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Setting the stage

• Testing is an experimental discipline

• Several underlying philosophic rationales

• Not all testing aims are consistent

• Typically, < 10%  of code goes to overt 
functioning application logic (Shaw 1995)�

We don't have to model everything to be an improvement
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Classic testing problems

• Time, time, time

• Where are the specs?

• One test case per hour
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You don't have the time

• Too many input variables

• Vague, ambiguous, incomplete, 
inconsistent

• Underspecified timelines

You have a system to test. But:

Make a model. Run the model.
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You don't control the environment

• “You can't run the 
same test twice” --
Heraclitus, 500BC

Actually, it's 

“We both step and do not step in the same rivers. We are and 
are not."

A reference to observation times.

But we can model the environment.
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Testware  vs Software

Testware == Software

Software

Test cases Programmed Functions

Test harnesses

Test repositories libraries

Tester types User types

Version control systems

Is the program correct?

Testware

Wrapper, invoker, extension 
interface

Versioning

Is the testware correct?
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Install Alloy

• alloy4eclipse  plugin

• Alloy files .als extension

• Integrated into eclipse

• Syntax coloring, tabs, windows, RMB 
commands
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JASA - Java Auction Simulator API 

• Continuous Double Auction

• Auctioneer

• Traders

• 4-heap algorithm

• Mersenne Twister PRNG algorithm 

• GNU GPL license
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Reality is complex
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Answer: Make a Model

• What kind of model?

Formal, logical model.

It's not so bad, with today's tools.
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Testers have relatively more 
freedom than developers

• Within limits

• Favorite tools, scripting languages

• Whatever works fast, stays

• Fewer rules

• Less help
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No UML at Runtime

• And no objects, data, relations, logic

• Just bits, time slices, threads, interfaces

• Flatten the test input space

• Relate events, actions, state components, 
pre and post values

• Express in concise logical form
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Architecture is Arbitrary

• One big state machine

• Mealy semantics

• Slice global state for convenience

• Each individual FSM has:

Event recognizer

Task dispatcher

Some notion of other machines' states
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Some Architectures Better than Others

• Goal: substate synchronization

• Exchange substate info:

Periodically

When changed

On demand
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Advantages for Test Automater
• Universal logical goal: state sync

• Good impedance match to reality of 
distributed computing

• Permits deferring commitment to particular 
system details:

No need for, e.g. UPDATE,  GETSTATE 
commands

Self-synchronizing

• See sliding window protocol
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Tester's Resources

Use Cases UML

Self model Yes No No No

Self model - Yes No No

Parsing help - - Yes No

- - - Yes

Resource 
available

General 
narrative

Source 
Code

Testing 
strategy

Language-
specific tools
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Sketch a class diagram
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From picture to Alloy
one sig  Auction {}
sig Order_Book extends Auction {  buying: set Buy_Order,

selling: set Sell_Order
}

sig OrderIDrange, ItemIDrange, PriceRange {}
sig Item extends Order_Book {  itemID: one ItemIDrange  }
sig Buy_Order extends Order_Book {  orderID: one OrderIDrange,

price: one PriceRange
}

sig Sell_Order extends Order_Book {  orderID: one OrderIDrange,
price: one PriceRange
}

sig Buyer {}
sig Seller {}
one sig Auctioneer {}
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From alloy to picture

“Pictures from software”
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What to model?

• The process (e.g. the order book) -- rules

• The actors (buyers, sellers) – strategy

• Either is valid.

• Actor modeling can be natural

• Process modeling can give you an oracle
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A formal model needs 
constraints to test

• Some constraints are optionally enforced
e.g. “if A holds then each X must satisfy B”

• In Alloy:
Define predicates
Predicates are  enforced only conditionally (you determine)�
Keyword pred

• Some constraints are always enforced
e.g. A directory is always the parent of its contents

• In Alloy:
Define facts
A fact is always true (enforced unconditionally)�
During a model run, facts are always “in scope”
Keyword: fact
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State machines in alloy

• sig Time

• Abstract sig for set of events

• extend abstract sig for actual events

• Event constraints are signature fact s

• State variables are signature fields

• Express pre and postconditions per event
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Format and deliver

Translator  
formatter

Test 
Harness

SUT

Abstract 
model

Tester 
providesAbstract tests

Concrete tests
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Get some output from the model

• Run a predicate , or 

• Check an assertion consistent with facts

Unfortunately, alloy has no native I/O capability

You need a concretizer. No public-domain examples of 
these exist.
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If you have source ...

Use Cases UML

Self model Yes No No No

Self model - Yes No No

Parsing help - - Yes No

- - - Yes

Resource 
available

General 
narrative

Source 
Code

Testing 
strategy

Language-
specific tools
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Java-specific tools

• Korat Tester plug-in
Integrates with Eclipse

Optional usage with Junit

Generates class test harness on-the-fly

Generates test cases

Some datatype limitations, but amazing
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Resources

• “The Classic”

• Alloy        http://alloy.mit.edu/

• Alloy4eclipse  http://code.google.com/p/alloy4eclipse

• Model based testing wikipedia  
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Resources (cont'd)�

• Other spec languages

• forge  http://sdg.csail.mit.edu/forge
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From the Academics

• TestEra – declarative constraint logic

• Korat – java, c# syntax

• Combinatorial auction problem

• Agent modeling
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