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Extended Abstract

In this work, we explore the use of theorem provers to certify particular properties of
software. Two different proof-assistants are used to illustrate the mettag{1J and

Pvs [2]. By comparing two theorem provers conclusions about their suitability can be
stated. The selected scenaripést of a real-world application: a distributéddeo-on-
Demandserver [3], implemented with the concurrent functional programming language
ERLANG. Large systems are difficult to study as a whole and therefore, they must be
decomposed into small pieces in order to study each one separately; later, when we
combine other partial results, conclusions on the whole system could be drawn. The
development consists on two steps: first, the definition in tbe @nd R/s proof as-
sistants of the studied algorithm and some relevant properties to be proved; second, the
coding of the theorems. The disadvantage of this approach is that it does not guarantee
the correctness of the actual code, but some abstradelof it; however this helps to
increase the reliability on the system [4].

The piece of software to be verified is (a simplification of) part of the cache sub-
system of a/ideo-on-Demanderver: the block allocation algorithm. If a media object
must be fetched to cache (because of a cache miss), enough space must be booked to
load the object from the storage. In order to release some blocks, we have to assure that
these blocks are not in use by other pending tasks. As locality in cache is important for
performance, blocks of the same media object are in close proximity and we can speak
of block intervals A block interval is modeled as a trip(@, b, x): the interval between
blocksa andb (inclusive) has pending tasks. A list is used to store the whole sequence
of block intervals. Next, (a part of) theog model is presented in the first column and
the same is translated inRYS in the second one.

Inductive interval: Set:= interval: TYPE = [nat, nat, nat]
tuple: nat->nat->nat->interval. seq: TYPE = list[interval]
Inductive seq: Set:= Nil: seq

| Cons: interval->seg->seq.

The core of the studied code is the functiatd which sums up a new block request
over an interval sequence, computing the new interval sequence in addition to all the
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new blocks allocated. Functianid must satisfy that, in the resulting interval sequence,
the number of requests over the requested block is incremented by one, while all the
other blocks remain unchanged. This property is splitted into two theorems provided
thati equals or not. The auxiliary functionth returns the number of pending requests

on the nth block.

Theorem nth_add_1:(l:seq;n,i:nat) nth_add_1: THEOREM
i=n-> FORALL (m,n:nat), (l:seq): m = n =>
(nth n (add 1 1))=(S (nth n 1)). nth(n, add(m, 1)) =1 + nth(n, 1)
Theorem nth_add_2: (l:seqg;n,i:nat) nth_add_2: THEOREM
~i=n-> FORALL (m,n:nat), (l:seq):
(nth n (add 1 1))=(nth n 1). NOT (m = n) =>
nth(n, add(m, 1)) = nth(n, 1)

The representations of the interval sequences should be canonical (in the sense that
two different representations always correspond to two different objects) to achieve
better space and time behaviour. Intervids, by, x1),. .., (an,bn,X,)] are kept sorted
Vi,g < bj Ab; < a.1. Moreover, space is saved if the sequence is kept compact, i.e.
Vi,xi # 0, and (X # Xi+1) V (% = Xi+1) A (bi+1 < &1)). And every block in the
sequence must have at least one reqdiest # 0.

Some definitions are introduced (epgck, canonical) in order to state this canon-
ical representation. We should demonstrate that the applicatiaddofo an interval
sequence in canonical form always delivers a new canonical sequence.

Theorem canonical_pack_add: canonical_pack_add: THEOREM
(l:seqg;n:nat) (canonical 1) -> FORALL (l: seq) (n: nat):
(canonical (pack (add n 1))). canonical(l) =>

canonical (pack (add(n, 1)))

Theorem provers help to achieve software verification assuring that some relevant
properties hold in a program.d® and B/s have different philosophies: @ formal-
izes higher-order logic with inductive types, which gives a rigorous notion of proof
and the possibility of extracting functional programs from the algorithmic content of
the proof. R/s does not have such a rigorous notion of proof but it incorporates pow-
erful automatic theorem-proving capabilities that reduces the amount of work for the
developer.
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