Verifying Array Programs with Full-program Induction
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Goal Computing Difference Program Need for Pre-conditions Efficiently Solves More Programs
Verify (a cla.ss. of ) quantified as well as quantifier- 1. void Simple(int N) A assume (true) :
free post-conditions, 2. int A Nm1[N-1], A[N]; 1. void PolyCompute(int N) { 30 | :
e programs manipulating arrays and scalars in 3. 1int sum_Nml=0, sum=0; 2. int A[N], B[N], C[NI; =
loops 4. for (int i=0; i<N-1; i++) 3. A[0]=6: B[0]=1: C[0]=0;: 020 | ]
e parameterized by a special variable N 0. A_N@l [i]. - 1f | 4. for (int i=1; i<N; i++) i 10 | )
e quantified invariants over arrays or scalars not 6. for (int i=0; i<N-1; i++) | 0. Alil = Ali-1] + 6;
available 7. sum Nm1 = sum Nml + A Nmi[i]; 6. for (int i=1; i<N; i++) 0| _ *
- 7. B[i] = B[i-1] + A[i-1]; | ‘ | ‘
e use black-box back-ends such as SMT solver 8.  for (int i=0: i<N-1: i++) 8. for (int i=1: i<N: i++) Vajra  VIAP VeriAbs Booster VapHor
9. A[i] = A Nm1[i] + (1-1); 9. C[i] = C[i-1] + B[i-1]; C : o tiom T Tool
MOtiV&tiIlg Example 0. A[N-1] = 1. 0. 1 omparison of Execution Time of Tools
11. sum = sum Nmi; assert (Vie[0,N),C[i]=1?); 100 |
assume (true) ; 11. for (int i=0; i<N-1; i++) 30 |
1. void Simple(int N) { 12. sum = sum + (A [1: - A Nm1[i]); Inferring and Proving Pre’s 260
2. int A[N], sum=0; 13. sum = sum + A[N-1]; =40 |
3. for (int i=0; i<N; i++) 14. } o0 |
4 ATi] = 1: assume (B[N-2]=(N-1)°-(N-2)°) ;
. 1 - ’ o o o 0 |
5. for (int i=0: i<N: i++) Simplified Difference Program -
g sum = sum + A[l] . assume(\V/iE[O,N—l),C[i] =i3); P1 P2 P3 P4B6P;5Ch£grkp7 P8 P9 P10
7. } assume (true) ; 1. AjN—lj - A:N—2: " 6;_ ) = VAJRA = VIAP = VERIABS = BOOSTER -= VAPHOR
assert (sum==N) : 1. void Simple(int N) A 2. B:N‘1: = B:N‘2: + A:N‘Qz;
2. int A[N], sum=0; 3. CLN-11 = C[N-2] + B[N-2]; Recoenition
Full-oroeram Induction 3. for (int i=0; i<N-1; i++) assert (C[N-1]1=(N-1)"); 5
PToOs 4 Ali] = 1;
Goal: Prove {ony} Py {1n} holds 5. for (int i=0; i<N-1; i++) assert (B[N-1]=(N)’-(N-1)") ; e VAJRA is now a part of TCS tool - VERIABS
| PNFENAYN 6. sum = sum + A[i]; e Participated in the software verification
Base case: Prove {¢;} Py {1} 7. } Vajra Tool Diagram competition SV-COMP 2020
assume (sum==N-1) ; e Won a gold medal in Reach-safety category
: 8. A[N-1] = 1; C file Stood first | L
Hypothesis: Assume {90 N—1} Py {¢N—1} ’ e btood first 1 arrays sub-category
9. sum = sum + A[N-1]; 1
t (sum==N) : fenaming Conclusion
Inductive step: AsseLtisul==a/; of Arrays
. | " !
Compute difference pre-condition dyy such that S - . g .
’ ntactic Restrictions Difference . .
on — (on_1A0poy) and {Dpn Y Py {Opon? hold y Goneration e Difference makes the difference!
PB - St | St:St 1 e Reduction to verification of loop free programs
Compute 0P such that, T T o o ;| Check Base Case |« o Compute differences of programs recursively
P (?P — P.x h 1d St = U = E‘ UN .= EN| A[EN] _EN‘ A[E] o E‘ " . .
N-1;0F Ny = P holds assume(BoolE) | if (BoolE) then St else St| % T o Weakest pre.—c.OndiLtwn cgmputatwn to infer
for ((:= 0; (<N: := (+1) {St} : Computation new facts aiding induction
Prove {0pn A ¥n_1} OPN {¥n} co_E = 7E 7E = = 7 |
vi=Eyop E|Eop Ex|Exop Ex| . P References
A[EN] ‘ UN | N ductive Step
pase bases R =B EJAE | v | £] : 1]S. Chakraborty, A. G d D. Unadk
BoolE ::= E relop E | BoolE AND BoolE | el 115, Shakraborty, A. Gupta, and D. Unadla
: critying array manipulating programs with full-program
e Unrolled program easy for SMT solvers NOT BoolE | BoolE OR BoolE induction.
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