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What arecodewalkers?

Code walkers are code analysers.
Very broad �eld of application:

Program development:
Interpreters, compilers, debuggers, ...

Complex macros:
CPS transform, Series, ...

Program analysis:
macroexpand-all, XREF, ...

What's “code” anyway?
Theorem provers, parser generators, ...

This talk only covers Lisp code walkers.
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When to write codewalkers?

Only when nothing else will do!

Code walkers take a lot of work.

Every code walker is unique.

Little opportunity for code re-use.

Some indicators:

When the non-local structure of the code must be
known to generate a local effect.

When the semantics of the code must be known, not
just its shape.
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Example: C++ static variables

(defun foo (d)
(static-let ((chicken (make-chicken)))

(feed-chicken chicken d)))

should behave something like

(let ((chicken nil) (#:first-time-p t))
(defun foo (d)

(when #:first-time-p
(setq chicken (make-chicken))
(setq #:first-time-p nil))

(feed-chicken chicken d)))

Use a code-walking defun -replacement?
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Example: C++ static variables

(defun foo (d)
(static-let ((chicken (make-chicken)))

(feed-chicken chicken d)))

could instead behave something like

(defun foo (d)
(progn

(defvar #:*gchicken* (make-chicken))
(symbol-macrolet ((chicken #:*gchicken*))

(feed-chicken chicken d))))

Now we can use an ordinary static-let macro!
This way, we hijack Lisp's own code walker.
Moral: know thy language.
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How to makea codewalker.

Suppose we need a code walker.

We'll need a way to “understand” Lisp forms.

Problem:
Huge amount of functions, macros, and special
operators; standardized, implementation-speci�c ,
and user-de�ned.

Simple solution:
Use an extensible data driven approach.
Add special handling for the 25 special operators
and perhaps some functions and macros.
Use macroexpansion to �ll in the holes.
Handle anything else uniformly as a base case.
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Example: macroexpand-all

(defun macroexpand-all (form &optional env)
"Macroexpand FORMrecursively until none of

its subforms can be further expanded."
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Example: macroexpand-all

(defvar *mea-hooks*
(make-hash-table :test #'eq))

(defun macroexpand-all (form &optional env)
"Macroexpand FORMrecursively until none of

its subforms can be further expanded."
(multiple-value-bind (expansion macrop)

(macroexpand-1 form env)
(let* ((key (and (consp form) (car form)))

(hook (gethash key *mea-hooks*)))
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Example: macroexpand-all

(defvar *mea-hooks*
(make-hash-table :test #'eq))

(defun macroexpand-all (form &optional env)
"Macroexpand FORMrecursively until none of

its subforms can be further expanded."
(multiple-value-bind (expansion macrop)

(macroexpand-1 form env)
(let* ((key (and (consp form) (car form)))

(hook (gethash key *mea-hooks*)))
(cond (hook (funcall hook form env))

(macrop (macroexpand-all expansion
env))

(t expansion)))))
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Example: macroexpand-all

Now we could make de�ning pieces a bit easier:
(defmacro mea-walker ((keyword &rest pattern)

env &body body)
(let ((form (gensym)))

`(setf (gethash ',keyword *mea-hooks*)
#'(lambda (,form ,env)

(destructuring-bind ,pattern
(cdr ,form) ,@body)))))

And use that to handle special operators:
(mea-walker (if pred then &optional else) env

`(if ,(macroexpand-all pred env)
,(macroexpand-all then env)
,(macroexpand-all else env)))

And life is good... right?
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Example: macroexpand-all

How to handle let , let* , labels , flet , macrolet ,
symbol-macrolet , ...?

How do we enrich an environment?
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Example: macroexpand-all

How to handle let , let* , labels , flet , macrolet ,
symbol-macrolet , ...?

(mea-walker (let bindings &body body) env
(let ((vars (mapcar #'car bindings))

(vals (mapcar #'cadr bindings)))

How do we enrich an environment?
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Example: macroexpand-all

How to handle let , let* , labels , flet , macrolet ,
symbol-macrolet , ...?

(mea-walker (let bindings &body body) env
(let ((vars (mapcar #'car bindings))

(vals (mapcar #'cadr bindings)))
`(let ,(mapcar

#'(lambda (var val)
(list var

(macroexpand-all val env)))
vars vals)

How do we enrich an environment?
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Example: macroexpand-all

How to handle let , let* , labels , flet , macrolet ,
symbol-macrolet , ...?

(mea-walker (let bindings &body body) env
(let ((vars (mapcar #'car bindings))

(vals (mapcar #'cadr bindings)))
`(let ,(mapcar

#'(lambda (var val)
(list var

(macroexpand-all val env)))
vars vals)

,@(mapcar #'(lambda (e)
(macroexpand-all e ???))

body))))

How do we enrich an environment?
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Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.
Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)
Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.
Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)
Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.

Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)
Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.
Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)

Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.
Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)
Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Enriching envir onments

How do we enrich env with vars ?

In Common Lisp the Language, 2nd Edition:
(augment-environment env

:variable vars)

In ANSI Common Lisp:
CLTL2 environment-handling removed ) no good
way to do it anymore.
Theoretically, I think one could abuse eval to hijack
Lisp's own environment-handling. (Eww!)
Or one could de�ne their own environments.

In practice:
Vendor-de�ned CLTL2-ish constructs.
Vendor-de�ned code-walking constructs.

Lisp Code Walkers – p. 10/13



Another gotcha

Are all function calls really equal?

Yes, but some are more equal than others.

Some code walkers need access to function de�nitions
to process function calls. (Series, CPS transform, ...)

Problem for standard functions, and use of a function
before its de�nition.

Luckily, this can be worked around in practice:

Series lays some restrictions on series expressions.
CPS transformation is usually a means to an end, so
some restrictions might also be possible.
In short: put some of the burden on the user of the
code walker.
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Conclusions

Code walkers are practical tools for heavy duty code
analysis.

They have some portability problems and limitations,
but not much more so than many other popular Lisp
techniques.

Writing them takes care and effort.
(So be sure you need them.)
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Discussion

Could code walkers be more portable?

Better environment handling?
Common code-walking functions?

Could there be more code-reuse among them?

S-expressions as objects?

Should the de�nitions of standard functions be made
available? Could we make that unnecessary?

Open implementation?
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