Model Based Engineering of Specifications by Retrenching Partial Requirements

R. Banach M. Poppletof

8Computer Science Dept., Manchester University, Manchester, M13 9PL, U.K.
bDept. of Computing, Open University, Milton Keynes, MK7 6AL, U.K.
banach@cs.man.ac.uk , m.r.poppleton@open.ac.uk

Abstract large and complex real world critical applications, under-
taken using a formal approach because of the belief in the
In conventional model-oriented formal refinement, the 2>>urance obtainab!e (or becguse legislation mandates it),
abstract model is supposed to capture all the properties of butis even present in the behind the scenes aspects of j[he
development of small textbook or research examples, in

interest in the system, in an as-clutter-free-as-possible which some experimentation is often required before a
manner. Subsequently, the refinement process guides P q

development inexorably towards a faithful implementa- (r)nnoedé : ;rr]rai\t/(\;vd'I;agi;%ﬁﬁ;g;:{'ggnt;;tz giﬁ:;ﬁg Z?]njrr:jt:r_
tion. However refinement says nothing about how to '

oian the abstact model n he rst piace. In eaty 76 VLIS ULE delberate, because i Feperty e
developers experiment with prototype models and their model looks like than the abstract one, and one reverse en-
refinements until a workable arrangement is discovered. '

Retrenchment is a formal technique intended to capture gineers the latter from the concrete one to some degree.)

some of the informal approach to a refinable abstract The upshot of this is that formal approaches, of the conven-

X o ) : tionally understood kind, do not help much in the creation
model in a formal manner that will integrate with refine- ) .
L . of an abstract model that can be contracted to with confi-

ment. This is in order that the benefits of a formal ap-

. . dence for further development. Not that they ever claimed
proach can migrate further up the development hierarchy. . . ,
. L to, but in the ‘oversold and underused’ [6] atmosphere that
After a presentation of the basic ideas of retrenchment, a

. X . ._has often surrounded debate about formal techniques in the
simple telephone system feature interaction case study is

given to illustrate how retrenchment can relate incompati- past, itis easy to imagine that t_hey mlghF have done_.
ble partial models to a more definitive consolidated model ~ Rétrenchment [7, 8, 9, 10], is a technique that aims to

during the development of the contracted specification.  help address this issue by providing a formalism in which
the demanding proof obligations (POs) of refinement are

weakened, so that models not refineable to the ultimate
concrete system, but nevertheless considered useful, can be
Formal refinement, in its various guises, has a long and dis-incorporated into the development in a formal manner.
tinguished history. From the early papers of Wirth, Dijk- This is not to say that every misconception and blunder that
stra, Hoare [1, 2, 3], it has developed into a large and vi- led to the correct abstraction ought to be recorded in some
brant field of research. A comprehensive survey would be sort of retrenchment audit trail, but thatsanitisedac-
out of place here, but modern accounts in the spirit of the count of the construction of the abstract model from pre-
original work can be found in [4, 5]. In all of these the as- liminary but incomplete precursothat are considered
sumption is that onknows alreadyvhat the abstract model  convincing by the domain expeissof benefit.
iS, and all one has to do is to refine it to a suitable lower lev- The stress on the acquiescence of domain experts is vi-
el model, gaining a high degree of assurance for the de-ta|. To seek to impose from the outside, an alien develop-
velopment thereby. ment discipline on an already well established engineering
But the reality is, that in most software development, the mileu is doomed to failure. Yet a naive effort to impose re-
correct abstract model is by no means obvious at the outsetfinement as a software development technique can result in

Anecdotal evidenc?esugg_ests that this is not only true exactly that. To be able to successfuly discharge the refine-
where one would expect it, namely in the development of 5 —zxing some Tiberties with Tanguage, we mean not only ‘made sani-

1. Several private communications. tary’ but ‘made sane’.

1. Introduction




ment POs can force a development to adopt a structure surinformal. At worst this is simply becauseig a reflective
prisingly unlike what one might imagine at the outset, es- process.Anykind of reconsideration of such design deci-
pecially when interfacing with physical models. Further- sions from a novel standpoint is bound to be helpful to
more engineers with an established track record of some degree, simply because two perspectives are always
successful development are seldom sympathetic to the sugbetter than one. At best the engineering of the POs of the
gestion that all their familiar working practices must sud- retrenchments will have brought into sharp focus the most
denly be abandoned in favour of a way of working forced important issues that need to be clarified in firming up the
implicitly by the rigidity of the refinement POs. contracted model. One side effect of retrenchment is to
Retrenchment is a technique that seeks not to disturbprovide a formal framework within which such considera-
well entrenched engineering habits, by allowing models to tions can exist.
be developed in a manner more in tune with engineering in-  The rest of this paper is as follows. The next section re-
tuitions. Yet it aims to do so in a manner that can ultimately views the basic ideas of retrenchment. In Section 3 we de-
be integrated with refinement. To do so, the POs of re- velop a very primitive telephone system model, together
trenchment must be less exigent than those of refinementwith two independent enhancements, call forwarding and
but neverthless have a structure that is close enough tocall hold. Since there are areas of incompatibility between
those of the refinement POs to make the reconciliation fea- the primitive model and the enhancements, retrenchment is
sible; we will see the details below. Above all, it is vital needed to describe the relationships between the primitive
that the mathematics of the formalism be the servant and model and the enhanced models. Section 4 considers how
not the master during the development activity. the two enhancements may be combined: again there are
The development route that retrenchment opens up nowareas of incompatibility when both enhancements can be
appears as follows. In the initial stages of requirements triggered. It is shown that given a design decision about
definition and specification design, many preliminary and how to resolve the incompatibility, retrenchments can re-
partial models are built. Some of these may well prove, late the two enhancements to the resulting final model.
upon experimentation and further reflection, to be misguid- Section 5 considers the two compositions of the enhance-
ed. They can be discarded. Other models will, perhaps af- ments along the two routes from the original model to the
ter some modifications, contain a sensible account of as-final model, and compares these to a retrenchment descrip-
pects of the desired behaviour of the intended system. Un-tion of a one step derivation. This attests to the solidity of
fortunately, it is quite likely that not all of these sensible the retrenchment technique. Section 6 concludes.
models will be compatible with each other, in that being
concerned with only part of the desired behaviour, and 2. Retrenchment
above all with clarity and intuitive perspicuity, not all of the
complexities of how the part focused on interacts with oth- In this paper we work in a transition system framework for
er parts will have been ironed out. Nor indeed should one simplicity. In the context of model based requirements de-
expect it to have been. One must understand first the broadvelopment, we will consider the relationship between two
intentions before narrowing down on the finer details; de- Systems: thabridgedsystem, expressing an idealised view
tails moreover that may only be of concern in limited spe- ©Of a part of the desired system, and ttwenpletedsystem,
cial cases. On a formal level, the incompatibility we speak that takes all the necessary details into accbunt
of usually manifests itself in the impossibility of accomo- At the abridged level, we have a set of operati@ss
dating the various models we speak of in a single refine- with typical elementn,, and our state space, input spaces,
ment based development. Retrenchment, being more for-and output spaces, atg I,,, Op,,, respectively. Meta lev-
giving of this kind of incompatibility, offers the possibility el values inU, Iy, Oy, will be writtenu, i, o respectively,
of retrenching from such a collection of models to a more with primes or subscripts or indices to distinguish different
complicated model that properly takes into account all the values from the same space. (We will lighten the notation
requirements, and that can serve both as the basis of a conby not subscripting input and output values.) Transitions
tract between customer and supplier, and as the basis of awill be written asu -(i, my, 0)-> U, whereu andu’ are the
subsequent refinement based implementation. We call thisbefore- and after- stateisando are the input and output,
latter model the contracted model. andmy is the operation responsible for the transition. The
The reflective process involved in reconciling the in- totality of such transitions makes up the transition or step
compatible partial models with the contracted model, relation formy, stpy, (u, i, U', 0).
which is partially captured in the retrenchment relations At the completed level we have state, input and output
and proof obligations between these models, strengthensspaces/, J, P, respectively, with valueg j, p, and similar
the confidence that the right contracted model has been de3Most presentations of retrenchment speak ofstractand acon-
cided upon, an activity that would otherwise be completely cretesystem, in the spirit of moving towards an implementation.




Ca={(u,Vv,p)|(p=Error O v =X) O

g, Upyp, €
0 (& Upa, &) —= 3 (p=Donel Vv =u')}
0 (¢, Upc, Dong—= 3 Note thatC, = C3 because of the smallness of the spaces in-
0 (¢, Upg, Error) —— x volved. These different possibilities indicate some of what
Fig. 1 can be expressed using retrenchment in a more syntacti-

cally based framework. Itis easy to check that the PO (2.2)

. . : holds for each of th&;'s.
conventions, except that we write operation name sets and

operation names subscripted witheg.m.. We assume
each abridged level operation,, has a corresponding
completed level operatiomc, but there may also be other We will illustrate the potential for retrenchment to capture
completed level operations, so that there is an injection the evolution of an integrated specification from incom-

3. Features in a Simple Telephone Model

from the seDps, to Opsc, which associatesi, with me. plete and contradictory partial models, using feature inter-
The relationship between abridged and completed stateaction in telephone systems. There is now a substantial lit-
spaces is given by the retrieve relati@(u, v). The initial- erature on this topic, eg. [11, 12], since the naive combi-

isation operationnit at abridged and completed levels es- nation of novel services on top of the plain old telephone
tablishesG in corresponding after-states (as usual, the free system (POTS) model can be problematic. Since our aim is
variables are assumed implicitly universally quantified):  to illustrate retrenchment and not to advance telephony, our
Inite(v) O QU * Inita(u) DG, V)) (2.1) m_odels will bg oversimpli_fied in th(_a extre_me. Sill, the_y
will make the intended points. In this section we start with
the simplest model and then consider the addition of call
forward and call hold facilities, a well known case in which
the naive combination of extra services does not work.

Turning to the transition relation for operatiam,, beyond
the retrieve relatiol®s, we have the within relatioR,(i, j,
u, v), and concedes relatidd,(U’, V', 0, p; i, j, U, V). The
punctuation indicates thél,, is mainly concerned with af- ) o
ter-values, but may refer to before-values too where nec- PHONE: Inthis system the state space is just the set of ac-
essary. These are combined into the retrenchment PO fortive calls, a partial injection on the available phonesy,

steps which says that for eaaf: initialised empty:
G(u, v) OPy(i, ], u, v) Ostpp (v j, v, p) O calls : NUM >»— NUM where
(OU', 0 * stpp, (u,i,u,0) 0 domgalls) n rng(calls) =0 (3.1
(G, v) OCy(U, v, 0,p; i, ], U, V))) (2.2)  There are just two operationsonnecy(i) andbreak,, the

This PO affords considerable flexibility in relating different ~ former to dial number from phonen, and the latter to dis-
levels of abstraction, see [7, 8, 9, 10] for a discussion. ~ connect phon@. We define free{) = n U fld(calls) = -
We consider a toy example, just to set the scene. Thebusyf), where fldR) = dom®) O rng(R).

abridged level is given by an initialisation operatikiit 5, calls -(i, connec, 0)-> calls where

and one further operatiddp,. We haveU = {0, 3}, and freeq) O

lupy =0 =Oyp,- Inits setsu to 0, andUpy is given by O if free() O(n#i)

-(¢, Upa, €)-> 3, wheree is the empty input and output; this theno = OK Ccalls =calls0 {n - i}

is the only step irstpy,,. At the completed level we have elseo = NO Ocalls =calls (3.2)

Initc, andUpc. The state space = {0, 3, X}, and J,

= U, Pyp, = {Done Error}. Init¢ setsvto 0, andstpdpcpg caIISb-lSl;F%K]D)-;;I?g“SL {Wn?e;ecalls > {n} (3.3)

{0 -(¢, Upc, Done-> 3, 0 -, Upg, Error)-> X}. The non- y - :

trivial steps are illustrated in Fig. 1. From this very basic model we construct enhanced services
The retrieve relation is given by the inclusiondfinto one at a time. First call forwarding.

Vi.e. equality of abstract and concrete values, and the with- PHONEGg: In this system the state space is the set of ac-

in relation forUpis U x V (i.e. we have a trivial within re- e calls as before, plus a table of call forwarding data, the

lation), where we also ignore the presence of the empty in- |atter being a partial injection on the phones whose tran-

put spaces. There is some scope for choosing the concedesitive closure is acyclic, and also initialised empty:

relationCy,. The smallest possibility is:
fortab : NUM »— NUM where

Ci={(u,v,p)|u=30v =X0Op=Error} fortab® n idyyy =0 (3.4)

while other possibilities include: Two new operationsegforcg (i) and delfor, manipulate

Co={(u,Vv,p)| (v =XOp=Error) O the table. The former inserts forwarding destinations in the
(v =u Op=Done} table, the latter removes them. Note that for simplicity we



do not mention parts of the state (ioalls) left unaltered by
an operation. Note thaegforcg, merely overwrites any
existing information in the table if it is safe to do so.

fortab -(i, regforcg )-> fortabl where
if (fortab< {n 1= i}) " n idyyy =0
thenfortald = fortab< {n - i}

elsefortaly =fortab (3.5)
fortab -(delforcg )-> fortab’ where
fortald = {n} < fortab (3.6)

In the presence of this new service, tbenneci(i) and

break, operations need reexamination, as their behaviour
potentially changes due to the new requirements. Indulg-

ing now and henceforth in a little imprecision regarding de-
finedness offortab’(i) and of similar relations, theon-
nect,(i) operation may be reengineered thus:

calls-(i, connecgg, 0)-> calls where
free() O
if free() D (n#i)
theno=OK Ocalls =callsO {n - i}
else if busyi) Ofortab*(i) = z O free@)
theno=OK Ocalls =callsO {ni- 7}

elseo = NO Ocalls =calls 3.7)

while thebreak, operation, it turns out, is unaltered:
break-g, = break, (3.8)
This completes call forwarding. Now for call holding.

PHONEgy: In this system the state space is the set of ac-
tive calls, plus a table of call holding data, this being a sub-
set of the phones, initialised empty:
holtab [0 NUM (3.9)
Two operations insert and remove elements of this subset.

holtab-(reghok ,)-> holtald where

holtals = holtab O {n} (3.10)
fortab -(delholy )-> fortabl where
holtabd = holtab— {n} (3.11)

With this serviceconnecy(i) and break, also need reex-
amination, for the same reason as above. ddmneci(i)
operation simulates rather primitively the infuriating feed-

back obtainable from most holding services; however there

is no attempt to accurately model the resolution of a hold
when the call recipient bcomes free:

calls-(i, connecgy p, 0)-> calls where
free() O
if free() O(n#1)
theno=OK Ocalls =callsO {n - i}
else if busyi) i O holtab
theno = (“Our advisor is busy. Please hold% 0
calls =calls

elseo =NO Ocalls =calls (3.12)

The break, operation is unaltered as before:
breakey , = break,

completing the call holding model.

Before going on to consider feature interaction, we can
ask how these two enhanced mod&sONE-r and
PHONE(y, are related t?HONE. The natural expecta-
tion is that they would be refinementsPHONE, but this
turns out not to be the case. The reason is that the simple
PHONE system prescribes a specific response for the
busyf() case, this being given by= NO O calls = calls, a
naive model of the engaged tone. Under the same condi-
tions, when appropriate supplementary conditions hold, the
two enhanced models prescribe different and incompatible
behaviour: iNPHONEqf a connection can be made to the
forward location, while inPHONE-y an irritating mes-
sage drones on interminably. This means that the enhanced
models cannot be viewed as straightforward extensions of
thePHONE model. Butin one sense or another this would
be necessary if the relationships betw&HONE and the
other systems were to be refinements.

There is no difficulty however in casting these relation-
ships as retrenchments.

PHONE to PHONEcg: We set up the data for the re-
trenchment as follows, witRHONE as the abridged model
andPHONEGE as the completed model, and taking some
minor liberties with notation:

(3.13)

Gep(u, v) = (u=calls Ov = (calls, fortab)) (3.14)
Pcrconneci(i I U, V) = (i =) (3.15)
CcEconneci(Us V, 0, i i, j, U, V) =

(busy() Ofortab’(j) =z Ofree@) O

u =ulv = (calls{n - 7, fortab) O

0=NO0Op=0K) (3.16)
PcFbreak (U, V) =true (3.17)
CcEpreak (U V; U, v) =false (3.18)

Showing that the POs of retrenchment hold for these data is
now easy. The initialisation PO (2.1) is trivial given that all
the sets in the states of both models are initialised empty.
Also the operation PO (2.2) is easy given that the only case
where the actions afonnect andconnecgg , differ is pre-
cisely the case documented in the concedes relation (3.11);
also the two break operations are identical.

PHONE to PHONEy: The abridged model iBHONE
as before andPHONEq is now the completed model:

Gcu(u, v) = (u=callsOv = (calls, holtah)) (3.19)
PcH.conneg(is J, U, V) = (i =]) (3.20)
CcH,conneat(U's V', 0, p; i, j, U, V) =
(busy{) Oj O holtabOu =udv =v0O
0=NOOp = (“Our ... hold.”)199 (3.21)



(3.22)
(3.23)

The POs are as straightforward as previously. The initial-
isation PO (2.1) is trivial, and the operation PO (2.2) is also
similar to the preceding case, and for the same reason.

PcH preak (U, V) = true
CcHpreak(U’s V; U, v) =false

4. Feature Interaction in Telephony

Having built our basic system, and having separately con-
sidered the call forwarding and call holding optional en-
hancements, we now consider combining the two features.
Any combination is based on the assumption thatctiés

state component and the input and output spaces of the two

variants of theconnect and break, operations are to be
identified insofar as possible. (This precludes construc-
tions that incorporate say twealls state components and
then implement call forwarding in one, and call holding in
the other. Formally this might work up to some point, but
in practice such solutions are not useful as models of the
real world.) Here is our combined system.

PHONEgE,cH: Here the state spacedallsas before, plus
a table of call forwarding data, plus a table of call holding
data:

(calls: NUM > NUM ,
fortab : NUM »— NUM ,
holtab0 NUM ) where
dom(alls) n rng(calls) =0 O
fortab™ N idyyy =0 4.1)

The auxiliary operations to manage the two tables are un-
changed:

regforcr/ch,n = regforce
delforCF/CH,n = delfOfCF'n
reghokr/cy,n= reghoky

delhObF/CH‘n: delhObH‘n (42)

as is the break operation:

breakep/cy n = breakep, = breakgy , = break, (4.3)

The interest lies of course in tl®nnecgr,cy (i) opera-
tion. Our design is guided by the following principles.
Firstly, if the conditions for neither service enhancement
hold, then the system should behave like the pRAHONE
service. Secondly, if the conditions for exactly one of the
service enhancements hold, then the system should behav
according to that enhancement, eithBHONE-g or
PHONE as appropriate. The third case, when the con-
ditions for both the call forwarding and call hold enhance-
ments are valid, requires a design decision. We determine
that in this case, the caller should have the option of being
forwarded rather than a simple default of being held. To
keep things as simple as previously, we do not model the in-
teraction with the caller or the resolution of a hold situation

very faithfully, modelling it by a particular message at the
output, in line with the unsophisticated nature of all the
models in this paper.

calls-(i, connectg/ch y 0)-> calls where

free() O

if free) O(n#1)

theno=OK Ocalls =callsO {n - i}

else if busyi) Oi O holtab Ofortab*(i) =z O
free@)

theno=0OK Ocalls =callsd {ni- Z

else if busyi) i O holtab
(i O dom(ortab) O busyfortab*(i))

theno = (“Our advisor is busy. Please holdl.OPD

calls =calls
else if busyi) Oi O holtab Ofortab*(i) = z O
free@)

theno = (“Our advisor is busy. Please press 1
to speak to the janitor. )l calls = calls
elseo = NO Ocalls =calls (4.4)

Itis clearly at least plausible to say that refinements will not
hold either betweeRHONE- andPHONEE,cH, or be-
tweenPHONE:H and PHONEcg,cy. For a specific in-
stance this is because in the penultimate of the cases for the
connectgcH (i) operation, the conditions for forwarding
and holding are both true, and the behaviour specified is not
the same as in eithétHONE-F or PHONEq.

Despite this, retrenchment can give a good account of
the situation, due to the more flexible proof obligations that
characterise it.

PHONEcE to PHONEcg/cy: In contrast to the two re-
trenchments given previously, this tilR-HONEf is the
abridged model anBHONEg,cH is the completed mod-

el, illustrating how in a development hierarchy, what is re-
garded as concrete at one point, becomes abstract when one
focuses lower down. This is just as appropriate for the
piecewise development of a specification from preliminary
models as it is when developing an implementation from an
agreed specification.

Gepcn(u, V) = (u = (calls, fortab) O

v = (calls, fortab, holtah)) (4.5)

PcecH,conneci(is J: U, V) = (0 =]) (4.6)

CcrcH.connec(U' V', 0, P; 1], U, V) =
(busy() Oj O holtab O

(~ (fortab*(j) =z Ofreefp) O
u=ulv=vOo=NOO
p = (“Our ... hold)1%% O
(fortab*(i) = z Ofree) O
U = (callsd {ni- Z}, fortab) O
vV =vOdOo=0K[O
p = (“Our ... janitor.)))

e

(4.7)



PcrcH break (U, V) = true (4.8) 5. Compositions of Retrenchments and a
CemcHbreak(U, V; U, V) = false (4.9) Direct Retrenchment Design

PcrcH,regfor(is 15 U, V) = (1 =]) (4.10) Given that we have two routes to get from the simple model
PHONE to the final modelPHONEE,cn, the first via
PHONEcE and the second viBHONEy, we can exam-
PcrcH detfor,(Us V) = true (4.12)  ine the compositions of the relevant pairs of retrenchments
and compare them, both to each other and to a one step re-
trenchment obtaining the final design from the original
Itis clear that the relvant POs hold. Initialisation is trivial simple PHONE system.

as usual, and the operation POs verify that the cases where £ the formulation of retrenchment used in this paper,
the abridged and completed models differ, is adequately {he method of composing retrenchments is examined in de-
documented in the concedes clause. tail in [10]. For brevity we just cite the results.

PHONEcH to PHONEGE,cH: Here the abridged model is Suppose we have at top level a system given by variables
PHONEc andPHONEcE/cH plays the part of the com-  u, i, U, o (for a typical operation). At intermediate level
pleted model, so the role 6(fHONE_y is different to its suppose the variables avgj, V', p (for the corresponding
role in the other retrenchment in which it appears. operation). And at lowest level suppose the variablesvare

k, w, g (for an operation corresponding to an intermediate
level operation with variables, j, v/, p). Suppose a re-

CchCHregforn (U V3 1§, U, v) =false (4.11)

CercH,delfor(U V5 U, V) = false (4.13)

Geppcre(u, V) = (u = (calls, holtab) O

V= (calls, fortab, holtab)) (4.14) trenchment is given from top level to intermediate level
PchscFconnecg(ls 1, U V) = (i =]) (4.15) with retrieve relatiorG(u, v), and for a top level operation
Cermp UV, 0 D0, U V)= m, within and concedes relatiof% (i, j, u, v), C(U', V', 0,

CH(%EE(;/}r)]eggortab”(j)p: ZJD fre()a(z) 0 p;i,]j, U, v). Suppose there is also a retrenchment from in-
((i0 holtabOu =uDo=NOTp=0K [ termediate level to lowest level whose retrieve relation is
V = (calls 0 {n 1~ 2}, fortab, holta)) H(v, w), and for intermediate level operatiom within and
(i O holtabOu =u OV =v O concedes relation@p(j, k, v, w), Dpy(V', W, p, G; j, K, v, W).
0= (“Our ... hold.”)L0 ] Then there is a retrenchment from top level to lowest level
p = (“Our ... janitor)))) (4.16) whose retrieve relation is:
P e break(Us V) = true 4.17) K(u, w) = (@v* G(u, v) OH(v, w)) (5.1)
C U, V: u v) = false 418 and whose within and concedes relations for a top level op-
CHCF break( ) (4.18)  tonm are:
PcR CHyreghob(Us V) =true (4.19) Ro(i, K, U W) =
CchcHyreghoh(U', V5 U, V) =false (4.20) (Ov,j * G(u, v) OH(v, w) O
PCF)CH,deIhoh(u' V) = true (421) Pm(la J! uv V) D Qm(J: kr V! W)) (52)
CerCHdethoh(U' V5 U, V) = false (4.22) Enl(U, W, 0,01, k, u,w) =
’ : : - Cv,p,vje
Thg POs are as.strglghtforward as preylously. The.|n|t|al- (G(U, V) 0DV, W, p, q; j, k v, W) O
isation PO (2.1)is tr|\{|al, and the operation PO (2.2) is also (C(U, V', 0, P, j, u, V) OH(V, w)) O
similar to the preceding case, and for the same reason. (C(U, V', 0,1, ], u,v) O
We note that in both of these retrenchments, the con- DV, W, p, G ], K v, W))) (5.3)

cedes clause for trmnnect operation has to cater for two
exceptional conditions. In the case of thE>CH retrench-
ment, when holding is available, the two actions for for-
warding available or not are both incompatible with
PHONEgE, while in the CH>CF retrenchment, when for-
warding is available the two actions for holding available or
not are both incompatible witRHONEq. Aside from
these nontrivial cases, we have a greater proliferation of es- | . .
sentially trivial operation POs, arising from the fact that trleve. relation, we plug (3.14) and a suitably relabelled
PHONEcE andPHONE: have management operations (4.5) into (5.1) and get:

for the forward and hold tables respectively, and these are Kepcn(u, w) = (u=callsO

also present in identical fashionRHONEcg/cH. w = (calls, fortab, holtab)) (5.4)

We will now calculate these quantities for the two retrench-
ment routes fronfPHONE to PHONEf,cH. In both cases
we only need to check for the top level operaticoanec
andbreak, because the other operations at the intermediate
level get filtered out of the composed retrenchment.

We start with the route vi®®HONE(f, getting a re-
trenchment that we label with>CH. Starting with the re-



Moving to connec} and the within relation, we likewise  Now we can turn our attention to the alternative route to
plug (3.14) and (3.15) and a suitably relabelled (4.5) and PHONEg,cH Via PHONE:. Going through the same
(4.6) into (5.2). Noting that as far as the use of the resulting procedure we get a retrenchment labelled witH>CF.
relation in the operation PO is concerned, we can discard The retrieve relation is as before:

the termKcg,cn(u, W) which arises via (5.2) since both Kepper(U, W) = (U = calls O

Pcrconneqi: I, U V) @andQcr,cH connectli+ ki v, W) are in- w = (calls, fortab, holtab)) (5.9)

dependent of the state variables #qg,c(u, w) is one of o ) o )

the PO antecedents anyway, we get: Similarly, for connegt, we obtain the within relation:
Repchconneci(s ki U W) = ( =K) (5.5) Rerberconnea(ls k: U, W) = (1 =) (5.10)

Similarly we plug (3.14) and (3.16) and a suitably rela- and to obtain the concedes relation, we manipulate (3.19)
belled (4.5) and (4.7) into (5.3). After some simplification and (3.21) and a suitably relabelled (4.14) and (4.16) into:

and further manipulation we get: EchscEconneci(Us W, 0, G; i,+k, u, w) = (busyk) O
EcrcH,conneci(U's W', 0, G; i, k, u, w) = (busyk) U (1 ((k O holtab [~ (fortab™ (k) = z Ufreef)) U
[ ((k O holtab O fortab(k) = z O free@) O w=ubw=wo=NOD
U=ulo=NOOg=0K0O q=(Our...hoId.)+0)D
W = (callsd {n - 2, fortab, holtal)) O 2] ((k O holtab O fortab™ (k) = z O freef) O
2] (k O holtab O fortab* (k) = z O free) O w=ubw=wto=NOD
U=ulo=NOOg=0K0O q=(Our...hoId.)+°)[|
W = (callsd {n - 2, fortab, holtaly)) O 3] (k O holtab Ofortab™(k) =z O free@ EIOO
3] (k O holtab 0 - (fortab*(K) = z O free@)) O w=ulw =wlo=(Our... hold.y™"0
uU=ulOw =wOo=NODO g = (“Our ... janitor.”)) O
q=(“Our... hold.”)loo) 0 [4] (k O holtab Ofortab* (k) = z O free@) O
4] (k O holtab O fortab* (k) = z O free@) O U =ulo=NOUq=0KD
U =calls {n - Z} Oow =w 0O W = (Ca”SD {n |— Z}, fOI’tab, h0|tab)) O
0=0K g = (“Our ... janitor.”)) O (5] (kO holtab O fortab*(k) = z O free@) O
5] (k O holtab O fortab* (k) = z O free) O u=ulw =wlo=NO0
J=ulOw =wDo=NOD g = (“Our ... janitor.”)))) (5.11)
g = (“Our ... janitor.”)))) (5.6) Using the same technical tricks as before, this tignand
In deriving (5.6) we fully exploited the environment of an-  [31 &r€ Spurious; withu, 4, [5] agreeing witfta], (1, (5] re-
tecedents of the PO, i.e=j, j = k and the properties & spectively of (5.6). _
andH, removing the existential quantifications/, v, j via As expected, fobreak, we find:
the one point rule. Also we identified intermediate level ReHsCF preak (U W) = true (5.12)

outputs with higher or lower level outputs as appropriate
when G or H was involved, eliminating thél p quantifi-
cation too; this goes slightly beyond what is expressed in Now we can consider what the retrenchment would look
the generic operation PO because outputs are discussedike if we built both features into the plaRHONE model

ECH>CF,break](U'- W u, W) =false (513)

only in the concedes clause simultaneously. Itis not hard to see that this retrenchment
Now disjunctsjz) and 2] of (5.6) come fromCOH in is given by:

(5.3), 121 being an artifact of the insensitivity dfl to the Gepjer(u, W) = (u=calls O

means by which the state it is mapping was arrived at, i.e. w = (calls, fortab, holtab)) (5.14)

it allows forwarding behaviour to survive when a subse-

guent design decision has overridensitand[4] come from and forconnecf we get the within relation:

GOD with 4] likewise being an artifact; anel comes from PcricFconneci(is K U, W) = (i =K) (5.15)
CLD, one of the disjuncts froi generatindalse. ~ while for the concedes relation we need merely record the
The other operation figuring in the retrenchment is cases in which the simpRHONE model differs from the

break, for which we find, uninterestingly: PHONEGg,cy model, thus:
RercHbreal(U W) = true .7 CcHicEconneg(U's W, 0, 0 i, K, u, w) =
Eck.cH,break (U, W; U, w) =false (5.8) (busy) v =ulo= N? 0
4. To improve matters in this regard one can move to a more expressive if ((k O holtab Ufortab™(K) = z U freefy) U
more complicated formulation of retrenchment eg. sharp retrenchment or q=0K[O

its close relatives [9, 10]. w = (callsO {n - Z, fortab, holtab)) O



(k O holtab O - (fortab® (k) = z O freef) O
w =wq=(“Our... hold.”)lo% O

(k O holtab O fortab* (k) = z O free) O

w =w[

self, it is by no means clear that when one provider’s net-
work is interfaced to another provider’s network, the results
will be as either provider envisaged. This kind of thing has
posed a challenge to development techniques (both formal
and not so formal).

Amongst these efforts, refinement has been used to to
address the problem, but the use of refinement in an area

g = (“Our ... janitor.”)))) (5.16)

For break, we find as usual:
PcHicFbreak(U, W) = true (5.17)
CcHicEbreak(U, W5 u, w) = false (5.18)

With these formulae in place, we are in a position to com-
pare the various retrenchments we have derived. The only
places in which they differ are the various concedes rela-
tions for theconnect operation. A little thought shows that
CcHIcEconneg IS @ subrelation of botEcg,cH connegt @Nd

of EchycFconnecy S€e Fig. 2.

PHONE

where previously established properties have to be overrid-
den, is frequently an exercise in perversity. One has to
search for a way of formulating the problem so that the con-
tradictions inherent in a typical development step do not
become exposed during the refinement process, the sophis-
tication of the notion of refinement used notwithstanding.
In contrast, the recording of the development decisions
made via retrenchment would, we would claim, appear
much more natural. However since the denial of previously
established properties is fraught with danger if adopted in a

development path, we emphasise that such use of retrench-

PHONEc O 0

N

PHONECy

v

PHONECE/cH
Fig. 2

ment must be made in a completely transparent manner,
and that it not be taken as some miraculous panacea the ad-
herence to the formal structure of which, alone guarantees
success. With such a proviso, retrenchment can help to
both document and to justify the final design arrived at.
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