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“typical' programming languages

designed elsewhere, sealed hermetically,

lots of interesting stuff inaccessible



and ‘typical' language hackers

read: imaginative programmers in search of better paradigms for creative expression
(or maybe just some way to get necessary things done)

armed with power tools:
emacs, cc, as, Ild ,
kil ,exec,gdb

(rinse and repeat)

do you have: then you suffer in some degree from:
2 an of ine compiler? 2 early binding assumptions & rigidity
2 avirtual machine or interpreter? 8 2 closed implementation & future
2 a precompiled runtime library? 2 arti cial barriers & complexities



goals

understand/modify any part of the system

2 organisation encourages modi cation

user-centred at all “levels'

2 openness
— components are accessible and modi able
2 simplicity
— single representation and paradigm
— self-hosting, from input to codegen & primitives

2 evolutionary programming
— pervasive late-binding



previous prototypes

o

ister-Toast
incinerate
gy

operating system
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in particular: virtual processor, primitives, object memory



runtime architecture (management version)

keyboard

external
file, etc...

program-generated
structures

program-generated
abstract insns

program-generated
concrete insns

text
S S
—> parser R
.'""""'C;BJ'éEt .......................
structures
—» tree compiler <

machine insns y

asbtract

stack compiler

optimizer

code generator

machine insns y

concrete : ma”oc()

—>

dynamic assembler

object memory
parse trees,
meta-data
GC
heap
........... Vo




runtime architecture (engineering version)

(define x 42)

object memory for () { C heap (malloc() +free() )
Object *exp= yyparse();
void *impl= exp->compile();
parser IMPI();  =eeeemmemmee e
free(impl);  --oroeeeroeeereeeeeoeeeeoeeeoe
gc::collect();
compiler
\
* oxse78
cc —tep i 13, 42 :
vpu->Enter(0, 0); ¢ ti ra, 0x1234 :
vpu->LdInt(42); i stw r3, 0(r4) =
Vpu->StW(0x1234); fblr :
vpu->Ret(); l"A' ______________________
’ LIri(3, 42)
gen LIri(4, 0x1234)
all symbols VPU  iopc —> STWI(3, 4)
Adaa BLR()
garbage collector
v
libe MAllOC()  mrmrmrerm e r e
free() B e R L EERE




runtime architecture (sales version)

(dlopen ...) (mmap ...) (define foo (lambda ...)) (define argv (word (dlsym O "argv"))) ...

object memory

efinition 1

garbage collector

manages

|
h compilation domain
*

v
execution domain —]»-
|

inspects, modifie:

Bl e /)

, (re)implements

C heap (malloc()  +free() )

(dlopen ..)=>

(mmap ...) =>

: myMemMappedFile

’E stwu rl, -32(rl)
1 mfir rO
i stw r0, 36(r1)

i .. foo...
¢ Ildw r0, 36(rl)

1 mtlr rO
i addirl, rl, 32
1 blr

libc

-> malloc()
Lo free()

argc
argv[]={...}




runtime architecture (marketing version)

program.ynvm

compile\

library.so

/ load

modify
recompile
extend

YNVM

map/

mmap(file)

\attach

- |

shmat(otherProcess)

10

modify
recompile
extend

©
YNVM




unconventional programming

Source Semantics —» Application

Pragmatics

_________________________________

Dynamic
Compiler

malleable (under programmer control)
delicate (but not impossible ;-)
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“atypical' programming language
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runtime architecture (R&D version)

C++

C heap

--------- s  Parser

Y, i 13,42
i r4, 0x1234
------ ! i CPH stw 13, 0(rd)

..................................................................................

sym: lis_i

"""""""""""""""""""""""""""""""""""""""""" ccg

implementatior]?

libc
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C++

random observations

2

2

2

no runtime ‘meta’ data: re ection dif cult, intercession a Imost impossible
static compilation only: dynamic modi cation of behaviour proscribed

vtable layouts calculated statically: no modi cation at ru ntime

ABI arbitrary and concealed: dif cult to target reliably

intrinsic types are not objects: no reuse in dynamic contexts

intrinsic operators are not messages: no specialisation of primitive behaviour
virtual functions useless: a priori knowledge (declarations) required

complications loading shared objects into other languages
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a better kernel language

prototypes + messages + delegation (shared behaviours + state)
2 pure objects and messages (nothing else)

2 clone families: somewhere between lightweight classes and instance-speci c
behaviour

2 implementation (language) model = (precisely) implemented (language) model
2 everything can be modi ed, dynamically
2 free, unrestricted mix of static and dynamic language

2 on-the-y modi cation of kernel behaviour

15



OO0 syntax

OO semantics

OO0 types

static
portabie

debug

dynamic
incremental

'
'
'
3
AN
IR
s
' '
'
' '
'
' '
. '
oo
'

' '
—_
'

COLA

"COLAs"
"Pepsi” "Coke" etc...
C parse < foreign \ | :
S |
i | |
. SR : Pepsi Cok |
a i : struct : osi__| [Coke |
parse |4 : . _ _
; L Interp | active | | active
| § exe | i | parse — "l  compile
4 genC <E dil - < I N . I
—— i b |
""""" [ 4\ | E | Y
! GC | | IR
| o ym Vil RT MM ""'l:,:,,,l Y ; |
: A | object z : v
exe | T : | opt
gen asm < | S I
. dlil + managed stack | Y y |
' | exec |« | asm
gen bin —— mem | I
L - - _
IlIIIIllllllllllllllIlIlllIIIlllllllllllllllllllllllllllllllllllllll "
L L T TN T T T T T I T T

prog env, debug env
persistence (src+IR+bin), db conn
bytecode import/interp, image

arbitrary sources, DSL, FSA

etc...
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arbitrary targets, CPU, DSP, GPU, FPGA

VPU — lib
C API

ccg — lib



structure creates meaning

N 01001011 :
A —> 01100101
11001000
expr -> IR -> gen 5

intrinsic
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meaning implements structure

01001011

9\$\\\\\\\\::::jt:01100101 §
11001000

expr -> IR -> gen

intrinsic
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structure implements structure

pepsi
; OXM->|
- (I={O'xM'} '

XS
’ A
. A
I A
L L)
1
1
L]
L}
L]
I
‘ L
’
L)

01001011

I\ ‘\—> 01100101
expr -> expr 11001000
S-insn i
IR
coke asm
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everything is self-describing structure

downwards, sideways

\;\\
01001011

—p (01100101
11001000

your
DSL/ASL/MSL

& upwards
2 pattern matching

2 nested, restartable regexps on structure
— free text is structure, just like the rest
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structure: intrinsic dynamic behaviour

vtable
vtable >
oop > :
| ! S->|
—~ ~
- ? -~ lookup: -> <impl>
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structure: dynamic dynamic behaviour

binding object A
vtable
vtable >
vtable » :
1lookup: -> <impl> i
oop > : | : .
1 : —~ 1
Py L - ? = lookup: -> <impl>
- ’? -~ [ Sty -
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structure: everything is an object

binding object A
vtable
vtable >
vtable > :
1lookup: -> <impl> i
oop > : | : S
1 : O P
—~ L 7 ? 5 lookup: -> <impl>
- ’? -~ [ iy -
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encapsulation

vtable --}--m
oop > S
I | I
: v
| . T TT T
= 7
I
I
I
Sl WL
™ = (73
\\\\\\\\\ 2 1y, ,',"
\\“\\ = ',"l,
vptr  =4--»
C object (struct)
C++ object

2 header (.h ) parsing

2 extract type and function signatures
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class pointer -+

Smalltalk object

etc...



dynamic binding

bind(object, message) =
vtbl.lookup(vtbl, message)
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method cache

bind(object, message) =
vtbl A object[-1] ;
cache[vtbl, message] ? cache[vtbl, message]
. cache[vtbl, message] A vtbl.lookup(vtbl, message)
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Immediate types

bind(object, message) =
vtbl A object == 0 ? vtbl,;;
. object & 1 ? vtbl 4
. object[-1] ;
cache[vtbl, message] ? cache[vtbl, message] _
. cache[vtbl, message] A vtbl.lookup(vtbl, message)
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circular semantics

bind(object, message) =
vtbl A object == 0 ? vtbl,;;
. object & 1 ? vtbl
. object[-1] ;
cache[vtbl, message] ? cache[vtbl, message] _
. cache[vtbl, message] A vtbl.lookup(vtbl, message)

vtbl.lookup(vtbl, message) =
(bind(vtbl, #lookup))(vtbl, message)

2 message send implemented by sending messages

2 override ) new semantics
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bootstrapping

representation meaning
( N )
Pepsi.C++ Pepsi.pepsi Object.pepsi Coke.pepsi
l l l l static
"""""""" \y’ i vV v dynamic
C++ compiler T ™ Pepsi compiler

(object & message)

(disposable) Coke.coke Pepsi.coke

‘o

Coke compiler/evaluator

—>F is input for (compiled by)

—>| implements

(function & behaviour)

-------- > bootstrap (static) | J \ )
— self-implementing (static) representation Y Y
- self-implementing (static) meaning meaning representation

==l self-implementing (dynamic) representation and meaning
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conclusion

VVEE

2 self-hosting virtualised virtual execution environment

2 circularity complete: Coke implements Pepsi, dynamically

2 everything open, reusable, dynamically modi able

— horizontal mutation into application domain
— vertical integration of paradigms, abstractions

no early-bound assumptions

no arti cial barriers

Y, 3000 LOC
Y4  400% Smalltalk
Vi  60% C++
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\endinput
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