Simplifying Reasoning

about Objects with




Immediate objective

Introduce students to “heavyweight” formal
reasoning without scaring them (too much)
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The Tako Language

® Similar to Java, but...
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Tako Java

public class BddStack { public class BddStack {
private final Integer MAX; private final int MAX;
private Object[ ] contents; private Object[ ] contents;
private Integer top; private int top;

public BddStack(Integer n) { public BddStack(int n) {
MAX := n; MAX = n;
contents := new Object[MAX]; contents = new Object[MAX];
b b
public void push(Object x) { public void push(Object x) {
assert depth( ) < MAX; assert depth( ) < MAX;
contents[top] i Xt S contents[top] =
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Tako Initialization

® By convention, Tako programmers should always
wrlte a default constructor WhICh is applled to aII
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Function Assighment

® Has the form variable : = my.expression( );

° If the compller fnds
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Swapping

® Compiler can i
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Tako Parameter Passing

® Unlike Java, variable values in Tako can always be
updated through parameters
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Functions vs. Procedures

® By convention, Tako functions (non-void methods)
do not change the program state
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public Integer depth( ) {

result := top;

»




Clean semantics

Variable-based [he state space is simply the abstract
property

object values of the defined variables

3 [ ]
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Import spec.MathString;

public interface Stack {
model MathString;

initialization ensures
this = EMPTY_STRING;
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Import spec.MathString;

public interface Stack {
model MathString;

initialization ensures
this = EMPTY_STRING;

> public void push(Objectx);
- ancurec thic = <#v> 0 : ' e

~
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing

the old x value concatenated with the old stack value




public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing
the old x value concatenated with the old stack value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing

the old x value concatenated with the old stack value
and the current x value is a valid but unspecified value
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public void push(Object x) guarantees that . . .

The current stack value is equal to a string containing

the old x value concatenated with the old stack value

and the current x value is a valid but unspecified value
and no other variables in the state space change

ensures th|s _ <#x> o #th|s
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Three most important facts for Java
programmers to remember about Tako




Reasoning about a Tako Stack




Reasoning about a Java Stack
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Reasoning Unambiguously
about a Java Stack

S = <@26, @18, @47> and g = @26 and

GMAP = { @18 > OO, @26 H%,@MH&O}

g.deleteANode();

S = <@26, @18, @47> and g = @26 and

GMAP = { @18 > OO, @26 HC%,@47I—>&}




Pointer Component

® A pointer component is provided for times
when programmers need the behavior and
performance of pointer (as in implementing
linked data structures)

® |t is similar to the RESOLVE pointer
component (see Kulczycki in SAVCBS2005)

® Model uses conceptual variables



Tracing Table for a Method

® Given: an example program state that conforms
to the method’s precondition
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public void reverse( )
ensures this = REV(#this);

{
Stack temp;

Object Xx;
whlle (this. depth( ) | = O)
degreasmg o

BT




pre-state: this =< 3,4 >

while (this.depth() '=0) {

thls pop(x),
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pre-state: this =< 3,4 >

while (this.depth() '=0) {

this.pop(x);
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pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

while (this.depth() != 0) {

this = < 3,4 > and
temp = < > and
x=0

this.pop(x);

temp.push(x);

this :=: temp;

expected post-state: this = < 3,4 >



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

while (this.depth() != 0) {

this = < 3,4 > and
temp = < > and
x=0

this.pop(x);

this = < 4 > and
temp = < > and
X =23

temp.push(x);

this :=: temp;

expected post-state: this = < 3,4 >



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

while (this.depth() != 0) {

this = < 3,4 > and
temp = < > and
x=0

this.pop(x);

this = < 4 > and
temp = < > and
X =23

temp.push(x);

this = < 4 > and

temp = < 3 > and
X = ?7?

this :=: temp;

expected post-state: this = < 3,4 >



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

while (this.depth() != 0) {

this = < 3,4 > and
temp = < > and
x=0

this.pop(x);

this = < 4 > and
temp = < > and
X =23

temp.push(x);

this = < 4 > and

temp = < 3 > and
X = ?7?

» // this.depth() '= 0

this :=: temp;

expected post-state: this = < 3,4 >



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

this = < 3, 4 > and
temp = < > and
x=0

this = < 4 > and

temp = < 3 > and
X = 77

this = < 4 > and
temp = < > and
X =23

this = < > and
temp = < 3 > and
X =4

this = < 4 > and

temp = < 3 > and
X = ?7?

this = < > and

temp = < 4, 3 > and
X = ?7?

expected post-state:

this =< 3,4 >

while (this.depth() != 0) {

this.pop(x);

temp.push(x);

this :=: temp;



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

this = < 3, 4 > and
temp = < > and
x=0

this = < 4 > and

temp = < 3 > and
X = 77

this = < 4 > and
temp = < > and
X =23

this = < > and
temp = < 3 > and
X =4

this = < 4 > and

temp = < 3 > and
X = ?7?

this = < > and

temp = < 4, 3 > and
X = ?7?

expected post-state:

this =< 3,4 >

while (this.depth() != 0) {

this.pop(x);

temp.push(x);

} // this.depth() = 0

this :=: temp;



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

this = < 3, 4 > and
temp = < > and
x=0

this = < 4 > and

temp = < 3 > and
X = 77

this = < 4 > and
temp = < > and
X =23

this = < > and
temp = < 3 > and
X =4

this = < 4 > and

temp = < 3 > and
X = ?7?

this = < > and

temp = < 4, 3 > and
X = ?7?

this=<>andtemp =<4, 3 >and x = ??

expected post-state:

this =< 3,4 >

while (this.depth() != 0) {

this.pop(x);

temp.push(x);

this :=: temp;



pre-state: this=< 3,4 >

this=<3,4>andtemp=<>and x =0

this = < 3, 4 > and
temp = < > and
x=0

this = < 4 > and

temp = < 3 > and
X = 77

this = < 4 > and
temp = < > and
X =23

this = < > and
temp = < 3 > and
X =4

this = < 4 > and

temp = < 3 > and
X = ?7?

this = < > and

temp = < 4, 3 > and
X = ?7?

this=<>andtemp =<4, 3 >and x = ??

this

<4,3>andtemp = < > and x

27

expected post-state:

this =< 3,4 >

while (this.depth() != 0) {

this.pop(x);

temp.push(x);

this :=: temp;



Symbolic Reasoning Table

® Used to prove an implementation is correct with
respect to its specification

® Assume precondition; show postcondition
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Proof of Correctness

® Jo prove an implementation correct with
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public void reverse( )
ensures this = REV(#this);

{
Stack temp;

Object Xx;
while (this.depth( ) != O)
degreasmg ts\
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PC Facts Obligations

IR e While (this.depth() '= 0) {

this.pop(x);

temp.push(x);

I s s

this :=: temp;




PC Facts Obligations maintaining
REV(temp) o this

= #this

IR e While (this.depth() '= 0) {

this.pop(x);

temp.push(x);

I s s

this :=: temp;




PC Facts Obligations maintaining
REV(temp) o this

= #this

e W hile (this.depth() '=0) {
REV(temp1) o this;
= #this

this.pop(x);

temp.push(x);

REV(temps) o this;s
= #this

I s s

this :=: temp;




PC Facts Obligations

decreasing |this]

e W hile (this.depth() '=0) {
REV(temp1) o this;
= #this

this.pop(x);

temp.push(x);

REV(temps) o this;s
= #this

I s s

this :=: temp;




PC Facts Obligations

decreasing |this]

e W hile (this.depth() '=0) {
REV(templ) o this:

= #this and
X1 = ?7

this.pop(x);

temp.push(x);

REV(temps) o this;s
= #this and
|thiss| < |this:| \

- 0 0000 00— 0001

this :=: temp;




PC Facts Obligations |thispre 1| = 0 and

this: = thiSpre_l

e W hile (this.depth() '=0) {
REV(templ) o this:

= #this and
X1 = ?7

this.pop(x);

temp.push(x);

REV(temps) o this;s
= #this and
|thiss| < |this:| \

- 0 0000 00— 0001

this :=: temp;




PC Facts Obligations |thispre 1| = 0 and

thiSl = thiSpre_]_

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

= #this and
* 0 X1 = ?7?

this.pop(x);

|this; |
+ 0

temp.push(x);

' REV(temps) o thiss
ltl:gll = #this and
|thiss| < |this;| y
I

this :=: temp;




PC Facts Obligations requires

Ithis| > 0

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

= #this and
0 X1 = 27
this.pop(x);
|this; |
+ 0
temp.push(x);
' REV(temps) o thiss
ltl:gll = #this and

|thiss| < |this;| y
- 0 1

this :=: temp;




PC Facts Obligations requires

Ithis| > 0

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

+ 0 = #this and |thisi| > 0
X1 = 27
this.pop(x);
|this; |
* 0
temp.push(x);
' REV(temps) o thiss
ltl:gll = #this and

|thiss| < |this;| y
- 0 1

this :=: temp;




PC Facts Obligations ensures #this =

<x> o this

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

+ 0 = #this and |thisi| > 0
X1 = 27
this.pop(x);
|this; |
* 0
temp.push(x);
' REV(temps) o thiss
ltl:gll = #this and

|thiss| < |this;| y
- 0 1

this :=: temp;




PC Facts Obligations ensures #this =

<x> o this

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

40 = #this and |thisi| > 0
X1 = ?7?

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

. REV(temps) o this;s

|t2'gll = #this and
|thiss| < |this:| \

- 0 0000 00— 0001

this :=: temp;




PC Facts Obligations -- no requires

clause for push

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

<0 = #this and |thisi| > 0
X1 = 77

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

. REV(temps) o this;s

It::'gll = #this and
|thiss| < |this:| \

- 0 0000 00— 0001

this :=: temp;




PC Facts Obligations ensures this =

<#x> o #this

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

40 = #this and |thisi| > 0
X1 = ?7?

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

. REV(temps) o this;s

|t2'gll = #this and
|thiss| < |this:| \

- 0 0000 00— 0001

this :=: temp;




PC Facts Obligations ensures this =

<#x> o #this

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

40 = #this and |thisi| > 0
X1 = ?7?

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

this:]| this; = <x2> o this, and | REV(temps) o thiss
., 01 x3 = ?? and = #this and
temps = temp: |this3| < |this;| \

this :=: temp;




-- other parts deal
with initialization
and termination of
loop invariant

PC Facts Obligations

I W hile (this.depth() !'=0) {
|this: | REV(templ) o this:

40 = #this and |thisi| > 0
X1 = ?7?

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

this:]| this; = <x2> o this, and | REV(temps) o thiss
., 01 x3 = ?? and = #this and
temps = temp: |this3| < |this;| \

this :=: temp;




PC Facts Obligations

. . .. |thiso| # O implies
Object.is_init(xo) and REV(tempo) o thiso

Smpo= = - = #this
e W hile (this.depth() '=0) {
|this: | REV(templ) o this:

40 = #this and |thisi| > 0
X1 = ?7?

this.pop(x);

|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:

temp.push(x);

this; = <x2> o this, and | REV(temps) o thiss
X3 = ?? and = #this and
temps = temp> |thiss| < |this:| \
- /]y 00000/

|thiss|| REV(tempas) o thiss
= = #this and x4 = ??

this :=: temp;

thiss = temp4 and
temps = thiss and thiss = REV(#this)
X5 = X4




PC

Facts

Obligations

|this:|

Object.is_init(xo) and
tempo= < >

REV(templ) o this:

|thiso| # 0 implies
REV(tempo) o thiso
= #this

temps = temp>

= #this and |thisi| > 0
+ 0
X1 = ?7?
|thisi|| this1 = <x2> o this; and
+ 0 | temp2 = temp:
Ithis: | this: = <x2> o this; and | REV(temps) o thiss |
., 01 x3 = ?? and = #this and

|thiss|| REV(tempas) o thiss
= = #this and x4 = ??
ithisa| thiss = temp4 and

temps = thiss and
X5 = X4

thiss = REV(#this)

IR e While (this.depth() '= 0) {

this.pop(x);

temp.push(x);

this : =

: temp;



Show: REV(temps) o thissz = #this




Show: REV(temps) o thissz = #this

or

REV(temp2) 0 <x2> o this, = #this ( by Fact 3)




REV(temps) o thissz = #this

or
REV(temp2) o <x2> o this: ( by Fact 3)
or

REV(temp1) o this: = #this ( by Fact 2 )
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REV(temps) o thissz = #this

or
REV(temp2) 0 <x2> o this, = #this ( by Fact 3)
or

REV(temp1) o this: = #this ( by Fact 2 )

or
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REV(temps) o thissz = #this

or
REV(temp2) 0 <x2> o this, = #this ( by Fact 3)
or

REV(temp1) o this: = #this ( by Fact 2 )

or
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Tako compiler

K SourceForge pro]ect takocompller
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Inheritance and in-out
parameter passing

® void swapMethod(Object x, Object y) {

MY
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