define (evaluate expression)
(cond
((symbol? expression)
(evaluate-variable expression))
((pair? expression)
(let ((operator (car expression))
(operands (cdr expression)))

(apply
(case operator
((begin) evaluate-begin )

((define) evaluate-define)
((if) evaluate-if )
((lambda) evaluate-lambda)

Theo D’Hondt —

((set!) evaluate-set! )
(else (evaluate-application operator))) operands)))
(else
expression)));
(display output)
(newline)

(display ">>>")
(loop (evaluate (read))))

(loop "Slip version 0"))
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SLIP: a simple language implementation platform

(begin
(define environment '())
(define (loop output)
(define rollback environment)
(define (error message qualifier)
(display message)
(set! environment rollback)
(loop qualifier))
(define (bind-variable variable value)
(define binding (cons variable value))
(set! environment (cons binding environment)))
(define (bind-parameters parameters arguments)
(for-each bind-variable parameters arguments))
(define (evaluate-sequence expressions)
(define head (car expressions))
(define tail (cdr expressions))
(if (null? tail)
(evaluate head)
(evaluate-sequence tail)))
(define (make-procedure parameters expression)
(define lexical-scope environment)
(lambda arguments
(define dynamic-scope environment)
(set! environment lexical-scope)
(bind-parameters parameters arguments)
(let ((value (evaluate expression)))
(set! environment dynamic-scope)
value)))
(define (evaluate-application operator)
(lambda operands
(apply (evaluate operator) (map evaluate operands))))
(define (evaluate-begin . expressions)
(evaluate-sequence expressions))
(define (evaluate-define variable expression)
(define binding (cons variable '()))
(set! environment (cons binding environment))
(let ((value (evaluate expression)))
(set-cdr! binding value)
value))
(define (evaluate-if predicate consequent alternative)
(define boolean (evaluate predicate))

A Scheme interpreter for SLIP

(if (eq? boolean #f)
(evaluate alternative)
(evaluate consequent)))
(define (evaluate-lambda parameters expression)
(make-procedure parameters expression))
(define (evaluate-set! variable expression)
(define binding (assoc variable environment))
(if binding
(let ((value (evaluate expression)))
(set-cdr! binding value)
value)
(error "inaccessible variable: " variable)))
(define (evaluate-variable variable)
(define binding (assoc variable environment))
(if binding
(cdr binding)
(eval variable (interaction-environment))))
(define (evaluate expression)
(cond
((symbol? expression)
(evaluate-variable expression))
((pair? expression)
(let ((operator (car expression))
(operands (cdr expression)))

(apply
(case operator
((begin) evaluate-begin )

((define) evaluate-define)
((if) evaluate-if )
((lambda) evaluate-lambda)

Theo D’Hondt —

((set!) evaluate-set! )
(else (evaluate-application operator))) operands)))
(else
expression)));
(display output)
(newline)

(display ">>>")
(loop (evaluate (read))))

(loop "Slip version 0"))
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SLIP: a simple language implementation platform

A metacircular SLIP interpreter

(define circularity-le
(define meta-level-eval
(define eval ())
(define environment ())
(define (loop output)
(define rollback envi
(define (evaluate exp

L

AN

(define (error mess
(display message)
(set! environment
(loop qualifier))

(define (bind-varia
(define binding (
(set! environment

(define (bind-param
(if (symbol? para

(bind-variable
(if (pair? para
(begin
(define var
(define val
(bind-varia
(bind-param

(define (evaluate-s
(define head (can
(define tail (cdr

(if (null? tail)
(evaluate head)
(begin

(evaluate hea
(evaluate-seq
(define (make-proce

(define lexical-e

(lambda arguments
(define dynamic
(set! environme
(bind-parametern
(define value (|
(set! environme

(deflne (evaluate -application operator) |

(lambda operand
(apply (evalu
(define (evaluate
(evaluate-seque
(define (evaluate
(if (symbol? pa
(begin
(define val
(define bin
(set! envir
value)
(begin
(define bin
(set! envir
(define pro
(set-cdr! b
procedure))
(define (evaluate
(define boolean
(if (eg? boolea
(if (null? al
Q)
(evaluate (
(evaluate con
(define (evaluate
(make-procedure
(define (evaluate
expression)
(define (evaluate
(define value (
(define binding
(if (pair? bind
(begin
(define val
(set-cdr! b
value)
(error "inacc

Theo D’Hondt —

(define (evaluate-variable variable)
(define binding (assoc variable environment))
(if (pair? binding)
(cdr binding)
(meta-level-eval variable)))
(define (evaluate-while predicate .
(define (iterate value)
(define boolean (evaluate predicate))
(if (eq? boolean #f)
value
(iterate (evaluate-sequence expressions))))
(iterate ()))
(if (symbol? expression)
(evaluate-variable expression)
(if (pair? expression)
(begin
(define operator (car expression))
(define operands (cdr expression))
(apply
(if (eq? operator 'begin) evaluate-begin
(if (eq? operator 'define) evaluate-define
(if (eq? operator 'if) evaluate-if
(if (eq? operator 'lambda) evaluate-lambda
(if (eq? operator 'quote) evaluate-quote
(if (eq? operator 'set!) evaluate-set!
(if (eq? operator 'while) evaluate-while

expressions)

(evaluate-application operator)))))))) operands))

expression)))

(display output)

(newline)

(display "level ")

(display circularity-1level)

(display ">")

(set! eval evaluate)

(loop (evaluate (read))))
(loop "Meta-Circular Slip"))

>>51D1C VvdIi'ldDlc. val’ldDl1lc) ) )

value))
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SLIP: a simple language implementation platform

Theo D’Hondt —

A metacircular SLIP interpreter (cont'd)

(begin
(define circularity-level 0)
(define meta-level-eval eval)
(define eval '())

(loop (evaluate (read))))

(loop "Root-Level Slip" "()))
Slip version 3
>>>
(begin
(define circularity-level (+ circularity-level 1))
(define meta-level-eval eval)
(define eval ())
(define environment ())
(define (loop output)
(define rollback environment)

(loop "Meta-Circular Slip" ()))
Meta-Circular Slip
level 1>
(begin
(define circularity-level (+ circularity-level 1))

(loop "Meta-Circular Slip" ()))
Meta-Circular Slip
level 2>
(begin
(define circularity-level (+ circularity-level 1))

(loop "Meta-Circular S1lip" ()))
Meta-Circular Slip
level 3>(+ 1 2)
3
level 3>
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A metacircular SLIP interpreter (cont'd)

(define (evaluate-sequence expressions)

(define head (car expressions))

(define environment ()) (define tail (cdr expressions))
(if (null? tail)

(evaluate head)
(define (make-procedure parameters expressions)

(define lexical-environment environment)

(lambda arguments e tail))))
(define dynamic-environment environment) e valiuey))
(set! environment lexical-environment) ing environment)))
(bind-parameters parameters arguments) 2ters arguments)
(define value (evaluate-sequence expressions))
(set! environment dynamic-environment) arguments)
value))

(begin

(define variable (car parameters))
(define value (car arguments ))
(bind-variable variable value)
(bind-parameters (cdr parameters)
(define (evaluate-appli (cdr arguments))))))
(lambda operands
(apply (evaluate operator) (map evaluate operands))))
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SLIP: a simple language implementation platform Theo D’Hondt —

A metacircular SLIP interpreter (cont'd)

(define (evaluate-sequence expressions)
. . (define head (car expressions))
(define environment ()) (define tail (cdr expressions))
(if (null? tail)

(evaluate head)
(define (make-procedure parameterscexpressions)

(define lexical-environment envirepmenide head)

(lambda arguments ( (&Vatliate Vé&qaente VEALE))))

(define dynamic-envifonmientienviEgonment) variabte vatuve)y)

(set! environment 1éxicatreavireaméntyons binding environment)))
(bind-parameters (parafetéprsnargatienesyrs parameters arguments)
(define value (evaluatéssegaénceaExpréssions))
(set! environment dyhami€-eavirénfentyameters arguments)
value)) ( (pair? parameters)
(begin
(define variable (car parameters))
(define value (car arguments ))
(bind-variable variable value)
(bind-parameters (cdr parameters)
(define (evaluate-application operator) (cdr arguments))))))
(lambda operands
(apply (evaluate operator) (map evaluate operands))))
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A metacircular SLIP interpreter (cont'd)

( (evaluate-sequence expressions)
. ( head (car expressions))
environment ()) ( tail (cdr expressions))

( (null? tail)

= - - - 18 A0
(define (make-procedure parameters expressions)
(define lexical-environment environment)

(lambda arguments e VE31'F))))

(define dynamic-environment environment) e vaiuey)
(set! environment lexical-environment) ng environment)))
(bind-parameters parameters arguments) rters arguments)
(define value (evaluate-sequence expressions))
(set! environment dynamic-environment) arguments)
value))

( variable (car parameters))

( value (car arguments ))

(bind-variable variable value)
(bind-parameters (cdr parameters)
( (evaluate-appli (cdr arguments))))))
( operands
(apply (evaluate operator) (map evaluate operands))))

— SOFT Researc h Presen tation 41

Wednesday 9 March 2011

November 9th, 2010 —

41



SLIP: a simple language implementation platform Theo D’Hondt —

A metacircular SLIP interpreter (cont'd)

(define (evaluate-sequence expressions)
. . (define head (car expressions))
(define environment ()) (define tail (cdr expressions))
(if (null? tail)

(evaluate head)
(define (make-procedure parameterscexpressions)

(define lexical-environment envireumenty.

(lambda arguments avatliafe Védduerce VEAHEY) ) )
(define dynamic-environamentienviEonment) variavre vaiue))
(set! environment lexicatvenvironment) ing environment)))
(bind-parameters (parametersnargaments} eters arguments)
(define value (evaluatesseqguence@aexprassions))
(set! environment dynamié-&nvirFonfieirt) arguments)
value))

(begin

(define variable (car parameters))
(define value (car arguments ))
(bind-variable variable value)
bind-parameters (cdr parameters)
(define (evaluate-application operator) ents))))))
(lambda operands

(apply (evaluate operator) (map evaluate operands))))
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SLIP: a simple language implementation platform Theo D’Hondt —

A metacircular SLIP interpreter (cont'd)

( (evaluate-sequence expressions)
. ( head (car expressions))
environment ()) ( tail (cdr expressions))

( (null? tail)
(evaluate head)

( (make-procedure parameteprscexpressions)

( lexical-enyi ' P

( arguments |(define (bind-variable variable value)
( dynamic{ (define binding (cons variable value))
( environmen (set! environment (cons binding environment)))
(bind_papametep-(define (bind-parameters parameters arguments)
( value (4 (if (symbol? parameters)
( environme (bind-variable parameters arguments)

value)) (if (pair? parameters)
(begin
(define variable (car parameters))
(define value (car arguments ))
(bind-variable variable value)
(bind-parameters (cdr parameters)
( (evaluate-appl (cdr arguments))))))
( operands
(apply (evaluate operator) (map evaluate operands))))
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SLIP: a simple language implementation platform Theo D’Hondt —

A metacircular SLIP interpreter (cont'd)

(define (evaluate-sequence expressions)
(define head (car expressions))
(define environment ()) (define tail (cdr expressions))
(if (null? tail)
(evaluate head)

(define (make-procedure par (begin

(define lexical-environme (evaluate head)

(lambda arguments (evaluate-sequence tail))))
(define dynamic-enviFonme STV LT OTINE Ao
(set! environment lexicatvenvironment) ing environment)))
(bind-parameters (parametersnargaments} eters arguments)
(define value (evaluatesseqguence@aexprassions))
(set! environment dynami€é-&nvirFontieft) arguments)
value))

(begin
(define variable (car parameters))
(define value (car arguments ))
(bind-variable variable value)
(bind-parameters (cdr parameters)
(define (evaluate-appli (cdr arguments))))))
(lambda operands
(apply (evaluate operator) (map evaluate operands))))
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SLIP: a simple language implementation platform

SLIP in cps

(define (evaluate expression continue)

(cond

((symbol? expression)

(evaluate-variable expression continue))

((pair? expression)
(let ((operator (car expression))

(operands (cdr expression)))

((apply
(case operator

(else

((begin)
((define)
((if)
((lambda)
((quote)
((set!)
((while)
(else

evaluate-begin )
evaluate-define)
evaluate-if )
evaluate-lambda)
evaluate-quote )
evaluate-set! )
evaluate-while )

(evaluate-application operator))) operands) continue)))

(continue expression))))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps

(define environment '())

(define (loop output)

(define (evaluate expression continue) (define rollback environment)
(cond
((symbol? expression) (define (error message qualifier)
(evaluate-variable expression continue)) (set! environment rollback)
((pair? expression) (display message)
(let ((operator (car expression)) (loop qualifier))

(operands (cdr expression)))

((apply

(else

(continue expression))))

— SOFT Research Presentation
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(case operator
((begin) evaluate-begin )
((define) evaluate-define)
((if) evaluate-if )
((lambda) evaluate-lambda)
((quote) evaluate-quote )
((set!) evaluate-set! )
((while) evaluate-while )
(else (evaluate-application operator))) operands) continue)))

(display output)
(newline)

(display ">>>")
(evaluate (read) loop))

(loop "Meta-Circular S1lip"))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps (cont'd)

(define (evaluate-set! variable expression)
(lambda (continue)
(define (continuation value)
(define binding (assoc variable environment))
(set-cdr! binding value)
(continue value))
(evaluate expression continuation)))

( ((operator (car expression))
(operands (cdr expression)))

(define (evaluate expression continue)

((apply evaluate-set! operands) continue)

)
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps (cont'd)

(define (evaluate-set! variable expression)
(lambda (continue)
(define (continuation value)
(define binding (assoc variable environment))
(set-cdr! binding value)
(continue value))
(evaluate expression continuation)))

Curry|ng ( ((operator (car expression))

(operands (cdr expression)))

(define (evaluate expression continue)

((apply evaluate-set! operands) continue)

)
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps (cont'd)

(define (evaluate-set! variable expression)
(lambda (continue)
(define (continuation value)
(define binding (assoc variable environment))
(set-cdr! binding value)
(continue value))
(evaluate expression continuation)))

Continuation ( ((operator (car expression))

(operands (cdr expression)))

(define (evaluate expression continue)

((apply evaluate-set! operands) continue)

)
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SLIP: a simple language implementation platform

SLIP in cps (cont'd)

(define (wrap-native-procedure native-procedure)
(lambda (arguments continue)
(define native-value
(apply native-procedure arguments))
(continue native-value)))

price to pay ...
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps (cont'd)

(define (evaluate-set! variable expression)
(lambda (continue environment)
(define (continue-after-expression value
environment-after-expression)
(define binding (assoc variable
environment-after-expression))
(if binding
(set-cdr! binding value)
(error "inaccessible variable: " variable))
(continue value environment-after-expression))
(evaluate expression continue-after-expression
environment)))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP in cps (cont'd)

(define (evaluate-set! variable expression)
(lambda (continue environment)
(define (continue-atter-expression value
environment-after-expression
(define binding (assoc variable
environment-after-expression))
(if binding
(set-cdr! binding value)
(error "inaccessible variable: variable))
(continue value environment-after-expression))
(evaluate expression continue-atter-expression
environment)))
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SLIP: a simple language implementation platform

SLIP in C: continuations

(define (fibonacci n continue)
(define (continuation-1 p)
(define (continuation-2 q)
(continue (+ p q)))
(fibonacci (- n 2) continuation-2))
(if (> n 1)
(fibonacci (- n 1) continuation-1)
(continue 1)))

(fibonacci 15 display)
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SLIP: a simple language implementation platform

SLIP in C: continuations (cont'd)

PNo nested functions
PNo garbage collection
P Static & weak typing

PNo proper tail calls
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SLIP: a simple language implementation platform

SLIP in C: continuations (cont'd)

(begin

(define (factorial n)
(if (> n 1)

Theo D’Hondt —

begin
(define (factorial n continue)

(* n (factorial (- n 1))) (define (continuation p)

1))

(factorial 10))

(continue (* n p)))
(if (> n 1)

v(coﬁtinuatic
(nested-clos

(continue 1)))
(factorial 10 display))

(continuation (*

(define (factorial .

(if (> n 1)

(display p))

(define n (car closure))
(define nested-continuation (cadr closure))
(define nested-closure (caddr closure))

(factorial (- n 1) continuation closure)
(nested-continuation 1 nested-closure)))

(define (top-continuation p closure)

(factorial 10 top-continuation '()))

(factorial (- n 1) continuation)

T PJ NMESTTUTTIUSUTT)J)

closure)
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SLIP: a simple language implementation platform

SLIP in C: continuations (cont'd)

Theo D’Hondt —

(begin
(define (factorial n)
(if (> n 1)
(* n (factorial (- n 1))]
1))

(factorial 10))
(continuatic
(nested-clos

(begin
(define (factorial n continue)
(define (continuation p)
(continue (* n p)))
(if (> n 1)

(factorial (- n 1) continuation)

(continue 1)))
(factorial 10 display))

(continuation (*

(define (factorial .

(if (> n 1)

(display p))

(define n (car closure))
(define nested-continuation (cadr closure))
(define nested-closure (caddr closure))

(factorial (- n 1) continuation closure)
(nested-continuation 1 nested-closure)))

(define (top-continuation p closure)

(factorial 10 top-continuation '()))

TP MESTTU=TIoUSuUrTjy)

closure)
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SLIP: a simple language implementation platform

SLIP in C: continuations (cont'd)

d-hoc
closures

requires a

Wednesday 9 March 2011

(begin

(define (continuation p closure)
(let* ((n (car closure))
(continuation (cadr closure))
(nested-closure (caddr closure)))
(continuation (* n p) nested-closure)))

(define (factorial . closure)
(define n (car closure))
(define nested-continuation (cadr closure))
(define nested-closure (caddr closure))
(if (> n 1)
(factorial (- n 1) continuation closure)
(nested-continuation 1 nested-closure)))

(define (top-continuation p closure)
(display p))

(factorial 10 top-continuation '()))
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SLIP: a simple language implementation platform

— SOFT Research Presentation
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Ad hoc continuations in C

#include <stdio.h>
#include <stdlib.h>

static int factorial(int n)

closure
{ if (n > 1) \V
return n * factorial(n - 1);

else number
return 1; }

continuation

typedef closure

struct cl * clos;

typedef
void (* cont)(int, clos);

typedef
struct ¢l { int n;
cont continuation;
clos closure; } cl;

static clos make_closure(int n, cont continuation, clos closure)
{ clos new_closure = malloc(sizeof(cl));

new_closure-»>n = n;
new_closure-> = continuation;
new_closure-> = closure;

return new_closure; }
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SLIP: a simple language implementation platform

Ad hoc continuations in C (cont'd)

— SOFT Research Presentation
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static void continuation(int p, clos closure)
{ int n = closure->n;
cont continuation = closure->continuation;
clos nested closure = closure->closure;
free(closure);
continuation(n * p, nested closure); }

static void c_factorial(clos closure)
{ int n = closure->n;
cont nested _continuation = closure->continuation;
clos nested closure = closure->closure;
if (n > 1)
c_factorial(make_closure(n - 1, continuation, closure));
else
nested continuation(l, nested closure); }

static void top_continuation(int p, clos closure)
{ printf("c_factorial(10) = %d\n", p); }

int main (int argc, const char * argv[])
{ printf("factorial(10) = %d\n", factorial(10));
c _factorial(make closure(10, top_continuation, (clos)@));
return 0; }
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SLIP: a simple language implementation platform

Ad hoc continuations in C (cont'd)

— SOFT Research Presentation
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static void continuation(int p, clos closure)
{ int n = closure->n;
cont continuation = closure->continuation;
clos nested_closure = closure->closure;
free(closure);
continuation(n * p, nested_closure); }

static void c_factorial(clos closure)
{ int n = closure->n;
cont nested _continuation = closure->continuation;
clos nested closure = closure->closure;
if (n > 1)
c_factorial(make_closure(n - 1, continuation, closure));
else
nested continuation(l, nested closure); }

static void top_continuation(int p, clos closure)
{ printf("c_factorial(10) = %d\n", p); }

int main (int argc, const char * argv|[])
{ printf("factorial(10) = %d\n", factorial(10));
c_factorial(make closure(19, top continuation, (clos)®));
return 0; }
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SLIP: a simple language implementation platform

Ad hoc continuations in C (cont'd)

— SOFT Research Presentation
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static void continuation(int p, clos closure)
{ int n = closure->n;
cont continuation = closure->continuation;
clos nested closure = closure->closure;
free(closure);
continuation(n * p, nested closure); }

static void c¢_factorial(clos closure)
{ int n = closure->n;
cont nested_continuation = closure->continuation;
clos nested_closure = closure->closure;
if (n > 1)
c factorial(make closure(n - 1, continuation, closure));
else
nested continuation(1l, nested closure); }

static void top_continuation(int p, clos closure)
{ printf("c_factorial(10) = %d\n", p); }

int main (int argc, const char * argv|[])
{ printf("factorial(10) = %d\n", factorial(10));
c_factorial(make closure(19, top continuation, (clos)®));
return 0; }
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SLIP: a simple language implementation platform

Incremental SLIP implementation in C

Wednesday 9 March 2011

version 1:
version 2:
version 3:
version 4:
version 5:
version 6:
version 7:
version 8:
version 9:
version 10:
version 11:
version 12:
version 13:

straightforward code
using a trampoline
factored out environment
threaded continuations
functional continuations
partial evaluation
iterative constructs
lexical addressing
garbage collection
proper tail recursion
1st class continuations
smart caching
multicores

Theo D’Hondt —
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C client interface

/* ___________________________________ */
/* >>>S1ip<<< */
/* Theo D'Hondt */
/* VUB Software Languages Lab */
/* (c) 2010 */
/* ___________________________________ */
/* version 1: straightforward code */
/* ___________________________________ */
/* Slip * /
/* ___________________________________ */
A L LT imported functions ---------------mmmmanaa */

void Slip Load(char *, char *¥*);
void Slip Print(char *);
void Slip Read(char **);

void Slip REP(char *, int )
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C example

[Session started at 2010-83-21 18:54:31 +0100.]
GNU gdb 6.3.50-20050815 (Apple version gdb-1346) (Fri Sep 18 20:40:51 UTC 2009)
Copyright 2004 Free Software Foundation, Inc.
GDB is free software, covered by the GNU General Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions.
Type "show copying” to see the conditions.
There is absolutely no warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys001
Loading program into debugger..
sharedlibrary apply-load-rules all
Program loaded.
run
[Switching to process 11197]
Running...
Slip version 1
>>>(begin
(define (factorial n continue)
(define (continuation p)
(continue (* n p)))
if O n1)
(factorial (- n 1) continuation)
(continue 1)))
(factorial 10 display))

3628800
>>>

GDB: Running... @ Succeeded
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SLIP/C ultimate implementation

client
T
‘ scan }4—‘ pool main print thread
<—
stack read B grammar evaluate context

dictionary compile < ‘ memory \ ‘ native \ environment

I

I
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C initial implementation

client
Ty

scan pool main print

v v

‘ read B grammar evaluate
dictionary ‘ memory \ ‘ native \
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SLIP/C initial implementation (cont'd)

client
Ty

scan

=

— SOFT Researc h Presen tation 67 November 9th, 2010 —

Wednesday 9 March 2011 67



SLIP: a simple language implementation platform

Theo D’Hondt —

SLIP/C initial implementation (cont'd)

347 + 37 loc 58 + 15 loc

scan pool
‘ r

client

179 366 loc

214 + 17 loc

main ' ‘ print \
<—

1435 + 24 loc

read grammar evaluate
+ oC 296 + 1 714oc
63 + 26 loc
dictionary memory native
x+yloc + oC
5347 loc
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C first stage

client
Ty

‘ scan }4—‘ pool main <1—I ‘ print \
i v I !

‘ read B grammar evaluate
‘dictionary|< ‘ memory \ ‘ native \

version 1: straightforward cps implementation
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SLIP: a simple language implementation platform

SLIP/C first stage (cont'd)

client
Ty

‘ scan }4—‘ pool main <1—I ‘ print \
i v I !

‘ read B

‘ dictionary |<

" grammar | evaluate

‘ memory \

‘ native \

version 2: introducing a trampoline

— SOFT Research Presentation
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SLIP: a simple language implementation platform

SLIP/C first stage (cont'd)

client
Ty

‘ scan }4—‘ pool main <1—I ‘ print \
i v I !

‘ read B

‘ dictionary |<

" grammar | evaluate

‘ memory \

‘ native \

version 3: factored out environment
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SLIP/C second stage

client
Ty

‘ scan }4—‘ pool main ' ‘ print \ thread
<—

‘ read B grammar evaluate
‘dictionary|< ‘ memory \ ‘ native \

version 4: threaded continuations
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SLIP: a simple language implementation platform

SLIP/C second stage (cont'd)

client
Ty

‘ scan }4—‘ pool main <1—I ‘ print \
i v I !

‘ read B

‘ dictionary |<

‘ thread \

" grammar | evaluate

‘ memory \

‘ native \

version 5: functional continuations
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C third stage

client
Ty

scan pool main print thread

v Y

‘ read B grammar evaluate
dictionary compile = ‘ memory \ ‘ native \

version 6: partial evaluation
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SLIP: a simple language implementation platform

SLIP/C third stage (cont'd)

=

‘ read

compile

client
Ty

main <1—I ‘ print \
I v

‘ thread \

:‘ grammar | evaluate

‘ dictionary |<)7

‘ memory \

‘ native \

version 7: iterative constructs
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C fourth stage

client
Ty

scan pool main print thread

v Y

‘ read B grammar evaluate
i v
‘ dictionary |<)7 compile < ‘ memory \ ‘ native \ ‘environment\

version 8: lexical addressing
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C fifth stage

client
T
scan pool main print thread
<—
stack read grammar evaluate

!

i v
dictionary compile < ‘ memory \ ‘ native \ ‘environment\

version 9: garbage collection
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SLIP: a simple language implementation platform

SLIP/C fifth stage (cont'd)

client
Ty

scan ‘ pool \ :‘ main " print \ ‘ thread \
<—
stack read B :‘ grammar | evaluate
Q V

dictionary compile memory native environment
R —

;

I

version 10: proper tail recursion
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SLIP: a simple language implementation platform

SLIP/C fifth stage (cont'd)

client
Ty

scan ‘ pool \ :‘ main " print \ ‘ thread \
<—
stack read B :‘ grammar | evaluate
Q V

dictionary compile memory native environment
R —

;

I

version 11: first class continuations
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SLIP/C fifth stage (cont'd)

client
T
scan pool main print thread
<—
stack read grammar evaluate

!

i v
dictionary compile < ‘ memory \ ‘ native \ ‘environment\

version 12: smart caches
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C new stage

client
T
scan pool main print thread
<—
stack read B grammar evaluate context

dictionary compile < ‘ memory \ ‘ native \ environment

I

I

version 13: multicore support
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SLIP: a simple language implementation platform

90,0

67,5

45,0

22,5

1 2 3 4 5 6 7 8 9 10 11 12
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore memory management

BYT_type Memory_Claim(UNS_type Claim)
{ BYT_type overflow;
Slip Spin_Lock( );
+= Claim + 1;
++;
overflow = ( - <= );
1f (overflow)
{ collect
if ( - <= )
Memory Fail(); }
Slip_Spin_Unlock( )5 emory_Make_Chunk(BYT type Tag,
return overflow; } UNS_type Size)
{ PTR_type pointer;

UNS_type size;
size = Size + 1;

Slip Spin_Lock( );
1f (size > )
Memory Fail();
pointer = ;
+= size;
Slip Spin_Unlock( );
pointer-> = make_header(Tag,
Size);

{ Slip_Spin_Lock( );
-= Claim + 1;

]
Slip_Spin_Unlock( )5 }
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SLIP: a simple language implementation platform

Multicore memory management

BYT_type Memory Claim(UNS_type Claim)
{ BYT_type overflow;

( )
+= Claim + 1;
++;
overflow = ( : <= );
(overflow)
{
( - <= )
OH
( )5 PTR_type Memory Make_Chunk(BYT_ type Tag,
overflow; } UNS_type Size)
{ PTR_type pointer;
UNS_type size;
size = Size + 1;
Slip_Spin_Lock(Memory lock);
1f (size > Claim size)
Memory Fail();
pointer = Free pointer;
Free_pointer += size;
Slip Spin_Unlock(Memory lock);
pointer->cel = make header(Tag,
Size);
NIL type Memory_ Release(UNS_type return pointer; }
{ ( )
-= Claim + 1;
T
( )5 }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore memory management

BYT_type Memory Claim(UNS type Claim)
{ BYT_type overflow;
Slip Spin_Lock(Memory lock);
Claim size += Claim + 1;
Claim_counter++;
overflow = (Tail pointer - Free pointer <= Claim size);

1f (overflow)
{ collect();
if (Tail pointer - Free_pointer <= Claim_size)
Memory Fail(); }

Slip_Spin_Unlock(Memory_lock); bmory_Make_Chunk(BYT_type Tag,
return overflow; } UNS_type Size)

PTR_type pointer;
UNS_type size;
size = Size + 1;

lip_Spin_Lock( )
if (size > )
0);
pointer = 5
+= size;
lip_Spin_Unlock( )5
pointer-> = (Tag,
Size);
NIL type Memory Release(UNS_type ( peturn pointer; }
{ Slip_Spin_Lock( )
-= Claim + 1;
F==s
Unlock( ); }
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SLIP: a simple language implementation platform

Multicore memory management

BYT_type Memory_ Claim(UNS type Claim)
{ BYT_type overflow;

S1lip_Spin_Lock( )s

Theo D’Hondt —

overflow

+= Claim + 1;

++;

( - <= )s

1f (overflow)

{

if (

return

— SOFT Research Presentation

Wednesday 9 March 2011

1lip_Spin_Unlock
overflow; }

- <= )
() }
( ) emory_Make Chunk(BYT_type Tag,
UNS_type Size)
{ PTR_type pointer;
UNS_type size;
size = Size + 1;

Slip Spin_Lock( );
1f (size > )
OF
pointer = ;
+= size;
Slip Spii Unloc ( );
aginter-> = (Tag,
Size);

NIL_type Memory_Release(UNS_type Claim) §; -, pointer; }
{ Slip_Spin_Lock(Memory lock);
Claim size -= Claim + 1;
Claim_counter--;

Slip_Spin_Unlock(Memory_lock); }
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))

ggﬁgi:e(faZ:fg)Ri ht) (define (SingleCore-QuickSort V Low High)
(while (< %vector-ref V Left) Pivot) (define (SingleCore-Recurse Left Right)
(if (< Low Right)

(set! Left (+ Left 1))) SinoleCore-OuickSort V Low Right
(while (> (vector-ref V Right) Pivot) (if E>1:§gﬁ E;it?UIc or ow Right))
(set! Right (- Right 1))) . . .
(SingleCore-QuickSort V Left High)))

(if E;:gkﬁft Right) (Sort V Low High SingleCore-Recurse))

(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set! Right (- Right 1)))))

(Recurse Left Right))

ow High)
. o)
(if (> Depth 0)
(begin
(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))
(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(SingleCore-QuickSort V Low High)))
(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set! Right (- Right 1)))))
(Recurse Left Right))

SingleCore-QuickSort V Low High)
(SingleCore-Recurse Left Right)

< Low Right)

SingleCore-QuickSort V Low Right))

> High Left)

SingleCore-QuickSort V Left High)))
Low High SingleCore-Recurse))

bw High)

(if (> Depth 0)

(begin

(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))
(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))

(sync promise))

(SingleCore-QuickSort V Low High)))

(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set! Right (- Right 1)))))
(Recurse Left Right))

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))

(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

ow High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)
(begin
(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))
(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(SingleCore-QuickSort V Low High)))
(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set
(Recurse Left Rig

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))
(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

(define (MultiCore-QuickSort Depth V Low High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)
(begin
(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))

(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(SingleCore-QuickSort V Low High)))
(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set
(Recurse Left Rig

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))
(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

(define (MultiCore-QuickSort Depth V Low High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)
(begin
(define promise

(if e Pight)
(spawn [ MultiCore-QuickSort (- Depth 1) V Low Right))))

(if ( - ft)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(SingleCore-QuickSort V Low High)))
(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set
(Recurse Left Rig

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))
(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

(define (MultiCore-QuickSort Depth V Low High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)

(begin
(if = snt)

(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))

(if (> High Left)
(MultiCore-QuickSort (- Depth 1) V Left High))
(sync promise))
(SingleCore-QuickSort V Low High)))
(Sort V Low High MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define (Sort V Low High Recurse)
(define Left Low)
(define Right High)
(define Pivot (vector-ref V (quotient (+ Left Right) 2)))
(define Save 0)
(while (< Left Right)
(while (< (vector-ref V Left) Pivot)
(set! Left (+ Left 1)))
(while (> (vector-ref V Right) Pivot)
(set! Right (- Right 1)))
(if (<= Left Right)
(begin
(set! Save (vector-ref V Left))
(vector-set! V Left (vector-ref V Right))
(vector-set! V Right Save)
(set! Left (+ Left 1))
(set
(Recurse Left Rig

(define (SingleCore-QuickSort V Low High)
(define (SingleCore-Recurse Left Right)
(if (< Low Right)
(SingleCore-QuickSort V Low Right))
(if (> High Left)
(SingleCore-QuickSort V Left High)))
(Sort V Low High SingleCore-Recurse))

(define (MultiCore-QuickSort Depth V Low High)
(define (MultiCore-Recurse Left Right)
(if (> Depth 0)
(begin
(define promise
(if (< Low Right)
(spawn (MultiCore-QuickSort (- Depth 1) V Low Right))))

(if (> H1gh Left)
a-NuickSort (- Depth 1) V Left High))

(sync promise)
( : ort V Low High)))
(Sort V Low H1gh MultiCore-Recurse))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define size 1000000)
(define V (make-vector size 0))
(define Low 0)
(define High (- (vector-length V) 1))
(define depth 0)
(define threads 1)
(display "multicore quicksort of ")
(display size)
(display " integers")
(newline)
(while (< depth 2)
(display "number of threads = ")
(display threads)
(define x 0)
(define y 1)
(while (<= x High)
(vector-set! V x y)
(set! x (+ x 1))
(set! y (remainder (+ y 4253171) 1235711)))
(define t (clock))
(MultiCore-QuickSort depth V Low High)
(display " elapsed time = ")
(display (- (clock) t))
(display " secs"”
(set! depth (+ depth 1))
(set! threads (* threads 2))
(newline)))
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SLIP: a simple language implementation platform Theo D’Hondt —

SLIP/C multicore quicksort (cont'd)

(define size 1000000)
(define V (make-vector size 0))
(define Low 0)
(define High (- (vector-length V) 1))
(define depth 0) -
(define threads 1) (define (report text c)

(display "multicore quicksort of ") (pPQtect

(display size) (d%splay text)
(display " integers") (d%splay ﬁ)"
(newline) (d%splay )
(while (< depth 2) (display )

(display (-.iélock) t))

(display "number of threads = ") )
(display threads) (display
(define x 0) (newline)))
(define y 1)
(while (<= x High)

(vector-set! V x y)

(set! x (+ x 1))

(set! y (remainder (+ y 4253171) 1235711)))
(define t (clock))
(MultiCore-QuickSort depth V Low High)
(display " elapsed time = ")
(display (- (clock) t))
(display " secs"”
(set! depth (+ depth 1))
(set! threads (* threads 2))
(newline)))

secs"”
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SLIP: a simple language implementation platform

Multicore quicksort on a 4core

OO0 9 Slip - Debugger Console -
' 10.6 | Release v @ Qv @ & »
Overview Build and Debug Tasks Restart Pause

Running..

cpSlip/c version 13

>>>(eval (read "multicoreQuickSort.scm"))
multicore quicksort of 100000@ integers
number of threads = 1 elapsed time = 16 secs
number of threads = 2 elapsed time = 13 secs
number of threads = 4 elapsed time = 11 secs
number of threads = 8 elapsed time = 8 secs
number of threads 16 elapsed time = 7 secs
number of threads 32 elapsed time = 6 secs

3

<unspecified>
>>> v
GDB: Running... Vi

MacPro 4core
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SLIP: a simple language implementation platform

Theo D’Hondt —

Multicore quicksort on a 4core (cont'd)
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore quicksort on a 4core (cont'd)

CF J History

D> <t—D<t+—D> <>

16 13 11 8 7 6
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clock | szss

in <time.h>
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SLIP: a simple language implementation platform

Theo D’Hondt —

Multicore quicksort on a 4core (cont'd)

O o) CF J History

(define (median-of-3 V Low High)
(define (random-index)

(+ Low (remainder (random) (- High Low -1))))
(define first (vector-ref V (random-index)))
(define second (vector-ref V (random-index)))
(define third (vector-ref V (random-index)))
(if (> first second)

(if (> second third)
second
(if (> first third)
first
third))
(if (> first third)
first
(if (> second third)
second
third))))

in <time.h> oo

11 8 7 6
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

static NIL_type continue_spawn(CID type Context_id)
{ EXP_type value;
value = Context_Get Expression(C
Context_Thread_Zap(Context_id);
Main Stop Thread(value); }

static EXP_type worker_procedure(ADR_type Address)
{ CID type context_id;
context_id = *(CID_type *)Address;
Main_Claim Default();
Context Thread Push M(context_id,

I

)
Main_Release Default();
static NIL_type evaluate_s| evaluate context(context_id,
);
{ CID type context_id; for (53)
SPN_type spawn_express: Context Proceed(context_id);
EXP_type expression; return 5 )

PRM_type promise;
Main_Claim Default();
spawn_expression = Context Get Expression(Context_id);
expression = spawn_expression->ecxp;
context_id = Context Clone M(Context_id,
expression);
Main_Release Default();
promise = Main Spawn Thread M(worker_procedure,
&context_id);
Context Set Expression(context_id,
promise); }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

NIL _type continue_spawn( Context_id)
{ value;
- EXP_type worker_procedure( Address)
value = (C —1d) ; :
(Context_id); { context_id;
— 1 = ¥ k o
(value); } context_id = *( )Address;

lain Claim | ();

(context_id,

)

)s

static NIL_type evaluate_spawn(CID type Context_id,
EXP_type Tailposition)

{ CID type context_id;
SPN_type spawn_expression;
EXP_type expression;
PRM_type promise;
Main_Claim Default();
spawn_expression = Context Get Expression(Context_id);

expression = spawn_expression->ecxp;
context_id = Context Clone M(Context_id,
expression);
promise = Main Spawn Thread M(worker_procedure,
&context_id);
Main_Release Default();
Context Set Expression(context_id,
promise); }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

NIL _type continue_spawn( Context_id)
{ value;
- EXP_type worker_procedure( Address)
value = (C —1d) ; :
(Context_id); { context_id;
L context_id = *( *)Address;
(value); }
lain_Claim_| ();
(context_id,
>
>
)
Qs
static NIL_type evaluate_spawn(CID type Context_id,
EXP_type Tailposition) 5

{ CID type context_id;
SPN_type spawn_expression; );
EXP_type expression;

PRM_type promise;

Main_Claim Default();

spawn_expression = Context Get Expression(Context_id);
expression = spawn_expressions>axo

context_id = Context Clo|l PRM_type

Main_Spawn_Thread M(WPR_type Worker procedure,
ADR_type Address)

promise = Main_Spawn Thri { PRM_type promise;
STH_type slip_thread;
Main_Release_Default(); Slip_Create_Thread(slip_thread,

Context_Set_ Expression(c Worker_procedure,
. Address);

promise = make PRM(slip_thread);
return promise; }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

NIL type continue_spawn( Context_id)
{ value;
- EXP_type worker_procedure( Address)
value = (C . » .
(Context_id); { ‘ context_id;
o context_id = *( *)Address;
(value); }
lain_Claim_| ();
(context_id,
>
>
)
Qs
static NIL_type evaluate_spawn(CID type Context_id,
EXP_type Tailposition) 5

{ CID_type context_id; #define Slip Create Thread(Thread, Worker, Argument)

SPN_type SPaW"_e¥PPQSSi°"3 pthread create(&Thread, NULL, (void *(*)(void *))
EXP_type expression;

PRM_type promise;
Main_Claim Default();
spawn_expression = Context Get Expression(Context_id);

expression = spawn_expression->exn:
context_id = Context Clo|[PRM_type Main_Spawn_Thread M(WPR_type Worker procedure,

ADR_type Address)

Worker, (void*)Argument)

promise = Main_Spawn Thr| { PRM_type promise;
STH_type slip_thread;

Main_Release_Default(); Slip_Create_Thread(slip_thread,
Context_Set_ Expression(c Worker_procedure,
p Address);

promise = make PRM(slip_thread);
return promise; }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

tic NIL_type continue_spawn(CID type Context_id)
{ EXP_type value;
value = (¢
Context Thread Zap(Context_id);
(value); }

static EXP_type worker_procedure(ADR_type Address)
{ CID_type context_id;

context_id = *(CID_type *)Address;

Main_Claim Default();

Context _Thread_Push_M(context_id,
Continue_spawn,
Main_False,
sPN_size);

Main_Release Default();
'tic NIL_type evaluate_s evaluate_context(context_id,
Main_False);

{ CID_type context_id; for (53)
SPN_type spawn_express Context Proceed(context_id);
EXP_type expression; return Main_Unspecified; }
PRM type promise;
n_ OF
spawn_expression = (Context_id);
expression = spawn_expression->exp;
context_id = (Context_id,
expression);
0);
promise = (worker_procedure,
&context_id);
(context_id,
promise); }
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SLIP: a simple language implementation platform Theo D’Hondt —

Multicore primitives

static NIL_type continue_spawn(CID type Context_id)
{ EXP_type value;

value = Context Get Expression(Context_id); worker_procedure(ADR_type Address)

text_id;
*(CID type *)Address;
OF

(context_id,

Context Thread Zap(Context_id);
Main_Stop_Thread(value); }

)

)5
N N OF
1c NIL_type evaluate_sj svaluate Conmtext(dontext_id,
ftdion) )
{ CID type context_id; for (53)
SPN_type spawn_express: (context_id);
EXP_type expression; retur .
PRM type promise;
OF
spawn_expression = (Context_id);
expression = spawn_expression-> ;
context_id = (Context_id,
expression);
()
promise = (worker_procedure,
&context_id);
(context_id,
promise); }
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SLIP: a simple language implementation platform

Multicore primitives

{ EXP_type value;

static NIL_type continue_spawn(CID type Context_id)

value = Context_Get Expression(Context_id);

. text_id;
Context Thread Zap(Context_id); i ext_1d; . .
Main Stop Thread(value); } - (CIDZ§¥PQ )Address;
3

(context_id,

NIL type Main_Stop_Thread(EXP_type Value)

{ Slip_Destroy_Thread(Value); } );
— — )
tic NIL_type evaluate_sj cvaluzte Context(dontext_id,
MKdion) );
{ CID type context_id; for (53)
SPN_type spawn_express: (context_id);
EXP_type expression; return .
PRM type promise;

spawn_expression =

| OF
(Context_id);

expression = spawn_expression->exp;

context_i

promise =

d = (Context_id,
expression);

();

(worker_procedure,
&context_id);
(context_id,
promise); }
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Theo D’Hondt —

SLIP: a simple language implementation platform

Multicore primitives

static NIL_type continue_spawn(CID type Context_id)
{ EXP_type value;
value = Context Get Expression(Context_id);
Context Thread Zap(Context_id);
Main_ Stop Thread(value); }

worker_procedure(ADR_type Address)
ntext_id;
= *(CID type *)Address;

();

(context_id,

NIL type Main_Stop_Thread(EXP_type Value)
{ Slip Destroy Thread(Value); }

)

)s

evaluabe

r(53)

1c NIL_type evaluate_s

#define SLip _Destroy Thread(Value) | f«
pthread _exit(Value);

VDE [ U

PRM:type promise;

spawn_expression
expression = spawn_expression->

context_id =

°
J

- ra -
O

OF
xt(dontext_id,
ftdion ) )5

(context_id);

;)

- e

(Context_id);

(Context_id,

expression);

();

promise

(worker_procedure,

&context_id);

(context_id,
promise); }
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SLIP: a simple language implementation platform

Status of version 13

@ should be version 14

¥ persistent bug in
standard GC
g untested multicore GC

grumble!
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SLIP: a simple language implementation platform

Some numbers

sorting 1000000 numbers

@ SLIP/C version 9:
@ SLIP/C version 12:
@ SLIP/C version 13:
@ PLT Scheme:

& \'skem\:

PLT Scheme: no JIT, no debug info
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Bare metal debugging

¥ extremely hard
¥ assertions
@ code reviewing
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Bare metal debugging

¥ extremely hard
4 assertions
@ code reviewing

particularly
hard for
interpreters
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Bare metal debugging

@ extremely hard
@ assertions
8 code reviewing

only one
solution: coding
discipline
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