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On the Use of goto’s in Escaping from Nested Loops:
from the Hoare Logic Viewpoint

HipETAKA KONDOHt and KOKICHI FUTATSUGI

There have been a vast amount of debates on the issue on usages 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 proving the correctness of programs, and we see that usages of goto’s in es-
caping from nested loops can be justified from the Hoare Logic viewpoint by showing the fact
that constructing the proof-outline of a program using a goto for this purpose is easier than
constructing the proof-outline of a Mills-style program without goto by introducing a new
Boolean variable.
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Fig.1 Axioms and inference rules of Hoare Logic for a Pascal subset.
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1 i:=1; 1 i:=1;
2 while i <m do 2 nYF := true;
3 begin 3 while i <m and nYF do

4 ji=1 4 begin
5 while j <n do 5 ji=1
6 if a[i,j] =0 then 6 while j <n and nYF do
7 goto 99 7 if afi,j] =0 then
8 else 8 nYF .= false
9 j=j+1 9 else

10 i=i+1 10 j=j+1L

11 end; 11 if nYF then

12 99:(* 0O O *) 12 ir=i+1

02 20000000000000goto00O0O 13 end

Fig.2 The program for searching a 0 in a 2-dimensional
array (with a goto).
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Fig.3 The program for searching a 0 in a 2-dimensional
array (without goto).
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1 {T}

2 {1=1}

3 i:=1

4 {i=1}

5 {i=1}

6 {NYF({i—-1,n)}

7 while i < m do

8 {NYF(i—1,n)Ai<m}

9 begin

10 {NYF({i—1,n) Ai<m}

11 {NYF(i,1-1)Ai<m}

12 ji=1

13 {NYF(i,j— 1) Ai < m}

14 {NYF(i,j— 1) Ai < m};

15 while j <n do

16 {NYF(,j—1)Ai<mAj<n}
17 if afi,j] =0 then

18 {NYF(,j—1)Ai<mAj<nAalij =0}
19 {MI(,j) V8% Ai>m}
20 goto 99

21 {L}

22 {NYF(i,j— 1) Ai< m}

23 else

24 {NYF(i,j—1)Ai <mAj<nA-(ali,j = 0)}
25 {NYF(i,(j+1)—1)Ai<m}
26 ji=j+1

27 {NYF(i,j— 1) Ai<m}
28 {NYF(i,j— 1) Ai< m}

29 {NYF(i,j— 1) Ai < m}

30 {NYF(i,j —1) Al < m A= <)}
31 {NYF((i+1)—-1,n)}

32 ir=1i41

33 {NYF(i—1,n)}

34 {NYF(i—1,n)}

35 end

36 {NYF(i—1,n)}

37 {NYF(i—-1,n)A—(i<m)}

38 {MI(i,j)V—=SZ Ai>m};

39 99:(* OO0 *)

40 {MI(,j)V—=SZ Ai>m}

04 02000000000000D00000O00OO
Fig.4 The complete proof-outline of the program in Fig. 2.
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1 {7}
2 {1=1}
3 i=1
4 {i=1}
5 {i=1}
6 {true ANi=1}
7 nYF := true
8 {nYFAi=1}
9 {nYFAi=1}
10 {-nYF A MI(i,j) V nYFANYF(i—1,n)}
11 while i < m and nYF do
12 {(-nYF A MI(i,j) V nYF A NYF(i—1,n)) Ai < m and nYF}
13 {nYFANYF(i—1,n) Ai<m}
14 begin
15 {nYFANYF(i—1,n)Ai<m}
16 {nYFANYF(i,1 = 1) Ai<m}
17 ji=1
18 {nYFANYF(i,j— 1) Ai < m}
19 {nYFANYF(i,j— 1) Ai < m};
20 {nYF A MI(i,j) V nYFANYF(i,j— 1) Ai<m}
21 while j <nand nYF do
22 {(-nYF A MI(i,j) V nYFANYF(i,j— 1) Ai<m)Aj<nandnYF}
23 {(MYFANYF(,j—1)Ai<mAj<n}
24 if afi,j] =0 then
25 {nYFANYF(i,j—1)Ai<mAj<nAal[,j =0}
26 {—false A MI(i,j)}
27 nYF := false
28 {-nYF A MI(i,j)}
29 {nYF A MI(i,j) V nYFANYF(i,j—1)Ai<m}
30 else
31 {nYFANYF(i,j— 1) Ai<mAj<nA-(ali,j]=0)}
32 {nYFANYF(,(+1)—1)Ai<m}
33 ji=j+1
34 {nYFANYF(i,j— 1) Ai <m}
35 {nYF A MI(4,j) VoYFANYF(i,j—1)Ai<m}
36 (*if0000 *)
37 {-nYF A MI(i,j) V nYFEANYF(i,j—1)Ai<m}
38 {-nYF A MI(i,j) V nYF A NYF(i,j — 1) Ai < m}
39 {(-nYF A MI(i,j) V nYF A NYF(i,j — 1) Ai < m) A =(j < n and nYF)}
40 {-nYF A MI(i,j) V nYFA NYF(i,n)};
41 if nYF then
42 {(—-nYF A MI(i,j) V nYF A NYF(i,n)) AnYF}
43 {nYFANYF(i+1)—1,n)}
44 i=i+1
45 {nYFANYF(i—1,n)}
46 {-nYF A MI(i,j) V nYFANYF(i—1,n)}
47 {-nYF A MI(i,j) V nYFANYF(i—1,n)}
48 end
49 {-nYF A MI(i,j) V nYF A NYF(i—1,n)}
50 {-nYF A MI(i,j) V nYFANYF(i—1,n)}
51 {(—-nYF A MI(i,j) V nYFANYF(i—1,n)) A—=(i <mand nYF)}
52 {MI(i,j) V -SZ ANi>m}

05 030000000000000O00O0OO0ODOO
Fig.5 The proof-outline of the program in Fig. 3.
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goto 0O OO0OOOOOO Boolean ODOOOODODO
goto U0 DOO0OODODOO HoareOODDOODOO
gooobooobooooobooobooooon
(n+1)0000 (n>1)000000ODOOOOODO
obooooood
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ifCond 000D 000000 gotoOOOOOODO
00000000000 U0o0oO0Oo00Og (n+1)
00000 +0000000 1<i<n)00

000000000000 gotoOOOOOHoareO OO OOOO s

while whCond; do
begin
S
+10000o0;
T;
end
000o0o0oooO0o0o0ooO0O 700000000 goto
000000000 Boolean 0000000 fv0O
ooooo0oo0oooooooooooooooo
000o00o0o0o0oooo0oo0 ¢« oooo0oooo
1<i<n)O00O
while whCond; and fv do
begin
Si;
+1)0D00D00;
if fu then
T;
end
00000000000 O0O0O0 gotoO OO OO
000000000 000000000000000d
o000 600 70000000O0O0OOO0OSOT;
(1<i<n+1)000 UDOOOOOOOOOODO
whCond; (1 <i<n+1)000 ifCond O Boolean
O00000000fv 0O Boolean DO OOOOOOOO
oooooo

0000 e6e0000O0DCOODOOOOODOOO PreO

1 while whCond; do

2 begin

3 S1;

4 .

5 while whCond,+1 do
6 begin

7 Sn+1;

8 if ifCond then
9 goto L

10 else

11 Tt

12 end

13

14 Ty

15 end;

16 U;

17 L:(* 0O %)

1 fv := true;

2 while whCond; and fv do

3 begin

4 S1;

5 ..

6 while whCondn+1 and fu do

7 begin

8 Snt1;

9 if ifCond then
10 fv := false
11 else
12 Tpi1
13 end
14 .

15 if fu then
16 Ty

17 end;

18 if fu then

19 U

06 gotoDDDDDODDOODOOODODOODOODO
Fig.6 A program-scheme with a loop escaped by a goto.

07 060 gotoDOOOOOOOOOOOOODO
Fig.7 The program-scheme after eliminating the goto in
Fig. 6.
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1 {Pre}
2 {Inv1}
3 while whCond, do
4 {Invy A whCond }
5 begin
6 {Invi A whCond; }
7 S1
8 {Inva};
9 .
10 {Invp41};
11 while whCondy,4+1 do
12 {Invn4+1 A whCondp41}
13 begin
14 {Invn4+1 A whCondp41}
15 Sn+1
16 {P};
17 if ifCond then
18 {P A ifCond}
19 {Post}
20 goto L
21 {1}
22 {Invny1}
23 else
24 {P A —ifCond}
25 Tn+1
26 {Invny1}
27 {Invny1}
28 end
29 {Invny1}
30 {Invp41 A ~whCondyn41};
31 .
32 {Inva A ~whConda };
33 T
34 {Inv1}
35 end
36 {Inv1}
37 {Invi A mwhCond1}
38 {Invi A mwhCond1};
39 U
40 {Post};
11 L:(* 00 %)
42 {Post}

08 Oe600000O0OO0DDOOO
Fig.8 The proof-outline for the program-scheme in Fig. 6.
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(3:) {Inv; A whCond;} S; {Inviy1}
(1<i<n), 0068000000 (i=1)0
(4i) {Invit1 A ~whCondit1} T; {Inv;}
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1 {Pre}
2 {—true A Post V true A Inv;}
3 fu = true
4 {=fv A Post V fv A Invi}
5 {=fv A Post V fuv A Invi};
6 {=fv A Post V fv A Invi}
7 while whCond; and fv do
8 {(=fv A Post V fv A Invi) A (whCondi and fv)}
9 {fv A Invi A whCond,
10 begin
11 {fv A Inv1 A whCond}
12 {fv A Invi A whCond1}
13 S1
14 {fv A Inva}
15 {=fv A Post V fv A Inva};
16 S
17 {=fv A Post V fu A Invpy1};
18 {=fv A Post V fuAInvpi1}
19 while whCond,+1 and fv do
20 {(=fv A Post V fv A Invp41) A (whCondy41 and fu)}
21 {fv A Invy41 A whCondpy1}
22 begin
23 {fv A Invp41 A whCondp41}
24 n+1
25 {fv A P};
26 if ifCond then
27 {fv A P A ifCond}
28 {—false A Post}
29 fv = false
30 {—=fv A Post}
31 {=fv A Post V fu A Invy,y1}
32 else
33 {fv A P A =ifCond}
34 {fv A P A —ifCond}
35 n+1
36 {fv A Invp41}
37 {=fv A Post V fo A Invny1}
38 {=fv A Post V fu A Invny1}
39 end
40 {=fv A Post V fuvAInvpi1}
41 {=fv A Post V fv A Invpq1}
42 {(=fv A Post V fv A Invpy1) A —(whCondp4+1 and fu)}
43 {=fv A Post V fv A Invpy1 A ~whCondny1};
44 S
45 {=fv A Post V fv A Inva A ~whConda};
46 if fu then
47 {(=fv A Post V fv A Invao A ~whCond2) A fu}
48 {fv A Invg A =whConda}
49 T
50 {fv A Inv}
51 {=fv A Post V fvAInvi}
52 {=fv A Post V fv A Invi}
53 end
54 {=fv A Post V fu A Invi}
55 {=fv A Post V fv A Invi}
56 {(=fv A Post V fv A Invi) A =(whCondi and fv)}
57 {=fv A Post V fuv A Invi A ~whCondi};
58 if fu then
59 {(=fv A Post V fv A Invi A ~whCond1) A fv}
60 {fv A Invi A ~whCond1}
61 U
62 {fv A Post}
63 {Post}
64 {Post}

09 gotoOUUOOO 7vO00O000O0DOOOOOOOOOOOOOOO
Fig.9 The proof-outline for the goto-less program-scheme in Fig. 7.
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1 a:=x; b:=y;

2 while b <> 0 do

3 begin

4 a:= amod b;

5 c:=aj;a:=b;b:=c
6 end;

7 if a <0 then

8 a:=—a
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