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. . () pm-2 <p m-1 maxincome(m) =
0,:r () (1)) maxincome(m — 1) + (Xizi=m-1:p i —-p i-
“ r(z) JSG) q 1) = maxincome(m - 1) +p m-1 -
7 q v ( ) 3( pm=-2.
) X( ) TI( ) MIN( () pm-2 =p m-1 maxincome(m) =
) MAX( ) N( ) R maxincome(m - 1) + (Y i:falsezp i —-p i -1 )
: = maxincome (m - 1) + 0 =
1) Qi =k (D)) =f(k); maxincome (m —1).
2) 20,:r(D):f()) =(Q;:r (1) A maxincome(m)
b(@) /(1)) q(Q;:r (D) Nb(2) /(7)) maxincome(m) =
3) O, J:ir() AsG DG D) = maxincome(m —1) + (p m -1
(Q::r(@) :(Q,:sG DG D)) -pm=2)pm=-2 <p m-1
4) 2(Q,:r()f (D) gg(i)) =(0Q;: maxincome(m —1) p m-2 <p m-1 .
r(i) /(0))q(Q::r(0) :g(0)). 3) : s
maxincome(m — 1)
2 ps =maxincome(m - 1) A(l <m<n+1).
4)
2.1 begin
m:=2;s:=0;
12 dom<n=
. ifp m-2 <pm-1 —s>=s5+
p (i) )
N p m—-1 -p m-2;
1) . maxincome(n) ﬁ-P m=2 =p m-1 —skip;
" m-=m+1;
) od;
end.
pn =-ow.
0: p 0in—-1 n>l1; 2.2
R:maxincome(n) = (X1 jil<i<j<sn-1A : “ACG-
pi-1 >pi Apj >pj+1 A(Vkiisk<j:  TASFIKACGTACGTACGTACGTAKDAC -+ ”
pk <pk+1)mpj -pi). ACGT
R i j .
p pi.j pi ‘0’ ACGT
pJj “OASFJKOOOOAKDAC:--”
. pi.j ‘0’ .
pj —-pi p i+l —-p i +pi+2 - 1) :Q:n=1;R:maxgenome(n) =
pi+l +=+pj -pj-1. (MAX i jil<sisjsnA(Vkiisk<jia k =
‘0’)-i+1))
R R:maxincome(n) = (Y i:l<<i<n-1A 2) . marker(i j) =
pi-1 <pipi -pi-1). (VEkiisk<jia k = ‘07) a i
2) ‘0’

maxincome(m) = (Xizl<ism-1Ap i-1 <
pipi —-pi-1)y=(Xizlsism-2A
pi-1 <pipi -pi-1)+(Xizi=m-1A
pi-1 <pi:pi -pi-1) =
maxincome(m - 1) + (Xizi=m-1Ap m-2 <
pm-1:Ipi —-pi-1).

marker(i j) = (Vkii<k<jia k = ‘07) =
(Vkiisk<j-l:a k = O°)AN(Vkik=ja k =
0) =(Vkiisk<sj-lia bk = O)A
(e j = 0) = marker (i j - 1) A

(a j = 0).
maxgenome (m) = (MAX i j:
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I<isjsmAmarker(i j):j—-i+1) = ((MAX j:l <
jsm:(MAX izl <si<jAmarker(i j)j—i+1))
max (j) = (MAX izl si<j A
marker (i j)j—i+1) a j
‘0’ . max (j) = (MAX i:
I<isjAmarker(i j)j-i+1) =(MAX izl <i<j A
marker (i j—=1)AN(a j = ‘0O’):;j-i+1).

(G) aj # 0O marker (i j) = marker (i
i-DA(e j = 0’) =marker(i j —1) Nfalse =
false ;max (j) = (MAX i:false:j —i +1)

0 =0.

(i) aj = O marker (i j) = marker (i
j-DACa j = ‘0") =marker(i j—1) N true =
marker(i j — 1) max(j) = (MAX izl <i<jA
marker(i j);j—i+1) =max((MAX izl <i<j -1 A
marker(i j);j—1+1) (MAX izi =j A marker(i j):
j-i+1) =max((MAX i:l1<i<j-1A
marker(i j);j—-i1+1) (MAX i =j A marker(j j):
J-i+1)) =max ((MAX i:1 <i<j -1 A\ marker (i
Dij-i+1) (MAX izi=jANoruezj-i+1) =
max((MAX i:1<i<j -1 Amarker(i j):j—i+1)
1 =max ((MAX izl <si<j-1A
marker(i j=1)j—i+1) 1) =max((MAX i:1<i<
J-1 Amarker (i j-1):j-1-i+1+1) 1) =
max((MAX izl<i<<j -1 Amarker(i j-1):j-1 -

i+1) 0) +1 =max(max(j—-1) 0) +1 =
max(j —1) +1.
max (j) :
max(}_):{max(j—l)+l a]: = :O:
0 aj # ‘0.

maxgenome(m) = (MAX j:1 <jsm:max(j)) =
max((MAX j:l<j<m - 1:max(j)) max(m))

= max ( maxgenome (m — 1)

max(m)).
max(j):{max(j—l)+1 a]: = :O:
0 aj # 0.
maxgenome(m) = max ( maxgenome (m — 1)
max(m)).
3) . mg
maxgenome (m — 1) m,

7
p:mg = maxgenome (m —
1) Am; =max(m -1) AN1<m<n+1.

4) :

begin

max(m -1)

m:=1;mg:=0;my: =0;left: =0;right- =0;
do m=n—if(a m = 0’ )—>mj: =mj+1;
(a m # ‘0")—>m:=0;

fi;
mg . = max(mg mj);
if(mg = mj) —right: =m;
lefiz =right —mg +1;

(mg #mj) —skip;

fi;
mi:=m+1;

od;

end.

left ‘0’
right ‘0’
3 Isabelle

3.1 Isabelle

Isabelle
L. C. Paulson
T. Nipkow 1986
Isabelle
’ 1 ) ~N
PVS COQ
1

Isabelle .
Isabelle N B 1
SAT 8

Dijsktra Isabelle
Isabelle
2 Isabelle
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WP(Q R) Q
R
wP
Dijkstra
do C,—S,;
C,—S,;
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p) Am>1Am<n/Am>n=s = (maxincome n p)"
C,—S,; apply auto
od done.
c, c, - C, S, S, S, “apply
C,—S, . auto” “No subgoals!” done
Guard =C, \/ C,\ -\ C,. {Q}do{R}
do p 4.2
()0 ==>p( Isabelle
p ) (iDpACi==>WP(“S” p)l<i<n 4
(iii)p A+ Guard = = >R( R ).
4
4 5
marker-maxj  maxge—
4.1 nome.
1) maxincome. thy imports fun marker: " nat=nat=int list=bool”
Main where
theory maxincome "marker ij a = ((f(Vme{i .j}. ((a! m) =
importsMain 0) ) then true else false)"”
2) Isabelle list fun maxj: :"nat=int list=>int "

3) .
Q: p Oin-1 n>1;
R:maxincome(n) =(Xi:l<isn-1Ap i-1 <
pipi —-pi-1).
4) p-

p s =maxincome(m — 1) A (1l <m<n +1).
5) maxincome. Isa—

belle fun

fun maxincome: :" nat=int list=int"

maxincome

where
"maxincome 0 p = (0)" |
"maxincome n p=(Xie{l.. (n-1)}.
GICY D) > (1 i = 1)) then((p! D) - (p! i~ 1))
else 0))".

6)

(i) lemma wpl:"(n:inat) >1 Am=2/As=0=

s = (maxincome(m — 1::nat)p) Am>1 Am<n"
apply auto
done.

(ii) lemma wp2:"s = (maxincome (m — 1::nat)
p)Am>1 Am<nAm<n= (maxincome m p) =
(maxincome m p) A\Suc m >1 A Suc m<n"

apply auto
done.

(iii) lemma wp3:"s = (maxincome (m — 1: Znat)

where
"maxj 0 a=(0)"I
"maxj ja=(Xpe{0..;}. (if(marker pj
a)then 1 else 0))"
fun maxgenome: " nat=int list=int"
where
"maxgenome 0 a = (0)" |
"maxgenome k a = (max (maxj k a) (maxge—

nome(k — (1::nat))a))".

(i) lemma wpl:"(n:inat) =1 Amj =0/ Amg=0A
p=1=mg = (maxgenome (p — l:-nat) a) \Nmj =
(maxj(p —1::nat)a) Ap=1 Ap<sn+1"

apply auto
done.

(ii) lemma wp2:"mg = (maxgenome p a) \Nmyj =
(maxj p a) Ap=1Ap<n/p <n=(max(maxj(Suc
p)a)mg) = (maxgenome(Suc p)a) A Suc p=1 A Suc
p<n"

apply auto
done.

(iii) lemma wp3:"mj = (maxj(p —1::nat) a) A\
mg = (maxgenome(p —1:Inat)a) Ap=1 Ap<n
p >n=mg = (maxgenome n a)"

apply auto

done.

“apply
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auto” “No subgoals!” done ]
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The Formal Derivation of Algorithm and
Automatic Verification Based on Isabelle

QI Leilei YANG Qinghong” YOU Ying
(College of Computer Information Engineering Jiangxi Normal University Nanchang Jiangxi 330022 China)

Abstract:The continuous development of trusted software has further promoted the in-depth study of formal meth-
ods. Two formal problems of practical application are introduced and the formal deduction process of the algorithm
is demonstrated by the formal method based on recursive relation. The Isabelle theorem prover is combined with the
weakest predicate method of Dijkstra to validate the algorithm automatically which avoid the problem that manual
verification process is tedious and error prone. The research shows that the formal method based on recursive relation
can not only improve the efficiency of the algorithm but also ensure the correctness of the derivation process by
mathematical transformation. So this process effectively guarantees the correctness of the algorithm.

Key words:formal methods;Isabelle theorem prover;automatic verification ; formal derivation



