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Code	{Search,	Intelligence,	Review}
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About Me

Automated
Program	{Transformation,	Analysis,	Repair}
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About Me

My	favorite	color	is	OCaml

I	<3	developer	tools
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Code	changes.	

About You
(and this talk)



All	the	time.
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Code	changes.	

About You
(and this talk)
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About You
(and this talk)

change	is	the	only	constant
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About You
(and this talk)

change	is	the	only	constantcode
^
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https://drive.google.com/open?id=1ziCX

ghgdNwheDCnLy1ml5us8fGBzW3CU

See	the	link	for	demo	video

https://drive.google.com/open?id=1ziCXghgdNwheDCnLy1ml5us8fGBzW3CU


Have	this	for	any	language
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Have	this	for	any	language
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What I’d like you to take away from this talk: 
A new way to change code

1. A	deeper	understanding	of	program	syntax,	manipulation,	
and	challenges

2. My	solution	for	manipulating	syntax
– Exposure	to	neat	ideas	in	a	functional	paradigm

3. Practical	tooling	&	demos
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“What	are	sensible	choices	for	
program	syntax	and	semantics	if	the	
No.	1	concern	is	changing	code?”
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Narrator:	they	were	not	avoided
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Just one example:
concrete syntax                  abstract syntax tree

if (condition) {
return;

if

condition return

if (condition) {
return;

}

diverges

parse

parse
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Just one example:
concrete syntax                  abstract syntax tree

if (condition) {
return;

if

condition return

if (condition) {
return;

}

diverges

parse

parse

More	work	for	analysis	tools	



Multiple languages?

20
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Well…
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But	wouldn’t	it	be	nice	if…
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No	one	wrote	a	tool	yet
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https://drive.google.com/open?id=1xu0
Vt_XXyY_9iVT7wmYhSWRfc0cyvltM

See	the	link	for	demo	video

https://drive.google.com/open?id=1xu0Vt_XXyY_9iVT7wmYhSWRfc0cyvltM
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Syntax	extensions

No	one	wrote	a	tool	yet

PEP	572
if (match := pattern.search(data)) ...
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Syntax	extensions

No	one	wrote	a	tool	yet

Inline	assembly?

if (ZEND_CONST_COND(offset == 0, 0)) 
{
__asm__ ("mul" LP_SUFF  " %3\n\t"
"adc $0,%1"
: "=&a"(res), "=&d" (m_overflow)
: "%0"(res),
"rm"(size));

}
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Inline	assembly?This	is	why	we	can’t	have	nice	things



30

Lightweight	Syntax	
Transformations	&	Tooling
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Example: 
Remove redundant nil checks in Go

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}

}
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Example: 
Remove redundant nil checks in Go

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}

}

Omit	redundant	nil	
check	around	loop
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if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}
}

Omit	redundant	nil	
check	around	loop

Example: 
Remove redundant nil checks in Go

https://staticcheck.io/docs/gosimple#S1031
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Implementation for redundant checks
func (c *Checker) LintNilCheckAroundRange(j *lint.Job) {

fn := func(node ast.Node) bool {
ifstmt, ok := node.(*ast.IfStmt)
if !ok {

return true
}
cond, ok := ifstmt.Cond.(*ast.BinaryExpr)
if !ok {

return true
}
if cond.Op != token.NEQ || !IsNil(j, cond.Y) || len(ifstmt.Body.List) != 1 {

return true
}
loop, ok := ifstmt.Body.List[0].(*ast.RangeStmt)
if !ok {

return true
}
ifXIdent, ok := cond.X.(*ast.Ident)
if !ok {

return true
}
rangeXIdent, ok := loop.X.(*ast.Ident)
if !ok {

return true
}
if ifXIdent.Obj != rangeXIdent.Obj {

return true
}
switch j.Program.Info.TypeOf(rangeXIdent).(type) {
case *types.Slice, *types.Map:

j.Errorf(node, "unnecessary nil check around range")
}
return true

}
for _, f := range c.filterGenerated(j.Program.Files) {

ast.Inspect(f, fn)
}

}



func (c *Checker) LintNilCheckAroundRange(j *lint.Job) {
fn := func(node ast.Node) bool {

ifstmt, ok := node.(*ast.IfStmt)
if !ok {

return true
}
cond, ok := ifstmt.Cond.(*ast.BinaryExpr)
if !ok {

return true
}
if cond.Op != token.NEQ || !IsNil(j, cond.Y) || len(ifstmt.Body.List) != 1 {

return true
}
loop, ok := ifstmt.Body.List[0].(*ast.RangeStmt)
if !ok {

return true
}
ifXIdent, ok := cond.X.(*ast.Ident)
if !ok {

return true
}
rangeXIdent, ok := loop.X.(*ast.Ident)
if !ok {

return true
}
if ifXIdent.Obj != rangeXIdent.Obj {

return true
}
switch j.Program.Info.TypeOf(rangeXIdent).(type) {
case *types.Slice, *types.Map:

j.Errorf(node, "unnecessary nil check around range")
}
return true

}
for _, f := range c.filterGenerated(j.Program.Files) {

ast.Inspect(f, fn)
}

}
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ast.BinaryExpr Know	the	AST	data	
structure

Implementation for redundant checks



func (c *Checker) LintNilCheckAroundRange(j *lint.Job) {
fn := func(node ast.Node) bool {

ifstmt, ok := node.(*ast.IfStmt)
if !ok {

return true
}
cond, ok := ifstmt.Cond.(*ast.BinaryExpr)
if !ok {

return true
}
if cond.Op != token.NEQ || !IsNil(j, cond.Y) || len(ifstmt.Body.List) != 1 {

return true
}
loop, ok := ifstmt.Body.List[0].(*ast.RangeStmt)
if !ok {

return true
}
ifXIdent, ok := cond.X.(*ast.Ident)
if !ok {

return true
}
rangeXIdent, ok := loop.X.(*ast.Ident)
if !ok {

return true
}
if ifXIdent.Obj != rangeXIdent.Obj {

return true
}
switch j.Program.Info.TypeOf(rangeXIdent).(type) {
case *types.Slice, *types.Map:

j.Errorf(node, "unnecessary nil check around range")
}
return true

}
for _, f := range c.filterGenerated(j.Program.Files) {

ast.Inspect(f, fn)
}

}

36

ast.Inspect

Learn	the	visitor	API

ast.BinaryExpr Know	the	AST	data	
structure

Implementation for redundant checks



func (c *Checker) LintNilCheckAroundRange(j *lint.Job) {
fn := func(node ast.Node) bool {

ifstmt, ok := node.(*ast.IfStmt)
if !ok {

return true
}
cond, ok := ifstmt.Cond.(*ast.BinaryExpr)
if !ok {

return true
}
if cond.Op != token.NEQ || !IsNil(j, cond.Y) || len(ifstmt.Body.List) != 1 {

return true
}
loop, ok := ifstmt.Body.List[0].(*ast.RangeStmt)
if !ok {

return true
}
ifXIdent, ok := cond.X.(*ast.Ident)
if !ok {

return true
}
rangeXIdent, ok := loop.X.(*ast.Ident)
if !ok {

return true
}
if ifXIdent.Obj != rangeXIdent.Obj {

return true
}
switch j.Program.Info.TypeOf(rangeXIdent).(type) {
case *types.Slice, *types.Map:

j.Errorf(node, "unnecessary nil check around range")
}
return true

}
for _, f := range c.filterGenerated(j.Program.Files) {

ast.Inspect(f, fn)
}

}
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Implement	it	in	
your	language

ast.Inspect

ast.BinaryExpr

Learn	the	visitor	API

Know	the	AST	data	
structure

Implementation for redundant checks



func (c *Checker) LintNilCheckAroundRange(j *lint.Job) {
fn := func(node ast.Node) bool {

ifstmt, ok := node.(*ast.IfStmt)
if !ok {

return true
}
cond, ok := ifstmt.Cond.(*ast.BinaryExpr)
if !ok {

return true
}
if cond.Op != token.NEQ || !IsNil(j, cond.Y) || len(ifstmt.Body.List) != 1 {

return true
}
loop, ok := ifstmt.Body.List[0].(*ast.RangeStmt)
if !ok {

return true
}
ifXIdent, ok := cond.X.(*ast.Ident)
if !ok {

return true
}
rangeXIdent, ok := loop.X.(*ast.Ident)
if !ok {

return true
}
if ifXIdent.Obj != rangeXIdent.Obj {

return true
}
switch j.Program.Info.TypeOf(rangeXIdent).(type) {
case *types.Slice, *types.Map:

j.Errorf(node, "unnecessary nil check around range")
}
return true

}
for _, f := range c.filterGenerated(j.Program.Files) {

ast.Inspect(f, fn)
}

}
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Now	do	the	same	for	
Rust,	C,	Haskell…	

Implement	it	in	
your	language

ast.Inspect

Learn	the	visitor	API

ast.BinaryExpr Know	the	AST	data	
structure

Implementation for redundant checks
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if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}
}
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Solution: syntactically close templates

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for _, x : = range s {

…
}
}

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for :[x] : = range :[var] {

:[body]
}
}



bit.ly/2O2l7Co
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https://drive.google.com/open?id=19X9
YL2tZmfOCvK8GxL8OEnUkUB88SC3n

See	the	link	for	demo	video

https://drive.google.com/open?id=19X9YL2tZmfOCvK8GxL8OEnUkUB88SC3n
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Syntax	only

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for :[x] : = range :[var] {

:[body]
}
}
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if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for :[x] : = range :[var] {

:[body]
}
}

Nothing	about	this	is	Go	specific
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if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

if s != nil {
for _, x : = range s {
…

}
}

if s != nil {
for :[x] : = range :[var] {

:[body]
}
}

Nothing	about	this	is	Go	specific
(syntactically)
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if s != nil {
for _, x : = range s {
…

}
}

if (:[x].length != 0)

if s != nil {
for _, x : = range s {
…

}
}

if (:[x].isNotEmpty)
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if s != nil {
for _, x : = range s {
…

}
}

(= :[x] nil)

if s != nil {
for _, x : = range s {
…

}
}

(?nil :[x])
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if s != nil {
for _, x : = range s {
…

}
}

.filter(:[x]).size

if s != nil {
for _, x : = range s {
…

}
}

.count(:[x])



51https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags

https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags

https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags
https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags
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https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags

https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags
https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags
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A	Parser	for	Multiple	Languages
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• Shared	context-free	language	properties
–Balanced	delimiters
–Delineate	trees

A parser for multiple languages



( )
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• Shared	context-free	language	properties
–Balanced	delimiters
–Delineate	trees

• Take	a	parenthesis	language															extend	it

A parser for multiple languages
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PLDI	‘19



57https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags

https://stackoverflow.com/questions/1732348/regex-match-open-tags-except-xhtml-self-contained-tags
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A simple grammar

grammar	::= term*	EOF
term	::= '('	term	')'	| '{'	term	'}'	| '['	term	']’	| term	term	|	token
token	::= …
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A simple grammar

grammar	::= term*	EOF
term	::= '('	term	')'	| '{'	term	'}'	| '['	term	']’	| term	term	|	token
token	::= anything_else



Example parse tree for Go code

60

func main() { fmt.Println("hello world") }
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Decompose	with	respect	to	delimiters

Example parse tree for Go code
func main() { fmt.Println("hello world") }



X

62

func main { fmt.Println("hello	world.								")		}
fmt.Println("hello	worl.					) x

"hello world" 

()

func main() { fmt.Println("hello world") }

Example parse tree for Go code



X
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func main { fmt.Println("hello	world.								")		}
fmt.Println("hello	worl.					) x

"hello world" 

()

func main() { fmt.Println("hello world") }

grammar	::= term	EOF
term	::= '('	term	')'	| '{'	term	'}'	| '['	term	']’	|	term	term | token
token	::= anything_else

Example parse tree for Go code
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if s != nil {
for _, x : = range s {
…

}
}

if (:[x].length != 0)

if s != nil {
for _, x : = range s {
…

}
}

if (:[x].isNotEmpty)

if s != nil {
for _, x : = range s {
…

}
}

(= :[x] nil)

if s != nil {
for _, x : = range s {
…

}
}

(?nil :[x])

if s != nil {
for _, x : = range s {
…

}
}

.filter(:[x]).size

if s != nil {
for _, x : = range s {
…

}
}

.count(:[x])
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How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}
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Parser Combinators

Model	parsers	as	functions	that	can	be	
composed	using	higher-order	functions	
(combinators)	to	implement	grammar	
constructions.

Does	anybody	know…?
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Parser Combinators are 
polymorphic in their production

A	parser	for	an	int…
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A	parser	for	a	string…

Parser Combinators are 
polymorphic in their production
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A	parser	for	an	expression…

Parser Combinators are 
polymorphic in their production
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Parser Combinators are 
polymorphic in their production

A	parser	for	an	expression…
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A	parser	an	expressionfor	parsers

Parser Combinators are 
polymorphic in their production
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How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	an	if
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	an	if

Produce	a	parser	for	“if”
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	whitespace
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	whitespace

Produce	a	parser	for	whitespace
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	a	hole
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	a	hole

Produce	a	parser	to
match	&	store	text
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	balanced	{}
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}

Parse	balanced	{}

Produce a parser
for balanced {}
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This defines a parser

How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}
Chain	all	the	parsers…
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How to match
declarative templates          source code?

if s != nil {
for _, x : = range s {
…

}
}

if :[var] != nil {
for :[x] : = range :[var] {

:[body]
}

}
Chain	all	the	parsers…

Parser Parser Combinators
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Where	is	the	complexity?

So	why	hasn’t	someone	done	this	yet?
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// 1) More comments more problems
printf(/* arg 1) */ "1) unbalanced \"parens\" (");
// 1) More comments more problems
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// 1) More comments more problems
printf(/* arg 1) */ "1) unbalanced \"parens\" (");
// 1) More comments more problems
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// 1) More comments more problems
printf(/* arg 1) */ "1) unbalanced \"parens\" (");
// 1) More comments more problems

#	in	python
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// 1) More comments more problems
printf(/* arg 1) */ "1) unbalanced \"parens\" (");
// 1) More comments more problems



90https://xkcd.com/1171/

https://xkcd.com/1171/


ff
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(emphasis	mine)

https://xkcd.com/1171/
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https://drive.google.com/open?id=1EGh
rBfxw_GQqeH5aWEFLfHSzYBKCjRyz

See	the	link	for	demo	video

https://drive.google.com/open?id=1EGhrBfxw_GQqeH5aWEFLfHSzYBKCjRyz
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Small parsers handle syntax 
idiosyncracies across languages
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Small parsers handle syntax 
idiosyncracies across languages

let	user_defined_delimiters	=	[	"(" ,	")";	"{" ,	"}";	"["	,	"]"]

let	string_literals	=	["\"";	"'"]	

let	raw_string_literals	=	["`",	"`"]

let	comment_parser	=	[	Multiline	("/*" ,	"*/")	;	Until_newline	"//"]
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Small parsers handle syntax 
idiosyncracies across languages

And embed into a parser skeleton

let	user_defined_delimiters	=	[	"(" ,	")";	"{" ,	"}";	"["	,	"]"]

let	string_literals	=	["\"";	"'"]	

let	raw_string_literals	=	["`",	"`"]

let	comment_parser	=	[	Multiline	("/*" ,	"*/")	;	Until_newline	"//"]
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Designing a multi-language 
representationReal	world	application
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• Top	100	GitHub	repos	for	12	languages
–1,200	repos

• One	to	three	rewrite	rules	per	language

• 280	million	lines	of	code	parsed

• 42	minutes	(20	cores)

Large scale application

Go,	Dart,	Julia,	JS,	Rust,	Scala,	Elm,	
OCaml,	C,	Clojure,	Erlang,	Python
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Large scale application
• Pull	requests	to	50	unique	repositories
–Merged	~40	PRs

https://github.com/squaresLab/pldi-artifact-2019/blob/master/PullRequests.md
https://catalog.comby.dev/
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Large scale application
• Pull	requests	to	50	unique	repositories
–Merged	~40	PRs
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Demo:	end-to-end	with	nested	rewrite
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https://drive.google.com/open?id=14Up
dLtYA-2YD71AUDawt_zh0D_SCSZ7C

See	the	link	for	demo	video

https://drive.google.com/open?id=14UpdLtYA-2YD71AUDawt_zh0D_SCSZ7C


Summary

https://github.com/comby-tools/comby @rvtond


