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Simple Memory Architecture (recap)
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Simple Memory Architecture (recap)
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Simple Memory Architecture (recap)
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Simple Memory Architecture (recap)
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Simple Memory Architecture (recap)
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Simple Memory Architecture (recap)
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Memory Manager interface

UNS_type Memory_Available (NIL_type);
BLN_type Memory_Claim (UNS_type);
PTR_type Memory_Collect (PTR_type);
LNG_type Memory_Get_Immediate (PTR_type);
UNS_type Memory_Get_Size (PTR_type);
BYT_type Memory_Get_Tag(PTR_type);
NIL _type Memory_Initialize (ADR_type,

UNS_type);
BLN_type Memory_Is_Immediate (PTR_tupe);

PTR_type Memory_Make_Chunk (BYT_type,

. UNS_type);
typedef | void * ADR_tupe; pTR_type Memory_Make_Immediate (LNG_type);
typedef unsigned long CEL_type;
typedef unsigned short BYT_type;
typedef char CHR tupe:
typedef doublelenum { Memory_Cell_Bias = OxB00V0LLV4,
typedef long 1in Memory_Immediate_Maximum = Ox3FFFFFFF,
typedef Vol Memory_VUoid_VUalue = POx00000000 };
typedef signed lon
typedef charistatic const UNS_type Memory_Cell_Size = sizeof (CEL_type);

typedef unsigned long UNS_type;

typedef enum { Memory_False
Memory_True

9,
1 } BLN_type;

typedef union PTR { CEL_type cel;
union PTR * ptr; } * PTR_type;
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Memory Manager interface

UNS_type Memory_Available (NIL_type);
BLN_type Memory_Claim (UNS_type);
PTR_type Memory_Collect (PTR_type);
LNG_type Memory_Get_Immediate (PTR_type);
UNS_type Memory_Get_Size (PTR_type);
BYT_type Memory_Get_Tag(PTR_type);
NIL_type Memory_Initialize (ADR_type,

UNS_type);
BLN_type Memory_Is_Immediate (PTR_tuype);

PTR_type Memorg_que_Chunk(BVT_tgpe3

: UNS_type);
typedef , void * ADR-_tupe; |pTR_type Memory_Make_Immediate (LNG_tupe);
typedef unsigned long CEL_type;
typedef unsigned short BYT_type;
typedef char CHR tune:
typedef doublelenum { Memory_Cell_Bias = Ox0000BLV4,
typedef long 1in Memory_Immediate_Maximum = Ox3FFFFFFF,
typedef Vol Memory_VUoid_VUalue = Px00000000 };
typedef signed lon
typedef charistatic const UNS_type Memory_Cell_Size = sizeof (CEL_type);

typedef unsigned long UNS_type;

%)

typedef enum { Memory_False )
1 } BLN_type;

Memory_True

typedef union PTR { CEL_type cel;
union PTR * ptr; } * PTR_type;
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Memory Manager interface

UNS_type Memory_Available (NIL_type);
BLN_type Memory_Claim (UNS_type);
PTR_type Memory_Collect (PTR_type);
LNG_type Memory_Get_Immediate (PTR_type);
UNS_type Memory_Get_Size (PTR_type);
BYT_type Memory_Get_Tag (PTR_type);
NIL_type Memory_Initialize (ADR_type,

UNS_type);
BLN_type Memory_Is_Immediate (PTR_type);

PTR_type Memory_Make_Chunk (BYT_type,
typedef void * ADR_type; : UNS_type);
typedef unsigned long CEL_tupe: PTR_type Memory_Make_Immediate (LNG_type);
typedef unsigned short BYT_type;
typedef char CHR tune:
typedef doublelenum { Memory_Cell_Bias = Ox0BBBLYVLV4,
typedef long 1in Memory_Immediate_Maximum = Ox3FFFFFFF,
typedef Vol Memory_VUoid_Ualue = Px00000000 };
typedef signed lon
typedef char|static const UNS_type Memory_Cell_Size = sizeof (CEL_type);

typedef unsigned long UNS_Type;

typedef enum { Memory_False
Memory_True

9,
1 } BLN_type;

typedef union PTR { CEL_type cel;
union PTR * ptr; } * PTR_type;
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Memory Manager interface

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT _type
NIL_type

BLN_type
PTR_type

Memory_Available (NIL_type);
Memory_Claim (UNS_type);
Memory_Collect (PTR_type);
Memory_Get_Immediate (PTR_type);
Memory_Get_Size (PTR_type);
Memory_Get_Tag (PTR_type);
Memory_Initialize (ADR_type,
UNS_type);

Memory_Is_Immediate (PTR_type);
Memory_Make_Chunk (BYT_type,

typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef

void * ADR_type;

unsignhed long
unsighed short
char

double

long int

void

signed long
char

unsigned long

typedef enum { Memory_False
Memory_True

typedef union PTR { CEL_type
union PTR

CEL_type;
BYT_type;
CHR_type;
FLO_type;
LNG_type;
NIL_type;
SGN_type;
TXT_type;
UNS_type;

=@,

1 } BLN_type;

cel;
* ptr; } * PTR_type;

UNS_type);
Make_Immediate (LNG_type);

= @x00000004,
mum = Ox3FFFFFFF,
= 9x00000000 };
| Cell_Size = sizeof (CEL_type);

—— Theo D’Hondt
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Memory Manager interface (cont’d)

UNS_type Memory_ Available(NIL type);
BLN type Memory Claim(UNS_ type);
PTR_type Memory Collect(PTR type);
LNG_type Memory Get_ Immediate(PTR_type);
UNS_type Memory Get _Size(PTR_type);
BYT_type Memory_ Get_Tag(PTR_type);
NIL type Memory Initialize(ADR_type,
UNS_type);
BLN type Memory Is Immediate(PTR_type);
PTR_type Memory Make Chunk(BYT_ type,
UNS_type);
PTR_type Memory_ Make Immediate(LNG_type);

—— Theo D’Hondt 13 Section 8: Memory Management —
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Memory Manager interface (cont’d)

to be called
when memory
IS short

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT_type
NIL_type

BLN_type
PTR_type

PTR_type Memory_Make_Immediate(LNG_type);

Memory_ Available(NIL type);

Memory_Claim(UNS_ type);

Memory Collect(PTR type);

Memory Get Immediate(PTR type);

Memory Get _Size(PTR_type);

Memory_ Get_Tag(PTR_type);
Memory Initialize(ADR_type,
UNS_type);

Memory Is Immediate(PTR_type);
Memory_Make_Chunk(BYT_type,
UNS_type);
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Memory Manager interface (cont’d)

memory

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT_type
NIL_type

BLN_type
PTR_type

PTR_type Memory_Make_Immediate(LNG_type);

Memory_ Available(NIL type);

Memory Claim(UNS_ type);

Memory Collect(PTR type);

Memory Get Immediate(PTR_type);

Memory Get _Size(PTR_type);

Memory_ Get_Tag(PTR_type);
Memory Initialize(ADR_type,
UNS_type);

Memory Is Immediate(PTR type);
Memory_Make_Chunk(BYT_type,
UNS_type);

allocation using

—— Theo D’Hondt

tag and size
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Memory Manager interface (cont’d)

make a
shortinteger
usingaC
number

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT_type
NIL_type

BLN_type
PTR_type

PTR_type Memory_Make_Immediate(LNG_type);

Memory_ Available(NIL type);

Memory Claim(UNS_ type);

Memory Collect(PTR type);

Memory Get Immediate(PTR_type);

Memory Get _Size(PTR_type);

Memory_ Get_Tag(PTR_type);
Memory Initialize(ADR_type,
UNS_type);

Memory Is Immediate(PTR_type);
Memory_Make_Chunk(BYT_type,
UNS_ type);
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Memory Manager interface (cont’d)

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT_type
NIL_type

BLN_type
PTR_type

PTR_type Memory_Make_Immediate(LNG_type);

Memory_ Available(NIL type);

Memory Claim(UNS_ type);

Memory Collect(PTR type);

Memory Get Immediate(PTR_ type);

Memory Get Size(PTR type);

Memory_ Get_Tag(PTR_type);
Memory Initialize(ADR type,
UNS type);

Memory Is Immediate(PTR_type);
Memory Make_ Chunk(BYT_ type,
UNS_type);

various getters
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Memory Manager interface (cont’d)

UNS_type
BLN_type
PTR_type
LNG_type
UNS_type
BYT_type
NIL_type

BLN_type
PTR_type

PTR_type Memory_Make_Immediate(LNG_type);

Memory Available(NIL type);

Memory Claim(UNS type);

Memory Collect(PTR type);

Memory Get Immediate(PTR_type);

Memory Get _Size(PTR_type);

Memory_ Get_Tag(PTR_type);
Memory Initialize(ADR_type,
UNS_type);

Memory Is Immediate(PTR_type);
Memory_Make_Chunk(BYT_type,
UNS_type);

support for
memory claims
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Using implicit recursion

static VEC_type read vector(NIL type)
{ VEC_type vector;
next_token();

if (Token == RBR token)
vector = Main_Empty Vector;
else

vector = build vector(1l);

return next_token_and_return(vector); }

A GC needs
access to the
recursion stack!

start recursion
continue recursion
start backtrack
continue backtrack

—— Theo D’Hondt

static VEC_type build_vector(UNS_type Count)
{ EXP_type expression;
VEC_type vector;
expression = read_expression();
if (Token RPR_token)
vector = make VEC(Count);
else
vector = build_vector(Count + 1);
vector[Count] = expression;
return vector; }

19 Section 8: Memory Management —
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Using explicit recursion

the recursion stack is accessible!

static VEC_type read_vector(NIL_type)
{ EXP_type expression;
UNS_type count;
VEC_type vector;
next_token(); Save
if (Token == RBR token)
vector = Main_Empty Vector; .
else
{ for (count = 0; C|a'm
Token != RBR token;

count++)
{ expression = read_expression(); a"ocate

Stack Push(expression); }
Main_Claim(count); .
for (vector = make VEC(count); retrleve

count > 0;
count--)
vector[count] = Stack Pop(); }
return next_token_and _return(vector); }

—— Theo D’Hondt 20 Section 8: Memory Management —
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Programming Language Engineering —

Injecting a Garbage Collector (cont’d)

static EXP_type evaluate_inline(EXP_type Expression,

UNS_type Frame_size)

{ bOD_type body thread;

VEC_type environment,
frame;

environment = Environment_Grow_ Environment();

frame = make VEC(Frame_size);

body thread = (bOD_type)Thread Poke(Continue_body,
bOD_size);

body thread->env = Environment_Get_Environment();

body thread->frm = Environment_Get Frame();

Environment_Set Environment_And_Frame(environment,

frame) ;
return evaluate_expression(Expression); }

—— Theo D’Hondt
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Injecting a Garbage Collector (cont’d)

local variables are used as
cache for expression values

static EXP_type evaluate_inline(EXP_type_
UNS_type Frame_size

{ bOD_type
VEC_type

environment = Environment_Grow_ Environment();
frame = make VEC(Frame_size);
body thread = (bOD_type)Thread Poke(Continue_body,
bOD_size);
body thread->env = Environment_Get_Environment();
body thread->frm = Environment_Get_Frame();
Environment_Set Environment_And_Frame(environment,
frame) ;
return evaluate_expression(Expression); }

example: inline evaluation of
consequent /alternative in if

—— Theo D’Hondt 2 Section 8: Memory Management —
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Programming Language Engineering —

Injecting a Garbage Collector (cont’d)

they are used without discrimination
inside the body of the function

static EXP_type evaluate_inline(EXP_type Expression,
UNS_type Frame_size)

{ bOD_type body thread;
VEC_type environment,
frame;

Environment_Grow_Environment();
= make VEC(Frame_size);
(bOD_type)Thread Poke(Continue_body,
bOD_size);

env = Environment_Get Environment();
frm = Environment_Get_ Frame();
Environment_Set Environment_And_ Frame(
5
return evaluate_expression 5 }

example: inline evaluation of

consequent /alternative in if

2
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Programming Language Engineering —

Injecting a Garbage Collector (cont’d)

which interferes with GC

static EXP_type evaluate_inline(EXP_type Expression,

UNS_type Frame_size)

{ bOD_type body thread;

VEC_type environment,
frame;

environment = Environment Grow Environment();

frame = make VEC(Frame_size);

body thread = (bOD_type)Thread Poke(Continue_body,
bOD_size);

body thread->env = Environment_Get_Environment();

body thread->frm = Environment_Get Frame();

Environment_Set Environment_And_Frame(environment,

frame) ;
return evaluate_expression(Expression); }

—— Theo D’Hondt
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Claiming Memory

static EXP_type evaluate_sequence(VEC_type Expressions)
{ sEQ_type sequence_thread;
EXP_type expression;
UNS_type size x;
size x = size VEC(Expressions);
expression = Expressions[1];
if (size x > 1)
{ sequence_thread = (sEQ _type)Thread Push(Continue_sequence,
SEQ_size);

sequence_thread->exs = Expressions;
sequence_thread->pos = Main One; }
Main_Survival Claim((REF_type)&expression,
Main_Default_Margin);
return evaluate_ expression(expression); }

—— Theo D’Hondt 25 Section 8: Memory Management —
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Claiming Memory .onsumes

static EXP_type evaluate_sequence(VEC_type Expressions) '1](3rr]()r3/
{ sEQ_type sequence_thread;
EXP_type expression;
UNS_type size x;
size x = size VEC(Expressions);
expression = Expressions[1];
if (size x > 1)
{ sequence_thread = (sEQ _typ )Thread Push(Continue_sequence,
SEQ_size);

sequence_thread->exs = Expre_o__.c..C 5
sequence_thread->pos = Main One; }
Main_Survival Claim((REF_type)&expression,

Main_Default_Margin);
return evaluate_ expression(expression); }

—— Theo D’Hondt 26 Section 8: Memory Management —
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Claiming Memory

Programming Language Engineering —

{

static EXP_type evaluate_sequence(VEC_type Expressions)

SsEQ_type sequence_thread;

EXP_type expression;

UNS_type size x;

size x = size VEC(Expressions);

expression = Expressions[1];

if (size x > 1)

{ sequence_thread = (sEQ _type)Thread Push(Continue_sequence,
SEQ_size);

sequence_thread->exs = Expressions;
sequence_thread->pos = Main One; }

Main_Survival Claj \nci _cype jacap: cosaun,

Main_Default_Margin);

—— Theo D’Hondt

<default>
determined

by static
analysis

27

Section 8: Memory Management —



— Master of Computer Science Programming Language Engineering —

Claiming Memory

static EXP_type evaluate_sequence(VEC_type Expressions)
{ sEQ_type sequence_thread;
EXP_type expression;
UNS_type size x;
size x = size VEC(Expressions);
expression = Expressions[1];
if (size x > 1)
{ sequence_thread = (sEQ _type)Thread Push(Continue_sequence,

SEQ size);
sequence thread->exs = Expressions;
sequerice_uiredu- pos = Main_One; }

Main_Survival Claim( REF_type)&expression,
ilain_Default_Margin);
return evaluate_ expression(expression); }
claim
memory with
guaranteed
survivor
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Claiming Memory

static EXP_type evaluate_sequence(VEC_type Expressions)
{ sEQ_type sequence_thread;
EXP_type expression;
UNS_type size x;
size x = size VEC(Expressions);
expression = Expressions[1];
if (size x > 1)
{ sequence_thread = (sEQ _type)Thread Push(Continue_sequence,
SEQ_size);

sequence_thread->exs = Expressions;

sequence_thread->pos = Main One; }
Main_Survival Claim((REF type)&expression,
Fialll_Ucidul L_l'lal’SL ) ;

returi evaluate expression(expression) }

At least
<default> cells
available when

called

—— Theo D’Hondt 29 Section 8: Memory Management —
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Claiming Memory

static EXP_type continue_sequence(EXP_type Ignore)
{ sEQ_type sequence_thread;
EXP_type expression;
VEC_type expressions;
NBR_type position;
UNS_type index,
size Xx;
sequence_thread = (sEQ_type)Thread Peek();
expressions = sequence_thread->exs;
position = sequence_thread->pos;
index = get NBR(position) + 1;
expression = expressions[index];
size x = size VEC(expressions);
if (index < size x)
{ Main_Survival Claim((REF_type)&sequence_thread,
Main_Default_Margin);
sequence_thread = (sEQ_type)Thread Keep();
position = make_NBR(index);
sequence_thread->pos = position; }
else
Thread_Zap();

return evaluate expression(expression); }
—— Theo D’Hondt 30 Section 8: Memory Management —
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Claiming Memory

No guaranteed

static EXP_type continue_sequence(EXP_type Ignore)
memory { sEQ_type sequence_thread;

a\lailab|e When EXP_type expression;

VEC_type expressions;
called NBR_type position;
UNS_type index,
size Xx;
sequence_thread = (sEQ_type)Thread Peek();
expressions = sequence_thread->exs;
position = sequence_thread->pos;
index = get NBR(position) + 1;
expression = expressions[index];
size x = size VEC(expressions);
if (index < size x)
{ Main_Survival Claim((REF_type)&sequence_thread,
Main_Default_Margin);
sequence_thread = (sEQ_type)Thread Keep();
position = make_NBR(index);
sequence_thread->pos = position; }
else
Thread_Zap();

return evaluate expression(expression); }
—— Theo D’Hondt 31 Section 8: Memory Management —
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Claiming Memory

static EXP_type continue_sequence(EXP_type Ignore)
{ sEQ_type sequence_thread;
EXP_type expression;
VEC_type expressions;
NBR_type position;
UNS_type index,

size Xx; mlght

sequence_thread = (sEQ_type)Thread Peek();

expressigns = sequence_thread->exs; rf3(]l1irf3
position = sequence_thread->pos;
index = get NBR(position) + 1; memOry

expression = expressions[index];
size x = size VEC(expressions);
if (index < size x)
{ Main_Survival Claim((REF_type)&sequence_thread,
Main DE e o ety
sequence_thread = (sEQ_tyr )Thread Keep();
position = make_NBR(index)
sequence_thread->pos = position; }
else
Thread_Zap();

return evaluate expression(expression); }
—— Theo D’Hondt 32 Section 8: Memory Management —
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Claiming Memory

static EXP_type continue_sequence(EXP_type Ignore)
{ sEQ_type sequence_thread;
EXP_type expression;
VEC_type expressions;
NBR_type position;
UNS_type index,
size Xx;
sequence_thread = (sEQ_type)Thread Peek();
expressions = sequence_thread->exs;
position = sequence_thread->pos; .
index = get NBR(position) + 1; (3'23"71
expression = expressions[index];
size x = size VEC(expressions); memory
1 O e .
Main_Survival Claim( REF_type)&sequence thread,
ain_Default_Margin);
sequence_thread = (SEQ_type)Thread Keep();
position = make_NBR(index);
sequence_thread->pos = position; }
else
Thread_Zap();

return evaluate expression(expression); }
—— Theo D’Hondt 33 Section 8: Memory Management —
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Claiming Memory

static EXP_type continue_sequence(EXP_type Ignore)
{ sEQ_type sequence_thread;
EXP_type expression;
VEC_type expressions;
NBR_type position;
UNS_type index,
size Xx;
sequence_thread = (sEQ_type)Thread Peek();
expressions = sequence_thread->exs;

position = sequence_thread->pos;
. . . index = get NBR(position) + 1;
lnherlts Clalm expression = expressions[index];

size x = size VEC(expressions);
if (index < size x)
{ Main_Survival Claim((REF_type)&sequence_thread,
Main_Default_Margin);
sequence_thread = (sEQ_type)Thread Keep();
position = make_NBR(index);
sequence_thread->pos = position; }
Thread_Zap();

natiirn avalnata Kppession(exppession); }
—— Theo D’Hondt 34 Section 8: Memory Management —
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Claiming Memory (cont’d)

Programming Language Engineering —

static EXP_type make vector_native(VEC_type Vector)
{ EXP_type value;
LNG_type raw_number;
NBR_type size;
UNS_type index,
raw_size;
VEC_type vector;
raw_size = size VEC(Vector);

if (raw_number == 0)
vector = Main_Empty Vector;
else

{ Main_Survival Claim((REF_type)&value,
raw_number);

vector = make_ VEC(raw_number);

for (index = 1;
index <= raw_number;
index++)

vector[index] = value; }
return vector; }

—— Theo D’Hondt 35

Section 8: Memory Management —



— Master of Computer Science

Claiming Memory (cont’d)

Programming Language Engineering —

static EXP_type make vector_native(VEC_type Vector)

{ EXP_type value;
LNG_type raw_number;

NBR_type size;
UNS_type inde;(, At leaSt

raw_size; <default> cells

VEC_type vector;

raw_size = size VEC(Vector); available When

called
if (raw_number == 0)
vector = Main_Empty_Vector;
else

{ Main_Survival Claim((REF_type)&value,
raw_number);

vector = make_ VEC(raw_number);

for (index = 1;
index <= raw_number;
index++)

vector[index] = value; }
return vector; }

—— Theo D’Hondt
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Claiming Memory (cont’d)

Programming Language Engineering —

static EXP_type make vector_native(VEC_type Vector)
{ EXP_type value;
LNG_type raw_number;
NBR_type size;
UNS_type index,
raw_size;
VEC_type vector;
raw_size = size VEC(Vector);

if (raw_number == 0)
vector = Main_Empty Vector; Eﬂl'()(}iitf}
else

{ Main_Survival_Claim( (REF_type)&value, (j)/r]ijrtli()
raw_number);

vector = make_ VEC(raw_number); number Of
for (index = 1;
index <= raw_number; (:(3"55
index++)

vector[index] = value; }
return vector; }

—— Theo D’Hondt
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Claiming Memory (cont’d)

Programming Language Engineering —

static EXP_type make vector_native(VEC_type Vector)

{ EXP_type
LNG_type
NBR_type
UNS_type

VEC_type
raw_size

value;
raw_number;

size; claim

index,

raw_size; dynamic

vector;

= size_VEC(Vector); number Of

cells

if (raw_number == 0)

vector
else

= Main_Empty Vector;

{ Main_Survival Claim((REF_type)&value,

raw_number);

vector = make VEC(raw_number);
for (index = 1;

index <= raw_number;
index++)

vector[index] = value; }
return vector; }

—— Theo D’Hondt
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Claiming Memory (cont’d)

Programming Language Engineering —

static EXP_type make vector_native(VEC_type Vector)
{ EXP_type value;
LNG_type raw_number;
NBR_type size;

UNS_type index, value
raw_size; .
VEC_type vector; survives

raw_size = size_VEC(Vector);

possible
GC

if (raw_number == 0)
vector = Main_Empty Vector;
else

{ Main_Survival Claim((REF_type)&value,
raw_number);

vector = make_ VEC(raw_number);

for (index = 1;
index <= raw_number;
index++)

vector[index] = value; }
return vector; }

—— Theo D’Hondt
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Managing a root reference

static UNS_type Root counter;

static REF_type Force_collect[Root_size];

enum { Root_size = 12 };

typedef EXP_type * REF_type;

NIL type Main_Register(REF_type Reference)
{ if (Root_counter == Root size)
Main_Fatal_Error(TMR_error_string);
Force collect[Root counter++] = Reference; }
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Managing a root reference

static UNS_type Root counter;

static REF_type Force_collect[Root_size];

make an inventory of references to locations
of values that need to survive a GC

enum { Root_size = 12 };

typedef EXP_type * REF_type;

NIL type Main_Register(REF_type Reference)
{ if (Root_counter == Root size)
Main_Fatal_Error(TMR_error_string);
Force collect[Root counter++] = Reference; }
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Managing a root reference

static UNS_type Root counter;

static REF_type Force_collect[Root_size];

enum { Root_size = 12 };

typedef EXP_type * REF_type; size is statically assigned

NIL type Main_Register(REF_type Reference)
{ if (Root_counter == Root size)
Main_Fatal_Error(TMR_error_string);
Force collect[Root counter++] = Reference; }
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Managing a root reference

static UNS_type Root counter;

static REF_type Force_collect[Root_size];

enum { Root_size = 12 };

typedef EXP_type * REF_type;

all expression types are allowed

NIL type Main_Register(REF_type Reference)
{ if (Root_counter == Root size)
Main_Fatal_Error(TMR_error_string);
Force collect[Root counter++] = Reference; }
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Managing a root reference

static UNS_type Root counter;

static REF_type Force_collect[Root_size];

enum { Root_size = 12 };

typedef EXP_type * REF_type;

NIL type Main_Register(REF_type Reference)
{ if (Root_counter == Root size)
Main_Fatal_Error(TMR_error_string);
Force collect[Root counter++] = Reference; }

each module is responsible for
registering its GC-sensitive references

—— Theo D’Hondt 44 Section 8: Memory Management —




— Master of Computer Science Programming Language Engineering —

Managing a root reference (cont’d)

static VEC_type Root;

Root = make VEC(Root size);

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM _error_string);
after _collect();
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Managing a root reference (cont’d)

static VEC_type Root;

Root holds a vector of all registered values

Root = make VEC(Root size);

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM _error_string);
after _collect();
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Managing a root reference (cont’d)

static VEC_type Root;

Root = make VEC(Root size);

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM _error_string);
after _collect();

this is the actual GC step
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Managing a root reference (cont’d)

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM_error_string);
after _collect();
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Managing a root reference (cont’d)

before_collect();
Root = (VEC type)Memory Collect((PTR _type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM_error_string);
after _collect();

static NIL_type before collect(NIL_ type)
{ REF_type reference;

UNS_type index; update ROOt
for (index = 0;
index < Root_ counter; VeCtOr frOm

index++)

{ reference = Force_collect[index]; regiStered
Root[index + 1] = *reference; }}
values
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Managing a root reference (cont’d)

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM_error_string);
after _collect();

perform GC and
update Root
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Managing a root reference (cont’d)

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal Error(IMM_error_string);
after _collect();

verify
availability
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Managing a root reference (cont’d)

before_collect();
Root = (VEC_type)Memory Collect((PTR_type)Root);
after = Memory Available();
if (after < Margin)
Main_Fatal_Error(IMM _error_string);
after _collect();

static NIL type after_collect(NIL type)
{ EXP_type expression;
REF_type reference;

for (index = 0 update
ey O counter registered values

{ reference = For'ce_collect[index]from Root Vector

expression Root[index + 1];
*reference expression; }}
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Managing a root reference (cont’d)

|scanner| | pool | natives environ't

mam reader

client
%

compiler

evaluator

| stack ||dictionary|

~|>{ printer |

grammar

| thread |
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Managing a root reference (cont’d)

scanner | pool | natives environ't

main reader compiler

evaluator

client
Ty

l stack ||dictionary|

~|>{ printer l

grammar

| thread |

affected
modules
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A fully functional Slip interpreter

O0o0n [ Slip - Debugger Console

[Session storted ot 2212-25-3 13113109 +0202.)

ONU gdb 6.3.50-22052815 (Ppple version gdb=1346) (Fri Sep 18 22:42:51 UTC 2029)
Copyright 2004 Free Softuore Foundation, Inc.

GOB is free software, covered by the GNU General Public License, and you are
welcone 10 change it ond/or distribute copies of it under certoin conditions.
Type “"show copying” to see the conditions.

There is cbsolutely no warronty for GDB. Type "show warronty” for detoils.
This GOB8 was configured as “xB88_O4-opple-dorwin®.tly /dev/tiysedd

Looding program into debugger..

shoredl ibrary opply-lood-rules all

Progrom loaded.

run
[Switohing to process 20%50%)
Rurning.
cpSlip/ec version 9
>>>(begin
(define (QuickSort U Low High)
(define Left Low)
(define Right High)
(define Pivot (vector-ref U (quotient (+ Left Right) 2)))
(define Sove @)
(shile (< Left Right)
(shile (< (vector=ref U Left) Pivot)
(set! Laft (+ Leaft 1))
(while (> (veotor-ref V m?'\t) Pivot)
(set! Right (- Right 1))
(if (<= Left RAight)
(begin
(set! Sove (vector-ref U Laft))
(vector-set! V Left (vector<ref V Right))
(vector-set! U Right Sove)
(set! Left (+ Left 1))
(set! Right (=~ Right 1)))))
(if (< Low Right)
(QuickSort U Low Right))
(if (> High Left)
(QuickSort U Left High)))
(define UV (moke-vector 1222 @))
(define Low @)
(define High (= (vector-length V) 1))
(define x @)
(define y 1)
(ehile (<= x High)
(vector-set! VU x y)
(set! x (+ x 1))
(set! y (remainder (+ y 4253171) 12335711)))
(QuickSort U Low High)
(vector-ref U High))
--=bafore = 27 after = 247039 total = 2T0000 time = 9.000214

~==pefore = 20 after = 247365 totol = 232202 time = 2.020214

~==pefore = J1 after = 247391 total = 250202 time = 2.020221

-==before = 20 after = 247088 total = 250002 time = 9.000200
--=before = 25 after = 247333 totol = 232200 time = 9.020220

wwsbefore » 28 after » 247445 total » 252202 tine » 2.020208

1233285
»D

| CO8: Running.

@Succeeded
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= position nd 550 ody_eac orf ¢ _Get_Fra Q@ Kposi tigy = g i bonsgquentt e = get. @ it Jilize iz ECQeotor); tupe tid} frangme E: reafilirane, ase | 1_tag
/% >>>snp index = ge{ "SR (o nuirfent. o menfind_Frame (2 o <4 _co rn a Line (co e veot! Ualue; . o re- 30k hse [ tag
/% 0 D'H frame [inde a f on++ rau_ct eniz Main_o8 PC1ain ((REF Pe of! 4 oner Scliire- ase WH_tag:
/x uwe Sonmu-—e Lo procedure->par; return evaluate_sequence (Body); } { if (1is_PAI(arguments)) return Main_Error_Text (BRQ_error_string, Wain_bafaul t_forgin) frame [1] = Main_Enpty_Pair; return Main_Erron@eg (ILTAFor _string,
/% (©) 2 rau_paran_count = get_NBR(paran_count); return Main_Error_Procedure (TFO_error] Main_If_String); } if (indextt < sizev) const static UNS_type sTL_size = chunk_size(sTL return evaluate_body (body,
if (index < raw_paran_coun static NIL_type initializebody(NIL_type: Procedure { native_call_thread = (nCL_type)Thread environnent return Main_Error_Tag (IXT_error_string,
7% verston 91 garbag { binding_thread = (bND_type)Thread Keep(); { Continue_body = Thread_Register (continue_bd value = argunents->car; operands = native_call_thread->opd; | static EXP_type continue_set_local (EXP-type Ua frame); ag); }
. - position = make_NBR(++index); frane [pusmon] val expression = operands [index]; STL_type set_thread; 1 (rau_paran_count == 0)
/% evalua operands = binding-thread->opd; arguments = argunents->cdr; }} static NBR-type Continue_if_single; position = make_NBR(index); NBR_type offset; o—function = C arg; public functions — —*/
- binding_thread->pos = posi tion; define - i (i NUL (amqunents)) native_call_thread->pos = position; UNS_type rau_offset; else
expression = operands [index]; return Main_Error_Procedure (TMO_error_string, | tupedef struct iFS * iFS_type; return evaluate_expression (expression set_thread = (sTL_type)Thread_Pop (); o_function = Continue_vararg_bindif EXP_type Evaluate_Apply(EXP_type Procedure,
#include "SlipMain.h" return evaluate_expression (expression); } Procedure); typedef struct iFS { CEL_type hdr; native = native_call_thread->nat; offset = set_thread->ofs; binding_thread = (VAG_type)Thread_Pol AI_type Argunents)
body procedure->bod; static NBR-type Continue_define; return frame; } NBR_tgpe tid; function = native->fun; rau_offset = get NBR(offset); { return evaluate_direct_application (Procedure,
#include "SlipEnvironment.h" environment = procedure->env; CNT_tgpe cnt; Thread_Zap Environment_Local Set (raw_offset, binding_thread->prc = Procedure; Argunents); }
#include "SlipEvaluate.h" return evaluate_body (body, typedef struct dEF * dEF_type; static EXP_type evaluate_direct native_call (NAT_type EXP_tgpe cns; return funotion (veotor); } Value); binding-thread->opd
#include "SlipThread.h" environment, typedef struct dEF { CEL_type hdr; PAI_typd NBR_tgpe csz; } iFS; return Ualue; } binding_thread->1st EXP_type EvaluateContinue (EXP_type Ualue)
frame); } NBR_type tid; { EXP_type value; binding_thread->pos { return continue_with(Value); }
/o= -~ private na CNT_tgpe ont; FUN_tgpe function; static const UNS_type iFS_size = chunksize(iFS); Main_Survival Clain((REF_type)&bindi.
NBR_type ofs; } dEF; PAI_type argunents; static EXP_type evaluate_native_call (NAT_tupd rau_frame_size); | EXP_type Evaluat
#define chunk_size(TYP) SGN_tgpe length; static EXP_type continue_if_single(EXP_type Boolea UEC_tgpe] static EXP_type evaluate_set_local (STL_type Se frane = Environnent_Create_Frane (rau. { return auuluule_axpr‘essxun(Exprasslnn), }
((sizeof (TYP) - sizeof (CNT))/ sizeof (CEL_| static EXP_type evaluat, _type static const UNS_type dEF_size = chunk_size (dEF TXT_tgpe nane; { iFS_type if_thread; { nCL_type native_call_thread; { STL_type set_thread; binding_thread->frm = frame;
UVEC_type Operands UNS_tgpe posi tion; EXP_tgpe consequent; EXP_tgpe expression; EXP_type expression; operands = binding-thread->opd; NIL_type Evuluute_lmtmllze(NIL_tupe)
/4= -~ private col { bND_type binding_thread; static EXP_type continue_define (EXP_type Ualue! UEC_tgpe vector; NBR_type consequent_size; FUN_tgpe function; expression = operands [1]; ini tialize_spplication
EXP_type expression; { dEF_type define_thread; function = Native->fun; TRG_type tag; UNS_tgpe rau_operand._size; return evaluat init 03
static const TXT_type BRQ_error_string = "b NBR_type frame._size, NBR_type offset; length = list_length(Argunents); UNS_tgpe rau_consequent_size; UEC_tgpe vector; lmlmllzeJeﬂy(),
static const TXT_type paran_count; UNS_type rau_offset; swm:h (leng(h) Main_Survival _Clain( (REF_type)&Boolean, rau_operand_size = size_UEC(Operands); (sYL lgpe)ThreadJush(Contlnu( static NIL_type xnl(luhxe_uul-ul-anndln initialize_define();
static const TXT_tupe UNS_type rau_frane_size, define_thread = (dEF_type)ThreadPop(); { case Main_Defaul tMargin); ) STL_sizd d. initialize_direct_application();
static const TXT_type rau_operand_count, offset = define_thread->ofs; uec(or = Main_Enpty Vector; tag = Tag_of (Boolean); { function = Native->fun; set_thread-Jofs = offset Centmue ucr‘urgJ:mqus 2 Frread_e initialize_if();
static const TXT_type ITP_error_string rau_paran_count; rau_offset = get NBR(offset); break; if_thread = (iFS_type)Thread_Peek (); Thread_2ap ()3 return evaluate_expression (expression); } initialize_native_call ()}
static const TXT_type IPA_error_string VEC_type body, Environment_Local Set (raw_offset, case - suitch (tag) return function(Main_Enpty_Vector); initialize_sequence )3
static const TXT_type IXT_error_string environment, Value); { name = Native->nam; { case FLS_tag: Main_Survival cmm((nsr type)&Operands, | static NIL_type initialize_set_local (NIL_type) ul initialize_set_global )
static const TXT_type PNR_error_string = frane, return Ualue; } return Main_Error_Text (ITA_error_string,) Thread_Zap (); _operand_size + M { Cont +_local = Thread initialize_set_local O);
static const TXT_type TFO_error_string operands; nane); } return Main_Unspeci fied; veotor = noke_VEC(rau._operand._size)s initialize_vararg_bindings ()3
static const TXT_type TMO_error_string paran_count = Procedure-par; default: case TRU_tag: native_call_thread = (nCL_type)Thread_Pol static NBR_type Continue_whilebod initialize while(); }
rau_paran_count = get_NBR(paran_count); { argunents = Argunents; consequent = if_thread-ens; value — Continue_uhile_predicate;
/o= -~ private pry rau_operand_count = size_UEC(Operands); static EXP_type evaluate_define_function (OFF_t Main_Survival Claim ( (REF_type)&argunentd consequent_size = if_thread->csz; native_call_thread->opd = Operands;
if (rau_paran_count > rau_operand_count) { NBR_type Vrumaslze, length + Main_Defau native_call_thread->vec = vector; typedef struct WwHI * WHI_type;
static EXP_type evaluate_bindings (PR return Main_Error_Procedure (TFO_error_string, ffset, vector = make_UEC (length); return evaluate_inline(consequent, native_call_thread->nat = Native; static EXP_type evaluate_value(EXP_type Ualue) | tupedef struct uHI { CEL_tgpe hdr;
S Procedure); urum_cuum, for (position = 1; r n 11 = Main_One; { return Value; NBR_type tid;
static EXP_tupe evaluate_body (VE( if (rau_paran_count < rau_operand_count) PRC_type procedure; position <= length; return Main_Error_Text (BRQ_error_string, expression Oparands [1l; CNT_tgpe cnt;
UE return Main_Error_Procedure (THO_error_string, SYM_type nane; posi tion+ Main_If_String); } return eval )5 EXP_tgpe prd;
VE Procedure); UNS_type environment_size, { value = urguments-)cur, Vs - vararg_bindir| NBR_type psz;
static EXP_tupe evaluate_expression (EX| frame_size = Procedure->siz; rau_offset; arguments = arguments->cdr; static NIL_type initialize_native_call (NIL_t UEC_tgpe bod;
static EXP_tupe evuluu(ema()ve_‘:ull( rau_frane_size = get_NBR(frane_size); VEC_type body; vector [pos)llun] = value; }}} static EXP_type evuluu(e.xl_duubla(lFF_lgpe 1) { Continue_nativecall = Thread_Register (cd NBR_tgpe bsz;
if (raw_frame_size name Define->nam; return function(vector); } { iFD_type if_thre static NBR_type Continue_vararg EXP_type res; } wHI;
static EXP_tupe evuluutesequenoe(ue { body = Procedure->bod; offset = Define->ofs; EXP_tgpe unernuuue, Continue_vararg. bindings;
static EXP_type eval 1 = 5 paran_count static EXP_type evaluate_direct_vararg_bindings (PRZ] onsequent, quote static const UNS_type uHI_size = chunk_size (WHI);
UE frame = Environment_Empty_Frame (); frame_size PAL] predicate; typedef struct URG * URG_type;
return evaluate_body (body, body { dBD_tupe direct_thread; NBR_type alternative size, tgpedef struct vAG { CEL_type hdr; static EXP_type continue_uhile_predicate (EXP_type Boolean)
/4= -~ private fu environment, procedure = make_PRC (nane, EXP_type value; consequent_size; static EXP_type evaluate_quote(QUO_type Quotd BR_type tid; WHI_type uhile_thread;
frame); param_count, NBR_tgpe frame_size, predicate = 1f->prd; P_type expression; CNT_tgpe ont; EXP_tgpe result;
static EXP_type continue_wi th(EXP_type UValu if (rau_paran_count frane_size, paran_count; consequent = If-dcns; expression = Quote-dexp; PRZ_type pro; NBR_tgpe body_size;
{ CNT_type continuation; Main_Survival Claim ((REF_type)&Procedure, body, PAI_type arguments; consequent_size = If->csz; return expression; // clonel 1t UVEC_type frm; UNS_type rau_body_size; [ )
CCC_tgpe function; rau_frane_size + Main_Dd Main_Enpty_Vector); UNS_tgpe rau_frame_size, alternative = 1falt VEC_type opd; UVEC_tgpe body;
NBR_type thread_id; frane = Environment Create_Frame (rau_frane_d environnent_size = Environnent_Get Environt rau_paran_count, alternative size = If->asz PAI_type 1st; uhile_thread = (uHI_type)Thread_Peek )
continuation = Thread_Peek (); Procedure->bod; Main_Survival _Clain ( (REF_type)&procedure, posi tion; if-thread = (iFD_tupe)Thread_Pu _if_4 sequence NBR_type pos; } uRG; if (is_FLS(Boolean)) [ ]
thread_id = continuation->tid; environment = Procedure->env; environment_size); VEC_type body, iFD_size); { result = uhile_thread->res;
function = Thread_Retrieve(thread_id); return evaluate_body (body, P Senu = —Grow. environnent, if_thread->cns = consequent; static const UNS_type uRG_size = chunk_size (R 1hr-em1_ZuD();
return function(Value); } environment, raw_offset = get_NBR(offset); frame; if_thread->csz = consequent_size; static NBR_type Continue_sequence; eturn result; }
frame); Environment_Local Set (raw_offset, paran_count = Procedure-par; if_thread-alt = alternative; static EXP_type cgnunue_vararg(sxp type Value Moin_Surorven Clain ((REF_type)8Boolean,
static SON_type list_length(PAI_type List) binding_thread = (bND_type)Thread_Poke (Continue.| procedure); frame_size = Procedure->siz; if_thread->asz = alternative_size; typedef struct SEQ * SEQ_type; { vRG_type binding-thre Main_Default_Margin);
{ PAI_type pair; ND_size)) return procedure; } body Procedure->bod; return evaluate_expression(predicate); } typedef struct sEQ { CEL_type hdr; EXP_type expression; mhlle_(hreud (wHI_type) Thread. hile_body);
SGN_tgpe count; binding_thread->prc = Procedure; environment = Procedure-env; NBR_type tid; NBR_type paran_count, = uhile_thread->bod;
count = 8; binding_thread->opd = Operands; static EXP_type evaluate_define_function_varar: rau_paran_count = get_NBR (param_count); static EXP_type evuluute.:Vsmgla(lFZ_lypa 0 CNT_type ont; posi tion; heuysua = while_thread->bsz;
for (pair = List; Main_Survival Claim((REF_type)&binding_thread, { NBR_type frame_size, rau_frame_size = get_NBR(frame_size); iFS_type 1f_thre UVEC_type exs; PAI_type list; rau_body_size = get_NBR (body_size);
is_PAI (pair); rau_frame_size); offset, direct_thread = (dBD-type)Thread-Push (Continue ¢ EXP_type cunsequem, NBR_type pos; } SEQ; PRZ_type procedure; return evaluate_inl ine_sequence (body,
pair = pair->cdr) frame = Environment Create_Frame (rau_frane_size) paran_count; dBD_size); predicate; UEC_type environment, rau_body_size); }
countt+; binding_thread->frn PRZ_type procedure; direct_thread->bod = body; NBR_type consequent_size; static const UNS_type SEQ_size = chunk_size(s frame,
if (isNUL(pair)) binding-thread->pos SYNM_type name; direct_thread->enu = environment; predicate T operands; static EXP_type continue_uhile_body(EXP_type Ualue)
n count; operands = binding_thread->opd; UNS_type environment_size, if (rau_frane_size consequent static EXP_type continue_sequence (EXP—tupe Id UNS_type index, HI_tgpe uhile_thread;
5} expression = operands [1]; rau_offset; return Main_Error_Procedure_Uararg (IFS_error_s consequent_size = I SEQ_type sequence_thread; operand_size, EXP_type predicate;
return evaluate_expression (expression); } VEC_type body; Procedure);| if_thread = (lFS_tgpe)Thread_Push(Conhnue_lf_ EXP_type expression; rau_paran_count; NBR_tgpe predicate_size;
nane Define->nam; arguments = Argunents; FS_size); UEC_tgpe expressions; VEC_type body; UNS_tgpe rau_predicate_size;
appl| static NIL_type initialize bindings (NIL_type) offset = Define-Yofs; Main_Survival Claim ((REF_type)&argunents, if_thread-ens = .:unsequem- NBR_type posi tion; Main_Survival Claim((REF_type)8Ualue, Main_Survival_Claim( (REF_type)&Ualue,
{c = Thread_Register (continue_bir) paran_count = Define->par; u_frane_size); if_thread->csz = consequent. UNS_tgpe index, Main_Default_Margin); Main_Defaul tMargin);
frame_size = Define->siz; frane = Environnent Create_Frane (rau_frane_size) return valugte expression (redicate; } s: 5 binding_thread = (VRG_type)Thread_Peek (); shile_thread = (sHI_type)Thread-Peek 03
static const TXT_type Application_String = body Define->bod; for (position = 1; Main_Claim (Main_Defaul t Margin operands = binding_thread->opd; predicate uhile_thread->prd;
body procedure = make_PRZ (nane, position (= rau_paran_count; static NIL_type initialize_if(NIL_type) sequence_thread = (sEﬂ_tgpe)ThreudJ’Eek( list = binding_thread->Ist; predicate_size = while_thread-psz;
static NBR_type Continue_application; param_count, posi tion++: { Continue_if_double = ThreadRegister (continue-| expressions = sequence_thread-> position = binding_thread->pos; uhile_thread = (uHI_type)Thread_Patch(Continue_uhile_predicate);
frame_size, { if (1is_PAI (arguments)) Continue_if_single = Thread_Register (continue_| position = se uan:a_lhreud-)pus, index = get_NBR(posi tion); uhile_thread->res = Ualue;
typedef struct aPL * aPL_type; static NBR_type Continue_body; ody, return Main_Error_Procedure_Uararg (TFO_err} index = get_NBR (pusmnn) + 15 operand_size = size_VEC (operands); rau_predicate_size = get_NBR(predicate_size);
typedef struct aPL { CEL_type hdr; Main_Empty_Vector); Proced P lindex]; list = nake_PAI (Value, return evaluate_inline 2 (predicate,
A_tupe tid; typedef struct bOD * bOD_type; ize Get_Environn value argunents->car; lanbda ---- sizex = size_UEC(axpressions); list); rau_predicate_size); } [ X
CNT_tgpe ont typedef struct bOD { CEL_type hdr; Main_Survival Clain((REF_type)&procedure, argu uments->cdr; if (index < sizex. if (index < operand_size)
UEC_tgpe opd; } oPL; NBR_type tid; enuironment_size); frame [position] = value; } { sequence_thread = (sEQ_type)Thread Kd { binding_thread = (uRG_type)Thread Keep /
CNT_tupe ont; _Grow. frame [position] = argunents; static EXP_type evaluate_lambda(LMB_type Lambda) posi tion = make_NBR(index); posi tion = make_NBR(++index);
static const UNS_type aPL_size = chunk_size| UEC_tgpe enu r‘um_DHsel getJEH(uﬂ'set), return frame; } NBR_type frame_siz sequence_thread->pos = position; } binding_thread->Ist = list; static EXP_type evuluutemhlle(MHl type Uhile)
UEC_tdpe frm; } boD; Environnent Local Set (rau_offset, paran_count; else binding_thread-pos = posi tion; WHI_tgpe while_thr
static EXP_type continue_application (EXP_ty| procedure); UNS_type _size; Thread_Zap (); expression = operands [index]; EXP_type pradl:ule,
aPL_type application_thread; static const UNS_type bOD_size = chunk_size (b0D); return procedure; } UEC_tgpe body; Main_Survival Claim( (REF_type)&expression return evaluate_expression (expression); NBR_tgpe body_size
TRG_type tag; static EXP_type evaluate_direct_application (EXP_type PRC_tgpe procedure; Main_Defaul t Margin);| procedure = binding_thread->pro; predicate_size;
UEC_type operands; static EXP_type continue_body(EXP_type Ualue) static EXP_type evaluate_define_variable (DFU_t _typd paran_count = Lambda->par; return evaluate_expression (expression); frame = binding_thread->frm; UNS_type rau_predicate_size;
Main_Survival _Claim( (REF_type)&Procedur { bOD_type body-thread; { dEF_type define_thread; { TRG_type tag; frame_size = Lambda-)siz; param_count = procedure->par; VEC_type body;
_Defaul t Margin VEC_type environnent, EXP_type expression; tag = Tag_cf(Uﬂlue), body Lanbda->bod; procedure->bod; predicate = While->prd;
application_thread = (aPL_type)Thread_P ame: NBR_type of fset; suitch (tag procedure = make_PRC (Main_Anonynous, environment = procedure-e predicate_size = While->psz;
operands = application_thread->opd; bodu_thr‘eud (bDD_tgpe)theudJ’op(), offset Dehne Yofs; { case NAT_tag: paran_count, static EXP_type evaluate_sequence (VEC_type E rau_paran_count = get_NBR(paran_count); body = While->bod;
= Tag_of (Procedure); environment = body_thread-> expression = Define->exp return  evaluate_direct native_call(Va frame_size, SEQ_type sequence-thread; list = Main_Reverse(list); body_size ile->bsz;
suitch (tag) frame budg_lhreud—)(rm, efinecthread < (aEF. lgpe)ThrendJush(Cﬂn( Ar body, EXP_type expression; frame [rau_paran_count + 1] = list; uhile_thread = (uHI_type)Thread_Push(Continue_uhile_predicate,
{ case NAT_tag: _Set. And. case PRC_tag: Mum_Emptg_Uector), UNS_type size return evaluate_body (body, _size);
return evaluate_native_call (P frane); define_thread-ofs = offset; return evaluate_direct et. sizex = sua_ch(Expressmns), environnent, uhile_thread->prd = predicate;
of return Ualue; } return evaluate_expression (expression); } Argy Momjuruwalilom((REF type)&p: N pr 1l; frame); } while_thread->psz = predicate_size;
case PRC_tag case PRZ_tag environnent_size); i (sizex > 1) uhile_thread->bod = body;
return evaluate. static NIL_type initializedefine (NIL_type) Tetirn evaluate_direot vararg denu = _Grou_Enuironment ( { sequence_thread = (sEQ_type)Thread_PJ static EXP_type continue_vararg_bindings (EXP_t uhile_thread->bsz = body_size;
o { Continue_define = Thread_Register (continue | Ar return procedure; } VRG_type binding_thread; uhile_thread->res = Main_Unspeci fied
case PRZ_tag: static EXP_type evaluate_body (UEC_lgpe Body, return Main_Error_Text (PNR_error_string, sequence_thread->exs = Expressions; EXP_type expression; rau_predicate_size = get_NBR(predicate_size);
return evaluate_vararg_bindings (Pf VEC_tupe s Direct_Application_Strind static EXP_type evaluate_lambda_vararg(LMZ_type La uence_thread->pos = Main_One; } NBR_type paran_count, Main_Survival Claim((REF_type)&predicate,
of UEC_ (gpe Frame) direct_d { NBR_type frame_size, return evaluate_expression (expression); osition; Main_Default_Margin);
return Main_Error_Text (PNR_error_string { bOD_type body_thread; static NIL_type initialize_direct_application(NIL_t paran_count; PRZ_type procedure; return evaluate_inline_2(predicate,
Application_Strif body_thread = (b0D_type)Thread_Poke (Continue_bod { Continue_direct_bindings = Threa UNS_type —size; static NIL_type initialize_sequence (NIL_type) VEC_type environment, rulLDr-emcuteslze), }
; | static const TXT_type Direct_Application_Strin UEC_type body; { Continue_sequence = Thread_Register (conti frane,
body_t _Get. PRZ_type pr 5 operands; static NIL_type initializeuhile(NIL_tgpe)
body_thread->frm = Environnent_Get Frane (); static NBR_type Continue_direct bindings; global varial ize = _Get. UNS_type index, { Continue_uhile_predicate = Thread_Register (continue_uhile_predicate);
static EXP_type eval licati _ty t_Envi And. paran_count = Lambda->par; set g rau_operand_count, Continue_uhile_body = Thread_Register (continue_uhile_body); }
{ aPL_tupe appncatmn_mreud, Frane); typedef struct dBD * dBD_type; frane_size = Lambda->siz; rau_paran_count;
EXP_type expression; return evaluate_sequence (Body); } typedef struct dBD { CEL_type hdr; static EXP_type evaluate_global_varicble (BLB_type G body Lanbda->bod; VEC_type body; /
UEC_type operands; NBR_type tid; { EXP_type value; procedure make}ﬁZ(Mamﬁmngmns, static NBR_type Continue_set_global; Main_Survroat. Clain ((REF_ (gpe)&uulue, o /
expression = Application-yexp; static EXP_type evaluate_inline (EXP_type Expression, CNT_tgpe ont; NBR_tgpe of fset, paran_cou Main_Default_Margin); /
oper pplication->opr UNS_type Frame_size) UEC_tgpe bod; scope; (rnmejlle, typedef struct sTG * STG_type; b\nd\ng_{hr‘eﬂd (VRG_ (ype)Threud_Peek();
application_thread = (aPL_type)Thread_P { bOD_type body_thread; UEC_tgpe env; UNS_type rau_scope, body, typedef struct sTG { CEL_type hdr; prucedur ding_thread->pro; static EXP_type evaluat _type Expr )
UNS_tgpe environment_size; UEC_tgpe frm; } dBD; rau_offset; Main_Enpty_Uector); NBR_type tid; bmdmg_lhreud—)frm, { TAG_type tag;
application_thread->opd = operands; UEC_tgpe environment, Global->sop; Main_Survival Claim((REF_type)&procedure, CNT_type ont; operands = bindingthread-3opd; Main_Survival Claim((REF_type)&Expression,
return evaluate_expression (expression); rame; static const UNS_type dBD_size = chunk_size(dBD Global->ofs; environnent_size); NBR_tupe scp; position = binding_thread->pos; Main_Default_Margin);
_size = Get = rau_scope = get_NBR(scope); procedure->env = Environment_Grou_Environnent NBR-type ofs; } sTG; get_NBR (posi tion); tag = Tag_of (Expression);
static NIL_type initialize_application(NIi Main_Survival _Clain((REF_type)&Expression, static EXP_type continue_direct bindings (EXP_t rau_offset = get NBR(offset); return procedure; suiteh (tag)
{ Cont ation = Thread enuironment_size + Frame_sizl  { dBD_type direct_thread; value = Environment_Global Get (rau_scope, const static UNS_type sTG_size = chunk_size(s ize_VEC (operands); { case APL_tag: L)
= —Grou. [o}] VEC_type body, rau_offset); if (index > rau_operand_count. return evaluate_application (Expression);
frame = ate_Frane (Frane_size); environnent; return value; } local varia static EXP_tupe conlmueselglohtﬂ(EXP_!UDB { body = procedure->bod; case BEG_tag:
begil body_thread = (b0D_type)Thread_Poke (Continue_bod Main_Survival Claim((REF_type)&Frane, STG_type set_thre enuironment = procedure-env; return evaluate_begin (Expression);
bOD_size); in_Defaul t Margin); NBR_type offset, frane [index] = Main_Empty_Pair; case DFF_tag
body_t et direct_thread = (dBD_type)Thread_Peek (); if static EXP_type evaluate_local_variable (LCL_type L scope; return evaluate_body (body, return evaluate_define_function (Expression);
static EXP_type evaluate_begin(BEG_type Beg| body_thread->frm = Environment_Get_Frame (); body = direct_thread->bod; { EXP_type valu UNS_type r‘uw_nlfsel, environnent, case DFU_tag:
UEC_type sequence; _Set. And. direct_ 5 NBR_tgpe of fset; frane); return evaluate_define_variable (Expression);
sequence = Begin->seq frane); return evaluate_body (body, static NBR_type Continueif_double; UNS_tgpe rau_offset; set_thread = (sTG_lypa)Threud_Pop(), paran_count = procedure->par; case DFZ_tag:
return evaluate_sequence(sequence); } return evaluate_expression(Expression); } environment, offset = Local->ofs; scope set_thread->scj raw_param_count = get_NBR (param_count); return luate_define_function_t g (Expt ’H
Frame); typedef struct iFD * iFD_type; raw_offset = get_NBR(offset); offset = set_thread- >Df5, if (index > raw_param_count| case GLB_tag: - .
static EXP_type evaluate_inline 2(EXP_type Expressig typedef struct iFD { CEL_type hdr; value = Environment_Local _Get (rau_offset); rau_scope = get_NBR(scope); binding_thread = (VRG_type)Thread_Patch (Cor return evaluate_global variable (Expression);
/4= - bindin S_type Frame_siz NBR_type tid; return value; } rau_offset = get_NBR(offset); position = make_NBR (index); case IFF_tag:
{ bOD_type body_thread; CNT_type ont; Environment_Global Set (rau_scope, binding_thread->1st = Main_Empty_Pair; return evaluate_if_double (Expression);
UNS_type environment_size; static EXP_type evaluate_direct_bindings (PRC_t EXP_type cns; rau_offset, binding_thread->pos = position; case IFZ_tag:
static NBR_type Continue_bindings; UEC_type environment PAI_t NBR_tupe csz; /4= - native call -—- Value); expression = operands [index]; return evaluate_if_single(Expression);
-ame; { dBD_type direct_thread; EXP_type alt; return Value; } return ewluuxe_expressmn(expresswn), } case LCL_tag:
typedef struct bND * bND_type; _size = _Get. = EXP_type value; NBR_type asz; } iFD; return evaluate_local_variable (Expression);
typedef struct bND { CEL_tupe hdr; Nmnﬁuruwalilmm((REF,(gps)KExpress)on, NBR_type frame_size, static NBR_type Continue_nativecall; case LMB_tag:
ronnent_size + Frame_siz paran_count; static const UNS_type iFD_size = chunk_size(iFD); return evaluate_lambda (Expression);
typedef struct nCL * nCL_type; static EXP_type evaluate_set_global (STo_type | static EXP_type evaluate_vararg-bindings (PRZ_t, case LMZ_tag:
STG_type set_thread; VEC_t, return evaluate_lambda_vararg (Expression);
case QUO_tag:

R_tupe tid;
ou. O3 PAI_type argunents;
static EXP_type continue_if_double(EXP_type Boolean)| typedef struct nCL { CEL_type hdr;
EXP_tgpe expression; { VRG_type binding_thread;
return evaluate_quote (Expression);

CNT_type cont;
PRC_type prc; frame Env)ronmentirente}rnme (Frame_size); UNS_type raw_frame_size,
UEC_type opd; body_thread = (bOD—type)Thread_Push (Continue_bod raw_param_count, { iFD_type if_thread; NBR_type tid;
UEC_type frm; _size); position; EXP_type ullernulwe, CNT_type cnt; NBR_type of fset, NBR_type c_function;
NBR_type pos; } bND; body_1 = i _Get. VEC_type body consequent; VEC_type opd; scope; EXP_type expression; case STG_tag:
body_thread->frm = Environment_Get_Frame (); enuwnnmem, NBR_type unernutwe;ue, VEC_type vec; Set->scp; NBR_type frame_size, return evaluate_set_global (Expression);
static const UNS_type bND_size = chunk_size —Set. —And. -ame; consequent_size; NAT_type nat; Set-ofs; param_count; case STL_tag:
frame); param_count = P.-u:edu.-a—>pm—, TAG_type tag; NBR_type pos; } nCL; expression = Set-Yex| UNS_type rauw_frame_size, return evaluate_set_local (Expression);
static EXP_type continue_bindings (EXP_type return evaluate_expression(Expression); } frame_size Procedure->siz; UNS_type raw_alternative_size, set_thread (STG_tgpe)Thread_Push(Conhr raw_operand_count, case WHI_tag:
{ bND_type binding_thread; body Procedure->bod; raw_consequent_size; static const UNS_type nCL_size = chunk_size(nCL); raw_param_count; return evaluate_while (Expression);
EXP_type expression; static EXP_tupe luat 1 Bo} 5 Main_Survival Claim((REF_type)&Boolean, set_thread->scp = scope; UEC_type body, case CHA_tag:
NBR_type param_count, UNS_type Fr} raw_param_count = get_NBR (param_count); Main_Default_Margin); static EXP_type continue_native_call (EXP_type Valug set_thread->ofs = offset; environment,
position; { boD_type body_thread; rauw_frame_size = get_NBR(frame_size); tag = Tag_of (Boolean); nCL_type native_call_thread; return evaluate_expression (expression); frame,
PRC_type procedure; UNS_type environment_size; direct_thread = (dBD_type)Thread_Push (Cont: if_thread = (iFD_type)Thread_Peek (); EXP_type expression; operands;
VEC_type body, UEC_type environment, 1809 switch (tag) FUN_type function; static NIL_type initialize_set_global (NIL_typ} param_count = Procedure->par;
operands; ane; direct_thread->bod = body; { case FLS_tag: NAT_type native; { Continue_set_global = Thread_Register (cor| raw_param_count = get_NBR(param_count);
UNS_type mdex Get. o direct_ = 3 alternative = 1!_(hr~ead—>ull, NBR_type position; raw_operand_count = size_UEC (Operands);
-aw_param_count; Hmn_Suruwul_Clmm((REF type)&Body, arguments = Arguments; alternative_size = if_thread->asz; UNS_type index, if (raw_param_count > raw_operand_coun
VEC_type env\ronmenl, environment_size + Frame_siZ] if (rum_frumeslze rau_alternative_size = get_NBR(alternativg size_v; set 19 return Main_Error_Procedure_Uararg (TFO_er}
rame; = ._Grow. O3 v = Environment_Empty_Frame(); return evaluate_inline(alternative, UEC_type operands, Proce
Main_Survival Claim( (REF_type)&Ualue, fre = Environment_Create_Frame (Frame_size); raw_alternative_siZ vector; frame_size = Procedure->siz:
Defaul t_Margin| body thread = (bOD_type)Thread_Push (Continue_bodf ( Main_Survival _Claim((REF_type)&argumen case TRU-tag: native_call_thread = (nCL_type)Thread_Peek (); static NBR_type Continue_set_local; rau_frame_size = ge(_NBR(frﬂmes:ze);
binding_thread = (bND_type)Thread_Peek (| w_frame_size); consequent if_thread->cns; vector native_call_thread->vec; if (raw_operand_c case VEC_tag:
procedure binding_thread->pre; body_1 = Envirc Get. frame = Environment_Create_Frame (raw_fr} consequent_size = if_thread->csz; position = native_call_thread->pos; typedef struct sTL * sTL_type; { ma m_Suruwul_Clum((REF type)&Procedur] return evaluate_value (Expression);
frame binding_thread->frm; index = get_NBR(position), typedef struct sTL { CEL_type hdr; —frame_size + case CNT_tag:
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