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Softw
are Specifications

R
efining and representing requirem

ents

(B
ook chapter 28)
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Softw
are specifications

u
Im

plem
entation needs m

uch m
ore details than the

very abstract requirem
ents

u
M

any of these details are constraints,
prescriptions, or insights given by the
stakeholders

u
M

icrow
ave oven:

u
R

equirem
ent : “C

ook a plate for a certain tim
e given in input by

the user”.

u
Specifications: how

 to use the keypad and operate the oven
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Softw
are specifications

u
D

efinition: “Specifications represent a m
odel of how

inputs are related to system
 reactions and outputs”

u
Specification is a representation process.

u
R

equirem
ents are represented in a m

anner that ultim
ately

leads to a sm
ooth im

plem
entation

u
Specifications w

ill increase the level of details given in
the requirem

ents

u
It w

ill answ
er m

uch m
ore questions, thus furthering the

analysis before solution w
riting

u
N

eeded for : com
plex, large, or critical problem

s.
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Specification Principles
u

Separate functionality from
 im

plem
entation

u
D

evelop a m
odel of the desired behavior of a system

 that
encom

passes data and the functional responses of a system
 to various

stim
uli from

 the environm
ent

u
E

stablish the context in w
hich the system

 operates by specifying the
m

anner in w
hich other system

 com
ponents interact w

ith the system
u

C
reate a cognitive m

odel rather than a design or im
plem

entation
m

odel. A
 cognitive m

odel describes a system
 as perceived by its user

com
m

unity.
u

A
 specification is alw

ays an abstraction of a com
plex situation.

Specification w
ill be incom

plete and m
ight require several levels of

abstraction.
u

O
rganize the content and structure of a specification in a w

ay that
w

ill enable easy reference and changes
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Som
e specification techniques

u
Inform

al
u

N
atural language

u
Pseudo-code

u
Sem

i-form
al

u
E

ntity-relationship diagram
s

u
D

ataflow
 diagram

s

u
O

O
 analysis

u
Form

al
u

State transition diagram
s and tables

u
Form

al specification languages (e.g. Z
, V

D
M

)
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Plain E
nglish

u
In m

any developm
ent projects, the specification

docum
ent consists of page after page of E

nglish,
or som

e other natural language like G
erm

an,
French, etc.

u
P

roblem
s

u
N

ot precise
u

C
an be confusing

u
C

annot be checked for com
pleteness/consistency.

u
e.g.: A

dd A
 to B

 unless A
 is less than B

 in w
hich

case subtract A
 from

 B
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Pseudo-code

u
A

 “quasi” program
m

ing language,  consisting of
u

Im
perative sentences w

ith a single verb and a single object;

u
A

 lim
ited set of “action-oriented” verbs from

 w
hich the

sentences m
ust be constructed;

u
D

ecisions represented w
ith a form

al IF-E
L

SE
-E

N
IF structure;

u
Iterative activities represented w

ith D
O

-W
H

IL
E

 or FO
R

-N
E

X
T

structures.

u
A

n attem
pt to com

bine the inform
ality of natural

languages w
ith the strict syntax and control

structures of a program
m

ing language.
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Pseudo-code

u
U

nderstandable by a non-program
m

ing person.

u
R

educe the am
biguity of requirem

ents.

u
Problem

s
u

N
ot good for a high level abstraction of the project.

u
T

he w
riter does need program

m
ing skills.

u
T

he requirem
ent engineer is prone to fall into program

m
ing

details.
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Finite state m
achines

u
R

egard the system
 as a “hypothetical m

achine”, w
hose

output and next state can be determ
ined by the current

state and the even that caused the transition.

u
T

w
o popular notations for finite state m

achines:
u

State-transition diagram

u
State-transition m

atrix

u
Suitable for describing the interaction betw

een the user
and the system

.

u
N

ot good for presenting a system
’s behavior w

ith several
inputs.
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Finite state m
achines

u
The radio cassette player is turned on or off using a
button. Turning it off disables all but the on/off button.
W

hen a cassette is put in the player, it starts playing it
autom

atically. W
hile a cassette is being played, one can

use the fast forw
ard or rew

ind buttons to rapidly
advance/rew

ind the cassette tape. If the fast forw
ard or

rew
ind button is pushed w

hile the cassette is
advanced/rew

inded, the player starts playing the cassette.
W

hen the cassette reaches the end of one side, the
m

echanism
 is autom

atically reversed and the other side
starts playing. A

 button can be pressed anytim
e to eject

the previously inserted cassette in the player. W
hen the

player is on w
ith no cassette in, it plays the radio.
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play
radio

Finite state m
achines

off cass
in 

off cass
out

off

on
on cass infw

d
rev

play fw
d

fast fw
d

fast rev

play rev

eject

on/off

on/off

cass-in
rew

rew

end

end

end

end

fw
d

fw
d/

rew
fw

d/
rew

fw
d

cass-in
eject

on/off

on/off

1

2
3

4

56

0
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Finite state m
achines

3
N

/A
4

5
2

1
6

3
N

/A
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6
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1
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6
N
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3
2

1
4

6
N
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4
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1
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N
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3
N

/A
N

/A
N

/A
0

2

N
/A

N
/A

N
/A

N
/A

0
3

1

N
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1
N
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N

/A
2

0

end
cassin

rew
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d
eject

on/off
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D
ecision trees/tables

u
T

ree-like diagram
s or tables used to describe

com
plex logic relationships w

ithin a requirem
ent.

u
Suitable for a requirem

ent that deals w
ith a

com
bination of inputs; and different

com
binations of the inputs lead to different

outputs.
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D
ecision trees/tables

u
D

evelop a decision table for the follow
ing description of

the insurance plan policy at the E
verlasting life insurance

com
pany:  

u
M

ales betw
een 15 and 35 years old are applied insurance

plan A
. F

em
ales betw

een 20 and 40 years old are applied
insurance plan B

. A
ll m

ales under 15 and fem
ales under

20 are applied insurance plan C
. A

ll m
ales over 35 and

all fem
ales over 40 years old are applied insurance plan

D
. C

lients w
ithout a driver's license are applied a 10%

rebate. C
lients that have been insured for m

ore than 20
years and currently part of insurance plan D

 are applied
a 25%

 rebate.
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D
ecision trees/tables

fem
ale

m
ale

X
X

X
X

25%
 rebate

X
X

X
X

X
X

X
X

10%
 rebate

X
X

X
X

X
X

X
X

Plan D

X
X

X
X

Plan C

X
X

Plan B

X
X

Plan A

T
T

F
F

T
T

F
F

T
F

F
T

T
F

T
F

has driver’s license

T
F

T
F

T
F

T
F

F
F

T
T

F
F

F
F

insured > 20 years

F
F

T
T

T
T

F
F

age > 40

F
F

F
F

F
F

T
T

age < 20

F
F

T
T

T
T

F
F

age >=35

F
F

F
F

F
F

T
T

age <15
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P
lan

 A
 

P
lan

 C
 

P
lan

 D
 

P
lan

 D
 

P
lan
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>
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15<
=

x<
=
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20<
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x<

=
40 >

40
<

20

driver?
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driver?
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driver?

y
n

y

y

y
y

y

y

y

y

n

n

n
n

n
n

n

n

>
20 years?

>
20 years?

>
20 years?

>
20 years?

10%

0%
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35%

0%
10%0%

10%
0%

10%
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35%
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P
lan
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P
lan

 D
 

P
lan

 A
 

y
n
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10%

gender?

m
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fem
ale
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A
ctivity D

iagram
s

u
A

 state transition diagram
 w

here all states are
action states

u
V

ery easy to w
rite and understand

u
E

nables a representation of branching, repetition
and process forking

u
U

sed to naturally represent flow
s of events in

scenarios
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A
ctivity D

iagram
s

[cancel order 
selected]

[place order 
selected]

Log In S
creen

D
isplayed

O
rder F

orm
D

isplayed

C
ancel O

rder
F

orm
 D

isplayed

E
nter N

am
e 

and P
assw

ord

V
erify 

Inform
ation

S
elect

F
unction

S
et A

ccess
R

ights

G
et S

tatus on 
O

rder D
isplayed

[get status 
selected]

[exit]
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A
ctivity D

iagram
sLog In

O
rder F

orm
D

isplayed
O

rder S
election

F
orm

 D
isplayed

Log O
ut
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A
ctivity D

iagram
s

O
rder F

orm
D

isplayed

E
nter N

am
e and

A
ddress

E
nter C

redit
C

ard Inform
ation

S
ubm

it

Inform
ation S

ent
to A

ccounting

O
rder M

arked
C

onfirm
ed

O
rder ID

 
D

isplayed

P
roduct D

escription
&

 P
rice D

isplayed

N
ew

 T
otal

C
alculated 

[info com
plete and valid]

[transaction accepted]

C
an

celab
le A

ctio
n

s

[cancel]

[subm
it]

E
nter P

roduct 
C

ode
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E
ntity-relationship m

odels

u
U

se E
R

 diagram
 to represent the structure and

relationships am
ong data w

ithin the system
.

u
It provides a high-level “architectural” view

 of
the system

 data.

u
It focuses on the external behaviors of the system

.
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E
ntity-relationship m

odels

custom
er

accounts 
receivable

order
invoice

packing 
list

shipping 
departm

ent

shipping
address

ordered 
item

s
billing

address

pays

receives

places
initiate

sent to

contains
contains

used to generate

filed by



©
 Joey Paquet, B

o L
u 2001.

                                            
            Slide  23

E
ntity-relationship m

odels

u
Problem

s
u

M
ight be difficult for non-technical readers to understand.

u
D

ifferent notations exist

u
E

asy to fall in the trap of defining database structure, w
hich is a

design activity, not a specification activity.
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D
ata flow

 diagram
s

u
H

igh level description of the requirem
ents.

u
V

isual presentation of the structure and the
organization of the low

-level requirem
ents and

the input/output relationship am
ong them

.

u
R

epresentation of the flow
 of data in the system

u
D

ata stores

u
D

ata filters

u
R

elationships
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D
ata flow

 diagram
s

V
erify O

rder
A

ssem
ble publisher

orderV
erify shipm

ent
A

ssem
ble C

ustom
er

order

orders

B
ook

info

V
alid 

order
O

rder 
info

Purchase 
order

Purchase 
O

rder 
details

B
ooks

V
erify 

publisher 
order

T
itles

Pending 
orders

C
ustom

er 
info

Invoice 
books

C
ustom

er data base

C
ustom

er info

Pending orders
Publisher orders
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D
ata flow

 diagram
s

u
C

ould be further elaborated w
ith low

er-level
diagram

s to show
 the details.

u
C

ould be the basis for com
m

unication betw
een

non-technical users and technical developers.

u
M

ight be difficult for a non-technical reader to
understand.
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O
bject-oriented analysis

u
D

escribe the structure and relationships am
ong

entities w
ithin the system

.
u

U
C

D
A

u
U

se case diagram
s

u
A

ctivity diagram
s

u
Sequence diagram

s
u

C
ollaboration diagram

s
u

C
lass diagram

s

u
A

lm
ost all other kinds of diagram

s and
techniques can be be “objectified”.
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O
bject-oriented analysis

u
R

elatively new
, but m

ay be flourishing rapidly
along w

ith the popularity of O
O

 and the adoption
of the U

M
L

.

u
M

ore appropriate in the im
plem

entation m
odels

used to realize the functionalities of the system
.
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O
bject-oriented analysis
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O
bject-oriented analysis
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Form
al specification languages: Z

u
A

 form
al specification notation based on set

theory
u

H
as been developed at the Program

m
ing

R
esearch G

roup at the O
xford U

niversity
C

om
puting L

aboratory since the late 1970s.
u

Probably now
 the m

ost w
idely-used form

al
specification language

u
A

n international standard for the Z
 notation is

being developed under the guidance of ISO
.



©
 Joey Paquet, B

o L
u 2001.

                                            
            Slide  32

Z
 as a specification language

u
Specification are built from

 com
ponents called

schem
as.

u
Schem

as are specification building blocks
u

G
raphical presentation of schem

as m
ake Z

specifications easier to understand
u

M
athem

atical notation of schem
as allow

s the
building of form

al com
pleteness and consistency

proofs to validate the specifications
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Z
 schem

as

u
Introduce specification entities and defines
invariant predicates over these entities

u
A

 predicate is a B
oolean expression

u
Som

e predicates can have side-effects that
change the state of the entities involved

u
Schem

as can be included in other schem
as and

m
ay act as type definitions

u
N

am
es are local to schem

as
u

In m
any respects, Z

 schem
as are akin to objects.
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Problem
: storage tank m

onitoring

u
A

 storage tank is m
onitored by a control system

.
u

T
he system

 consists of a container w
hich holds

som
ething and a indicator panel w

hich show
s the

current fill level and the danger level.
u

If the storage tank goes over the danger level, a
w

arning light m
ust be lighted on the indicator

panel.
u

Fill operations m
ust be specified as to ensure the

tank to be refilled but never overfilled.
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A
 container specification

contents <= capacity

Container
contents: N
capacity: N

Schem
a variable declarations Schem

a predicates
Schem

a nam
e

Container = [contents: N; capacity: N | contents <= capacity] 
Ÿ



©
 Joey Paquet, B

o L
u 2001.

                                            
            Slide  36

T
he Z

 N
otation

u
A

 schem
a includes

u
A

 nam
e identifying the schem

a

u
A

 signature introducing entities and their types

u
A

 predicate part defining relationships betw
een the entities in

the signature by stating a logical expression w
hich m

ust alw
ays

be true (an invariant).
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A
n indicator specification

light = on  ¤
  reading >= dangerLevel

Indicator

light: {off, on}
reading: N  
dangerLevel: N  

u
If the storage tank goes over the danger level, a w

arning light m
ust be

lighted on the indicator panel.
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Specification of a storage tank

reading = contents
capacity = 250000
danger_level = 245000

StorageTank

Container
Indicator
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Specification of a storage tank

contents <= capacity
light = on  ¤

  reading >= dangerLevel
reading = contents
capacity = 250000
danger_level = 245000

StorageTank

contents: N
capacity: N 
reading: N 
dangerLevel: N
light: {off, on}
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A
 partial spec. of a fill operation

contents + am
ount? <= capacity

contents’ = contents + am
ount?

FillO
K

DStorageTank
am

ount?: N 
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Z
 conventions

u
A

 schem
a nam

e prefixed by the G
reek letter

D
elta (D

) m
eans that the operation changes som

e
or all of the state variables introduced in that
schem

a

u
A

 variable nam
e decorated w

ith a ? represents an
input

u
A

 variable nam
e decorated w

ith a quote m
ark

(N
’) represents the value of the state variable N

after an operation
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Z
 conventions

u
A

 schem
a nam

e prefixed by the G
reek letter X

i
(X

) m
eans that the defined operation does not

change the values of state variables

u
A

 variable nam
e decorated w

ith a ! represents an
output
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A
 partial spec. of a fill operation

contents + am
ount? <= capacity

contents’ = contents + am
ount?

FillO
K

DStorageTank
am

ount?: N 
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Storage tank fill operation

capacity < contents + am
ount?

r! =“Insufficient tank capacity – Fill cancelled” 

O
verFill

XStorageTank
am

ount?: N 
r!: seq CHAR

Fill

FillO
K ⁄ O

verFill
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Full problem
 specification

Container = [content: N; capacity: N | content <= capacity] 
Ÿ

Indicator = [light:{off,on};reading: N
; dangerLevel: N 

      | light = on ¤
 reading >= dangerLevel] 

StorageTank = [DContainer; DIndicator | reading=content; 
                         capacity=250000; dangerLevel = 245000] 

FillO
K = [DStorageTank; am

ount?: N | 
   contents + am

ount? <= capacity; 
               content’ = content + am

ount? 
O

verFill = [XStorageTank; am
ount?: N; r!: seq CHAR |

                  capacity < contents + am
ount?; 

                  r! =“Insufficient tank capacity – Fill cancelled” 

Fill = [FillO
K ⁄ O

verFill] 

ŸŸŸŸŸ
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O
peration specification

u
D

efine the “norm
al” operation as a schem

a

u
D

efine schem
as for exceptional situations

u
O

perations m
ay be specified increm

entally as
separate schem

a then the schem
a com

bined to
produce the com

plete specification

u
C

om
bine all schem

as using the disjunction (or)
operator (w

ritten ⁄
)
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Z
 N

otations
u

A
 schem

a includes
u

A
 nam

e identifying the schem
a

u
A

 signature introducing entities and their types

u
A

 predicate part defining invariants over these entities

u
C

onventions
u

M
arks before a schem

a,
u

D
elta (D

) m
eans changes

u
X

i (X
) m

eans no changes

u
M

arks after a state variable,
u

? m
eans input

u
! m

eans output

u
‘  represents the value of the variable after an operation
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Z
 sym

bols
Sets: 
S : P

 X
S is a set of X

s
S : F

 X
S is a finite set of X

s
x Œ

 S
x is a m

em
ber of S

x œ
 S

x is not a m
em

ber of S
S Õ

 T
S is a subset of T

S »
 T

union of S and T
S «

 T
intersection of S and T

S \ T
difference of S and T

∅
em

pty set
N

set of natural num
bers : {0,1,2, …

} 
Z 

set of integer num
bers : {...-2,-1,0,1,2, …

} 
m

ax(S)
m

axim
um

 value of the (non-em
pty) set S

m
in(S)

m
inim

um
 value of the (non-em

pty) set S
#S

cardinality of S
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Z
 sym

bols
F

unctions:
f : X

    Y
f is a partial function from

 X
 to Y

f : X
Æ

Y
f is a total function from

 X
 to Y

dom
 f

dom
ain of f

ran f
range of f

f : {x
1      y

1 , x
2      y

2 }
extensional function definition

f ⊕
 {x

1      y
1 }

extensional addition of m
appings

L
ogic:

ÿ
P

negation
PŸ

Q
conjunction

P⁄
Q

disjunction
P¤

Q
equivalence

Pfi
Q

im
plication

ÆÆ
Æ

Æ
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Sum
m

ary
u

D
efinition: “Specifications represent a m

odel of how
system

 inputs are related to system
 reactions and

outputs”
u

E
xtrem

ely valuable input for the system
 developers

u
D

ifferent techniques can be used. T
he choice is m

ade
according to the situation

u
L

evel of details needed depend on:
u

T
he funds available for such an analysis

u
C

riticality of the system
u

L
evel of understanding of the problem

u
B

ew
are: adding too m

uch details m
ight hinder the

developers rather than help them


