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On the Use of goto’s in Programming Based on Finite
State Machines: From the Hoare Logic Viewpoint

HipETAKA KONDOH' and KOKICHI FUTATSUGI

There have been a vast amount of debates on the issue on the use of goto statements initi-
ated by the famous Dijkstra’s Letter to the Editor of CACM and his proposal of “Structured
Programming”. Except for the goto-less programming style by Mills based on the fact that
any control flows of sequential programs can be expressed by the sequential composition, the
conditional (if-then-else) and the indefinite loop (while), there have not been, however, any
scientific accounts on this issue from the Dijkstra’s own viewpoint of verifiability of programs.
In this work, we reconsider this issue from the viewpoint of Hoare Logic, the most standard
framework for correctness-proving, and we see that the use of goto’s for expressing state tran-
sitions in programs designed with the finite state machine modelling can be justified from the
Hoare Logic viewpoint by showing the fact that constructing the proof-outline of a program
using goto’s for this purpose is easier than constructing the proof-outline of a Mills-style
program without goto by introducing a new variable.
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Fig.1 Axioms and inference rules of Hoare Logic for a Pascal subset.
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Fig.2 Triples satisfied by input/output procedures.
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Fig.3 The state transition diagram of removing comments.
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1 goto NotInComment; 1 state := NotInComment;
2 NotInComment: 2 while —(state = EndText) do
3 begin 3 case state of
4 getitem(in, ¢); 4 NotInComment:
5 if ¢ = eof then 5 begin
6 goto EndText 6 getitem(in, c);
7 else if ¢ ="/’ then 7 if ¢ = eof then
8 goto SeenSlash 8 state := EndText
9 else 9 else if ¢ =/’ then
10 begin 10 state := SeenSlash
11 putitem(out, c¢); 11 else
12 goto NotInComment 12 begin
13 end 13 putitem(out, ¢);
14 end; 14 state := NotInComment
15 SeenSlash: 15 end
16 begin 16 end; _
17 getitem(in, c); }g S(lz)cnS.lash.
18 if ¢ = eof then 19 eglrtl't (in, ¢)
19 begi getitem(in, c);
20 e%luntitem(out /) 20 if ¢ = eof then
21 goto EndTéxt 7 21 begin
29 end 22 putitem(out, > /?);
. 23 state := EndText
2 Ise if ¢ ="/’ th
TS 1
32 putitegl(ousti :/h’); gg elsi)elgi;: /> then
goto Seenslas 27 putitem(out, */”);
2 end 28 tate := SeenSlash
28 else if ¢ = ’*’ then 29 ens ate := veenslas
29 goto InComment 30 else if ¢ = *%’ then
30 else . 31 state := InComment
31 begin 39 else
32 put@tem(out, 7/7); 33 begin
gi puzltell’{}((t)}ltbc); ¢ 34 putitem(out, */?);
goto Notintommen 35 putitem(out, ¢);
35 end 36 state := NotInComment
36 end; 37 end
37 InComment: 38 end:
38 begin 39 InCorglment:
39 getitem(in, c); 40 begin
40 if ¢ = eof then 41 getitem(in, c);
41 goto EndText 42 if ¢ = eof then
42 else if ¢ =+’ then 43 state := EndText
43 goto SeenStar 44 else if c = %’ then
44 else 45 state := SeenStar
45 goto InComment 46 else
46 end; 47 state := InComment
47 SeenStar: 48 end;
43 begin 49 SeenStar:
49 getitem(in, c); 50 begin
50 if ¢ = eof then 51 getitem(in, c);
51 goto EndText 52 if ¢ = eof then
52 else if ¢ = '’ then 53 state := EndText
53 goto SeenStar 54 else if ¢ = ’*’ then
54 else if ¢ ="/’ then 55 state := SeenStar
55 goto NotInComment 56 else if ¢ =/’ then
56 else 57 state := NotInComment
57 goto InComment 58 else
58 end; 59 state := InComment
59 EndText: 60 end
60 (x* 00 %) 61 end

Fig.4 The comment-removing program with goto’s.
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Fig.5 The comment-removing program without goto.
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def . .
Pre o mL=e Aouty, = € A Filelnv,
Post = inp, = whole Aing = A CmtRmud(outy,, whole);
CmtRmuvd(t, s) def AtEndText(t, s, €);
PreNotInComment = NotInCommentAuz(outy,,ing,),

NotInCommentAuz(t,s) =
SlashOrNot(t,s,r,c) =
PreSeenSlash jéi
SeenSlashAuz(t,s) =

SlashStarOrOther(t, s,r,c) =

Filelnv :
Filelnd) =

ing = e A AtEndText(t, s,ing) A FileInv

Ving # € A SlashOrNot(t, s, bwd(ing), fst(inr)) A FileInv/,
c="/’ N\ AtSeenSlash(t,s :- c,r)

Vec# 7/ N AtNotInComment(t:- ¢, s :- ¢, T);

SeenSlashAuz(outy,,ing),
ing = e A AtEndText(t, s,ing) A FileInv

Ving # ¢ A SlashStarOrOther(t, s, bwd(ing), fst(inr)) A FileInv/,
c="/? N AtSeenSlash(t:-’/’,s:-¢c,T)

Ve =% A AtInComment(t,s :- c,r)

Veg{’/,>x} N AtNotInComment(t:- */? :-¢,s:- ¢, T);

ing, :: ing = whole,
(ing, :- fst(ing)) :: bwd(ing) = whole.
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Fig.6 Pre-/Postconditions of the program, preconditions of states

NotInComment and SeenSlash, and their auxiliary predicates.
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AtNotInComment(t, s,e) D AtEndText(t, s, €),
AtNotInComment(t,s,c:r) Nc# */’> D AtNotInComment(t :- ¢, s :- ¢, 1),
AtNotInComment(t,s,’/? =) D AtSeenSlash(t,s:- */?,r);

AtSeenSlash(t,s: ?/’,e) D AtEndText(t:->/?,s:-*/?,¢),
/e r)ANe# 7/ Ne# 2% D AtNotInComment(t:-?/? - e,s:- /7 - e,m),

AtSeenSlash(t, s :-

AtSeenSlash(t,s: /2, %’

AtInComment(t, s :: "/*" it u, 2%

AtSeenSlash(t,s:-*/?,?/’ -:r) D AtSeenSlash(t:- */’,s: 2/’ 2/, r),
1) D AtInComment(t, s :: "/*",r);
AtInComment(t, s :: "/*" ::u,e) D AtEndText(t,s :: "/*" :: u,€),
AtInComment(t,s:: "/*" i u,c:r) Ac# 2> D AtInComment(t,s :: "/*¥" = wu: ¢, r),
1) D AtSeenStar(t,s :: "/*" u - 7% r);
Y%7 e) D AtEndText(t,s = "/*¥" iu: %7 ¢g),

AtSeenStar(t,s:: "/*" i w -

AtSeenStar(t, s "/*" -
AtSeenStar(t, s "/*" 1 u
AtSeenStar(t,s:: "/*" :u -

k2 car)ANCe#E ¥ ANe# 2/ D AtinComment(t, s 2 "/*" tu - 2% 1),
. ;*’7:*),:
2x2.0 /2 1) D AtNotInComment(t,s :: "/*" :tu

AtNotInComment(e,e,r),

r) D AtSeenStar(t,s :: "/*" tw - 2% 2% ),

"*/",’l").

07 000000O0OO0O0OO0O0OOOOOOODOOO0OD
Fig. 7 Axioms for predicates expressing state transitions.
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1 {PreNotInComment}
2 NotInComment:
3 Dbegin
4 {PreNotInComment}
5 getitem(in, ¢)

¢ = eof Aing = € A AtNotInComment(outy,, ing,, ing) A FileInv
6 ¢ ="/’ N AtSeenSlash(outy,, iny,, ing) . ;

V¢ # /A AtNotInComment(outy, :- ¢, ing,, ing) A FileInu

Vc#eof/\(
7 if ¢ = eof then

8
¢ # eof A (V ¢ # ’/’ N AtNotInComment(outy, :- ¢,ing,, ing)
9 {Post}
10 goto EndText
11 {L}
12 {00oo00ooooooooooo )

13 else if c =/’ then

¢ = eof Aing = ¢ A AtNotInComment(outy,, ing,, ing) A Filelnv

14 ¢ ="/’ N\ AtSeenSlash(outy,, iny,, ing) . A=(c=eof) Ac="/’
Ve #eof A (V ¢ # °/’ A AtNotInComment(outy, :- ¢, ing,, inR)) A leelm> }

15 {PreSeenSlash}

16 goto SeenSlash

17 {L}

18 {00oo0ooooooooooo )

19 else

¢ = eof Aing = € A AtNotInComment(outy,, ing,, ing) A FileInv

20 c ="/’ A AtSeenSlash(outy,, ing,, ing) . A =(c=eof) A=(c="/?)
{(V ¢ # eof A (V c # °/’ N AtNotInComment(outy, :- ¢, ing,, inR)) A Filelnw ( }

21 {c = eof A NotInCommentAuz(outy,,ing,) V ¢ # eof A NotInCommentAuz(outy, :- ¢, iny,)}

22 begin

23 {c = eof A NotInCommentAuz(outy,,ing,) V ¢ # eof A NotInCommentAuz(outy, :- c,ing,)}

24 putitem(out, c)

25 {PreNotInComment};

26 goto NotInComment

27 {L}

28 end

29 {L}

30 {00000000ooOoooooo }

31 {000o0oO0ooooooooooo }

32 end

33 {0000oOoOooOoooooOooo }

¢ = eof Aing = € A AtNotInComment(outy,, iny,, ing) A FileInv
— ) 1 3 —
v ¢ ="/’ N\ AtSeenSlash(outy,, iny,, ing) ) A FileInv A ¢ = eof

08 040000 NotInComment 00000000000 OOOO
Fig.8 The proof-outline of the state NotInComment in Fig. 4.
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1 {(state=NotInComment A PreNotInCommentV ...V state = EndText A Post) A state = NotInComment}

2 NotInComment:

3 begin

4 {(state = NotInComment A PreNotInComment V ...V state = EndText A Post) A state = NotInComment }
5 {PreNotInComment}

6 getitem(in, c)

¢ = eof Aing = & A AtNotInComment(outy,, iny,, ing) A Filelnv

7 ¢ ="/’ A\ AtSeenSlash(outy, :- ¢,iny,, ing) .
Ve # eof A (\/ c # 7/’ N AtNotInComment(outy, :- ¢, iny,, ing) A Filelno
¢ = eof Aing = € A AtNotInComment(outy,ing,ing) A FileInv
8 c ="/’ N\ AtSeenSlash(outy, :- c,ing,, ingR) )
Ve # eof /\ \/ ¢ # ’/’ N\ AtNotInComment(outy, :- ¢,inr,, ing) A Filelnu

9 if ¢ = eof then

¢ = eof Aing = € A AtNotInComment(outy,, iny,, ing) A FileInv

10 ’/> N AtSeenSlash(outy, :- ¢, ing,, ing . A ¢ = eof
Ve eof A (V #/7 A AtNotInCon”fment(outL c 1ni,1nR)) A Filetnu

11 {EndText = EndText A Post}

12 state := EndText

13 {state = EndText A Post}

14 {state = NotInComment A PreNotInComment V ...V state = EndText A Post}

15 else if ¢ =/’ then

¢ = eof Aing = € A AtNotInComment(outy,, iny,, ing) A FileInv

16 >/’ N AtSeenSlash(outy, :- ¢, ing,, ing . A=(c=eof) Nc="/’
Ve #eof A (V #£°/7A AtNotInCmrEment(outL -c 1ni,1nR)) A FileInv ( )

17 {SeenSlash = SeenSlash A PreSeenSlash}

18 state := SeenSlash

19 {state = SeenSlash A PreSeenSlash}

20 {state = NotInComment A PreNotInComment V ...V state = EndText A Post}

21 else

¢ = eof Aing = € A AtNotInComment(outy,, ing,, ing) A Filelnv

22 c =/’ N\ AtSeenSlash(outy, :- ¢, iny,, ing) . A=(c=eof) A=(c="/")
Ve #eof A (V ¢ # °/’ A AtNotInComment(outy, :- ¢, ing,, inR)) A Filelnv

23 {c = eof A NotInCommentAuz(outy,,ing,) V ¢ # eof A NotInCommentAuz(outy, :- c,iny,)}

24 begin

25 {c = eof A NotInCommentAuz(outy,,ing,) V ¢ # eof A NotInCommentAuz(outy, :- c,ing,)}

26 putitem(out, c)

27 {PreNotInComment};

28 {NotInComment = NotInComment A PreNotInComment}

29 state := NotInComment

30 {state = NotInComment A PreNotInComment}

31 {state = NotInComment A PreNotInComment V ...V state = EndText A Post}

32 end

33 {state = NotInComment A PreNotInComment V ...V state = EndText A Post}

34 {state = NotInComment A PreNotInComment V ...V state = EndText A Post}

35 {state = NotInComment A PreNotInComment V ...

36 end

37 {state=NotInComment A PreNotInCommentV ...

V state = EndText A Post}

V state = EndText A Post}

09 050000 NotInComment 000000000000O0DOD
Fig.9 The proof-outline of the state NotInComment in Fig. 5.
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goto UOOOOOOODODOODOO

goto X1;
¥1:571;

Yn:Sn;
Sp+1:(x 000 %)

00000 1<:<n 0000

Si = begin
getitem(infile, v);

if cond;1 then

else if cond;; then
begin
Fij;
goto X; ;
end

end

oddd ssOO00OO0oooooooooboboo

sv = X7;
while —(sv =X,41) do

oo0o000 1<i<n 0000

T;

case sv of
Yq1:Th;

Yn:Th
end

= Dbegin
getitem(infile, v);
if cond; 1 then

else if cond;; then
begin
Fij;
sv = X4
end

end

010 DO000O0OO0OO0OO00O0OOO000DOObOU0O0O0Dgoto 00 O0O0O0OODOOOOOODO
Fig.10 Program schemes based of the finite state machine model (both with and

without goto’s).
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1 {Pre¥;}

2 begin

3 {PreEi}

4 getitem(infile, v)

5 Q%

6 if cond; 1 then

7 else if cond;; then
8 {Q A (/\i;i ﬁcondi’k) A condiyj}
9 begin

10 {Q A ( i;i —mondiyk) A condiyj}
11 Fi;

12 {Pre¥; ; };

13 {PreX; ;}
14 goto X; ;
15 {L}

16 {PreXit1}

17 end

18 {PreXit1}

19 {PreX;11}
20 end
21 {PreX;i1}

011 gotoODOODOOOODOODOODOOOODOODOOD ¥, 0000 §;,000

gooooooooo

Fig.11 The proof-outline for S; of the state X; of the program with goto’s.
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000000000000000000000000
0000000 goto 00000 S, 0000000
0ooo

0200000geto 00000000000 S
00 12116000 goto X;; 000000000
00000000000000000000000
T, 00 14-18000 sv:=%;; 00000000
000000000000000000000000
000D00000000000000000000
0000 0(1) 000000000000 O(n) O
0017000 sv = 8; A PreS;; 00 18000
(Vrtisv =S APres,) 000000000000
0 0(1)000180000000000 O(n) 00
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1 {( Zill SU:Ek/\PreEk) /\svzzi}
2 begin
1
3 {( Zil S’U:Zk/\PTeEk)/\S’U:Ei}
4 {Prex;}
5 getitem(infile, v)
6 {Q}
7 {@};
8 if cond;1 then

9 else if cond; ; then

10 {Q A ( -t ﬁcondi’k) A condiyj}
11 begin

12 {Q A (/\i;i —\condi,k) A condm-}
13 Fi

14 {Pre¥; ; };

15 {Ei’j = Zi,j AN PT‘SEZ‘J‘}

16 sv 1= X j

17 {S’U = Eiyj AN PreEi,j}

18 {ViE] 50 =3k A Presy}

19 end

20 {ViE] sv =3k A Presy}

21 {\/:;1 s =Yg A PreX }

22 end

23 {ViE] sv =k A Presy }

012 0000 sv 00000000000 0000000O0DOD ¥, 0000 7T; 000000000000
Fig.12 The proof-outline for T; of the state 3; of the program without goto’s.
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