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Problem: Reuse of Domain-Specific Analysis

Goal: Improving Reusability of Static Analysis for DSLs Example Analysis: Cycle Detection Example Analysis: Variable Shadowing

o different languages require same or similar analyses Language 1: Si Language 1: Java
e analyses not easily reusable since defined on ’

state public class A {

: . ] state protected int (X), - // field
domaln—speoﬂc COﬂCeptS tial stat public A(int (X)) {| // parameter public class B extends A {
) final state this.x = x; int (%) =-4; // field
: labeled transition } class C { @
. ' : ' B : void m() { private int X)= 5; // field
Example: Algorithm for cycle analysis Using str.ong.ly con \ T scc int G0=3; // local variable )
nected components within state machines, highlighting ) )
domain-specific parts Language 2: Java (For Packages and Classes) /
(excerpt from analysis for state machines) « same analysis on multiple structures within a language Language 2: Modelica
void [Statel.traverse(Map</Statel, Set</State>> visited, o standard analysis in analysis tool, e.g., SonarQube model EnclosingClassLookupShadowedConstant
Deque<iState> locked) { constant Real ¥»= 4.0; // declare constant variable x
visited.put(this, null); S e TRl s o - - } . . nodel A S 1
for.' (Tra.ns.ition T getOutgoingList()) { o e s R - Real ®)= 3.0; // declare variable x, shadowing xq in 1ine 2
if (!visited. contalnsKe.y(.t .getTo())) { s ‘a S a:,_i_:_ 5 model B
t.getTo()] traverse(visited, locked); e '3 B BN Real y = X; // refers to x» in line 4 illegally, since
\ } S end B; // references to enclosing scopes must be constant
< 4 B b
locked.addFirst(this); }'j end A
} b A a:
V“', ’ end EnclosingClasslLookupShadowedConstant;
Static Analysis Approaches
External Visitor Attribute Grammar Higher-Order Attribute and Relations Intermediate Representation
- n-specifi . n-specif te_[Aralsi ol - — i
— doma//j specific doma//j specific | Ez}ie; n?yys(l)s + problem-specific analysis R e + doma/p independent
—— [ 2NANYSIS N spects | ANalysis 5 + separated analysis “|[abs0]  analysis
L1\ invoke + separated analysis weave ana'yseO — combined analysis and traversal [l | — requires construction
[ and traversal “ and traversal — problem-specific [ of IR
mapping/view required
Solution: Mappings from Domain- to Algorithm-specific Data Structure using Relational RAGs
Shadowing Analysis SCC Analysis ] ]
(B — Source Code for State Machine Dependency Analysis
/ \ / \ State machine grammar
@ .::. @ StateMachine ::= Elementx*;
Scope Shadowing Dependency SCC attribute abstract Element ::= <Label:String>;
rammar analysis attribute graph grammar State : Element
g y Transition : Element;
Grammar Mapping and NTA Combined Grammar Mapping and NTA Combined Grammar ::i Kzgitigg:EQOT_:_SSE?;SE;?EQZ?*;
rel StateMachine.Initial -> State;
class X ...end X; -—{ ) rel StateMachine.Final* -> State;
Modelica mapping
m\ Dependency graph grammar
Modelica i
7t ] i m) angusge DependencyGraph ::= Component*;
g momca Component ;
Modelica P e Resulting Modelica grammar rel Component.From* <-> Component.To*;
A NTA for Modelica with scope analysis
0 — Mapping from problem-specific to domain-specific grammar
class package
Java scope mapping il E_H_' - @ rel [Component|.State -> [State;
p— Class and package mapping ! .:A/. rel |DependencyGraph|.StateMachine -> StateMachine;
- (eclasscr)
/ \ — — Higher-order (nonterminal) attribute to derive the
- : dependency analysis structure
Java Resulting Java grammar AU il PR Java \ / o e
NTA for Java st saee aElEE @ syn lazy [DependencyGraph| [StateMachine|.dependencyGraph() {
Java grammar Resulting grammar with DependencyGraph dg = new DependencyGraph();
class and package dg.setStateMachine(this) ;
NTA for class ] L dependency analysis Map<State, Component> componentMap = new HashMap<>();
for (State s: states()) {
A C | o Component n = new Component();
O Q @ _ n.setState(s);
(Slf)jte nizpplint, dg.addComponent(n) ;
componentMap.put(s, n);
)
for (Transition t: transitions())
State machine Resulting state machine componentMap.get(t.getFrom()).addTo(componentMap.get(t.getTo()));
grammar grammar with cycle return dg;
NTA for state detection analysis }
Relational Reference Attribute Grammar System Evaluation Results for Cycle Analysis for Java
o Java-based reference attribute grammars ~ Input r J} // grammar e 112 well-known Java programs & +gttribute Grammar O o 10?
o . . . - : )  © Our approach 1 N 5 70
» definition of derived attributes in aspects Grammar relast| |Aspect.jadd R00t 1in A% B Eake” fro{ﬁ the Qualitas C(;rpus E 10000 1 | oo
, ' . , , | A ::= <Name:Strings: Www.qualltascorpus.com w 1,000 .
° f‘ft%bmesd Synth||eS|Z¢d, m.herl'ted, reference, Attribute.jragJJ B ::= <Name:String>; e analysis time after parsing all = in 1 %
igher-order, collection, circular, ... ( RelflST] source files in each program § 00 e o o 4 -10%
. 1ati Tar=% i - Si fD d Graph
Relational RAGs Preprocessor RelAST [2] Generated l l e ’ Ejigg”aebpmaatﬁméfkifgrad?gl?fy R
. " — rel A.r1 =s B: , ’ — Type Analysis Time and Overhead
® preproces;or prOducmg §§jd|tlcl)n.a| aSPECtS Grammar.ast| |Relations.jadd rel A.r2? > B on the domam_gpegﬂc structure élO0,000 " Attribute Grammar 5 1T | T 10%
o API for nawgatmg and.edmmg bidirectional y y vy rel A-r8; by B b acults 2 10,000 | ©Our approach - 1 5%
noncontainment relations [ JastAdd ] ( \ o — : 1r 1 0%
] /7 direction  © Negligible performance penaltyor g 1,000 T S 5%
r J // Cardi”ality even Sp@@d_up ObServed TCU 100 B '-’53“ e i e e e e — \\H:r [ 8 | —10%
NonterminalClass.javal| < 1,000 10,000 100,000
Size of Dependency Graph
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