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Following motion 5 the basic arithmetic operations are agfias powerset opera-
tions.
aeb={aobhlacabeb,ifitis defined}

Only for the divisiona/b whenb contains zero, the resulting sets are not necessarily
intervals, there may be 2 semi-infinite closed or open irtistwVe have 4 choices

(a) raise exception, terminate program

(b) splitb in 2 and perform 2 divisions (motion 5)

(c) return a representation of the pair of unbounded intemascribing the exact
solution set

(d) return the convex hull of the exact solution set; thidis P1788 division eval-
uation

Whereas (a) does not correspond to the paradigm of exceptierromputing (b)
and (c) have the problem that the result is not an interval.

Hence (d) is the choice we have already voted for.

new oper ations

But especially for the interval Newton method, we want asion that computes two
half bounded, disjoint intervals. This is also useful foe tleverse multiplication op-
erationmulRev, for which the 2 output intervals form the solution set of #tpiation
bxx=a

C={xeR|dbeb,Jaca bxx=a} (1)

The information returned by mulRevPair can be obtained lytevnary mulRev
operations:

mul Rev(b, a, (—,0]) andmul Rev(b, a, [0, +))

We want P1788 to provide a function that keeps the 2 quottegtsher.

We, therefore, move that P1788 shall have a version of thisidivand of the
reverse multiplication operation, each of which returnativals. If the solution set
consists of only 1 interval, the second output will be the Bnspt.



divPair : IR x IR — IR x IR

mulRevPair : IR x IR — IR x IR
(a,b) — (0,0)

(a,b) = ([—,a/b], [@/b,])
(8,b) = ([~,a/b], [a/b,])

(a’ b) = ([_00700]70)

(a,b) — (a/b,0)

(2)
if (a=0)v(@=0) @)
if (a<0)A(0Cbh) 4)
if (a>0)A(0Ch) (5)
if (@a=0)A(0Cb))  (6)
if (b=0)A(0Ca) (7)

otherwise (8)
)

if ((a=0)v(a=0))
(10)

if (a<0)A(0Ch)
(11)

if (@a>0)A(0Ch)
12)

((a=0)A(0Ch)V((b=0)A(0Ca))
(13)

otherwise

(14)

Note that we return a representation whose mapping to thént&ovals is imple-
mentation defined. For infinite bounds use the general rdemfinities, but with

oo/oo:oo_

In this paper 0 denotes the point inter{@l0].

Table 1 illustrates the usual forward division with hull ¢filine) returning one
interval and the reverse multiplication without hull(seddine) returning to disjoint
intervals. Both are identical as long as the operands doamia O.

As a division divPair shall have a version for decoratedrirgks setting the local
decoration tdrv, if the denominator contains 0, anddac or com, if not. mulRevPair
has no decorated version, because it is a reverse operation.



Div 1 2 3 4 5 6
rev b=0 b<0 b=0 0chb 0=b 0<b
a=0 0 [0,0] [0,0] [0,0] [0,0] [0,0]
[—00, +°°] [07 0] [_007 +°°] [—00, +°°] [_007 +°°] [Oa O]
a<0 0 [@VbaAb] | [@Vb+4w] | [-co,40] |[-0adaAb]|[@aVhbaAb
0 @AVbaAb | [@Vb+w | (—eaAbl | [-waAbl |[aVbaAb]
u[@a v b,+o)
a=0 0 [@VbaAb] | [@Vb+4w] | [-co,40] |[-0aAb]|[@aVbaAb
[_OO’ +°°] [a \ Da@- A B] [_007 +°°] [_OO’ +°°] [_007 +°°] [Q— Vv baa A 6]
0Oca 0 @VbaAb | [~w, + [—00, 4-00] [—e0, 4] | [@aV baAb
[~,+o] | @V baAb] | [, 4] | [-w, 4o | [~o, o] | [aVbaADb]
0O—a| 0 |[@Vbaib||[-walb| [-w,+» |[@Vb-+wo |[@aVbalb
[_OO’ +°°] [av B,Q. A Q] [_007 +°°] [_OO’ +°°] [_007 +°°] [Q— Vv b,a N D]
0<a 0 @AVbaAb] | [-ealb | [-o,+o] |[@aVb+e] | [@aVbalb
0 [@VbaAb] | [-oalb] | (—oaAb |[@aVb+w] | [aVbaAb]
Ula V7 b, +e)

Table 1: Lookup table for division and reverse multiplioati




