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x*=-100;
y+=1;

while(y < z) {
X *=-100;
y+=1;
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void (x: 1, y: 2, z:1F )4k {
x*=-100;
y+=1;

while(y < z) {
X *=-100;
y+=1;

}

ensures yis 1F /\ zis IF;
return Xx;
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Motivation

0l1d API New API

Update or

Switching
Incompatible

Migration
API Migration

* APl update and API switching may introduce
incompatibilities in the client code



Automatic Transformation
Tool is Essential

¥isual Basic Upgrade Wizard - Page 1 of 5

Welcome to the Visual Basic - -
Upgrade Wizard | £:| BlackBerry ADB Proxy Manager l = | (=] |—?h]

‘r'ou are attempting to open a‘isual Basic 6.0 project
that must be uparaded to Yisual Basic. MET before it
cah be opened.

Action  Device Status

Thiz wizard will:

IO BLACKBERRY-2G79( 192.0.2.1 ) |Running at port #58162 :

- Create a new project to which your project will be
upgraded,

- Copy form and clasz files o the new project and

corvert thern to the new format. | ¢ | | g—l—

- Create an upgrade report and add it to wour new
project.

To continue, click Next.

Android to Blackberry

Cancel < Back I Mext = I .
Conversion Tool

Visual Basic Upgrade Wizard



Static vs Dynamic Program
Adaptation

e Static Program Transformation
e Change client code directly
e Usually more difficult to implement
* Incurs no runtime overhead

* Dynamic Program Adaptation
e Create a proxy from the old API to the new API
* Usually easier to implement
* Incurs runtime overhead

e Our target: static program transformation




Automatic Transformation
Tool is not Easy

* Python has an upgrade tool from
Python 2.x to Python 3.x

* “Dive into Python 3" use a whole .
chapter to discuss how to deal T

with the bugs in the Dive Into R
transformation tool.

* Syntax errors, typing errors,
runtime errors, silent
misbehavior

Fortnrd Oy i Mo

Python 3

Apress*



Our goal: safe program
transformation language

* A language for program transformation between
different APIs

* The programmers describe the mappings between
APls in a declarative way

* The programs using the source APl are
automatically transformed to programs using the
target API

* No compilation error -- safety in statics
* No runtime misbehavior -- safety in dynamics



Roadmap

Safety in statics for Java (PEPM’14)

e Type-safe program transformation

Safety in dynamics for Java (Submitted)

e Semantics-preserving program transformation

Generality

e Transformations beyond a single language




Transformation Language

* Changes from JDK 1.0 to 2.0

void f(Hashtable t) { void f(HashMap t) {
Enumeration e = t.elements(): Iterator e = t.values().iterator():
while (Object o = e.next()){ jl> while (Object o = e.next()){
} }
} }
Old client code New client code

(t: Hashtable ->> HashMap)

- t.elements();
+ t.values().iterator();

}

Transformation Code



Transformation Language

* Changes in Jboss from 3.2.5t0 3.2.6

peer = new SnmpPeer(this.address);
peer.setPort(this.port); Old client code

peer.setServerPort(this.localPort); @

New client code | peer = new SnmpPeer(this.address, this.port, this.localPort);

(x: String ->> String, y: String ->> String, z: String ->> String)

- p = new SnmpPeer(x);
- p.setPort(y);
- p.setServerPort(z);
+ p = new SnmpPeer(x, y, z);
} Transformation Code




Problems in statics

* Are the following transformations safe?

(t: Hashtable ->> HashMap)
{

- t.elements();
+ t.yingfei_xiong();

}

(t: Hashtable ->> HashMap)

{
- t.elements();
+ t.iterator();

}
(t: Hashtable t ->> HashMap)

{

- t.elements();
+ t.iterator().elements();

}




Problems in Statics

* Is the following transformation from Swing to SWT

safe?

(1

- new Container();
+ new Composite(new Shell() 0);

}
(1

- new JList();
+ new List();

}

Component

i

Container

Widget

i

[AY

1

Window

i

Frame

i

JFrame

JComponent

i

JList

Control

i

Scrollable

[

Composite

i

Canvas

i

Decorations

——

i

Shell




Four conditions about safety

* For each code snippet introduced by a
transformation rule, the code snippet itself must be
well-typed

* The type mapping must form a function

* The type mapping must preserve the subtyping
relation

* The transformation rules must cover all type
changes between the source AP| and target API



Safety in statics: definition

Hrp:t=HFT():T(t)

T: a transformation written in our language
: type derivation using Java typing rules
H: hypothesis

p: aJava program

t: a Java type



Safety in statics: basic idea

* Type derivation tree
100: int a:int

2.0: float 100 + a : int

(100 + a) = 2.0 : float
* Transformation should not break the structure of

derivation tree

T[[100]]: T[[int]] Tl[al]: T[[int]]

T[[2.0]]: T[[float]] T[[100 + a]]: T[[int]]

T[[(100 + a) = 2.0]]: T[[float]]



Roadmap

Safety in statics for Java (PEPM’14)

e Type-safe program transformation

Safety in dynamics for Java (Submitted)

e Semantics-preserving program transformation

Generality

e Transformations beyond a single language




Problem in dynamics:
Performing the transformation

* Changes in Jboss from 3.2.5t0 3.2.6

peer = new SnmpPeer(this.address);
peer.setPort(this.port); Old client code

peer.setServerPort(this.localPort); @

New client code | peer = new SnmpPeer(this.address, this.port, this.localPort);

(x: String ->> String, y: String ->> String, z: String ->> String)

- p = new SnmpPeer(x);
- p.setPort(y);
- p.setServerPort(z);
+ p = new SnmpPeer(x, y, z);
} Transformation Code




Problem in dynamics:
Performing the transformation

* Changes in Jboss from 3.2.5t0 3.2.6

peer = new SnmpPeer(this.address);
someOtherCode;

If (someCondition) { - :
peer.setPort(this.port); 7
peer.setServerPort(this.localPort);

} Old client code

(x: String ->> String, y: String ->> String, z: String ->> String)
{
- p = new SnmpPeer(x);
- p.setPort(y);
- p.setServerPort(z);
+ p = new SnmpPeer(x, y, z);
} Transformation Code




Problem in dynamics:
Defining the goal

* Absolute semantic equivalence is useless
* Changing the APl changes the semantics

e Abstract semantics
* Interpretation function: S

* The transformed program should be equal to the
original program on the abstract semantics

I1
q > q'

ol
S(q) «— S(¢)
e But we do not know S, it is APl/application-specific.

45



Solution

e Let the basic transformation define abstract
semantics equivalence

peer = new SnmpPeer(this.address);
peer.setPort(this.port); Old client code

peer.setServerPort(this.localPort); @

New client code | peer = new SnmpPeer(this.address, this.port, this.localPort);

(x: String ->> String, y: String ->> String, z: String ->> String)
{
- p = new SnmpPeer(x);
- p.setPort(y);
- p.setServerPort(z);
+ p = new SnmpPeer(x, vy, z);
} Transformation Code




Solution: Guided Normalization

peer = new SnmpPeer(this.address);
| ++;

No data | If (| S 10) {

dependency peer.setPort(this.port);
peer.setServerPort(this.localPort);

If (i >10) {

peer = new SnmpPeer(this.address);
peer.setPort(this.port);
peer.setServerPort(this.localPort);

}

i++;

}

else {
peer = new SnmpPeer(this.address);

}




The transformation diagram
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Evaluation

Table 1. Subject Client Programs

Client KLOC | Classes | Methods Case
husacct 195.6 1187 5977 Jdom/Dom4;
serenoa 12.2 52 523 Jdom/Dom4;

openfuxml 112.5 727 4098 Jdom/Dom4;

clinicaweb 3.9 74 213 Calendar
blasd 9.7 199 729 Calendar
g00fs 8.6 78 643 Calendar
Total 342.5 2317 12183 —




Evaluation

Table 2. Transformation Rules
Transformation | Rules Classes | Methods | M-to-m

Jdom/Dom4;j 84 12 77 12(14.3%)
Calendar 4?2 14 45 21(50.0%)

Total 126 26 122 33(26.2%)

50



Evaluation

Table 3. Results of Transformation

Client CF CL U W MM

husacct 42 852 0 0(0%) 0(0%)
serenoa 8 273 0 3(1%) 9(3.3%)
openfuxml | 72 083 15 54 (6.6%) 2(0.2%)
clinicaweb | 5 81 8 0 (0%) 34(42%)
blasd 5 26 0 7T(21.2%) 13(50%)
200fs 13 100 27 | 13(15.3%) | 27(27%)
Total 145 2315 50 77(3.2%) 85(3.7%)

CF = number of changed files, CL= number of changed lines, U = uncon-
vertible lines, W = number of lines that generate warnings, percentages in
W =W /(W + CL), MM = number of lines that are involved in many-to-
many mappings, percentages in MM = MM / CL
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Roadmap

Safety in statics for Java (PEPM’14)

e Type-safe program transformation

Safety in dynamics for Java (Submitted)

e Semantics-preserving program transformation

Generality

e Transformations beyond a single language




Generality

* Type checking and evaluation can be expressed by
a set of logic rules

* Find a class of rules that cover mainstream
languages, and whose safety can be ensured

53



Summary

* APl migration is important
* Automating API migration is difficult

* Many accidental difficulties can be removed by
designing a safe transformation language
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