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t. There is little empiri
al information about the relation betweenthe quality of the programs and the style of the programmer. One experimentin this dire
tion is presented in this paper.It is 
onsidered that the style of the programmer a�e
ts his eÆ
ien
y,and the 
orre
tness of his programs. To sustain this hyphotesis, the papersat a written examination were analysed and the 
on
lusions are presented.Key words: programming methodology, style, quality, software metri
s,edu
ation 1. Introdu
tionThe need to measure various attributes met in software engineering is underlinedin [4℄. Certainly, it is very important to asess the time needed to realize a softwareproje
t, or to evaluate the quality, maintainability, reliability, or usability of aprogram, or the produ
tivity of a programmer. Also, we think it is very useful toassess the e�e
t of programming style on the above mentioned attributes.Is there a relation between the style of a programmer and the quality of hiswork? We need some de�nitions of the 
on
epts we use. What is a style? In [2℄the word style is 
onsidered to be the general way in whi
h something is done,\the general attitudes and usual ways of behaving", \the style of a produ
t is itsdesign", and the style of writing is \the 
hoi
e of words and the way in whi
hsenten
es and paragraphs are stru
tured". It is somebody's manner of speaking,a
ting, writing, for expressing his thought.In Software Engineering when we de�ne the style we 
an think only to how theprograms look [15, 17℄. Therefore, in a narrow sens we have:De�nition 1. Programming Style 
onsists of the ways in whi
h the programerwrites programs easy to read, and easy to understand, the ways in whi
h thesequalities are a
hieved.2000 Mathemati
s Subje
t Classi�
ation. 68N30.1998 CR Categories and Des
riptors. D.2.3 [Software℄ : Software Engineering { CodingTools and Te
hniques D.2.7 [Software℄ : Software Engineering { Distirbution, Maintenan
e andEnhan
ements . 60



ON PROGRAMMING STYLE { PROGRAM CORRECTNESS RELATION 61Readability is 
onsidered to be the main attribute of style [11℄. And readabilitydepends on indentation, good names, and on the 
omments present in the textsof the programs.We will brie
y des
ribe the elements of style. But we must say that they maydi�er from person to person, although ea
h programmer must have and think to hisown style. Citing Gries, \Whatever 
onventions you use, use them 
onsistently"[10℄.Therefore, the elements of style (in a narrow sens) are:� Comments;� Text Formatting (Indentation, White Spa
es);� Good Names for Entities of the Program.Comments are very important for internal do
umentation. Every programought to have do
umentation in it. Comments must be used:� to state the spe
i�
ation of the problem solved by the program, to pre
isethe author, date, and other useful information for the reader;� to show the purpose of ea
h variable;� to explain what a pro
edure does: to show the spe
i�
ation of the pro-
edure, and the meaning of the parameters;� to write the loop invariants in those pla
es of the program where theyhold;� to explain the 
onditions in whi
h some parts of the programs are rea
hed,and the role of these parts;� and to transmit other useful information to the reader.Indentation rules are used to enri
h the 
larity of the program. There are avariety of suggestions for su
h rules. Gries suggests the following indentation rules[10℄: � su

esive short 
ommands 
an be written on the same line provided that,logi
ally, they belong together;� 
ommands of a sequen
e that appear on su

esive lines should begin inthe same 
olumn;� sub
ommands of a 
omand must be indented 3 or 4 spa
es from the
olumn where the 
ommand begins;� the pre- and post
ondition of a 
ommand should begin in the same 
ol-umn as the 
ommand;� a loop should be pre
eded by an invariant and a bound fun
tion; theseshould begin in the same 
olumn as the beginning of the loop.Then, the names of variables, fun
tions, types, 
ontribute to the 
larity ofprograms [13, 14℄. Here are some rules in this dire
tion:� 
hoose meaningful names for all entities;



62 M. FRENT�IU� do not use a single name for two variables (i.e. the same name has onemeaning in a part of the program, and a se
ond meaning in anotherpart);� de�ne your variables before you use them, and then be sure to adhereto the de�nitions;� when a name is 
omposed of two words, start the se
ond one with a
apital letter.But everybody admits that a badly 
on
eived program remains a bad program.It may be well do
umented through 
omments, it may be ni
e indented, and itmay use meningful names, if it is not 
orre
t it is useless. And, also, if it 
annotbe maintained, it is not of a good quality.Therefore, we 
onsider a larger aspe
t of programming style.De�nition 2. Programming Style 
onsists of all means taken by the programmerin his a
tivity for produ
ing reliabile produ
ts easy to read, and easy to under-stand, the ways in whi
h these qualities are a
hieved [13, 10℄, [8, page 137℄.This de�nition sets in the main frame the way in whi
h the programmer respe
tsthe general a

epted rules for good programming. It starts with the spe
i�
ationof the program, with the way in whi
h the design is done, with the 
larity ofdo
umentation for all stages of work. As Floyd [5℄ said, we must permanently�ght to a
quire better programming methods for produ
ing 
orre
t and easilymaintainable programs. The style depends on how the general a

epted rules forgood programming are respe
ted. And there are many books and papers that
ontain su
h rules [13, 14, 10, 6, 7, 8, 9℄.2. The experimentThe opportunity to do this study was o�ered by the Graduate Li
en
e Examina-tion held in June 2001. 94 students took part in this exam (for B.S
. in ComputerS
ien
e). The subje
t 
onsisted of two parts: theoreti
s (the �rst two subje
ts),and programming (next two subje
ts). Here are the subje
ts:(1) Sorting. Qui
ksort;(2) Merging;(3) Spe
ify, design, and implement an Abstra
t Data Type SET;(4) Write a program whi
h prints the longest sequen
e of 
onse
utive primesfrom a given sequen
e of natural numbers.The results are given in Table 2. Sin
e the results for the theoreti
al subje
tsare not dire
tly used in the analysis, only the total number of points (for allfour subje
ts) are given in the fourth 
olumn (denoted by T). The P3, and P4
olumns 
ontain the points given for the subje
t (3), and (4), respe
tively. Then,the elements of style are measured by grades from 0 to 10. The grade 0 is givenwhen the 
orresponding attribute is not present at all, and 10 if it is 
onsideredperfe
tly.



ON PROGRAMMING STYLE { PROGRAM CORRECTNESS RELATION 63No P3 P4 T P3 P4 No P3 P4 T P3 P4I CNG I CNG I CNG I CNG1 23 22 73 8 0 6 7 8 0 8 5 48 24 21 80 6 5 5 6 5 4 4 52 19 18 66 7 2 7 5 6 3 4 3 49 18 23 75 4 0 4 4 5 0 3 53 25 8 73 8 1 3 6 7 0 8 2 50 25 25 90 9 6 6 9 8 5 5 84 15 18 57 7 3 5 7 8 2 6 2 51 24 19 79 7 0 4 6 8 8 5 75 22 15 70 7 0 7 4 9 0 5 4 52 20 18 72 7 2 6 7 6 2 4 66 15 19 69 8 1 6 5 6 6 8 7 53 22 23 85 6 1 5 6 7 2 3 77 8 19 57 7 0 5 2 7 1 8 4 54 11 18 64 4 1 4 4 5 3 2 48 15 20 71 5 1 5 2 8 3 7 6 55 23 20 78 5 4 5 6 5 1 4 59 22 25 81 7 5 5 5 8 5 8 6 56 20 21 75 3 1 2 3 4 3 4 410 25 22 79 7 6 5 6 7 8 6 8 57 20 0 52 4 0 3 4 0 0 0 011 25 20 84 8 4 6 7 7 0 4 6 58 10 20 52 5 4 4 5 6 1 3 612 22 19 78 8 0 4 8 8 2 5 5 59 25 22 87 6 7 6 8 6 0 4 613 20 20 77 6 6 5 8 4 8 7 7 60 20 5 65 7 5 5 7 6 4 3 514 9 5 42 0 0 0 0 2 0 2 0 61 6 10 42 2 2 1 2 5 0 5 515 18 17 75 6 0 3 5 5 4 3 4 62 18 15 64 5 0 3 4 4 1 3 316 22 20 82 5 0 4 5 5 1 4 5 63 23 20 82 4 2 5 5 5 3 4 517 0 2 28 0 0 0 0 2 0 0 0 64 20 20 80 6 0 5 6 6 7 5 718 23 22 80 6 0 4 6 5 0 4 5 65 24 21 82 7 8 7 8 7 7 6 719 24 20 82 9 7 7 8 8 6 6 8 66 20 18 74 6 0 4 5 6 9 6 820 13 17 63 6 1 3 3 7 0 4 7 67 21 20 73 6 0 4 5 7 3 4 621 15 15 57 6 2 3 5 6 3 5 5 68 9 21 65 2 0 3 2 3 4 5 422 17 18 71 7 7 6 7 7 6 5 6 69 14 20 67 3 0 2 2 5 0 2 423 5 13 42 3 0 1 1 2 4 2 2 70 25 15 78 6 3 5 6 5 2 3 424 12 20 66 5 4 5 4 5 6 6 5 71 12 10 55 2 0 3 3 4 0 2 225 25 23 88 6 8 6 9 7 7 7 8 72 20 19 76 4 1 3 3 4 2 3 326 10 19 49 2 0 1 3 6 1 3 6 73 23 15 76 7 3 5 6 4 3 4 427 0 0 15 0 0 0 0 0 0 0 0 74 9 15 57 4 3 3 4 5 3 4 428 13 15 61 2 7 4 4 7 0 4 4 75 20 20 72 5 3 4 5 5 2 4 529 18 21 78 6 4 5 5 7 5 5 7 76 22 13 75 6 7 5 6 5 5 3 430 24 18 81 8 6 6 7 5 5 3 5 77 22 25 76 7 3 6 7 8 9 5 631 24 21 85 7 1 6 6 5 4 4 5 78 17 22 79 4 0 2 3 6 6 4 632 25 23 85 7 6 6 8 7 6 5 8 79 13 18 64 4 0 3 3 7 5 5 733 24 15 74 6 3 6 7 5 3 6 5 80 23 19 82 6 0 4 5 5 4 5 534 23 22 65 5 7 7 7 6 0 5 6 81 25 23 85 5 0 4 5 6 1 4 535 18 20 77 6 2 6 6 7 5 4 5 82 22 21 82 2 4 5 5 5 3 5 536 24 20 79 9 9 8 9 5 6 6 6 83 18 22 73 6 4 6 6 6 4 5 637 19 18 76 6 5 4 5 3 4 3 5 84 11 18 68 3 2 3 3 4 0 2 338 20 4 53 5 1 5 5 2 0 1 1 85 8 18 46 4 2 3 3 5 2 3 439 20 18 66 8 5 4 7 5 7 5 5 86 12 19 59 5 0 4 4 5 0 3 540 22 19 79 7 0 5 6 6 0 4 4 87 25 20 83 6 0 5 6 6 4 3 541 20 22 65 6 0 4 6 7 1 4 7 88 9 18 54 4 0 3 3 5 1 4 442 11 3 46 2 1 1 1 1 0 1 1 89 25 20 82 7 0 6 6 6 6 5 643 9 11 30 2 0 1 2 2 2 1 2 90 23 22 82 8 7 6 8 8 7 6 844 21 20 61 3 0 4 4 3 5 3 3 91 24 20 79 7 5 6 7 7 6 6 745 22 13 72 5 2 3 5 4 1 3 4 92 17 21 72 6 5 5 6 6 6 6 646 24 21 80 6 5 5 6 6 4 4 5 93 25 23 88 7 4 5 7 6 7 5 747 21 20 76 5 5 4 5 4 5 3 4 94 24 15 77 5 3 4 4 5 4 3 4Table 1. Primary data for attributes of style



64 M. FRENT�IULine no. X1 X2 Y C(X1,Y) C(X2,Y)1 P3 T P3/I 0.70 0.672 P3 T P3/C 0.37 0.373 P3 T P3/N 0.70 0.704 P3 T P3/G 0.79 0.735 P4 T P4/I 0.64 0.576 P4 T P4/C 0.42 0.457 P4 T P4/N 0.56 0.508 P4 T P4/G 0.76 0.669 P3 P4 P3/I + P4/I 0.63 0.6110 P3 P4 P3/C + P4/C 0.43 0.4011 P3 P4 P3/N + P4/N 0.60 0.6312 P3 P4 P3/G + P4/G 0.72 0.6913 P3/I + P4/I P3/N + P4/N T 0.68 0.6714 P3/C + P4/C P3/G + P4/G T 0.48 0.77Table 2. The 
orrelation 
oeÆ
ients for various attributesFor example, in 
olumn P4/C the grades for 
omments in the program 
orre-sponding to the problem 4 are given. The minimum amount of 
omments requiredto obtain 10 is formed from the statement of the problem, the pre
ondition andthe post
ondition for ea
h pro
edure, the meaning of ea
h variable, and, in someimportant pla
es, the situation in whi
h that part of the pro
edure is rea
hed.The papers were independently analysed by two tea
hers, and the points weregiven for the global 
orre
tness of programs. It was similar to an inspe
tion of theprogram, su
h that the given number of points re
e
ts the measure of program
orre
tness (
olumns P3, and P4, respe
tively), and a
quired knowledges (
olumnT). Although everybody knew that the 
orre
tness of programs is important, andthis was wat
hed 
arefully, the students also knew that the tea
hers look at theirstyle of programming.The 
olumns marked by (C), (I), and (N) 
ontain the points for the measuresin whi
h the rules 
onne
ted to 
omments, indentation, and good names are re-spe
ted, as explained above. The 
olumn (G) 
ontains the points (from 0 to 10)for the way in whi
h all the general a

epted programming rules are respe
ted,starting with the spe
i�
ations of the problem and of all used modules, analysingthe design and the do
umentation of all a
tivities. The points 
ontained in the
olumns (C), (I), (N), and (G) were given by the author of this paper.3. Con
lusionsIt is known that the measure of linear dependen
e between two 
hara
teristi
sis given by the 
orrelation 
oeÆ
ient of these 
hara
teristi
s. Therefore, the 
or-relation 
oeÆ
ients for various attributes were 
omputed. They are given in Table3, where C(X,Y) denotes the 
orrelation 
oe�
ient of the attributes X and Y.



ON PROGRAMMING STYLE { PROGRAM CORRECTNESS RELATION 65As we expe
ted, these 
oeÆ
ients are positive, and show that there is a strongdependen
e between the 
orresponding attributes. This 
on�rms the idea thatprogramming style has an important impa
t on program 
orre
tness. Also, it wasexpe
ted that the largest 
oeÆ
ients are between the 
orre
tness and the way inwhi
h the general rules are satis�ed (
olumn G).Moreover, we must observe that these 
orrelation 
oe�
ients are stable for bothproblems, i.e. C(P3; A) is 
losed to C(P4; A) for all attributes A 2 fI; C;N;Gg.This 
on�rms that the students have been 
onvin
ed of the ne
essity to respe
tthe above mentioned rules, and have a
quired an a

eptable programming style.Nevertheless, we must observe some anomalies, and, for edu
ational purposes,take some measure to eliminate them. First, we 
an observe that the smallest
oeÆ
ients 
orrespond to the 
olumn C: C(P3; P3=C) = 0:37 is the smallest ofall. Therefore, students do not like writing 
omments. In this dire
tion we mustobserve that there are 56 programs (from 188 = 2 � 94) that have no 
ommentsat all!This is in 
ontrast with the 
ase of the other attributes, where the presen
e ofzeros is an ex
eption, only the lines with P3 = 0, or P4 = 0, having the gradesfor these attributes equal to zero.The indentation rules are mu
h better respe
ted. There is one more reason forthis. At all le
tures, when the tea
hers write algorithms or 
ode, they respe
tthese rules in all lines. But only sometimes they write 
omments.We may 
on
lude that a good programming style and a 
orre
t programminghabit must be taught in parrallel. As 
an be seen [6, 7, 8, 9℄ there were manyimportant programming style rules in my le
tures, but they were not 
ompulsory,as is the 
ase of many universities [1, 3, 11, 12, 15, 17℄. As a 
onsequen
e of thisanalysis, I think su
h rules must be
ome 
ompulsory.Referen
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