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Outline

1. Codewalker
2. Continuations
3. Lisp-1.5 (maybe)



Codewalker

1. Common Lisp
2. Architecture



Continuations

1. High-level overview

2. Implementation (passes)



Lisp-1.5

(If there is time)

1. Usage
2. Special functions
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Codewalker

» Previous experience
» Birth
> Lightweight



Codewalker

1. Common Lisp
2. Architecture
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Common Lisp

1. Special operators
2. Warts

3. Simplifications



Special operators (25)

block letx* return-from
catch load-time-value setq

eval-when locally symbol-macrolet
flet macrolet tagbody
function multiple-value-call  the

go multiple-value-progl throw

if progn unwind-protect
labels progv

let quote

CLHS, Figure 3-2. Common Lisp Special Operators



Adding ‘special’ operators

» macros

» macroexpand-all



Warts

Many special operators
Macros as special operators
Constants

Lexical Environment

Cons ¢ Class

vV v v v Y



Less special operators

» Layers

» Metacircular spec



Macro? Special Operator?

» special-operator-p

» macroexpand



Constants...

» constantp
» defconstant

» self-evaluating objects



Lexenv

» What?
» Why? (macrolet/symbol-macrolet)
» Why?



Lexenv — Restrictions

» Black box

» dynamic extent



Lexenv — Faking it

» Stack of function/variable
> eval

» Assume toplevel



Cons ¢ Class

» No metadata

» metaquote



Simplifying CL

» ‘Metacircular Semantics for Common Lisp Special Forms’
(Baker92)

implicit progn
implicit block

let, let*
block/return-from
tagbody

setq

vV vV vV vV V. VY

argument lists



implicit progn, block

Make them explicit!



let, let*

letl



block /return-from

catch/throw + let.

(let ((tag (gensym)))
(catch tag
(flet ((out () (throw tag nil)))
(do-something-with #’out))))



tagbody/go

> labels (letrec)

» catch/throw trampoline (no TCO)



setq

setq of 1 variable.



argument lists

» &optional, &key default values

> &aux
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Architecture

Hooks
Fixpointing

Multiple transformers

vV v. v Y

Bypassing fixpointing



Hooks

in alist (special var)

S
» keyed on event name
> values

>

open



Fixpointing

» Before return value
» Explicitly decline to handle

» Can bypass mechanism



Multiple transformers

» Can decline
» List of transformers
» Tried in order

» Fixpoint



Bypassing fixpointing

» ’norewrite
> metaquote

» other ways...
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Overview

» Administrative-Normal Form (ANF)

» ‘Continuations from Generalized Stack Inspection’, Pettyjohn
et al

» Monads and ANF
» Easier in CL (and FPLs)



ANF

Evaluation order

Name temporary values
Local and transparent
Call/Return normal (# CPS)

vV v. v Vv



Pettyjohn et al

No stack inspection/manipulation
Reify stack frame

ANF

Exceptions, unwind
Untransformed code, HOF

vV v . v. v .Y



ANF, monads

Monadic Form
Evaluation order explicit
binds individual values

return (possible)

vV v v v Y

Special variables



Easier in FPLs

» Closures built-in
» Everything is an expression

» Don't have to flatten/straighten, but...



Flattening/hoisting let

(let ((a (et ((b 23))
(+ b 4))))
(f a))

==>
(et ((b 23))

(let ((a (+ b 4)))
(f a)))
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Passes

Pipeline
Easier to understand

Fixpoint (intro & elim © same time)

vV v v Y

Reusable



First pass

Explicit block. (introduce block)

(flet ((£ O ...)) ...

=>

(flet ((f () (block £ ...))) ...



Main pass

» block/return-from
» tagbody/go

> setq



Main pass

Make continuations-friendly.

» catch (catch-thunk tag thunk)

» unwind-protect

Thunks instead of macros.



ANF

Insert temporary values, break up let.



Temporary values

» application, return-from, throw.
> setq

» progn/implicit progn



1. evaluate condition

2. choose branch



multiple-value-call

» break argument forms

» save to lists

> apply



let, let*

> let — let* (temporaries)

> let* — letl (declarations...)



argument lists

horror!



hoisting letl, the

Fuse statically known subcontinuations



special variables

» letl, lambda, local functions
> progv

with-special.



Finally...

unmetaquote



‘Monadification’

(Apologies)
» Binding forms to bind

» Mark transformed code



Binding forms to bind

» letl — bind

» multiple-value-call — m-v-bind



Mark transformed code

» Why?
» What?
» How?



All macros...

» maybe-monad-function, monad-function, monad-lambda
» monad-funcall, monad-apply

» Don't expand!



Continuations-specific macros

» bind/m-v-bind
» support code (capturing continuations)
» delimited, unwinds (shift0 VS call/cc?)

» No transformation — easy!



bind /m-v-bind

» macro: (bind val fn) — (bindl (lambda () wval) fn)
» Why macro?

(defun bindl (val-thunk receiver)
(let ((val
(block nil
(let ((thrown
(catch ’capture

;;catch ’capture and do stuff

(return (funcall val-thunk)))))
; ;otherwise return

(throw ’capture [frob thrown])))))
(funcall receiver val)))



How to frob?

Goals:

» Capture dynamic environment

» Performance



Simple way

» Throw closure

» (lambda (input)
(funcall old-cont
(funcall receiver input)))

» Recapture (labels)

» multiple values



Simple way (cont.)

» Reinstate dynamic environment
» Marked bind specials, catch, dynamic-wind

» Catch ’capture, closure reinstates
rebinds/catchs/dynamic-wind

» Special variables, save new value on recapture



(Asymptotical) optimisation

» Don't recons closure on recapture
» Sharing assignment lexical bindings
» Share assignment dynamic bindings?

» Continuations-based web serving



Problem with simple way

» Recapture too expensive (recons)
» Don't need recapture: list & iterate
» Hybrid



Current approach

next frame and list of subframes
bind: add to subframes
dynamic environment: compose subframes & frame

More complicated

vV v v v Y

Difference: 3x (task switching)



Trail

Lisp-1.5
Usage
Special functions



Lisp-1.5

» Name (pun)
» Implementation
> (let ((#’x val)) #’x) neq val
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Implicit funcall

((make-adder 2) 3)

» car is list

» macroexpands into symbol



Bind to functions’ namespace (let, let*)

(let ((#’adder (make-adder 23)))
(adder 4))

> let, let*x — letl
> letl — flet (some)



Bind to functions’ namespace (argument lists)

(lambda (#’fn val) (fn (x 2 wval)))

(lambda (val &key (#°fn ’+)) (fn 2 val))

» everything but &rest
» Simplify, evaluate everything inside body



Showing off

NLI> (defun Y (#’f)
((lambda (#’u) (u (lambda (x)
(lambda (n)
((f (u x)) n)))))
(call/cc (call/cc ’identity))))
Y
NLI> (with-nli (defparameter fact
(lambda (#’self)
(lambda (n)
(if (zerop n)
1
(* n (self (1- n))))))))
FACT
NLI> (with-nli ((Y fact) 4))
24

; ;From http://okmij.org/ftp/Scheme/callcc-fixpoint.txt
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Example

(let ((#’adder (make-adder 23)))
(declare (special #’adder))
(do-stuff))

» Also works for argument lists
» Easy to get wrong
» Separate global VS special (# variables)



Implementation (Easy, Obvious & Wrong)

» unwind-protect & (setf symbol-function)
» Threads!
> Global effect



Current implementation

» (lazily) associate property to symbol’s plist
» Property: fresh symbol

» Rebind symbol (progv)

» Second property for (setf function)



Advantages

» OK with threads
> effect lexically scoped (global VS special)
» No unwind-protect (dynamic-wind)

» Can declare function globally special



Trail
Outline
Codewalker

Common Lisp

Special Operators
Warts

Simplifications
Architecture

(Delimited) Continuations
Overview

Passes
Simplification
ANF

Monadification
Macros

Lisp-1.5
Usage

Special functions
Conclusion

«4O0)>» «Fr «Er» « =)

DA



Conclusion

» Linguistic experiments in CL
» Monad-esque objects
» Separate DSL instead
» Common Lisp, for me
>

Future projects
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