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Macros in programming languages

 Abstraction
= Simple, elegant core languages
= Macros in C and Scheme
« Language interoperability
= Target-language code as host-language data
= Web templates for HTML and SQL code
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Marco: safe macros for any Language
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Outline

Marco language and architecture

= Expressing macros as Tokens

= Offloading analysis using oracle queries
Oracle analysis In practice

» Handling context sensitivity in C++

= Classifying error messages

Enforcing hygienic macro expansion
= Discovering captured names

* Propagating free names

Summary



Expressing macros as tokens

SN EEE B S S S - T T T - - - - -, ———————————————-\

' #define swap(x, v) { \: {I X:Q,wap( ‘:
- inttemp = x; : i y){
L X=Y i ' return [{ |
Ly = temp; : inttemp = $x i
B! 1 Sx =8y !
| 11 Sy =temp; :
N ! e
C/C++ macro Marco macro

 Explicit blanks
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Multilingual macros in Marco

'/code<cpp,stmt> swap(® '/code<sql,stmt> select(,
code<cpp,id> X, code<sqal,expr> cond)

code<cpp,id>vy) {

—————————————————

—

! P |
i return (stmt) [ { | i return “sol(stmt) [ |
' int temp = $x; 1 select names i
o $x =8y . fromemployees !
E $y = temp; | E where $cond !
N }]’ } //I ‘ ]; } /,’
C++ SQL

« Scannerless, extensible parser in Rats/

. selects a C++ lexical analyzer

. selects an SQL lexical analyzer




Offloading analysis

e - e O S T S S O oy,

! code<cpp,stmt>

swap(
code<cpp,id> X,
code<cpp,id> y) {

return “cpp(stmt)

[ 1

int temp = $x;

$x = By;
$y = temp;
H;
\\}

N e e e e e o o e o = = -

Marco program

——————————————_’

b I R

- Marco system

___________________

\4

Static checker

Fragment | | Information

Oracles

__________________________________________

Unmodified target
language processors
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Offloading analysis

e - e O S T S S O oy,

‘cpp(stmt) [ {
int temp = $x;

$x = Jy;

Sy = temp;
1]

Fragment

— . . o . e e e e e

Unmodified target
language processors
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Offloading analysis

e - e O S T S S O oy,

\ \\ """"""""""""""""""""""""""""""""""""
cpp(stmt) [ { | = { J
. . +—
inttemp =_1d0_; | ¥
(id1_= _id2_; i § Fragment Information
_id3_ = temp; s [ ]JJ
}] 2 < :
: Query Error messages !
|
N /I Unmodified target
--------------- g language processors
Fragment with

concretized blanks



Offloading analysis

" void _id4_() { S E

—

it (1) { 5 | J
inttemp == _id0_; ;2 .
idl = id2 i o Fragment Ilnformatlon
_id3_ = temp; L ®

e

Query Error messages !

D
%)
D

—

Unmodified target
language processors

e o e e e o o e e o = -

Query




Offloading analysis

€Y _id4_' was not declared -

5 | J

8 ' 1d0_" was not declared >

8 Fragment | |Information

€ _id1_' was not declared O

) = [ m

|@} | I 1 2 \\

Y ' id2 ' was not declared

Query Error messages

_____________________________________________________________________

@ ' 1d3 ' was not declared

Fg
Error messages

N
v
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Offloading analysis

Marco program

Static checker

Fragment Information

No syntax error

Oracles

 Marco system

_____________________________________________________________

Unmodified target
language processors

v
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Outline

» Oracle analysis In practice
» Handling context sensitivity in C++
= Classifying error messages
 Enforcing hygienic macro expansion
= Discovering captured names
* Propagating free names

* Summary



pom EEm Emm o o oy,

p— o EEE . O O o o E—

Naive oracle analysis in theory

void* foo(typeless c)

{

return O,

o m— o - . B S M S S S S S e o o

——————————————————

oid foo(typeless c)

<<

shadowed syntax
errors

__________________

ill-formed fragment

€) Expected ;' before

\

1

1

| - I 1
)
1

I @

1 2

/

& Syntax error




Naive oracle analysis in practice

G - - . - . S S S S S S S sy

= Emm -
—

o m— o - . B S M S S S S S e o o

¥ No syntax error

——————————————————

Expected '}’
before ‘syntax’

8¢ Syntax error

l
|
|
|
! shadowed syntax
' errors

\

__________________

ill-formed fragment



Syntax errors for well-formed fragments

——————————————————

r voidx foo(typeless c) ‘: @ ‘typeless’ was not
1 | declared

! return O, :

1 | € expected ', or
:\ ! before {

——————————————————

well-formed fragment %° Syntax errors
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Syntax errors for correct fragments

——————————————————

r voidx foo(typeless c) @ ‘typeless' was not

\
|
1 | declared
| return O; :
L | € expected ', or
: ! before {
\ V4

——————————————————

well-formed fragment %% Syntax errors

Recovery  Recovery

Yellell IR R leTeMIq typeless c ) { return 0 ; }

Token index .



Our solution of speculating a context

———————————————

{

return O;

o = mm mm o = ==

e - - o e o o e o e .

— ey,

void* foo(typeless ¢)

-_———

well-formed fragment

L .

void

foo

(

typeless

return

; }lEOF‘

Token index
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No syntax errors for wrong fragments

——————————————————

 void foo(typeless ¢) Q
L1 :
| shadowed syntax o
| errors :
:\ } |

- - - - O . . . . . e . e



No syntax errors for wrong fragments

——————————————————

|
|
shadowed syntax o
| -
errors .
I

- - - - O . . . . . e . e

ill-formed fragment *¥) No syntax error

Recovery Recovery

void [jele; typeless c ) { shadowed syntax errors } j30lz

Token index .



Our solution of speculating a context

pm o o = o o gy,

i

CITOI'S

N o e e e e e o e o Em o Em Em o oEm =

[ll-formed fragment

void foo(typeless c¢)

shadowed syntax

s o o o o o o o -

€ Expected
before ‘syntax’

¥/ Syntax error

Recovery

void

foo

(

typeless

C

)
shadowed ES7aiEYElafels 8 EOF

Token inc

eX
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Speculations and backtracking

« Speculation

= Guess entities for C++ identifiers

= Type, variable, method, field, namespace
 Backtracking

= Invalidate some speculations

= Modest number of backtrackings in practice
« Empirical evaluation

» 8 microbenchmarks and one realistic one
= 10-20% backtrackings over 136 fragments



Backtracking in practice

* 8 micro benchmarks
= 21 fragments
= 20% queries backtrack

» "Aggregate” operator in IBM InfoSphere
Streams

= 115 fragments
= 13% backtracking rate

« Modest rate of backtrackings



Classifying and handling error messages

Syntax

Lookup

Shadowing

Non-
shadowing

expected ;'
before {’

‘typeless' was
not declared

function ‘typeless’
was duplicated

‘foo' declared
void

Forward to
programmers

Eliminate them
by speculating
a proper
context.

Ignore
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Feasibility of classifying error messages

Dozens of regular expressions
cover 384 critical error messages

1 E A B
[ T e
I e < .F"'.M' el clinpnose
eyl e licl_ivpe mme
I u.':c E e
F il ime_lookup i
n bie_id ermr |
i e J— Error Call Syntax Semantics
OTHERS 0 mecptied dingnose Context Sites | Parsing Post-Parsing Lookup Othgr Shadow MNon-Shadow
. s imva il _iwpe mome A 27 AT s C -
] B 176 ( 176 | f \
e C o2 |1 73 I 17 | 1] 1
dheck D 232 3 2 17
KM L. e mpikibe b E 5 I I I 5 I
[ nmete s F 2 1 | 2 |
i ] G ar [ I 4
o lified e lifiec] — H 2 | 2 |
mme_lookup_ | ermen| | M | name_loolap r IF ) I BN | | 3
emmor | | ermor ot J 4 I 4 I
K 3|l I I 3 I
F L a 5
- M 2 I | | | 2
||||||| B N 71 I I I T1
0 125 1 | \ 7 117
P 1012 ) s1 /1 961
- — - A

Abstracted call graph er Mapping from call sites to
printing error message in g++ error classes
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Outline

 Enforcing hygienic macro expansion
= Discovering captured names
* Propagating free names

* Summary



Unhygienic macro expansion

———————————————————————————————————

\ P \
|

code<cpp,stmt> fail() { !
return swap( ||

[ code<cpp,stmt> swap(
code<cpp,id> X,
code<cpp,id>vy) {

| |
: \ 1+ “cppltempl, II
return “cpp(stmt) [{ + | coplil): ::
L inttemp = $x; B ::
: $X — $y, : : !
L $y = temp; ! !
i)
A macro function An unhygienic macro

expansion



Unhygienic macro expansion

'/code<cpp,stmt> swap(* '/{
code<cpp,id> X, int temp = temp;

code<cpp,id>vy) {

l | |
. return ‘cpp(stmt) [ { | , emp = " |
! . a ! ! | = temp; !
' inttemp = $x; | ! ) :
L $x = $y; ! | :
By = temp; | | |
M A
A macro declaring Expanded code
a local variable (temp) containing accidental

name capture
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Constraints for unhygienic expansion

———————————————————————————————————

\ / \

code<cpp,stmt> fail() { !
return swap( ||

/

code<cpp,stmt> swap(
code<cpp,id> X,
code<cpp,id>vy) {

| ‘I |

: A

: I : . ||
: \ ! ! CDD[temD] ’ I
: return cop(stmt) [ 1 i ‘coplil); |
,int temp = $x; A ll
L $x = By L r
L $y = temp: o !
N ) 2NN /
A macro generating A macro generating
captured name constraints free name constraints

captured: x # temp

A conflict indicates that the macros are not hygienic



'/code<cpp,stmt> swap(*

Captured name constraints

—————————————————

N

code<cpp,id> x,
code<cpp,id>vy) {

return “cpp(stmt) [ 1

—-— - _-—em o o = =

int temp = $x; captured: x; # temp

$x = By; | i How do we discover
$y = temp; [ that temp is captured
il / at the first blank?

—————————————————

A macro declaring
a local variable (temp)
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Oracle analysis for captured names

———————————————

———————————————

P ERRREEEDEEED . / void _id0_() { \ @ L wes
: \Cpp(stmt) [ { : : If (1) { : Nnot declare
: inttemp=%$x;! | . B 0 € _d2. was
i $x = By, L I?:;;er?pi;;.emp'i @ not declared
: $y — temD; : i L - - : €R ' id3 ‘' was
N R _1d3_= temp; : < not declared
N . , | } else ; |

Fragment ‘\\} /,' @’7 No lookup

error for
temp

captured 7 temp_ [y

Oracle query
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- e = o =y,

Finding out free names

— e s o o o o oy, - o O O . . .

. v RO N l@ ‘temp’ was
cpp(id) [ ' void _id0_() { ! @ ot declared
temp . return temp; |

] | ! } | @ Lookup
________ J ' K error for

Fragment temp

Oracle query



Propagating free name constraints

‘cppltemp] ={ Oracle analysis

—-— e E— o o e = = =

Fragment
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Propagating free name constraints

Oracle analysis

————————————————

Swap macro

—————

temp is free

Dataflow analysis
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Summary

« Macros in programming languages

= Simple, elegant core language

= Abstraction and interoperability

= Tradeoff between safety and encapsulation
e Qur approach in Marco

= Representing marcos as tokens

= Offloading analyses to target-language processors
« Oracle analysis in practice

= Context-sensitivity in C/C++

= Speculations and backtracking

= Classifying error messages



