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ABOUT STATIC ANALYSIS OF VARIABLES PHYSICAL DIMENSIONS 
FOR CRITICAL-MISSION SOFTWARE 

 
Some strong method of static code analysis, namely, analysis of physical dimensions of program variables is 
researched in the paper. The formal model to analyze the dimensions of variables is built. Dimensions and di-
mensional distributions are presented in the paper in order to define invariants for program variables. The 
method to analyze the model is described and grounded in the paper. The experimental results shown in the 
paper make it possible to evaluate test-sensitivity at the rate of about 65%. 

 
Key words: software dependability, static code analysis, dimensional analysis, control flow, control flow equation, 
fixed point problem 

 
Introduction 

 
We say that a software system is a critical-mission 

software system if a disastrous effect is a possible result 
of its running failure. Software for flight-control sys-
tems, nuclear reactor control systems, power supply 
control systems, medical equipment control systems and 
similar systems afford examples of critical-mission 
software systems. 

We use the term “dependability” to designate those 
software system properties that allow us to rely on a 
system functioning as required [1]. Some of these prop-
erties allow checking by methods of static code analy-
sis. Reasons for using static code analysis for critical-
mission software verification are discussed in [2,3]. 

Authors and their partners expect that processing 
results of running a set of static code analysis algo-
rithms provide assessment of software dependability 
[4,5]. 

We can define two classes of static code analysis 
methods, namely: weak methods and strong methods. 
Principal characteristic of a weak method is using pro-
grams models which are focused on computing aspects 
of a program. In contrast to this strong methods are 
based on programs models which take into account facts 
and relations of project scope. 

Some strong method is considered in the paper. 
The method deals with dynamical properties of physical 
dimensions of variables. Namely, physical dimensions 
of variables should be invariant for semantically correct 
program [4]. 

Authors use the monograph of American physicist, 

Nobel Winner P.W. Bridgman “Dimensional Analysis” 
[6] as physical background of the paper. 

Our aim is to build and to ground the method for 
checking invariance of physical dimensions of vari-
ables. 
 

1. Programs Models 
 

1.1. Variables 
 

Suppose X , Y  and Z  are finite disjoint sets. 
Elements of the sets are called input, output and local 
variables respectively. 

By definition, put 
 V X Y Z  . (1) 
 

1.2. Basic Statements 
 

Suggestion 1. Any permitted statement is an as-
signment statement 
  1 sv : f v , , v  , (2) 

where vY Z , and  1 sv , , v  X Z  , and f  is a 
polynomial over a set of basic operations. 

Suggestion 2. A set of basic operations contains 
the following operations and only them: 

a) binary operations addition ( 1 2v : v v  ), sub-
traction ( 1 2v : v v  ), multiplication ( 1 2v : v v  ) and 
division ( 1 2v : v / v ); 

b) a countable set of unary exponential operations 
(  n 1v : pow v ); 
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c) a countable set of unary rooting operations – 
 n 1v : root v . 

The set of polynomials is defined by recursion: 
1) a variable is polynomial; 
2) if  1 sf v , , v  and  s 1 s tg v , , v   are poly-

nomials, and  1 s s 1 s tv , , v , v , , v   X Z    then 

    1 s s 1 s tf v , , v g v , , v   , (3) 

    1 s s 1 s tf v , , v g v , , v   , (4) 

    1 s s 1 s tf v , , v g v , , v   , (5) 

    1 s s 1 s tf v , , v / g v , , v    (6) 
are polynomials; 

3) if  1 sf v , , v  is polynomial, 

 1 sv , , v  X Z   then 

   n 1 spow f v , , v , (7) 

   n 1 sroot f v , , v  (8) 

are polynomials. 
Suggestion 3. Any basic assertion is a comparison: 
1)    1 s s 1 s tf v , , v g v , , v   ; 

2)    1 s s 1 s tf v , , v g v , , v   . 
Suggestion 4. A set of assertions contains the fol-

lowing assertions and only them: 
1) false ( ) and truth ( ); 
2) if   is an assertion then    is an assertion; 

3) if   and   are assertions then    and 

   are assertions. 
 

1.3. Transition Systems and Control Flows 
 

Let L  be a finite set with two distinguished ele-
ments entry exit L , and T  be a finite set. Elements 
of L  and T  are called control points and transitions 
respectively. 

Let src  and snk  be maps from T  to L . Suppose 

1 kw    T , w is control flow from  1src   to 

 ksnk   if for each i 1, , k 1   the following condi-
tion holds 
    i i 1snk src    . (9) 

A system , ,src, snk : L T T L  is a transition 
system if the following conditions hold 

1)  1snk entry   ,  1src exit   ; 

2) for each  p entry,exitL  there are control 

flows w  and w  from entry  to p  and from p  to exit  
respectively. 
 

1.4. Programs Control Flows Graphs 
 

A program control flow graph is used as a program 
model in the paper. 

A program control flow is a transition system 
, ,src, snk : L T T L  with maps   and act . The do-

main of these maps is the set T  and ranges are the set 
of assertions and the set of statements respectively. For 
these maps the following conditions hold: 

1) a set of variables for each     is a subset of 

X Z ; 
2) if    1 sact ' v : f v , , v '     and 

if  src entry   then  1 sv , , v  X , 

if  src entry   then  1 sv , , v  X Z  , 

if  snk exit   then vY , 

if  snk exit   then vZ . 
A control flow is a potential protocol of program 

running. Realizability of such protocol depends on val-
ues of input variables, assertions and statements of tran-
sitions constituents. 
 

2. Physical Dimensions of Variables 
 

2.1. Dimensions and Dimensional Distributions 
 

Let U  be a finite set. Each element of the set is a 
name of a physical dimensional unit. 

Suggestion 5. Any element from U  corresponds to 
some basic dimensional unit. 

Suggestion 5 provides the unique representation of 

any physical dimension d  in the form  dr u

u
d u


 

U
 

with independent multipliers [6]. 
Hence we can consider every dimension as a vec-

tor from linear space U  where   is the field of ra-
tional numbers. In this case each dimension can be rep-
resented by vector  d

u
r u




U
u  where u  is a vector 

representing the dimensional unit u . 

A partial map from V  to U  is called a dimen-
sional distribution on V . 

Suppose   is a dimensional distribution. Denote 

by  v   the value of   on the variable v . 
 

2.2. Dimensional Correctness of Polynomials 
 

Suppose f is a polynomial,   is a dimensional 
distribution. The aim of the section is to define a set of 
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 -correctness conditions and  -dimension for the 
polynomial f . 

Denote by  f  a set of  -correctness conditions 

and by  f   a value of  -dimension for the polynomial 

f . These concepts are defined by recursion: 

1) if f v  then  f    and    f v  ; 

2) if f g h   then 

           f g h g h     and    f g  ; 

3) if f g h   then 

      f g h   and      f g h    ; 

4) if f g / h  then 

      f g h   and      f g h    ; 

5) if  nf pow g  then 

    f g  and    f n g   ; 

6) if  nf root g  then 

    f g  and    1f g
n

   . 

We shall say that the polynomial f  is  -correct if 

all conditions from the set  f  hold. 
 

2.3. Dimensional Correctness of Assertions 
 

Suppose  is a basic assertion,   is a dimensional 
distribution. 

As above, define the set of  -correctness condi-

tions of the basic assertion  . It is denoted by   . 

If f g    where f  and g  are polynomials then 

           f g f g     . 

Similarly, if f g    where f  and g  are poly-
nomials then 

           f g f g     . 

The set of  -correctness conditions of an arbitrary 
assertion   is defined as union of all such sets for its 
basic constituents. 

We shall say that the assertion   is  -correct if 

all conditions from the set    hold. 
 

2.3. Dimensional Correctness of 
Assigning Statements 

 
Suppose  1 sv : f v , , v   is an assignment state-

ment,   is a dimensional distribution. 

By definition, put 

 
   

    
1 s 1 s

1 s

v : f v , , v f v , , v

v f v , , v 

 

   

        


 (10) 

 
2.4. Dimensional Correctness of 

Flows and Programs 
 

Suppose , ,src,snk, ,actL T  is a model of a pro-

gram,   is a transition and   is a dimensional distribu-

tion. Denote by    a set of  -correctness conditions 

for the transition  . By definition, put 
      act           . (11) 

Suppose 1 k   is a control flow for the transition 

system , ,src,snkL T . 

Denote by  1 k   a set of  -correctness condi-

tions for the control flow 1 k  . 
Evidently, 

    
k

1 k i
i 1

     . (12) 

Suppose P  is a program and , ,src,snk, ,actL T  
is a model of the program P . 

Denote by  P  a set of all  w  where w  is a 

control flow from entry  to exit . 
We shall say that program P  is  -correct if all 

sets of conditions from the set  P  are satisfied. 
A program P  is called dimensionally correct iff 

there exist a dimensional distribution   such that P  is 
 -correct. 
 

3. Dimension Flow Equation 
 

To check dimensional correctness of a program P  
we build some equation and call it dimension flow 
equation. 

Let , ,src,snk, ,actL T  be a model of a program. 
As usual in static code analysis [7], consider some 

data lattice. In this case any element of the data lattice is 
a subset of the set of all subsets of the transitions set T . 

For a control flow w  denote by  src w  the ele-

ment p  of L  such that  p src  , where w w  . 

Similarly, denote by  snk w  the element p  of L  such 

that  p snk  , where w w  . 

Let w  be a control flow, denote by w  the set of 
all transitions generating w . 
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Let p  be an arbitrary element of L , denote by 

 pF  the set of all control flows from entry  to p . By 
definition, put 

     W p w | w p F  (13) 

It is easily shown that for a control flow w  the 
follows equation is satisfied 
  w w    (14) 

Using equations (13) and (14), we get 

 

      
  

   

  
    

  
    

   
   

   
 

:snk p,w src

p w p :src p ,snk p

p :src p ,snk p w p

p :src p ,snk p

:snk p

W p w | : snk p, w src

w

w

w

W p

W src

      

        

        

      

  

         

 

 

 

   

    

F

L F

L F

L

F









  

  

 



 (15) 

where for iX  T2   i 1, , m  , X T2 , and denote 

by  1 mX , , X X  the element  1 mX X, , X X    

of 
T22 . 

Hence, the map W : 
T2L 2  satisfies the equa-

tion 
      

 :snk p
W p W src

  
       (16) 

We say that equation (4) is a dimension flow equa-
tion. 

For X : 
T2L 2  by definition put 

       
 :snk p

F X p X src
  

       (17) 

Equation (17) defines the operator F  on the lattice 

of maps from the set L  to the lattice 
T22 . 

It is easy to prove that the operator F  is mono-
tonic. 

In these terms equation (17) can be rewritten as 
  X F X  (18) 

and the map W  is the least fixed point of the operator 
F . 

Using finiteness of the lattice 
T22 , equation (18) 

and Tarsky’s Theorem [8] we can compute the map W . 
 

4. Method for Checking Program 
Dimensional Correctness 

 
The aim of the section is to describe and ground 

the method for checking dimensional correctness of a 
program. 

The method has four phases: 
1) a program model building; 
2) a set of dimensional correctness conditions 

computing; 
3) a set of dimensional correctness conditions sim-

plifying; 
4) a set of dimensional correctness conditions 

checking. 
We shall suppose that one can translate program to 

three-address code [7]. In this case the phase of program 
model building should provide an evident transforma-
tion tree-address code into a program model. 

In the second phase the standard least fixed point 
algorithm [8] is used for computing a set of dimensional 
correctness conditions. Its correctness is grounded by 
finiteness of the lattice of maps from the set L  to the 

lattice 
T22 .  

The general case of the least fixed point algorithm 
is shown in Fig. 1. 
 

lfp:= proc( 
  F: monotonic operator 
) 
 old:=  ; 
 new:= F[old]; 
 while new   old do 
  old:= new; 
  new:= F[new] 
 end do; 
 return new 
end proc 

Fig. 1. The least fixed point algorithm  
(general case) 

 
Describe the algorithm for computing the map F  

defined by formula (17). 
Let   be a dimensional distribution defined on 

X Z . We can consider the distribution as a dimen-
sional specification of external variables. 

After running the least fixed point algorithm we 
obtain the resulting map W .  

The set  W exit  contains some sets of transitions 
names. 
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It is easily shown that 

1)     W exit w | w exit F ; 

2)  W exit  is a finite set. 
 

F:= proc( 
  , ,src,snkL T  : 
    transition system, 
  S : map 
) 
 for each p L do 
  U[p]:= S[p]; 
  for each τ T such that 
    snk τ  = p  
  do 
   for each  C U p  do 
    delete C from U[p]; 
    insert C {τ} 
         into U[p] 
   end do 
  end do 
 end do; 
 return U 
end proc 

Fig. 2. The algorithm to compute the map F  
 

It is evident that     w | w   , where w  is 

a control flow, and the program is dimensionally correct 
iff for each  w W exit  the conditions set  w  is sat-
isfiable. 

In the third phase the set  W exit  is reduced. 
To execute this process we shall use the following 

rule: 
if  X W exit ,  Y W exit  and Y X  then 

eliminating of the constraints set Y  replaces  W exit  
with equivalent set of conditions set. 

The proof of correctness the rule is trivial. 
In the fourth phase final output of checking proc-

ess is defined. 
Let  1 kC , ,C  be the output of the third phase. 

For each i 1, , k   the set  ii i,1 i,sC , ,    

generates the system of conditions 

 

i

i,1

i,s

 





   

   

 (19.i) 

Each subsystem i, j     is a linear system over the 

field  . Therefore system (19.i) is a linear system over 
the field   too. 

Summing up we can say that to define dimensional 
correctness of the program P  it is necessary and suffi-
cient for all i 1, , k   to check existence of some solu-
tion of system (7.i). There are a lot of methods to do this 
checking [9]. 

 
Conclusion 

 
The method for checking the dimensional correct-

ness of program is built and grounded in the paper. 
This method is a method of static source code 

analysis. Effectiveness of checking the dimensional 
correctness of a program for its semantic verification 
was studied in [5]. Experimental results make it possible 
to evaluate test-sensitivity at the rate of about 65%. 
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ПРО СТАТИЧЕСКИЙ АНАЛИЗ РАЗМЕРНОСТИ ПЕРЕМЕННЫХ  
ДЛЯ ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ КРИТИЧЕСКОГО ПРИМЕНЕНИЯ  

С.C. Брюханков, Б.М. Конорев, М.С. Львов, Г.Н. Жолткевич  
В работе исследован некоторый сильный метод статического анализа кода, а именно: анализ физиче-

ской размерности переменных программ. Построена формальная модель для анализа размерности перемен-
ных. Размерности и распределения размерностей представлены в статье в целях определения инвариантов 
для переменных. В статье описан и обоснован метод анализа модели. Показаны экспериментальные резуль-
таты, которые позволяют оценить чувствительность теста порядка 65%. 

Ключевые слова: надежность программного обеспечения, анализ статического кода, пространствен-
ный анализ, поток управления, уравнение потока управления, проблема фиксированной точки. 

 
ПРО СТАТИЧНИЙ АНАЛІЗ РОЗМІРІВ ЗМІННИХ  

ДЛЯ ПРОГРАМНОГО ЗАБЕЗПЕЧЕННЯ КРИТИЧНОГО ЗАСТОСУВАННЯ  
С.C. Брюханков, Б.М. Конорев, М.С. Львів, Г.М. Жолткевич 

У роботі досліджено деякий сильний метод статичного аналізу коду, а саме: аналіз фізичної розмірнос-
ті змінних програм. Побудована формальна модель для аналізу розмірності змінних. Розмірності та розподіл 
розмірностей розглянуті у статті в цілях визначення інваріантів змінних. У статті описано та обґрунтовано 
метод аналізу моделі. Показані експериментальні дані що дозволяють оцінити чутливість тесту в 65%. 

Ключові слова: надійність програмного забезпечення, аналіз статичного коду, просторовий аналіз, по-
тік керування, рівняння потоку керування, проблема фіксованої точки. 
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