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The Box Structure
d

oftware

ification

rns from
Developing Black Box Specifications
Through Sequence Enumeration

Development Metho

• Developed by Mills (1985)

• Describes three views of a s
system:

• Black Box  is a history-based spec

• State Box  is a state machine

• Clear Box  is a procedure

• Separates behavioral conce
implementation concerns
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Black Box Specification

d correct
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Developing Black Box Specifications
Through Sequence Enumeration

• Black box is a
function

• Domain is stimulus
sequences

• Range is software
responses

• Focus on behavior ,
not implementation

• Is complete , consistent , an

f :

St
Seq

Res
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Black Box Issues
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Developing Black Box Specifications
Through Sequence Enumeration

• How can a black box specifi
developed?

• How can completeness , co
and correctness  be assure

• How does one manage the 
detail when developing a bla

These issues are addressed b
sequence enumeration  and 
abstraction .
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Sequence Enumeration
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Developing Black Box Specifications
Through Sequence Enumeration

• List stimulus sequences by 

• Assign a response to each s
sequence [consistency]

• Two special cases:

• If there is no external response for
assign the value “null,” denoted 0

• If the sequence is self-contradictor
assign the value “illegal,” denoted

• Trace each entry to requirem
[correctness]
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Example: First Try

p. Trace
Method

(5*) (6*)

k safe (4) (5)

(5) (6)

(5) (6)

(5) (6)

(5) (6)

(5) (6)

k safe (4) (5)

. . .

(7*)

(5) (8*)
Developing Black Box Specifications
Through Sequence Enumeration

1.Safe uses three-
digit combination.

2.Clear key must be
pressed after
each incorrect
entry.

3.After entering
combination, safe
unlocks.

4.Safe locks when
door closed.

Seq. Res
λ 0

c 0

D Loc

d 0

d1 0

d2 0

d3 0

cc 0

cD Loc

. . . . . .

Dc 0

DD ω
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Sequence Equivalences

 leave the
bination
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Developing Black Box Specifications
Through Sequence Enumeration

The sequences D and cD both
safe locked and ready for com
entry.

Two sequences are equivalen
only if the black box function g
same response for extensions
sequences.

Responses are always the sa
extensions; no need to extend

u v≡ w S+∈ BB uw( ) B=,∀⇔
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Example: Second Try

Dd

Dd

Dd

Dd

 . . . .

D

Dd

Dd

Dd

lease λ

esp Equiv
Developing Black Box Specifications
Through Sequence Enumeration

Seq Resp Equiv
λ 0

c 0 λ
D Lock safe

d 0 λ
d1 0 λ

d2 0 λ

d3 0 λ

Dc 0 D

DD ω
Dd 0

Dd1 0

Dd2 0 Dd

Dd3 0 Dd

Ddc 0 D

DdD ω
Ddd 0

Ddd1 0

Ddd2 0

Ddd3 0

. . . . .

Dd1d2c 0

Dd1d2D ω

Dd1d2d 0

Dd1d2d1 0

Dd1d2d2 0

Dd1d2d3 Re

Seq R
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Complete Enumeration

s no

 (and
y sequence
Developing Black Box Specifications
Through Sequence Enumeration

• A complete enumeration ha
sequences left to extend

• It gives the unique response
requirements trace) for ever

• It is thus the:

• complete

• consistent

• traceably correct

black box function



10 of 18

Q-Labs
®

Black Box Issues
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Developing Black Box Specifications
Through Sequence Enumeration

• How does one manage the 
detail when developing a bla
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Sequence Abstraction

e focused
sequence

stimulus

etails

a more
Developing Black Box Specifications
Through Sequence Enumeration

Sequence enumeration can b
and controlled through explicit
abstraction .

Sequence abstractions:

• are an alternate view of the 
sequence

• are used to hide or amplify d

• allow developers to work at 
productive level
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Example

d abstractly

 d3

 d1 + d3)

d + d1 + d2)
Developing Black Box Specifications
Through Sequence Enumeration

Let:

Then sequences can be viewe
as:

C denote d1d2d3

E denote d + d2 +

+ d1(d +

+ d1d2(

Dd1d2d3 is DC

Dd is DE

Dd1d2d is DE
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Sequence Abstraction

any-to-one
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Developing Black Box Specifications
Through Sequence Enumeration

A sequence abstraction is a m
mapping from “atomic” sequen
“abstract” sequences, such th

• Abstract sequences are no 
atomic sequences [non-incr

• Abstractions preserve the h
order of events [stimulus ord

• All abstract stimuli used at o
disjoint
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Example: Third Try
tract
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digit details
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Developing Black Box Specifications
Through Sequence Enumeration

The abs
enumera

• Hides 

• Reduc

• Makes
abstra
explici

• Is still 
consis
tracea

Seq Resp Equiv
λ 0

c 0 λ
D Lock safe

C 0 λ
E 0 λ
Dc 0 D

DD ω
DC Release λ
DE 0

DEc 0 D

DED ω
DEC 0 DE

DEE 0 DE
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Removing Abstractions

he form:

e black box
at a lower
Developing Black Box Specifications
Through Sequence Enumeration

Abstractions are functions of t

They can be composed with th
function to obtain a black box 
level of abstraction.

X * Y *→
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Results

 way to
ation which

 focus and
cess

d, if desired
Developing Black Box Specifications
Through Sequence Enumeration

• Sequence enumeration is a
develop a black box specific
is

• complete

• consistent

• traceably correct

• Abstractions can be used to
control the enumeration pro

• Abstractions can be remove
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Results

led for short

 is

ong
Developing Black Box Specifications
Through Sequence Enumeration

In practice:

• interesting behavior is revea
sequences

• substantial missed behavior
discovered

• sequences do not get very l
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Future

rt

ystems

g

Developing Black Box Specifications
Through Sequence Enumeration

• Improved automation suppo

• Applications to embedded s

• Support for automated testin
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