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Abstract 

This paper consists of two parts. 
. In h'1e frrst part, the idea of using top-down, stepwise refined sequences of Pe!ri nets as a tool 
for progra.m derivationFer is motivated. 

The particular need for program derivatíon in the special case of the constmction of large 
programs is particularly considered in this paper, based on rl!e work of Dana Scott and others. 

The SPE classifícation ofLehman has been used to be able to defme what a large prograrn is, 
using precise and technica1 considerations. 

The life-cycle model is applied to describe t.\}e need for change which is built in in P and E 
programs. Tne economical demand of avoiding totally new program constmctions for each 
change, motintes an appropriate program derivarion to be able to follow the logical steps that 
1ead frmn--a- spcc±:fh::ation to !TI; CülTt:S}Ionflh•g i:rnp.!e,mentation m. ordcr--to res.tricLthe .changes nnl:¡c 
to the necessary steps. 

The inferential progrcrDm:ing's of view is given as the most important contribution to 
clarify the process of pro gram constiuction. 

In the second part, properties of Places(fransitions Pe!ri nets which make them useful for 
program derivarion are c:t,Idied. The prope•ty of a place to be expanded as a whole subnet and 
conversely, is u sed here to pro pose the definition of a partial order for Petri nets. This partial 
order is proposed to be uc:ed to prove convergence properties of sequences of Petri nets, 
applying the partial order's topology. The limit operarion can then be added to these sequen ces 
of Petri nets.The stepwise refíned sequences ihat lead from a specification to its implementation 
are then increasing in this partial order. 

These ideas are exemplified in an appendix by giving t.he Peui net derivation bf a parallel 
regulator and a summary of the whole algorithm for ihe regulator described in the programming 
language ADA beca use of its suitability for the design and description of parallel processes, as 
an application of these ideas in real-time programilling. 

The SPE-classification 

The defmition of the concept 'large program' varies depending on the author. The intuitive 
definirion, that can apply to many cases, takes the number of program lines as the principal 
factor and establishes several thousand lines as an approximate limit. 

It is clear that this depends on many factors, for example the particular programming language 
in which these lines are written, the particular computer, the compiler, etc. 
The SPE-classificationLeh introduces more technical and precise considerations which are 

independent of the particular features of the implementation. 
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S-programs 
Its function is formally defmed and derivable from a specification. A problem of the real world 

or of the universe of the discourse is presented as a formal statement which in tum originate a 
program specification, this one in turn gives a program which brings the solution of the 
problem. 
If we redefine the problem and change the specifications, then a new program must be written, 

even though the changes in the specifications are small, and therefore the complete correctness 
of the program rnust be pro ved all over again. 

P-pro¡uams 
The problem statement of these progra1ns can not be precise. It is a model of an abstraction of 

a real-world situation. 
The correctness of a solution is determined by the program environment, after comparison 

with it. 
The concem is. centered on the value and validity of the solution obtained in its real-world 

context and therefore can cause a change in the program itself. Typical examples are chess 
programs, weather prediction programs and programs for reservation system for an airline. 

E-programs 
The program cornmunicates with the real world of which it has become a part, it is contained an 
embedded in it. The variables of its implicit function are about the same than those of P­
programs, with the addition of predictive views. 
In this type of programs the pressure for change is built in. 

In this paper we study in particular the application of Petri net sequences to the last two types 
of programs (P andE). 

The production of large programs must corisider management aspects to organize and control 
the engaged personnel, software design methodologies, and the software environment which 
include software tools to assist the design and maintenance of the program. In the last years we 
have seen an increased importance of the maiiJ.tenance aspects, speciall y in the large systems 
because that the statistical study has shown that 70% of the total costs are on program 
maintenance and only 30% in development. 

The importance of these data increase in direct proportion ·vvith the role of computers in the 
modem society. A fail in the computer systems for defense of either of the superpowers could 
lead to the total extermination ofthe humanity. 

In such large programs the following characteristics are specially important: 
Reliability - A small error can be extremeiy costly both economically and 

in other aspects. 
Modifiability - These programs can not be substituted often. 

The requirement of being easily released and modified implies 
that they must. be well documented, explained and derived. It 
should be possible to change the intemals of one module 
without requiring changesto the entire system. 

Modularization - The job must be divided in modules that can be designed 
by a group of tens or perhaps hundreds of persons. 

Verifiability - It must be possible to show the correctness of the system 
based on the correctness of the partí al modules. 

Research in software design methodologies stresses the importance of top-down, structured 
programming as an effective way facing the special difficulties embedded in large systems. 

The requirements for appropriate theory, models, methodologies, techniques and tools are 
specially hard in these cases. 

The life-cycle model 

The P- and E-systems are long lived. The cost associated with producing such a system is so 
high that it is not practical to replace it with a totally new system. 

-484-



I>uring its lifetime, the system undergoes considerable modification. Both changes in the real­
wo::-ld environment and proved weaknesses of the system itself can determine the need of 
changes in the system. These considerations origin the concepts of a program's life-cycle and to 
techniques for life-cycle management. 

The life-cycle involves threelevels 
- Successive generation of system sequences 
- The sequen ce of releases of the system 1 
- The sequence of activities that constitute the life-cycle phases of the development ofj 

an individual release. l 
The grossest leve! is constituted of system definition, implementation and maintenance. 
These three phasesrequire a careful planning in order to achieve long life software and lifcümc '¡' 

cost effectiveness. 
The laws which govem the dynamics of the evolution process indícate that project plans must 1 

be related to dynamic characteristics of the process and the system, and to the statistics of 1 

change. J 

Program derivation 

We ha ve airead y remarked the importance of proving the correctness of large programs and 
software systems because requirements are specially hard in these systems. !t is in this a'pec: 
that the concept of program derivation arises as a logical way of showing the correctness of 
them. 

We can define program derivation as the sequence of insights that ís required to derive the 
implementation from straightforward specifications. By representing the program developmem 
as a sequence ofprograms such that the fmal implementation is reached from the initial 
specifications by a series of refinement steps we can structure the process so that we can 
improve both clarity and efficiency. 

Conventional mathematical proofs of programs do not use to justify lhe structure of a 
program, and they do not help to develop new programs that may 1::-e similar to the program that 
was proved. This irnplics that they would be useless to the process of programming. 

-T-he program derivation as..anidealized. record..oLthe sequenc.e.cl d.e.s.ign .;leci~gn~ can inste_!!q_ 
help in both these two aspects. 

In the developrnent of new similar programs the sequen ce of conceptual 'teps can be followed 
and changes can be made at the appropriate levels. Also the structure of the progrfu'11 is well 
clarified by the derivation. 

These qualities make them particularly useful when programs must be adapted. This is 
specially irnportant when we rernind that the proportion of program modification, in pa..rticular in 
the case of large software systems is 70% with respect to design and code. 

In the traditional framework modification is more difficult because ít requires rediscovering 
conce ts used under the develo ment. 

}ig. 1 

lt is sufficient to change sorne steps to adapt a program to new similar specifications. 
The derivation structure makes explicit the rational form of the programming structure. 
Specifications are different from programs in that they do not constrain how the functionality 

of an algorithm is to be achieved. It has been proved that this difference is only one of degree, 
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1 and that there is a mutual dependency between specifications and programs. 

The rol<? of m¡;¡thematical loglc in the construction of large systems 

r-::-~"--~-. . -· -.-~~·---
1 With the :ond of pmgram derivBtion we can get an insight on the program's logical structure, 

1 
but we can go even further : we can reason about prograrn derivalions as formal structures. 

1.1 mathernatics, it c:an be reasoned about proofs as leglti.mate mathernarical objects. In the same l 'Na y, we. could reason abow: prcgram derivations <•s fonnal structures representing the evolution 
of programs. 

~ 1t has t-een shownSch&S that programmers must produce provably correct software, at 
lleast ín rhe sense that documentation is generated conceming the extent to which a program is 
!rdi_'_'l;Je, but tvcn mo~e, we J?US~ tend to g;et a. derivation wit.h the right observations and 
¡cornmtments at the·nght pomts m the denvanon. 

Specially ir1large systems, documentation must beprovided that shows the program derivation 
with all the inferential steps (commitments, deductions, analogies, simplifications) that have led 
to the particular implementation from the specifications so that necessary maintenance and the 
future re1eases would be easier. It is clear that there is a relation between mathematicallogic and 
programming. 

It is logical reasoning that J.eads the derivation steps, consciously or unconsciously. 
On the other side, this leads to comparisons between mathematical theorems, proofs and 

processes and programs, pmofs of programs and data processes. 
Perhaps the best exarnple of the need for p:rogntm derivation is t.he proof of the four-colour 

theorem. The correctness of ¡he computer program that is an essentiaJ part of this proof must 
also be proved. 

The computer-aided check of steps in the proof of mathematical theorems is going to be a 
increasingly more common and useful resource, as \Ve leam to use the power of the computer. 
The systems for symbolic computation configure a step in this direction. 

The logicians have also shown that every closed axiom-system fm arithmetic is 
insufficient.(Gooel). This destroyed the hope of sorne mathemaücians of constructing 
indestructible, self-sufficient systems and must computer scientists a word of warning. 

The inferential programming 

. -~~-"-·~· .... ~--~. . ~~·-·· -~~ 

We must distinguish the difference between prog;ram derivation and infen::ntial programming. 
"Inferential progrannning is the real, somewhat undisciplined and exploratory process of ¡ 

building, manipulating and reasoning about program derivations"Sch&S. 
o.n the o:n~r side "program derivation i.s the .idealized and s.tylize~ record of t!·;e ·'(;q ~Jer:1~e •::.f 1

1
. 

des1gn dec1Slons that leads from the spec1ficatwns to the parl1cular Implementat!on"Scn&". , 
The programrning activity involves nevertheless lots of decisions in whkh aesthetics, a.•TJong j 

other considerations can influence, and much backtracking, experimentation, revision and many 1 
corrections are included. ! 

The purpose of the inferential progra..-nming's viewpoint is not to ceerce programmers, bLJt tho.t 
they be provided with its conceptual and mechanical tools to facilitate the expression of the 
program and its justification and to help in the process of program development. 

The meaning is not at all to automate the programming process, but to build interactive tools in 
an inferential programrning environment that integrates deductive, inductive a,.¡d even analogical 
facilities, which pennit the programmer to explore and create. 

The use of powerful modularization techniques for both programs and program derivations 
will pennit them to scale up and be applied to very large software. 

These techniques would allow modules of a large system to be derived independently and 
combined together in such a way that all possible interactions could be aniicipated, ancl should 
make version control to become a more precise activity, by which changes in a module would 
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need to be propagated only to those modules that were truly affected. 

Convergence in a partial ordering 

Dejinition A Petri net p is a refmement of a Petri net q iff p is the result of replacing the empty 
place ofq by a proper Petri net 

Dejinition p:?: q, where p and q are in a subset of directed Petri nets iff q is (equivalent to) a 
part ofp. 

We use the notation of Halmos iff to mean if and only if 
Examples 

p<::q 

~ 
00 

o 
The properties of the partial orderingPetri 

l. ~ :::1 id reflexive; i.e.: x ~ x for each Petri net x 
2 

2. ~ :::1 ~ transitive; i.e.: x ~y, y~ z imply x ~ z for Petri nets x, y, z 

The partial ordering restricted to stepwise rejined sequences of Petri nets x:?: y.iff x is a 
refmement of y 

Theorem A ste wise refined se uence of Petri nets is a chain, that is for eve 
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sequence, p2::q or qq. 

a unique complete latticc formed by adjoining as ideal 

J)':tec,ed sets :Jie functions of a poset . 
·"·'cr·,,.,,"·''"' lattice, an algebl:::Uc topology can be Ü>troduced by defming for directed sets 

lim xa = x to mean: 

l.u.b ¡x { gr.Lb.p>a X U X~ } =X 

grJ.b.a{ 
An algebraic topology can r;e by letting lim Xa =X in the original partially 

ordered set mean t.hat lim x0,"" x in the extended set 1 
Then, the topology of the original poset is a relativizatíon of the topology of the extended set. 1 

The idea of using stewise rdined sequences of Petri nets has been sJso presented by B. cnb'j 
KramerKr'Jm in a. more formal way. The convergence of these sequences could then. be 
u sed for these sequen cesto tb.e derivation of computer prograrns. 

• ~--~-~~--~--u-= ~~~--~~--·=~~----~~~ 

Appendix 
The derivation of a regulator nwd_eled wirh a 
stepwise refined sequence of Pe tri nets 

1 In fuis paper we use stepwise refined sequ:nc~~=;~~-=~ ~N~:·-~~:~u~:~-~:~:~~scn:~,g progra.~ denvation.l 
We show then the concrete example of fue derivation of a. reg;Jlator, fin;:U algoritl1m is ,'Hcribed ' 

in the progjamming language ADA, Which offeiS facilities tl1e treairnent ;_-;f paraUehsrn. 
The extensive motivation for fue need ofprogmm (J.o:rivaüon has T;~;;:n >ufficien\ly but it hz.s,¡'(l 

originated the appearance of tools which are enoug~1. fonYwJ &t_c\ tb::~~ simuiLaneous1y pera:-üt prograrn.u-.~t--~s 

experiment the freedom and fue jo y of creating óeir worlrs. 
This idea is illustrated by presenting fue derivation of a p:rrdlel regulator whose final \'ersicn is expres: éd as éln 

algorifum in the pmgramming language ADA beca. use its possibilities of describing parallel v< c'~"'""'c>. 
The simple regulator is a theoretical machine composed by a power source and controls 

two basic states: automatic and manual. 
In fue manual state fue user can increase or decrease directiy fue power. 
In the autornatic state !he regulator rnust obey the equation: du/dt = k(r- y) (integrating reguíator). 
The variable r is called fue reference and can be changed manual! y. The variable k can be read and changed, Ll-,e 

same as the sample intervaL · 1 

We represent the regulator by means of marked P{f Petri nets. 1 

In fig. 1 the t:ransition t¡ is enabled in fue beginning of the execution of the rcgulator by placing a toke;:¡ in the 1 

place called start. This transitions frres by moving the token to the place called initiate. 

IIn this marking, the transition t2 enabled. We frre then fue traTlsition t2 by removing the toLen from u'1e place 
initiate and placing tokens in al! its output places. 
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Fig. 2 

C? ,+,, 

The tasks change ofmode, augment and 
diminish are simple and they influence only the 

regulator task. 

fig. 3 

--.-------.-------~------r---', 

--~~------~--~~., 

The regulator is composed by two parts with 

~
sitions t3 and !.,[ between HA.!"'1) and AUTO. 

e transitions t5 and 45 are !he final of the HAND­
OOP and the AUTO-LOOP in the program. 

e t.ransition t4 reprcsents the REG-LOOP. 

fig. 4 
,,-..,.----..,.-----.-----.- ,, 

The transitions t7,tg;t<¡ and tw represent the 
rendezvous between thc regulator and thc t.asks 
AUGMENT and DIMmiSH. 

The task CHANGE OF MODE determines !he 
transitions HA.ND-AUTO and AUTO-HAND(t3 w'ld 
t4). 
fig. 5 

--r-----r---~r----

The tasks augment and diminish havc actually an 
interface with the user that who should place a token 
in his place to allow thc firing of the corresponding 
task. 
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fig 6 The task AUTO 

_ _... ___ _._ ___ ,, 
The transitions t 11 and t 12 model the rendezvous 
between the AUTO-part of the REGULATOR-task 
and the tasks Y_ CONTROLLER and 
READ_SAMPLE_INTERV AL. 
fig. 7 The parallel algorithm of the regulator as a 
Petri net 
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The ADA Algorithm for the Regulator 

with text_io;use. tcxtjü; 
with calendar;us<o cak:nd.-:rr; 

procedure main ls 
-- declarations 
package real_.io is new fl.o?1t_io(float); 
with real_io;use real_io; 
type mode_type is (h~.nd,auto); 

--- declarations: du_dt ,x,y,l,r,k,change_mlity ---­
hand_mode : boolean:=true; 
mode : mode_type:= auto; 
signal : character; 
sample_interval : duration:=O.Ol; 
next_time : time:=clock; 

--- declarations: hand_aui.O_button, ---
--- declarations: console, sensor, ---
--- declarations: incrcase_buu.on, 
--- declarations: decrease_button,out_devíce 

procedure inítiate is 
-- opens the files, initiatcs sorne variables. 
begin 

-- open files, etc. 
end initiate; 

bcgín -- main 
initiate; 
main_block: 
declare 
task regulalor is 



1 

1 

enlry change_to_auto(mode :in mode_type); 
entry change_outsignal_hand(l :in float); 
cntry change_to_hand(mode :in mode_type); 
cntry change_referencc(l : in float); 
cntry change_y(y: in float); 
entry change_sample_interval( 

sample_interval : in float); 
end regulator; 
task change_of_mode; 
task augment; 
task diminish; 

task body regulator is 
begin 

reg_loop: 
loop 

hand_loop: 
while mode=hand loop 
du_dt:=du_dt+l*change_unity; 
select 
acc.ept change_to_auto(mode: 

in mode_type); 
Of 

accept change~ outsignal_hand(l : 
in float); 

e!se nul1: 

change_w_hand(mode: 
in mode_type); 

change_y(y: in float); 

r-· 

Ol 

e-lse nuJl; 
end st".lect; 
auto_bíock: 

declare-- auto_b!oct 
Lask y _comroller . 

-- reads Lhe actual stB.tF of the 
-- from sensors and t.ransmit 
~-- to the main task 
task rcad_sample_intervai; 
-- reads the sample interval 
--- and transmit it to the 
-- regulator task 
task body y _controller is 
begin 
loop 
x:=y; 
get(sensor,y); 
if x/=y 
then rcgulator.change_y(y); 

end if; 
dela' next_timc-clock; 

next_time:=next_Limc+ 
sample_interval; 

end loop; 
end y _controller; 
task body read_sample_interval ís 
begin 

loop 
select 

accept fin do exi~ 
else get(console,sample_interval); 
regulator.change_sample_interval 

end select; 
end loop; 

(sample_interval); 

end read_sample_intcrval; 
begin --------- block -----------

null; 
end auto_block; --------- block-------­

end loop auto _.loo¡i; 
end loop reg_!oop; 

end regulator; 
task bodychange_of_ mode is 
-- receives the signal hand/auto 
-- and transmits it 
-- to t.he regulatcr task 
begin 

loop 
hand_modc:=not hand_mode; 
if hand~mcde 

then 
mode:=hand; 
regulator.change_w_hand(mode):. 
read_sample_imerval.fin; 

el se 
mode:=auto; 
regulator.change_to_auto(modc); 

enttif: 
end loop; 

end cha.Dge_of_mode; 
task body augment is 
begin 

loop 
case mode i.s 

when hand=> 
regulator.change_outsignal_hand(l.O); 

when auto=> 
regulator.change_referencc( 1.0); 

end case; 
end loop; 

end augment; 
task body diminish is 
begin 

loop 
case mode is 

when hand=> 
regulator.change_outsignal_hand( -1.0); 

when auto=> 
regulator.change_reference(-1.0); 

end case; 
end loop; 

end diminish; 
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begin -- main_block 
null; 

1 

1 

1 
1 



1 
end main_block; 
null; 

1 end main; 
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