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The problem
What do you want?

Interactive, mutual-dependent analyses
& transformations
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From batch to interactive

frontend backend interactive, mutual-dependent
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From batch to interactive

limitations of application
open research question

.model 6f language | : interactive, mutual-dependent
(dbstract sgntax grdph) " analyses & transformations
* Ty “ .

transformations invalidate analyses

automatically deduced \1
dependencies

language processor



The solution
What is RAG-controlled rewriting?

Reference attribute grammars, abstract
syntax graphs, RAG-controlled rewriting
& RACR!

1 https://github.com/christoff-buerger/racr




Reference attribute grammars & ASGs

Program
decl a : integer
Begin
use b ; Error
use a
decl a : real
use a

End
use a
decla:real; Error
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Reference attribute grammars & ASGs
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Reference attribute grammars & ASGs
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RAG-controlled rewriting

* RAG-controlled rewriting = RAGs + rewriting
— RAG for declarative analyses
— graph rewriting for declarative ASG transformations

— seamless combination:
* use of analyses to deduce rewrites
' _ mutual control
* rewrites automatically update analyses

>> incremental



RACR

Reference implementation of RAG-controlled
rewriting in Scheme.

https://github.com/christoff-buerger/racr




The implementation
How works RAG-controlled rewriting?

Dynamic attribute dependency graphs &
incremental evaluation



Query & rewrite functions

well balanced set of functions

query functions to access ASG rewrite functions to change ASG
add dependencies on queried > < invalidate attributes depending on
information rewritten information

query functions

only way to query ASG
used in attribute
equations

dynamic attribute
dependency graph

rewrite functions

* only way to change ASG
e used for
transformations

invalidate

demand-driven evaluation avoids unnecessary computations



Query & rewrite functions

guery functions rewrite functions
(=Name n . a) value of attribute Name (r-subtree n1 n2) replace nl1 by n2
(->cn) child ¢ of n (c can be index) (r-terminal t v) replace value of terminal t
(<- n) parent of n i

(->c?n) has n a c child (c can be index)

dependency types



Dynamic attribute dependency graphs

(ag-rule G-Decl ; Inherited attribute
((Block Stmt*) ; Equation for statements of blocks
(lambda (n name)
(or (find-L-Decl name (<- n) (index n))
(=G-Decl (<- (<- n)) name))))
((Prog Stmt*) ; Equation for statements of programs
(lambda (n name)
(or (find-L-Decl name (<- n) (index n))
(->DErr (<- (<-n)))))))

gueried
information BN (ag-rule L-Decl ; Synthesised attribute
R (Stmt (lambda (n name) #f))
(Decl (lambda (n name)
(if (=? (->name n) name) n #f))))

(ag-rule Type ; Synthesised attribute
(Use (lambda (n) (=Type (=G-Decl n (->name n)))))
(Decl (lambda (n) (->type n)))
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Dynamic attribute dependency graphs

Integer

11

(ag-rule G-Decl ; Inherited attribute
((Block Stmt*) ; Equation for statements of blocks
(lambda (n name)
(or (find-L-Decl name (<- n) (index n))
(=G-Decl (<- (<- n)) name))))

((Prog Stmt*) ; Equation for statements of programs
(lambda (n name)
(or (find-L-Decl name (<- n) (index n))
(->DErr (<- (<-n)))))))

(ag-rule L-Decl ; Synthesised attribute
(Stmt (lambda (n name) #f))
(Decl (lambda (n name)
(if (=? (->name n) name) n #f))))
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Dynamic attribute dependency graphs

(ag-rule G-Decl ; Inherited attribute
((Block Stmt*) ; Equation for statements of blocks
(lam*2da (n name)
(or (find-L-Decl name (<- n) (index n))
(=G-Decl (<- (<- n)) name))))
((Prog S mt*); Equation for statements of programs
(lam (n name)
(¢ 1-L-Decl name (<- n) (index n))

T (<= (<-n))))))

dynamic dependencies (short
circuit evaluated control-flow)

(ag-rule L-Decl ; Synthesised attribute
(Stmt (lambda (n name) #f))
(Decl (lambda (n name)
(if (=? (->name n) name) n #f))))

(ag-rule Type ; Synthesised attribute
(Use (lambda (n) (=Type (=G-Decl n (->name n)))))
(Decl (lambda (n) (->type n)))

never queries
G-Decl of enclosing block




Dynamic attribute dependency graphs
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Incremental evaluation
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Incremental evaluation
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Incremental evaluation

w is queried and
therefore
evaluated
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The application
How works RAG-controlled rewriting!

Pattern attributes, transformer
attributes & rewrite deduction



Pattern attributes

Attributes can arbitrary query ASGs:

— including structural relations (reference attributes) and
constraints (other attributes)

(ag-rule my-pattern ; Pattern attribute
(node-type-to-check-pattern-for
(lambda (n)
; Query ASG and check constraints.
; Return nodes relevant for rewriting.

))

incremental evaluation >> pattern can be deduced
>> incremental pattern matching using analyses




Transformer attributes

Attribute values can be functions encapsulating
deduced transformations.

(ag-rule my-transformation ; Transformer attribute
(node-type-to-derive-transformation-for
(lambda (n)
; Match fragments to transform (e.g., using pattern attributes).

(and
match? ; If transformation is not applicable return false, ...
(lambda () ; ... otherwise a deduced function encapsulating rewrites.
; Apply rewrites on matched fragments.

M)

incremental



From programmed through RAG-
controlled to ‘wild” graph rewriting

programmed rewriting via primitive API

; Program with arbitrary interleaving of ASG queries & rewrites:
(let ((c (->child n)
(n (if (=conditional-attribute c)
(=reference-attribute-1 c) (=reference-attribute-2 c)))
(r-subtree n some-new-fragment))

RAG-controlled rewriting

; Interactive use of pattern & transformer attributes:
(let ((trans? (find (lambda (n) (=transformer n)) nodes))
(and trans? (trans?)))

wild rewriting (fixpoint)

; Use generic graph rewriter with transformer attributes:
(rewrite-all ‘bottom-up list-of-transformer-attributes ASG)

all forms supported by RACR




The evaluation
What is your proof of concept?

fUML Activity Diagrams* of TTC 2015,
questionnaires! of LWC 2013,

energy auto-tuning case study

1 https://github.com/christoff-buerger/racr




8t Transformation Tool Contest

Task: execution of fUML Activity Diagrames.

/inputinternal : Boolean [ =true )

local notinternal : Boolean = false
i t
assu_]n o authorize
project payment
external merge final
e N

( register
. (notinternal =
k I'internal)
[internal]
= add to |
get welcome - website J manager manager
package e ~N interview report
= assign to
fork  \_Proect _J " join

o 4

[notinternal]

initial decision

RACR solution: use enabled analyses to guide
incremental state transformations.



gth Transformat'ion

8" Transform 1 Tool Contest
P TIC 2015 M
Contest Award
This document certifies that the

award for

THe OVERALL.  (ouheaTy  ArARD  FTR

THE oo EXETIION _CASE SRPY

has been won by
RACR

Participating team members:

CrRigior=  BORSER.

Location: £’ Aquila, Italy
Date: 24.07.2015
Organizing Committee:
Tassilo Homrn, Filip Krikava, Louis Rose

Tool Contest

Reference
Christoff Blrger

fUML AcTiviTY DIAGRAMS WITH
RAG-CONTROLLED REWRITING:

A RACR SoLUTION OF THE TTC
2015 MoDEL EXEcUTION CASE

CEUR-WS.org, 2015



Language Workbench Challenge 2013

O @ AQuestionnaire O] @ AQuestionnaire O @ AQuestionnaire O @ AQuestionnaire
1: String | # 1: String Hello 1: String Hello 1: String Hello
2: String #f 2: String World 2: String World 2: String World
3= $1++82: #f 3= $1++%2: Hello World 3= $1++%2: Hello World 3= $1++$2: Hello World
4: Number #f 4: Number 23 4: Number 23 4: Number 23
5: Number #f 5: Number 12 5: Number 12 5: Number 12
6= 94 * $5: #f 6= %4 * $5: 276 6=$4* $5: 276 6=$4 " $5: 276

7: Boolean 7: Boolean 7: Boolean 7: Boolean

8: Boolean 8: Boolean 8: Boolean 8: Boolean
11 again: Number #f 10: Number | #f 10: Number 1 11 again: Number #f
13: String #f 11= $6 - $10: #f 11=$6 - $10: 275 13: String #f

12 again: Boolean 13: String | #f 12: Boolean 12 again: Boolean
12 again: Boolean 13: String #f

RACR solution: incremental update of computed
values & rendering.



Energy auto-tuning case study

events y
(indexing requests,\ <
device removed/
unavailable, etc.) Sl

Reference
2 Christoff Blrger et al.
%, USING REFERENCE
% ATTRIBUTE GRAMMAR-

CONTROLLED REWRITING
FOR ENERGY AUTO-TUNING
updgtes

e N 10th International
5 Workshop on
Models@run.time,

CEUR-WS.org, 2015
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virtual world

RACR solution: incremental energy efficient scheduling
of indexing tasks.



The intention
What are you up to?

RAG-controlled rewriting for
incremental runtime models



Intended application: runtime models

limitations of application
open research question

interactive, mutual-dependent
analyses & transformations

transformations invalidate analyses

EENAES updates

world model & controller




The conclusion
What was it all about?

RAG-controlled rewriting enables incremental,
interactive, mutual-dependent analyses and
transformations



What was it all about?

RAG-controlled rewriting

e enables interactive, mutual-dependent ANALYSES and
TRANSFORMATIONS

* by seamlessly combining REFERENCE ATTRIBUTE GRAMMARS
and GRAPH REWRITING
— such that ANALYSES CAN GUIDE AND DEDUCE REWRITES
— and REWRITES UPDATE ANALYSES they influence
* using a well-balanced set of QUERY- and REWRITE-
FUNCTIONS
— constructing a DYNAMIC ATTRIBUTE DEPENDENCY GRAPH
— that can be used for DynAMIC ATTRIBUTE INVALIDATION
— achieving INCREMENTAL ANALYSES AND TRANSFORMATIONS

incremental, interactive, mutual-dependent analyses and transformations




Backup slides

Dynamic dependency over-
approximations



Dynamic dependency over-
approximations

declaration is
deleted

always invalidate when
queried information
changes

= dynamic depgndgncy over-
] approximations

-
.OmzR . nong - ngEgonn

pessimistic (correct), generic, algorithmic approach,
not dynamic invariant proof




