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Replaying traces

xVC -z V'

Resolution: AVle

For each conflict clause: a resolution chain
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Replaying traces

xVC -z V'

Resolution: AVTe

For each conflict clause: a resolution chain

A trace: a sequence of resolution chains
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Computing inside Coq

Programming Language

a:=z|Av.a|a ay| Cri(d) | case a of (T; = a;)1<i<|1
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Computing inside Coq

Programming Language
a:=z|Av.a|a ay| Cri(d) | case a of (T; = a;)1<i<|1

Reduction

(Ar.a1)as = a{x «— as}

case C[)j(C_L)) of (fz = ai)1§i§|f| = aj{fj — a
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Computing inside Coq

Programming Language
a:=z|Av.a|a ay| Cri(d) | case a of (T; = a;)1<i<|1
Strong Reduction

(Ar.a1)as = a{x «— as}
case C[)j(&) of (fz = ai)1§i§|l| = Clj{fj —a

['(a) = T'(a) ifa=d
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Computing inside Coq

Symbolic variable # + accumulator [£]

(Az.b) v — b{x «— v}
kv — [k
Cas€E C])j(??) of (fz = b’i)lﬁiﬁm — bj{fj — U

case |k| of (Z; = b;)1<i<jr) — |[case k of (Z; = b;)1<i<|1]]
(b)) — T, ifb—¥

where I[',(e) :=ev | b e | C’[,i(l;o V) | case @ of (Z; = b;)1<i<1
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Computing inside Coq

N (b) = RV(0O))
R(Ax.b) = Ay N((Az.b) [g]) (y fresh)
R(Cr,i(7)) =  Cr1,i(R(V))
R([k]) = Rk
R (k v) = TR'(k) R(v)
R (%) = x
R'(case k of (Z; = b;)1<;<|1]) = case R/(k) of (&; = N (b Ci(] @J)))lgigﬂ
where b = Az.case x of (¥; = b;)1<i<|1|
and 1; are sequences of fresh variables with |y;| = |Z;]
B inriA
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Computing inside Coq

Byte Code (ZAM)

N (B) - RO®)
R(Ax.b) = Ay N((Az.b) [g]) (y fresh)
R(Cr,i(7)) = Cr1,(R(V))
R([k]) = Rk
R (k v) = R'(k) R(v)
R (%) = x
R'(case k of (Z; = b;)1<;<|1)) = case R/(k) of (&; = N (b Ci(] @J)))lgigﬂ
where b = Az.case x of (¥; = b;)1<i<|1|
and v; are sequences of fresh variables with |y;| = |Z;]
BTN RIA
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Minimal change :
Two representations for numbers in bytecode

I(bl, bs ...,631) = m

B 1INRIA ITP10 — p.11



Adding Machine Integers

Minimal change :
Two representations for numbers in bytecode

I(bl, bs ...,631) = m

Two sets of functions:

B 1INRIA ITP10 — p.11



Adding Machine Integers

Minimal change :
Two representations for numbers in bytecode
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Adding Machine Integers

Minimal change :

Two representations for numbers in bytecode

1(by, by ..

.,531) = m

Two sets of functions:

1

- Mo = M1 +5 Mo

U1

- Vo = U1 +(C V9
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Adding Machine Integers

Minimal change :
Two representations for numbers in bytecode

I(bl, bs ...,631) = m

Two sets of functions:
mi + mo = My +, Mo

V1 +U2 = v+ V9

Readback
R(m) — I(bl, bg c. ,bgl)

B 1INRIA ITP10 — p.11



Adding Arrays




Adding Arrays

Purely Functional Interface

make: forall A, int31 — A — array A
length: forall A, array A — 1int31
get: forall A, array A — 1nt31l — A

set: forall A, array A — 1nt31 — A — array A
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Persistent Arrays

let a

= make 5 0 1in
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Persistent Arrays

let a = make 5 0 in 0]0]0]0]0]
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Persistent Arrays

let a := make 5 0 in 0/0({0]0]0

let b set a l 3 in
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Persistent Arrays

let a = make 5 0 in

let b set a1l 3 in 0]3[/0/0]0
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Persistent Arrays

let a = make 5 0 in

1 <-0

let b

set a1l 3 in 0]3[/0/0]0
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Persistent Arrays

make 5 0 in

1 <-0
set a1l 3 in 0]3[/0/0]0

set b1 2 in

let a :

let b

let c
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Persistent Arrays

let a = make 5 0 in

1 <-0
let b = set a1 3 in -
let ¢ = set b1 2 in 0]2[0/0]0
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Persistent Arrays

let a = make 5 0 in

let b set a1l 3 in

let c set b1l 2 in 0]2[0/0]0
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SAT

Take zvERIFY code and Coquify it.
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SAT

Take zvERIFY code and Coquify it.

Code: 230 lines Proof: 1190 lines
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Benchmark

Problem Vars | Clauses zChaff | zVerify
dubois50 150 400 0.00 0.01
barrel5 1407 5383 0.50 0.07
barrel6 2306 8931 1.74 0.14
barrel7 3523 13765 5.20 0.26
6pipe 15800 | 394739 42.21 2.86
longmult14 7176 22390 408.55 7.34
holell 132 738 14.82 0.90
holel2 156 949 144 49 4.85
holel3 182 1197 | 5048.23 -
BN RIA
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Benchmarks

Problem ZVERIFY CoQ | ISABELLE
duboisb0 0.01 0.04 0.04
barrelb 0.07 0.47 1.10
barrel6 0.14 1.15 1.74
barrel7 0.26 1.45 5.20
6pipe 2.86 | 24.73 -
longmult14 7.34 | 73.63 ~
holell 0.90 9.51 9.36
holel2 485 | 58.28 61.10
holel3 - | 88.15 -
B INRIA
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Benchmarks

Problem ZVERIFY Coq | Cert | Typing Check
dubois50 0.01 0.04 | 0.00 0.02 0.02
barrel5 0.07 0.47 | 0.00 0.32 0.15
barrelé 0.14 115 | 0.08 0.62 0.45
barrel7 0.26 145 | 0.17 0.80 0.48
6pipe 2.86 2473 | 0098 13.92 9.83
longmult14 7.34 73.63 | 7.72 27.07 38.84
holell 0.90 041 | 296 6.14 1.39
hole12 485 58.28 | 2.44 18.47 37.38
holel13 - | 1068.30 | 88.15 | 387.44 | ©92.72
B iNRIA
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Benchmarks

Problem Check | Array | Parray
duboisb0 0.02 0.00 0.00
barrel5 0.15 0.00 0.00
barrel6 0.45 0.06 0.14
barrel7 0.48 0.07 0.16
6pipe 9.83 2.05 4.74
longmult14 38.84 9.10 16.92
holell 6.14 1.39 2.89
holel2 37.38 13.12 16.88
holel3 592.72 | 183.47 | 275.14
B INRIA
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Conclusions

Light way of intfroducing unpure features
Relatively efficient computation

Compact representation for large objects
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