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Quiz (1/1) What do you say to
Bob? (5 min.)

mn designing a new language for my programs, which
use only integer values. For truth values, | use 1 for

true, O for false. Then | noticed this user function will
work as an if-then-else statement.

Int myif(int cond, int thenVal, int elseVal){
return cond*thenVal + (1-cond)*elseVal,

}
Now | can make my language without the if-
wen—else statement, which is much simpler!




Review: templates

—




Template expansion
as program execution

B template <class T>

on >

class Stack { S B class Stack$1l {
T items[MAX]; = Int items[MAX];
Int top; = Int top;
T pop() {.-- * x > int pop() {...
void push(T a) { ...} = void push(inta) { ...}
} G )
B Stack<int> s; S| W Stack$l s;

P

@mplate prog@\/ < output >
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Templates as
a programming language

B Templates: functions from type names to code
B Purpose: to generate definitions for many types

B [nput: type names
» (some template mechanisms can receive constant values)

B Output: code (classes and functions)

B Operations:
» fill type names into holes (hence "templates")
» use other templates

B Timing: before compilation



Macros:
generalized templates

B Macros: functions from expressions to expressions

B Purpose: shorter descriptions, defining control
structures and data structures
» also used inside of expressions

B |[nput: expressions
B Output: expressions or definitions

B Operations: varying from
simple to powerful ones
> filling holes+a (CPP)
» all LISP functions (LISP)

B Timing: before compiling / before evaluating

expressive power of
macro definition language
matters




C preprocessor (CPP)

B Description language
» filling holes (by referencing variables)
» +a . concatenating identifiers

B \What's hard in : evaluation order,
number of evaluations

h why (x)
vy o> Cattlinnd
#define or(x,y) ((X)!=NULL?(x):(y)) Q)ressic.)ns

.. open(or(file, opt[opt_i++])) ... as data_—
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LISP Macro

B Description language: LISP itself (powerful!)

» with support for template like descriptions

& S-expressions: LISP's programs use the same representation
as LISP's basic data structures (ie lists)

# Quasi-quotes: embed computation into expression as data
...(dotimes (i n)

m eg: .
(defmacro dotimes (spec body) (setq sum (+isum))) ...
“(let ((max ,(cadr spec)) l
((car spec) 0)) ...(let ((max n) (i 0))
(wgilg (< ,(car spec) max) (while (< i max)
,00aYy

(setq sum (+ 1 sum))

(setq (car spec) (+ (car spec) ) (i (4 Y)))...

problems?



A problem: variable capturing

B a macro-generated variable name may
overlap with the one already used in the
expression where the macro Is used

(def max-element (a)
(let ((max (- INFINITY)))

(def max-element (a)
(let (max (- INFINITY))) (let (((i”(‘)f)i; (length a))

(dotimes (i (length a)) ' '
(if (< max (aref a i) :> (Vzli?l(li f: alxm(z)r(e)f ai))
(setq max (aref a i)))) (setq max (aref a i)))

NEN))) (setqi (+i1)))
NEVY))



Hygienic Macros [Kohlbecker+86]

B Safe macro mechanism wrt variable names
» variable names in templates will be automatically

renamed
(def max-element (a)
| | (let ((max (- INFINITY)))
(define-syntax dotimes (let ((max$1 (length a))
(syntax-rules ) = pattern (10))
(;éidot&nes(‘v n%bo)c)ly) (while (< i max$1)
“(let ((max n) (v 0))* (if (< max (aref a i)
i (while (< v max) itemplate (setg max (aref ai))
' body : (max will be (setg i (+1i1)))

(setq Vv (+ Vv 1))));) renamed)  max)))

.
---------------------------------------



eval: run time macros

B eval: a function from expressions to results
B Input: expressions (often as strings)
B Output: values Iin the language

B Purpose: program generation by using
runtime information, eg:
» computation by using interactively obtained inputs
» loading function definitions in a file

B Timing: during program execution




example of eval:
program specialization

> def dp(n)

> "def power"+n.to_s+"(x)"+("x*"*n)+"1; end"
> end

> dp(10)

"def powerlO(X)X*X*X*X*xX*x*x*x*x*x*1; end"
> eval(dp(10))

> powerl0(2)

1024



Problems of eval

B Slow: due to Interpreter execution
(or runtime compilation)

»(then, can we use it for optimizations?)

B Dangerous:
»No safety guarantee (eg type safety)
»Major source of security holes

» All static analyses become invalid just one
use of eval



Computational reflection [Smith84]
macros that can use runtime information

B Macros' limitation: no runtime information
» because they run before program execution

B Computational reflection execution of
] . eflective code
> executions at runtime

» Inside of the interpreter
that executes a program

Interpreter

exec.

@ of reflective Ca/er/%’ program




Computational reflection

B User-defined computation that runs inside of
an interpreter
» can access meta information (eg: variable

environment, continuation)

B allows extensions of the interpreter from
Inside of a user-program
> "Is this variable name already defined?"
» "delete this variable definition"

» can realize embedded "meta-computations" as

user-defined functions (eg) boundp, throw/catch
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Examples of computational

reflection

(define boundp
(lambda reflect ((vname) env cont)
CES R EINENET))

(boundp '(y) "((x . 1) ...) ...)

\

A \
...(let ((x 1)) (boundp y))...




Examples of computational

reflection

(define if
(lambda reflect ((cond then else) env cont)
(eval cond env
(lambda (c) (eval (ef c then else) env cont))))))
;; ef is applicative conditional branch

(if (= x 0) (print “zero”) ...) e c)
SN g

(= x 0) (print “zero”)

...(if (= x 0) (print “zero”) (print;)). N




Meta-level computation In
OOPL

B Examples
»1o know a class of an object
»10 get a list of methods/fields in a class
»1o know a superclass of a class
»10 create an object of a named class

B Example usage

»10 store object states in a file, and
reconstruct later
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Meta-objects:
objects that offer meta-level operations
names=["getname",...

MetaObject
class=
fields=["John",22
methods=][...]

Class
cname="Object"
superclass=

Class
chame="Person"

superclass=
fnames=["name","age"]

_Perfgnh : »>to know a class of an object
NAme SO >to get a list of methodsffields in a class

age=22
»to know a superclass of a class
»10 create an object of a named class




Java Reflection

Field Class Method
getName() [* | getName() ] getName()
set(obj,val) getMethods() invoke(obj,args,...)
get(obj) getMethod(name,types,...)
getFields()
getField(name) L e
getSuperclass() Introspection only
newlnstance(_) /
1
i
: Object

getClass()




Smalltalk meta-object

B provides internal information directly
(as powerful as eval)

Class
cname="0Object"

cles superclass=

MetaObject cname="Person"
class= superclass=
fields=["John",22 fnrames=["name”,"age"]

names=["getname",...
methods=][.

yteCode of methods
@Sﬁ%‘hn" can be modified

age=22




CLOS Metaobject Protocol

[Kiczales91] CLOS-

Cpmmon
Customizable meta-objects g'aoect
Usages: to customize System

M field representation of objects
(cf. sparse objects)
» default rep.: array (r/w O(1))
» customized: hash table, database sync'd, ...

B method selection algorithm (multiple inheritance)

» default: sorting by classes of arguments

» customized: change method precedence by
runtime condition



Reflection by CLOS MOP

meta-class = interpreter

makelnstance(new makel nstance(ne?
@eldsmcs_mngm e ) HashMap())
allocatelnstance( —1 allocatelnstance(
etValue(inst,fld) getValue(inst,fld)
getFieldArray(inst) setValue(inst.fld) setValue(inst,fld) getFieldArray(inst
etFieldldx(fld 4 f .get(fld)
! 1

default :r- S ,ﬂéfine a class

kmeta-cla)s)J— with a custom
Object Component metaclas
___________________________________________ Ya
. : peer, parent, x, y, width, height, fg, bg, font, peerFont, cursor, X 123 |
vs® |d = |0cale, graphicsConfig, bufferStrategy, ignorRepaint, enabled, |
h h | valid, dropTarget, popups, name, focusable, V 56
as Va ue focusTraversalKeys, minSize, prefSize, maxSize, |
‘ OX1234 | OX9182 ’ componentOrientation, componentListener, focusListener, keyListener '
_________________ hierarchyListener, hierarchyBoundsListener, KeyListener, '
mouseListener, mouseMotionListener, mouseWheelListener,.... fq “
I
hashCode \\
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