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Program generation —
A use case at Facebook

* Purpose of generation: typed data access ("O/R mapping” etal.)




Generate access code from schema

class UserSchema extends NodeSchema {
protected function getFields(): Map<string, INodeField> {
return Map{

VWe lllustrate the use

'Name' => string_field('name') case \!Mlm opel
->description('Full name of the user') source software.

->example('John Smith'),
'Birthdate' => timestamp_field('birthdate')->optional(),
'Gender' => int_enum_field('gender', UserGender::class),
s
}
}

class UserNode extends Node {

public function getName(): string {
return $this->data['name'];

}

public function getBirthdate(): ?int{
return $this->datal['birthdate'] === 0 ? null : $this->data['birthdate'];
}
}


https://code.facebook.com/posts/1624644147776541/writing-code-that-writes-code-with-hack-codegen/

The underlying codegen library

For example, this:

hack _builder()
->startForeachLoop( '$users', '$id', '$user’')
->startIfBlock('$id === $search')
->addReturn('$id")
->endIfBlock()
->endForeachLoop();

We Illustrate the use
. generates this code: case with open-
source software.

foreach ($users as $id => $user) {
if ($id === $search) {
return $id;
}.
}

https://code.facebook.com/posts/1624644147776541 /writing-code-that-writes-code-with-hack-codegen
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https://code.facebook.com/posts/1624644147776541/writing-code-that-writes-code-with-hack-codegen/

Signing of generated code

/ kX
¥ This file 1s generated. Do not modify 1t manually!
¥ Run php ./scripts/generate_code.php to regenerate
X
* @generated SignedSource<<d6168d52d82d350d4907c1e835f6f2f5>>
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We [llustrate the use
case with open-
source software.


https://code.facebook.com/posts/1624644147776541/writing-code-that-writes-code-with-hack-codegen/

Further reading

Introducing "hack-codegen’

* htips://code.facebook.com/posts/1624644147776541 /writing-code-that-writes-code-with-hack-codegen

Open source code base for hack-codegen

* https://github.com/hhvm/hack-codegen

Typed data access proof of concept (some form of EntSchema)

« https://github.com/hhvm/hack-codegen/tree/master/examples/dorm



https://code.facebook.com/posts/1624644147776541/writing-code-that-writes-code-with-hack-codegen/
https://github.com/hhvm/hack-codegen
https://github.com/hhvm/hack-codegen/tree/master/examples/dorm
http://hhvm.github.io/hack-codegen/
https://github.com/facebook/dataloader

Program generation challenges

not just necessarily within the chosen scope at Facebook

* Metaprogramming support?
e Customization of generated code”

* [ntegration of generation with development?
- Complexity of generator!
- Size of the generated code!

Let's look at these challenges, one by one,
in terms of the aforementioned use case
and its Facebook instance.
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Metaprogramming support?

Staging”
e Compile- or runtime generation may be too slow.
|t may disrupt development (e.g., source-code-based tooling).

* Staged programming support was not there to start with.

?




Customization of generated code

public function getName(): string {
/* BEGIN MANUAL SECTION User::geName x/
return $this->datal'name'];
/* END MANUAL SECTION x/

}

e Manual sections are removed from signature for signing.
e Signing helps with avoiding unintended changes.

~* Manual sections are kept when re-generating code. .'

case with open-
source software.



https://code.facebook.com/posts/1624644147776541/writing-code-that-writes-code-with-hack-codegen/

Integration of program generation
with development

+ We generate code to test generated code.
- Generated code may be out of sync with database.

- (Generated code may permit too much on database.




Complexity of generator

- Developers may face many ditterent files per schema.

- The code generator is tied into lifecycle management.




Size of the generated code

- We start to have a problem, when the size of
generated code is in the same ballpark as the size
of the genuine code. Think of the time to ...

* re-generate,
e teach IDE,




Wanted!

* Improvements:
e (Generate less code! Get in touch, if

nteresteda.

« Compile less code!
e \ersion-control much less code!




Towards a relatively
systematlc Hterature survey




Questions of interest — Broad category

* Does the approach address

* a case study (on program generation), or
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Questions of interest — Application domain

* |f the approach addresses a case study, then
e what is the underlying application domain®

e |f the approach addresses language support, then

* does it point at some application domain?




Questions of interest — Language aspects

 What is the object language”

 What is the metalanguage”?
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Questions of interest — Generation time

e |sthe code generated at ...

e (RT) run time or

 (CT) compile time or




Questions of interest — Customization

* |s customization of generated code facilitated, and, if so, ...
e |s customization achieved by
e some form of specialization (e.g., subclassing) or
e some form of code changes, and, if so, ...
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Questions of interest — Software engineering

 How is code generation addressed by the software building”

 How is code generation addressed by software testing”




Questions of interest — System design

* Does the generated code entalil ...
* a black/gray box (e.g., a parser) ...
* as a service or

~* atthe command line o




Venues

- GPCE htips://dblp.uni-trier.de/db/conf/gpce/

DSL https://dblp.uni-trier.de/db/conf/ds|

SAIG https://dblp.uni-trier.de/db/conf/saig/

GTTSE https://dblp.uni-trier.de/db/conf/gttse/

SLE https://dblp.uni-trier.de/db/conf/sle/



https://dblp.uni-trier.de/db/conf/gpce/
https://dblp.uni-trier.de/db/conf/dsl/
https://dblp.uni-trier.de/db/conf/saig/
https://dblp.uni-trier.de/db/conf/gttse/
https://dblp.uni-trier.de/db/conf/sle/
https://dblp.uni-trier.de/db/conf/pepm/
https://dblp.uni-trier.de/db/conf/icfp/
https://dblp.uni-trier.de/db/conf/popl/
https://dblp.uni-trier.de/db/conf/pldi/

GPCE 2017 papers

semantics
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[HSpiral] A Haskell Compiler for
Signal Transforms (GPCE'17)

» Domain: signal transforms (FFT)

e Meta: Haskell

 Object. Haskell, C, deep embedded DSLs




[CaVa] Automatic Generation of Virtual Learning Spaces
Driven by CaVaDSL: An Experience Report (GPCE'17)

 Domain: virtual learning spaces for cultural heritage

e Meta: Java




[Guix] Code Staging in GNU Guix (GPCE'17)

 Domain; OS configuration and system administration

e Meta: Scheme
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[PAX] Parser Generation by Example for Legacy Pattern
Languages (GPCE'17)

 Domain: parsing for legacy languages

» Meta: C# (for metamodel inference and C# generation)




[QSR] Quoted Staged Rewriting: A Practical Approach
to Library-De ned Optimizations (GPCE'17)

e [Domain: stream fusion

e Meta: Scala
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[MetaML] Refining Semantics for Multi-stage
Programming (GPCE'17)

 Domain: None (run-time code generation by staging)

e Meta: MetaML

Ll
a4 a - - ] ) S




[Haskino] Rewriting a Shallow DSL using a GHC
Compiler Extension (GPCE'17)

 Domain: embedded systems / microcontrollers

e Meta: Haskell




[Silverchain] Silverchain: A Fluent APl Generator
(GPCE'17)

 Domain: fluent APl generation

 Meta: not defined (Java?)




[SpiralS] Staging for Generic Programming in Space and
Time (GPCE"17)

 Domain: convolution on images and FFT

e Meta: Scala
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[Control] Staging with Control: Type-Safe Multi-stage
Programming with Control Operators (GPCE'17)

 Domain: None (run-time code generation by staging)

 Meta: None (a calculus in MetaML style)




[Tensor] Towards Compositional and Generative Tensor
Optimizations (GPCE'17)

 Domain: Tensor computations (quantum chemistry and
physics, big data analysis, machine learning,
computational fluid dynamics)

e Meta: Undefine







