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Abstract

Given a set of logical sentences and probabilities that these sentences are true,
the probabilistic logic problem consists in determining whether these probabilities are
consistent. When so, the probabilistic entailment problem is to determine the range of
values of the probability associated with an additional logical sentence such that the
resulting system of sentences and probabilities remains consistent.

These problems are well-solved, both analytically and numerically. In this note, we
propose an analytical solution method for their extension where conditional probabil-
ities are given instead of or in addtion to probabilities. This method is illustrated by
automated deduction, and improvement in one case, of inference rules with conditional
probabilities gathered by Frisch and Haddawy (1994).

Résumé

Etant donné un ensemble de phrases logiques et de probabilités que ces phrases
soient vraies, le probléeme de la logique probabiliste consiste a déterminer si ces pro-
babilités sont cohérentes. Si c’est le cas, le probleme de 'inférence probabiliste est de
déterminer 1’étendue des valeurs de la probabilité d’une phrase logique additionnelle
telle que le systeme de phrases logiques et de probabilités résultant demeure cohérent.

Ces problemes sont bien résolus, tant analytiquement que numériquement. Dans
cette note nous proposons une méthode de résolution analytique pour leur extension
ou des probabilités conditionnelles sont données au lieu de ou en plus de probabilités.
La méthode est illustrée par la déduction automatique, et ’amélioration dans un cas, de
regles d’inférence avec des probabilités conditionnelles réunies par Frisch et Haddawy
(1994).
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1 Introduction

Probabilistic logic (Nilsson [1]) is an approach to reasoning under uncertainty which agrees
both with standard logic and probability theory. It has been initiated by Boole [2] and
developed by Hailperin [3; 4; 5], and others, using tools from linear programming. Since
the appearance of [1] theory and applications of probabilistic logic have been the subject
matter of over 100 papers, see Nilsson [6], Chandru and Hooker [7], Hansen and Jaumard
8] for recent surveys.

The Probabilistic Logic problem [1; 9; 10] also called Probabilistic Satisfiability (or
PSAT for short), is defined as follows. Let S = {S1,52,...,Sn} be a set of m logical
sentences defined on a set of n boolean variables X = {z1,z9,...,2,} with the usual
operators V (disjunction), A (conjunction) and ~ (negation or complementation). Let 7 =
(1,72, ..., Tm) be a probability vector such that m; defines the probability that sentence
S; is true, for all i =1,2,...,m.

Let w = (w1, wa, ..., wy) be a truth assignment for S, where w; is equal to 1 if \S; has
value true, and to 0 otherwise. A vector w € {0,1}™ is a possible world if there exists a
truth assignment over X which leads to w over S and it is an impossible world otherwise.
Let W denote the set of possible worlds and set k equal to |WW| (note that k < 27).

Let p = (p1,p2,...,pk) be a probability distribution on W, with 0 < p; < 1 (j =
1,...,k)and ;pj = 1. The probability distribution p is consistent if it satisfies the set of
logical sentences together with their probabilities, i.e., if for each .S;, the sum of p;’s over
all truth assignments w’ that satisfy S; (i.e., wz = 1) equals ;.

For a given set S of sentences, let A = (a;;) be an m x k matrix such that a;; is equal
to 1if S; is true for w’, and equal to 0 otherwise. The linear programming formulation of
the probabilistic logic problem is to determine whether or not there exists a vector p such
that:

Ip =1
(P) Ap = 7
p =2 0

where 1 denotes a unit row k-vector. Observe that a given instance (P) of the probabilistic
logic problem is completely determined by the pair (S, ).

Let us assume that the PSAT problem defined by (P) is consistent. Let S,,11 denote
an additional logical sentence, with an unknown probability 7,,+1. The Probabilistic En-
tailment problem [1] (also known as optimization version of PSAT), is to determine the
range (1,1, Tm+1) of values of the probability m,,41 such that (S U {Sm11}, (7, Tmy1)) is
consistent.
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Consider the objective function Ay, 11p (with Ayq1 = (@m+1,5), where apm41,; is equal
to 1 if Sp,41 is true for the possible world w’/ and equal to 0 otherwise). The Probabilistic
Entailment problem corresponds to the solution of the following linear programs

(Prin) Tyt = min{A,, 1p : constraints of (P)}
and
(Prmax) Tm+1 = max{A,,+1p : constraints of (P)}.

Numerical solution of both the probabilistic logic and entailment problems has been
well studied [9; 11; 12; 13; 14; 15]. Using the powerful column generation technique of
linear programming, instances with up to 1200 logical sentences S;, 800 boolean variables
zy, and billions of billions of variables p; (i.e., up to 28%°), most of which are kept implicit,
can now be solved exactly [15].

An analytical expression of the lower and upper bounds of the probability of an event to
occur can be computed using the coordinates of the extreme points (or vertices) of the dual
polyhedron of the linear program (P) which maximize or minimize the objective functions
of the duals of (Pyin) and (Ppax):

d (Dinax) max{ug + 7w T ug + Alu < AL}
an
(Dmin) min{ug + 7' - w: Lug + Alu > A} 4}

These expressions can be easily obtained using any enumeration algorithm for extreme
points (e.g., Fukuda and Prodon [16]) as the constraints of the dual polyhedron of (P)
are independent of w. The value of each vertex is associated with a linear expression
in the probabilities 7; of the events to occur. Hailperin [3] showed that the best lower
(resp. upper) bound on the probability of an additional sentence can be expressed as
the largest (resp. smallest) value for all such linear expressions. This result was later
completed by Hansen et al. [10] with the generation of the consistency conditions, which
requires the enumeration of the extreme rays of the dual polyhedron (D) of (P). The
consistency conditions correspond to affine functions on the m;(i = 1,...,m) such that
the probabilistic logic problem is consistent if they are non-positive. These results are
summarized, as follows:

Theorem 1 ( Probabilistic Entailment, Hailperin [3] ).
The best lower (upper) bound for ,, 1 (Tm+1) is given by the following convex (concave)
piecewise linear function of the probability assignment:

Eerl(ﬁm-i-l) :j—l 12113‘)2 (1777)t : uznaa: <_j—1 12nlnk _(177T)t : uimn)
— &y ivimax —LyLyeesivman

where ugnw(u] , for all j, represents the kmaz(kmin) extreme points of (Dmaz) ((Dmin))-
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Theorem 2 (Consistency Conditions, Hansen, Jaumard and Poggi de Aragdo [10]).
The Probabilistic Logic problem (P) is consistent if and only if the inequality (1,m)t-r <0
holds for all extreme rays r of the dual (D) of (P).

Both the probabilistic logic and the probabilistic entailment problems can be easily ex-
tended to the case where probability intervals [r, 7| are assigned to the logical sentences
instead of the point values 7; for i = 1,2,...,m, as shown by Hailperin [3]. The model so
obtained is often more realistic in applications such as, e.g., medical or failure diagnosis,
as the experts usually provide subjective probabilities for the 7 values and find it easier
to specify intervals containing the m; that exact values for these m;. The width of the in-
tervals then reflect the confidence of the experts in their probability estimates. Equations
for PSAT are then modified as follows:

Ip=1
(PI) n<Ap<T
p =0,

with an instance defined by a triplet (S, &, ), and by linear programs (Pluyiy) and (Plyax)
for the corresponding probabilistic entailment problem, with objective as in (Pyin) and
(Pmax)-

An even more significant extension is to introduce conditional probabilities in proba-
bilistic logic and entailment. Indeed, it is often the case that probabilities of events are
hard to estimate and uninformative unless some condition holds (e.g., the probability of
having an illness given some symptom is of interest for diagnosis, while the probability
of having that illness in general gives little information). This extension was already dis-
cussed by Boole [17] for particular examples, and much later by Hailperin [5], Chesnokov
[18], Jaumard, Hansen and Poggi de Aragao [12], Frisch and Haddawy [19], Lukasiewicz
[20], and others.

The conditional probability of the event E;, given the event E;, will be denoted 7 (E;|E};)
and defined by the following equation, where 7(E;) and w(E; A E;) are given:

7T(E1|Ej)7T(E]) = 7T(El A Ej)

Observe that this definition coincides with the usual one, after dividing both sides by
n(Ej), if m(E;) > 0 and does not force 7(E;|Ej) to take any particular value if 7(E;) =
s (Ez VAN Ej) =0.

Consider again a set S = {51, 59, ..., Sy} of m logical sentences. Let M = {1,2,...,m}
and @ = {1,2,...,q} be the index set of the sentences with unconditional probabilities,
where ¢ < m. Let C C M x M be the index set of the pair of sentences (.S;, S;) involved

in the definition of a conditional probability 7; ;. It can be written as follows, assuming

15
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that each sentence .S; is associated with an event FEj:
7Tl-|j7Tj = Wi‘inp = 7T(SZ|S])7T(SZ) = 7'('(5Z N S]) = (Az A Aj)p = Ai/\jp.

Considering furthermore that we want to compute best possible bounds on a conditional
probability P(Ss|S¢) (s,¢) € C, in the objective function, leads to the most general case:

As/\lp
Agp

min / max
subject to:
Ip=1
(PC) m < Aip <7 [
0 < (Ainj — m;;45)p (4,
(Ainj — T 45)p <0 (
Amp >0
p=>0.

Point probabilities and conditional probabilities correspond to the cases m; = m; = 7; and

Tj|j = T;|; = T4|j- In the remainder of this note we examine how to solve (PC') analytically.

2 Reformulation

A first difficulty is the fractional objective function. However, a transformation due to
Charnes and Cooper [21] yields a program (PC’) with one more variable ¢ and a linear
objective:

min /max 2z = Agnep
subject to:
A =1
1p =t
!
(FC) Tt < Ap <7t i€Q
0 < (Aing — m;;45)p (4,5) €C
(Ainj — ;AP <0 (4,5) € C
\ plat 2 Oa

where p’ = p-t, and with the same optimal value; the corresponding solution is obtained by
dividing the optimal solution p™* of (PC’) by t*. This transformation consist in multiplying
all variables by a value t > 1 chosen in such a way that the denominator of the objective
is equal to 1, and hence disappears.

A second difficulty is that the constraints bounding conditional probabilities have pa-

rameter m;; or m

j j; in their left-hand sides (i.e., multiplying variables). This time, by
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introducing new parameters and elementary transformations all parameters can be trans-

ferred to the right-hand sides:

min / max z = Agpep
subject to:
A =1
1p =t
mit < A’ <t
)T < Aingp” < T
Ajp' =]
p,t>0.

(PC")

(
J

1€Q
i,j) € C
(i) e C

While (PC") has products of parameters in the right-hand sides, instead of single
parameters as in the unconditional case, Theorems 1 and 2 still apply. This is the basis of

the algorithm described in the next section.

Note that the order in which these two transformation are done can be reversed. This

gives the following alternate form:

min / max z = Agpgp’
subject to:
A’ =1
1p =t
mt < Aip' <t
it < Aipgp’ < )it

(Pc///)

Ajp' =7t
p',t>0.

3 Algorithm

1€Q
(i,5) € C
j:(,j)eC

Problem (PC') can be solved analytically by the following algorithm, called VRE (vertex

and ray enumeration):

j
Write the dual (DC") of (PC").

Introducing new parameters 7', and ¢, express (PC) in the form (PC”).

Enumerate all extreme points and extreme rays of the polyhedron defined by (DC”).

Introducing values of theses extreme points and extreme rays in the objective function

of (DC"), obtain best possible parametric expressions of bounds on the objective

function value and consistency conditions.

(e) Eliminate parameters 7, and ¢ from these bounds and conditions.

J
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A variant of this algorithm consists in using (PC") and its dual (DC") instead of (PC")
and (DC"). Correctness of algorithm VRE follows from the reformulations of the previous
section and the duality theorem of linear programming as expressed in Theorems 1 and 2.

Several tools are available for implementing VRE, e.g., the vertex and extreme rays
enumeration program of Fukuda and Prodon [16], already mentioned, for step (c) and the
algebraic manipulation system REDUCE [22] for parameter elimination in step (e).

Example 1 The following problem corresponds to rule (v) in Frisch and Haddawy [19]:

7T(£L'2) S [El,fg]; 7T(l'1 A iL'Q) S [EQ,%Q]; W(wl‘wg) =7

Setting p1 = m(x172), p2 = m(21Z2), ps = (F122) and py = (T172), problem (PC™), in
step (a) is:
min /max z = p}

subject to:
P+ P =1
/ / / /
P1+pe+ p3 +pyg=t
pll + pé >mt
—py - 3 > Tt
pll > Tyt
—ph > —Tat

PLt>0  i=1,2,34.
The dual (DC") of this problem (step (b)) is:

max / minwug +tug + mtus — Titug + motus — Tatug

subject to:
U+ u2 + us — ug + uz — ug < / >1
U </>0
ur+ us + us — ug + </>1
() </>0
uz, ug, us, ug >/ <0

u1, U unrestricted,

where the fourth constraint, which is equivalent to the second one, may be omitted.

For maximization the extreme points of the polyhedron defined by(DC") are (step (c)):
(0,0,0,0,1,0) which corresponds to z > myt and (0,0, 0,0,0,0) which corresponds to z > 0,
and for minimization: (0,0,0,0,0,—1) which corresponds to z < 7at, (1,0,0,0,0,0) which
corresponds to z < 1.

The extreme rays are (step (d)), for maximization: (0,0,0,0,0,1) which corresponds
to —mat < 0, (—1,0,0,0,1,0) which corresponds to —1 + mot < 0, (0,0,0,0,1,1) which
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corresponds to mot — ot < 0, (1, -1,0,0,0,0) which corresponds to 1 -t < 0, (—1,0,1,0,0,0)
which corresponds to —1 + m;¢ < 0, (1,0,0,1,0,0) which corresponds to 1 — 71t < 0 and
for minimization: (0,0,0,0,0,—1) which corresponds to —mat > 0, (1,0,0,0, —1,0) which
corresponds to —1 + myt > 0, (0,0,0,0,—1,—1) which corresponds to —myt + Tat > 0,
(—=1,1,0,0,0,0) which corresponds to —1 +¢ > 0, (1,0,1,0,0,0) which corresponds to
1 —mt >0, and (-1,0,0, -1,0,0) which corresponds to —1 + 71t > 0.

After elimination of the parameter ¢, they give (step (e)) the lower bound on 7(x|x2):

L= ? the upper bound U = min {1, E} and the consistency conditions: 7, <7, m;, < 1,
1 us|
i > 0, (for i = 1,2), and m, < 7.

Other solution methods than VRE could also be applied. One alternative is to use
REDUCE directly on (PC’), eliminating all variables of p’ and ¢, as well as z, which is
needed to have all consistency conditions. This may be time-consuming as the number of
possible worlds may be much larger than the number of constraints.

Note that Fourier-Motzkin elimination could be used here. This is what Boole [2] did,
in a systematic way for the unconditional case of PSAT and somewhat less systematically
for particular conditional PSAT problems. Instead of Fourier-Motzkin elimination, the
REDLOG package of REDUCE uses the real quantifier method (see e.g., Dolzmann and
Sturm [23], Dolzmann, Sturm and Weispfenning [24], Hearn [22]) which is more efficient.
In particular the number of expressions grows during the solution process at most as an
exponential in problem size versus a double exponential for Fourier-Motzkin’s method.

Hailperin [5] proposes to find bounds on the objective function by enumeration of bases
of the dual (DC") of (PC’) where parameter ¢ is viewed as a variable. Slack variables
are added and all square submatrices considered is turn. For each of them it is checked
analytically (as the constraints of (DC") contains parameters) whether the corresponding
solution is feasible or not. Again, the approach may be time-consuming as there are
many more bases of (DC") than extreme points of the corresponding polyhedron. Also,
this method does not provide consistency conditions. It could, at least in principle, be
extended to do so by enumerating analytically all edges from the extreme points found
and checking whether they are extreme rays or not. This could be done by determining
the intersection points of these edges with the constraints not active at the corresponding
extreme points and verifying that they are all on the infeasible side.

We compare these three approaches on the next example.

Example 2 The following problem a variants of one of Boole (1854, p.321) and was
analyzed by Hailperin [5] (Theorem 5.52 p. 244): m(x1) = m1; w(22) = mo; m(ws|er) = m3)1;
m(w3|z2) = m3)9; m(23]71 V 22) =7
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The eight truth assignments over X, i.e., (1,1,1), (1,1,0), (1,0,1), (1,0,0), (0,1,1),
(0,1,0), (,0,0,1), (0,0,0) lead to eight possible words over S = {x1, x2, x3|x1, 3|22,
x3|(x1V x2)} to which are associated the probabilities p1, po, ..., ps. Problem (PC") is as
follows:

min /max 2’ = p} + ph + pk

subject to:
P+ P+ P+ Pl +P5 + g =1
Py Do+ D5+ Dy + 0k + 6+ g =t
Py 45+ 15+l =mit
P1+ph +5+ 15 =mat
P +ph =mm3|1t
P + s =mamg|at

t7p;ZO j:1727"'787

where p' =p-t.

Its dual (DC"), there are 3 extreme points and 10 extreme rays for maximization, 3
extreme points and 10 extreme rays for minimization. After eliminations of t we obtain

2732 T3 T3] T2T3)2

L = max{ y T2T3|2; T1T3|1,

7T2+7T1(1—7T3|1)’7T1+7r2(1—71'3‘2) 7T1+772’7T1+7T2
which, keeping only non redundant expressions, is equivalent to:

7T27T3‘2 7T17T3|1

L = max{ , MT3j9, 1731 |

mg + (1 —mg1) " w1+ w21 — my)2)

and
T T3] + T2T3|2 T1T3)1 + T273)2

U:min{ ,(1—7r2)+7r27T3\27

b
T3 + T2 ToT3)2 + 1
T1T3)1 +mo M+ T2T3|2
(1 —m) + mims), ;
™ + 2 ™ + 72

which, again keeping only non redundant expressions, is equivalent to

Ty + M2T3|g T1T3|1 + T273|2

U = min{ , (1 = m2) + mamg)g, (1 — m1) + mim3); ;. The con-

TT|1 + T2 ’ ToM3|2 + 1
sistency conditions are: 0 < 7, w2, T1T3|1, T2T3)2 < 1 and 0< L <U < 1.

This solution coincides with that obtained by Hailperin [5]. The time required for
extreme points and rays enumeration was for both maximization and minimization of 0.01

second only on a Dell PC computer (233MHz). Applying REDLOG [23] immediately to
(PC"") took 23 seconds, to obtain the same result. In order to apply Hailperin’s approach
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t is viewed as a variable in the (PC") problem above. The dual (DC”) of this problem is

max / min u;

subject to:

up+ug+  uz+ ug + us + ug </ >1
ul +ug2 + u3 + Ug </>0
ur+uz+  u3 + us </>1
ur+uz+  ug </>0
Uy + us (N + ug </ >1
U+ us + Uy </>0

u2 </>0

(% </>0

— U — T U3|] — T2T3|U4 — T3 U5 — T2Tgous < / >0,

where the variables u; are unrestricted in sign. As the right-hand side of the primal is
(1,0,0,0,0,0), duality theorem allows reduction of the number of bases to consider. There
are 14 variables (i.e., 6 dual variables plus 8 slack variables), 8 constraints, and 3003 bases.
For maximization, we can limit the search to bases which contain wu;; there are 1716 such
bases. For minimization, we can limit the search to bases which do not contain wu;, this
leads to 1287 bases.

Checking the feasibility of a given basis corresponds to checking the feasibility of a
linear system. For both the maximization and the minimization cases, only 6 out of the
respectively 1716 and 1287 bases are feasible. Using REDUCE [22] to find them required
182 seconds. Again, the same result as above was obtained, but without the consistency
conditions.

4 Verifying and Improving Inference Rules

Frisch and Haddawy [19] have gathered a series of inference rules for conditional PSAT,
to be used in their anytime deduction algorithm. Each of these rules had been proved
by hand. We consider here those conditional rules where not all S; are subject to the
same condition. All results of this type were deduced again, in an automated way, with
algorithm VRE. A few of them are presented in Table 1. In one case, i.e., rule (ix), the
bounds obtained differ from those from the literature (Amarger, Dubois and Prade [25]),
which are

1—m
m(wglw1) = my - max {0,1 - ~— =
s}
and
ToT3 ToT3 TaT3

ﬁ(xg\xl):min{l,l—QQ—i— (1—[4)4-?2}

T mmy Ty
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Table 1: Derived inference rules with conditioning sentences.

Inference  Probability Consistency Ty T
Rules Assigned Conditions Maximum of: Minimum of:
e [mp,ml <1 =12 I
_ _ . us
(v) T1 A2 [my, 2] T >0 i=1,2 =2
T .
. T
z1|z2 e m, <7 1=1,2 Iz
s}
D) <7
2Tt [y, 71] 7, <17 >0
(vi) 1 A X2 Ty, T2 T >_0 f? >0 Ty T
T, <m 1=1,2 T —
z1 7 o, <1 S|
2 [71,71] m; <1 i=1,2
(vii) e Ty, T2] >0 i=1,2 Ty o T - T2
mn, <7 1=12
1 N\ T2 v
z1|z2 [y, 71] <1l i=1,...,4 0 1
. _ _ . s '(1*£2)+£2f3
(IX) wg\xl [52,7r2} <1 1=1,3,4
- (my + 73— 1) T
™ — — —
_ _ 1 T2 (mymy — w73 +73)
x3|z2 (75, 73] T <1 1= =4
1Ty
_ T2T3
x2|z3 74, T4] w7 >0 i=1,...,4
1Ty
_ 7o (mymy +7, +1
x3|x1 T , <7 it=1,...,4 2 (mmy+my )
1Ty
T3

mmy +73 - (1—my)

and the upper bound found by VRE is tighter. Indeed, consider the following assignments:
m; = 0.20,7 = 0.20, 1y = 0.15,72 = 0.20, w3 = 0.11,73 = 0.11, 4, = 0.10 and 74 = 0.10,
we find with our upper bound: 7(x3|x;) = 0.924 and with the previous one 7(z3|z1) =
0.932. The lower bounds are the same.
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Annexe

Solution of the Inference Rule (ix)

—mz+mgpz > 0and mr; <land — 7y + 7392 2 0and 7wy <land —my 2+ Tz > 0and —mg2 + 7312 2
0 and —mg;2+2 2> 0and mg); <1land —mg32+73)22 > 0and —mg92+22>0and —mg,2+72 > 0 and 7y,
land 1 < 1and T3); <1and 33 <land z<1land z>0

A

or

_E1£§|2ﬁ2 + Elﬂg‘gz + E1K3\2f2 — T T3)2% + Eg\lﬂg‘Q%Q - 2E3|153\2ﬁ2 + E3\1%2 > 0 and m < 1land — Ty +

= 2 = = = 2 = = 2 = = = =

T2 > 0Oand 1y < 1and — T3|175972 + 20313272 — W31 T2 + T3 pM1T2 — 3,12 — M3pT172 + T3T12 2

0 and — T3)1 7372 + 317327 + Ty T2 — Tg)1% + T312T2T3|1 — W32M3)1% — T273)1 + 312 > 0 and T39T2 —

T3|% — T2 + 2 > 0 and — T3|1 31272 + W31 T 3|97 + g1 T2 — T332 + TggT2 — g2 — T2 + 2 > 0 and T3y <
2 = 2 == = = = = = = =

1 and — 31972 +13|2z+£3‘27r27r3|2 + 3192 — 3|2 T3(22 — T3|p% — T2T3|2 T T3|22 > 0 and T3)2T2 —T322 — 72 +2 >

0 and Egl Z—M3|9gM2—M3|22+ 72 < 0 and T3)2 < land 7 < 1land —T2+z > 0and T3; <land T3 <land 2 <1

2
or
—W Tgp2+7g1 T2 2 0and 7y <1and —my+72 > 0 and my <1 and —mg;Ta+m3,T12 2> 0 and —7m3) To+7g592 >

0 and —mg;2+ 73112 >0 and mg; <1and —7gp2+T2+2—1<0and —m3p2+72 > 0and — 7352+ 7322 >
0 and —£3|2z+220and£3|2 <land 7 <1and7g; <1and T3z <landz>0

or

2 2 2

—W WM 3o + T ToMy)p + M 3192 — Ty W32 + Moy |1 39 — 2MaMy)1 Mgjg T MpZz)y 2 0 and my <1 and —mymy ;w30 +
= = = = 2

o311 +Eg£3\2ﬂ'3|1 — 2731 +E3\1E3|22_Eg|1z_ﬂ3\27r3\1z+773|12 > 0 and T3 1730 +2E253|1E3\2 — o731 +

ToTg 51 _Egﬁgpﬁl —K§‘2ﬁ12+53|2ﬁ12 >0 and ToT312 — T2 _Eg|QZ+Z > 0 and T TT311703)2 +E2£3|1 +Eg£3\2 -

2
3)2
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2 = = 2 = =
EQ+E3|1E3\2Z*E3|1Z*13\22+Z >0 and *E2E3|2+12E3\2773|2+12E3\2*E2ﬂ3|2+E3‘2Z*E3|27"3\2Z*E3|22+7T3\22 >
0 and ToT3jg — Ty —T3122+2 > 0 and ToT3)2 7127E§|2z+13‘2z >0and —7my+2>0and —7my+72 >0 and 7, <
1 and m3); < 1 and T3)2 < land 771 < 1 and 31 <1 and T3 <land 2 <1

or

—TT3)9Z + Tomg)y 2> 0and my < 1and —mymg)y +73)T12 2 0 and —momg)y + 73192 2 0 and my —mg92+2—-1 <
0and —my+mgp2 < 0and —my+72 > 0and 7, <1and —mg),2+73)12 2 0 and 73y <1 and —7mg32+ 7322 >
0 and —13|22+z20and13|2 <land7 <1 andﬁg‘l <1land 732 <land z>0

or

—T Mg 2+ T gy + T2 — Ty +£§‘1 — 213“ +1>0and 7; <1and 7, <1and ggll —T3)1T1Z2 + Ty 71 —213“ +
T1z—71+1 <0 and Eguz—ﬂg‘l—E3|153\1Z+E3\1fs|1 — T3 2+ Ty 7312731 < 0and —mgz+mg +2—-1<
0 and 7r§|1 — @312 — Ty + 2 < 0 and mg) 73192 — W31 T3)2 — Tg)1 7322 + Tg)1T3|2 — T3j22 + Tgjg + T3)22 — T3)2 <
Oand — w3 2+ 73 +2— 1 <0and mg), 7392 — T3 Tgp — T3y 2 + T3y — Tg22 + Tg3 +2—1 < 0and mg); <
1and7r3|2<1and7r1<1and —m2+1<0and 73; <land 73, <land z<1landz2>0

or

—m T 2+ T g T 2Ty +7r3|17r2 —2mgyT2+72 2 0and m; <1land —my+72 > 0 and 7, <1 and n2 T —

T3

7r3|17r1z+7r3‘17r1—27r3|17r2+7r1z m1+72 < 0 and 72 T2 — 2y T2 —Tg|1 2+ g1 +72+2—1 < 0 and 73|1E3‘27T2+

31

_ _ _ i 2 .2 _
73|1E3|2Z 73|1Z+E3\1 + 203131972 — 3|1 T3)27 — W31 T3)9 + M3)12 — Mz)y — M3)9T2 + 732 < 0 and 73,2 — 73,
T311T3(1% + Mgy W31 — T332 + M3y + 312 — 7gp < 0and —mg)y 2+ mg)y +2— 1 <0 and my), 7352 — 73,735 —
313|122 + 31 T3|2 — T3)2% + Tgjp + T3)22 — T3|2 < 0and — Tg)1%2 + Ty + 2 — 1 < 0 and T3y < 1 and T3 <
land7 <land72+z—1>0and 72 <1and 3; <1land 7z <land z2<1

or

—W Mg 2+ T Ty + T2 — T+ Tpm 3|1 — 2mymgy + 75 2 0and my < 1 and mwom 3|1 — 2mymy)y + Ty — Wy W12 +

T3 1 + 71z — 71 < 0 and Tym3), — 2MoT3) + Mg — W31z + o3 +2 -1 < 0and — E2E§|1E3\2 + 27y M1 310 —

3]1
2 2 2 =
ﬂ27"3\2+“3|17"3\2'z* 3‘1Z+E3|1 T 3|1 3122 — W31 M3)2 T M3)12 — 31 + 732 <Oand my+2—12>0and —my+72 >
2 — — — —
0 and 7, <1 and 71'3‘1 T30~ T31 7312 + M3 731 — [3)12 + 31 + 73112 — T3 <0and —my 247y +2—-1<
0 and g, 7392 — 3|1 T3)2 — W31 73|22 + Tg|1 32 — T3|22 + Tg)p + T3122 — 312 < 0and —mgy 2+ 73 +2 -1 <
0 and Ty <1 and T3 <1 and 1 <1land 73y <land T3 <land 2 <1

or

T3, T2~ T T332~ 7r17r2+7r1z+7r3‘17r27213‘1f2+ﬁ2 >0and 7; <1and —7my,+72 >0 and 7, < 1 and Egllﬁng
T3 W12 — M3 12— 2031 T2 —T1T2+T12+72 <0 and *£§‘152+£§‘1Z+E3|1?2?3\1 + o3 T2 — 31 73|12 — 3112 —
o311+ 73112 < 0 and T3 M2 —T3)12—T2+2 < 0 and Egllﬁgfﬂzﬂlfg —m3)12+2 < 0 and —T31T3)272 + 31322+
T31 72T 3|2 — M3)1 73|27 + M3)9T2 — Myp2 — T2T3)g + T3)22 < 0and g, T2 — w312 — T2+ 2 < 0 and — M3)1 3272 +
3|1 T3)2% + Mg|1 T2 — 3|12 + Tg9T2 — Tg)92 — T2+ 2 < 0and w3y < land gy <land 7 <land —72+2<
0and T2 <1 and 3); <1l and 733 <1land z >0

or

—7m; +7m >0andm; < land —7y +72 > 0and 1, < 1 and — Ty T2 + 12 — T + T2 < 0 and — Ty T2 —
£3|2f1f2 +13‘2f12+£3|2ﬁg < 0 and 733“?2 — T2+ T2+ 72 > 0 and — 3|y +F3‘1 >0 and — T3y —7m+1
0 and — W32 + W32 >0 and z3); < 1 and T3)2 < 1l and 1 < 1and T3;; < 1and T33 <1

IN

or

—mz+2z2>0and 7; <1 and —Tymg); + 2 >0and 7y <1and —7124+2 <0 and — Ty T2+ 2 <0 and —mg 2+
73112 > 0 and —mg; +2 < 0 and —mg;;2+2 > 0 and mg;; <1 and —mg,2+7322 > 0 and 2> 0 and —mg52+2 >
0 and£3|2 <land 7 <1and 73); <1land T3 <landz2>0

or
T Mgz~ Mgy — M2+ Ty — Mg 2+ g +2—1 < 0and my <1and mymd), —2mymy)y + 7y — g2+ 7y +2—1 <
0 and m, < 1 and 3112 — W31 T1 — [y 2 + Tg)p — 12 + 71+ 2 — 1> 0and ggllﬁg — 2g3‘1%2 — gz + ;g +

T2 +2z—1 2 0and 5,2 — @5, — T3, T3)12 + T3 T3j1 — A3;12 + T3y + W31z — 31 < Oand — g2 + 73, +
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%

_ 2 _ 2 2 _ _ 2 _ _
z—1 < 0and 31 D3)2% — T3 % + 31 213‘1E3|2z + g 2 — Ty + Tg)02 < 0 and T3~ T3)1? — T3 + z

A

0 and g, 7392 — T3)1 T3] — T3|1 3|22 + Tg|1 32 — T3|2% + T3) + T3122 — 312 < 0 and — mg)y2 + 73 +2—1
0 and —mg;2+ 73 +2—1<0and my; <1land mgy, <land7 <1and73; <land7zz<landz<1

or

7y <land —my+72 >0and my <1land —mg T2 +T2+2—1<0and —mg; T2+ 7392 <0 and —mg T2 +2 >
0 and —Z3)1 + T3 > 0 and — @312 T T3)2 > 0 and gy < 1 and T3)2 < land —71 +1<0and 71 <1and73); <
1 and f3|2 < 1

or

IN

—mz+2z 2> 0andmy < land — mymg; + g2 > 0and 7y < land — Tz + 2 < Oand — 7y T2 + 7392
0 and — W3)1ZT3)2% + T3)12 — 31 + T3)22 < 0 and — T3)12 + W32 > 0 and — W32+ 2 > 0 and w3 < 1 and —
3197 + 3122 2 0 and — T3z +220 and T3 <1 and m1 < 1 and 73; < 1 and 732 < 1and z>0

or

T W31 73|27 T W1 T3)1 32 +E113\2Z_E1E3|2+ﬂ§\1ﬂs|2z_1§\1z+ﬂg|1 — 3|1 M3)2% ~ W31 3|2 T 3112 — 31 +73)2 2
0and m; <1and — 7"27";23“7"3\2 Jr27"27"3\1E3|2 — MaT3)2 +E§\1ﬁ3|2z *1§\1Z+E§|1 — T3)173|2% — T3 g2 + T332 —
T3 + M3p > Oand mp < 1and 7"3|17"3\2Z - E§|1Z + Eéu = W1 M3)2T1Z + T3 Ty9T1 — Mgy My)02 — 31730 +
T2 2 — Ty +Tg)aT12 — Tg)pT1 +ogp < 0 and —m3) 7g)5T2 + 73 Tg)92 — 73,2 + 73, + 2031 Ta)272 — T2 T30 —
3|1 T3)2 + T3112 — Tg)p — L3272 + g1 < 0 and £§‘1z *Egu — T31 7312 + T3)1 3|1 — T3)12 + T3y + T3)12 — Tg)1 <
0 and —£3|1z+53‘1+z—1 < 0 and £§‘153‘22—£§‘1z+£§|1 —253‘153‘22—#53‘1,2—13“ +m3)02 <0 and 2£§‘1£3|2z—
K§|153l2_ﬂguz‘*‘lgu_313|1E3\2Z+E3\1£3|2+£3\1Z—£3\1+Es|22 2 0 and @3 7352 —T3)1 W32~ T3|1 T3|22+X3)1T3]2—
3122312+ T3|22—T3|2 <0 and —£3‘12’+£3‘1+Z—1 < 0 and E3|1£3‘22_£3‘1E3|2_E3|1Z+E3|1_£3‘22+£3‘2+Z_1 <
0 and Z3)1 < 1 and T3)2 < land 71 <1and 73); <1land T3 <land 2<1

or

(Y

7r17r3‘17r3|27r2 —7r17r3‘17r3|2z—7r17r3|27r2 +7r17r3‘22+7r3‘17r2 —27r3‘17r3‘27r2 +7r3‘27r2 >0and 7; <1and —my 472
0 and m, < 1 and 53|17r2 + W31 T39T1T2 — Ty TgoT12 — 2£3‘153|27r2 - 53‘27r1ﬁ2 + ﬂgpflz + Egpﬁg < 0and —
E§|1ﬁ2 +£§‘1Z + g1 3272 — Tg)1 T30% + Ty T2 T3|1 — Tg|1 3|12 — T3|2T2T3|1 T T3)2T3)12 < 0 and g, o — 7312 —
E3|2%2 +E3|22 <0 and _E§‘1ﬁ2 +E§‘1Z+E3\153|2ﬁ2 _E3|1E3\22+53|1%2 _Eg|1Z_E3|2ﬁ2 +E3\27J <0 and Eg‘lﬁQ—
Tg)1 3o 2 — Mg 792 + 75,2 < 0 and — 3, g5 T2 + 13 )92 + 5], T2 + a1 T5,72 — a1 T55% — a1 T2 —
Ty T3)p2+T3)52 2 0 and — @3 g5 +03) Mg 92 — 73|, 2+ 13, +15)1 T3, T2 — a1 T35 2 + Tg)1 T3)9T2 + Ty, T3jp2 —
2731 7312 —wgpﬁg +7r§|2 2> 0and — 7y Tg9T2 + 3|1 T 3122 + 731 T2T3)2 —7T3|1E3‘22+ﬂ'§|2f2 —W§|22—7T3‘2ﬁ2f3|2+

7r3|27r3|2z < 0and 7y T2 — 7312 — T3)9T2 + T3z < 0 and — mg) 3572 + 3|1 T392 + T3 T2 — Ty 2 + n2 7o —

£3)2
_3|2z7£3|27r2+g3|2z <0 and — @)yt g0 <> 0 and T3y < 1 and T3)2 < land 71 < 1and T3); < 1and T35 <1

or

2 _
T WMy — T Ty — T T3] 2 +mz+ 7r27r3|1 — 23213‘1 + 7, >0and r; <1and — o3 + Tomg 1 Ts|1 + Tamg)y —
2 _ _ _ _
ToT3)1 +£3‘1Z - £3\17"3|12 — T3n® + 7312 <0 and 2731 + ToT31 71 — 2£2£3\1 — Ty + Ty — 31712 +miz <
2 _
0 and momy); — @y — 312 + 2 < 0 and Wom3); — Momy)y — I312 + 2 < 0 and — momy) g9 + KoMy 1 Ta)2 + ToM3)2 —
ToT3|2 + M3)1 3122 — T31 73|22 — [3|22 + T3|22 <0 and ToM3|y — Ty — T332 + 2 <9 and — ToM3)1T3)2 + TaT3)1 +
T3y — Mg + T3 3102 — T3|12 — [g2%2 + 2 <O0and —7,+2<0and —my, +72 > 0and 7, < 1 and Ty <
1 and 73|, <land 7 <1land7g; <1land T3 <landz>0

or
7, < 1and — ToTrg)y + Ty + 2 — 1 < 0 and — WoTg)y + Tg)22 < 0 and — ToTg)y + 2 > 0and — @y + 72 >
0 and — T3 + T3 > 0 and — T3) + T3)2 >0and —7; +1<0and 7, <1and 31 < 1 and 31 < 1land 71 <
1 and 731 <1 and T3 <1

or

—m +71 > 0and m; < 1land — momgy + 7y + 12 — M1 < 0and — momg)y — Tomg)pT1 + Tamrg)p + 7r3‘27r12 <
0and — momg)y — T + 7y + 71z 2> Oand — 7, + 72 > Oand — 7y + 731 2 0and —my; — 71 +1 <

0 and —mgy + 732 > 0and my <1 and w3y <1and w3, <1and T <1and7s; <1and T332 <1
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or
2 2 2 2 2

T WoM3|1M3)2 — M1 MaM3 1 — M M)  M|p2 + M M3 92 +MaT3 ) — 2MaTg) Mgy +Tpm3)p > 0 and my <1 and —mymy), +
_ = 2 _ _ 2 il

TaT311 3|2 +E2£3|17r3\1 T aT31273|1 +E3‘1Z T T3)1 73|22 — T3)1 73|17 +E3|2773\1Z <0 and 311 +E2£3\1E3|27r1 -

2 = 2 = 2 = 2
2Mo M1 T3) — MMy o1 +ToM3 = W31 319712 + 25,12 < 0 and Tpmy)y — MoMy)g — g1 2 + 7322 < 0 and mym3 ; —

2 2 2
ToT3|1T32 — W31 T3)2% + 392 < 0 and —mym3) ) + Moy Tyjp + Mol ) — Moo +73)1 2 —T3)1T3)2% — L3117 + 73122 <
_ 2 2 2 _ 2 _ 2 2 _
0 and — momy) Mg)g + ToMy)y + ToM31 M5y — ToM31 W30 + T3)1 327 — T31759% — T3183)22 + T3,7 = 0 and
2 2 _ 2 2 2 2 _ 2 _ 2
E2E3‘153|2 +E2E3|1E3‘2 +E2K3\1E3|2 E2I3|2 +K3‘1E3|25 I3|12+E3‘1 E3\1I3|22+E3\1E3|23 2K3\1E3|2 +E3‘2 >

0 and — T3 3)2 T Mo 3)1 732 +E2£3|2 T TaT31273|2 +E3\133|2Z_E3\17"3|2Z_E3‘2Z+E3\27T3\2Z < 0and TaT311 —
2 2

ToTgjp —Tg)1 2+ o392 < 0 and —mymg) 31 +Tomg T oM 31 ~ToTgjo + g1 Tg)02 — 3112~ T3)p2 T Tg)22 <0and —

Ty +72 > 0 and 15 < 1 and — 3| + T3 <> 0 and Z3)1 < 1 and T3)2 < 1l and 1 < 1and T3;; <1and T332 <1

or
—m;+71 >20and m; <1andmy, <1and —mg; +T12—mg); +73)1 =2 0and —mg; +712 < 0and —mg5+7T3)2 >
Oandg3|1 <1and£3‘2<1andf1 <land —7m2+1<0and73; <land 73 <landz<1landz2>0

or

—m;+7 >0and r; <1land — 7y, +72 >0 and 7, < 1 and 733‘1ﬁ2 + 71z —71 + 72 > 0 and — 3|1 +f3|1 >
0 and — £3‘1f2 + 7o + w1z — w1 < 0 and 53‘1£3‘2ﬁ2 — EBHFZ — £3‘2f1f2 + £3‘2f1 < 0and — 312 + T3)2 >

Oand£3|1<1and13‘2<landf1<1andﬁz+z7120andﬁ2§landf3|1<1andﬁ3‘2<landz§1
or

3|12 — T3 — T2 +my _E3|1%1Z+E3|1ﬁ1 +71z—m <0 and <1 and Egﬂgu _2E253‘1 + 1y _E3|1ﬁ12+
T3 71 + T2 — T <0and 7y <1 and Tg|1T1Z — Mg|1 W1 — Tg)1 2 + Mgy — T12+ 71+ 2 — 1 <0 and Egllz _Egu +

3112 — T3 1 — 2Wg1 2+ 231 —T12+71+2—12> 0 and Eguﬁz — Ty T2+ Tg M1 — 2031 T2 + W12 — 71 + T2

IN IV

2 2 2 = = = =
0 and @3 392 —73), 205 —M3)1 W32 12+H 031 W32 71 —T3)1 3192~ 3|1 K32 H 0311 2~ W31 T 032712 —T3)571+13)
2 = = = 2 2 = = = =
0 and 31 — T37i® + T3 T — 2E3|1 + T12T31% — T3 — T3)173[1% + 3131 — T3)12 + T3 + T3)12 — W31
Oand —my 2+ 73y +2—1<0and 717322 — T3)1 T3 — T3)173)2% + T3)1 3|2 — T3)22 + T35 + Tg)22 — T3)2
0 and —mg;2+ 731 +2—1<0and my; <1land g, <land 7 <1and73; <land 7z <landz<1

ININ

or

—m+71 2 0and m; <1and —mymg + 7y +T12—71 > 0 and —mymg); + 771 + 712 — 71 < 0 and mymg 79 —
ToMg|y — MpTgoT1 + 73271 S Oand my +2—12>0and —my +72 > 0and —mg); +731 = 0 and — g5 + T3)2
0 and 7, < 1 and T3)1 < 1 and T3)2 < 1 and 73 < 1 and T3 <1 and T3 <land 2 <1

v

or

—m;+7 >0and 7; <1land —7m, +72 >0 and 7, < 1 and *E3|1ﬁ2 — T2 +T1z+ 7o > 0 and — 3|y +E3‘1
0and — mg; T2 + T1z < Oand — 735 + 32 > Oand my; < land 7y, < land 7 < land — 72 + 2
Oand —7T2+1>0and T3; <1land T3 <landz>0

INIV

or

—m;+71 >0and 7; <1and —7,+72 >0 and 715, < 1 and —Tg)1 +73)1 >0 and Tg|1 3122 —Tg|1 T2 —T3)T1T2+
312712 < 0 and — g +71 <0 and — T3+ 73220 and T <1 and T3 <1 and T < land —72 42z >
0 and 3); <land 733 <land z<1

or

—m;z+ 7Tz > 0andm; < 1and — ToT3)1 + 7Tz >0and 7y, < land —7T1z+2 > 0and — 13‘152 + Tz
0 and —mg;2+ 71z > 0and — 7y, +T1z < 0and —mg2 + 7312 > 0 and gy < 1 and — g5z + T3)22
Oand z >0 and — w352+ 2> 0and w3, <1land 7 <1and 73); <1and T3y <1

IV IA

or

T\ Mgy % = My Mgy — Ty 712+ 071 — Ty 12+ g T+ 752 — 77 < 0and my <1 and mym3), — 2mymy) 71 + mo7] —
Ty T2+ Ty 1 + 772 — 77 < 0and 1y <1and 73,2 — 73, — g T12+ Mg T1 — Mgy T3)12 + Ty Ty +T1T3012 —

T1T3)1 < 0and — 3112 + T3)1 + Tz — 71 < 0 and T3 W12 — T3 W1 — 3|12 + T3y — 12 + 7+ Tz -1 <
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0 and 72 Ty — 27r3‘171'17r2 77r3‘17r1z+7r3‘17r1 +7r17r2 +7r1z 77r1 >0 and 71'3|17'r3‘22 — 3|1z+773|1 — 27r3|17r3‘27r1z+

T3

Ty1 12— 7r3‘17r1+71'3|27r 2 <0 and 72 7E3|17r12713‘171'1+7r1z >0 and 313122 — 3|1 T30 —T3|1 73|22 T 3132~

231
T3|2T12 + T39T1 + T1T3)22 — T1T3)2 < 0and — 312 + I3 + 1z — 71 < 0 and — 312 + Tgp + T12 — 71 <

0 and —mg); + 71 <>0 and myp <1 and 732 <land 7T <1and g <1 and T32 < land 2 <1
or

—7m;+7 >0and 7; <1land —7y, +72 >0 and 715 <1 and —m3)1 + 731 >0 and — Ty T2+ T2 + T2 — T
0 and — 73 T2 + m3,T12 < O and — 7y, T2 + M1z > 0 and — 73 + 71 > 0 and — 73, + 732 > 0 and 7y
1 and T3 < 1 and 1 < 1 and 3); <1 and 735 <1

N IA

or

—mz+7iz>0and 7y <1land —mymg)y + 73,712 >0and 7, <land —Ti1z+42 > 0and — 75 T2 + 73,12 <
0 and — g 7312 + 7312 — gy +Tgo712 < 0 and —mg12+712 > 0 and — 73y 2+73)12 > 0 and 73y < 1 and
3122 + T3)22 > 0 and —Zgpz+220 and z > 0 and T3 < 1 and 71 <1 and 73); < 1 and T3)3 <1land z>0

or

T 3|1 T32% — T 3112 — T T3pT1Z — T3 312712 + T3 712 + 7r3|27r%z > O0and 7, < land — 7r27r3|1 3‘2 +
2EQE3|1K3\2—EQE3|1+252E3|1E3‘27T1—2£253|1E3\27T1—E2£3‘27T1—E3|1£3‘27T1Z+E3\1E3|2ﬂ'12+£3|27r13 >0and 7y <
1 and 7r§|17r3‘2z — ﬂg‘lz — 7r3|17r3‘2F1z — W31 T32T3|1% + Tg1 312 + Tg)oM1T312 > 0 and — 7y 7302 + 312 +
7r3|27r1z > 0 and 7r3|17r3‘2z 7r3‘1z—7r3‘17r3|2ﬁ1z—7r3|17r3‘2z+7r3‘1z+7r3‘2ﬁ1z > 0 and —71'3‘1 §|2?2+27r§|171'3|2fg—

_3|17r2 + 27r3‘17r3|27r171'2 — 7r3‘171'3|27r1z — 27r3‘171'3|27r171'2 + 7r3|17r3|27r1z — 71'3|27r17r2 + 7r3|27r1z < 0 and 7r3‘171'3|2z —

E?mz*2E3|1E3\2“1Z+£3|17"12+E3|27"12 <0 and 713‘1£3|22+13‘12+E3|27r12 >0 and E3|1£3‘22*E3|113‘27T3|227
£3|1E3|2Z+E3\1f3|22*E§|2f12+13\2f1f3\2z 2> 0 and —my) 73924731 24732712 > 0 and 13|11§\2Z*2E3|133\2Z+
£3|1Z*E§|2f12+£3|2ﬁlz > 0 and —3)1T3)2 + T3} + 3271 <> 0 and Z3)1 < 1 and T3)2 < 1and 71 <1 and 733 <
1l and 733 <land 2 <1

or

T3 T3)2 — T1T3)] — 7r17r3‘2f1 — 7r3‘17r3|2ﬁ1 +7r3‘1f1 +7r3‘2f% >0and 7; <1and — 7r27r§|17r§|2 + 27r27r§‘17r3|2 —
7r27r3‘1+27r27r3|17r3|27r1—27r27r3‘17r3‘27r1—7r27r3|27r1—7r3‘17r3|27r1+7r3‘17r3|27r1+7r3‘27r1 >0 and 7y < 1 and 7r3|1 3|2
2£3\153|2Z"'53|1£3\2 +E3\1z_ﬂ3\1 - 2E3\1ﬂ3\2”13+ﬂ3\1lg|2”1 _K3\153|2 +2m3) T319T12 — 2031 T3 71 + 31 T3 +
Eéﬁ%z _Egpﬁ% +E§|ﬁ1 > 0 and Eguﬂaxz — 3y — 3|1 M3)2T1 — W31 T3)2T3|1 + L3131 + T3)2M1 731 = 0 and
311732 +E3\1+E3\2%1 >0 and —Eg‘lﬂglgﬁ2+2ﬂg|lﬂg|2f2_E§|1f2+2ﬂ3|1ﬂg‘2f1ﬁ2_Eg|1ﬂg‘2f1_253|1E3\2f1ﬁ2+
T\ T o1~ T3, T w2 +75), 71 < 0 and 3y, w5, 22 g2+ 15 Mg o +I5) 203 — 2031 05, 71 24 2051 g oW1 2
£3I1£3|2ﬁ1+£§\2ﬁ%2 < 0and ﬂg\1£§|2Z_£§\1£§|2_2£§|1ﬁ3\2z+zﬁg\1E3I2+£§|13_E§\1_2E3\1£§|2ﬁ12+ﬂ3llﬂg\2ﬁ1+
2M3)1T312T12 = T3)1 31271 +E§|2E%Z 20 and E3|11§\2 —T3)1 32T 3|2 ~ T3)1 3|2 + T3)173)2 _£§|2f1 + 321732 =
0 and — 1y, @3) + gy + 73571 > 0 and 7g), 73 ) — 2731 T3 +Tgy — 75,71 + 73571 > 0 and — 1)y 73 + 751 +
3271 <> 0 and T3)1 < 1 and 312 < land 71 < 1land 73); <1land T3 <land 2 <1

or

—my+7m1 > 0and 7y <1and —7wy+72 > 0 and 7, < 1 and 77r3|17r277r3|27r171'2+7r3|27r12+7r3|27r2 >0 and —mgpt
7311 = 0 and mg), 75,72 — W3 T2 — Mo M1T2 + M35712 < <0and —my) T2 RSIPUEERS < 0 and mg) 73972 — g1 T2 +
31712 2 0 and 7y Tg9T2 — T3 T2 — T3)pM172 + TgpT1 = 0 and — mg)5 + 32 > 0 and mg; < 1 and 755 <
1land 1 <1 and T3;; <1and T332 <1

or
7312 + 7r17r3‘2f1z - 7T17T3|22 — Ty Tz — 7r3‘2ﬁ%z + w371z < Oand my < 1and 7r27r§‘1 + 27T27T3|17T3‘2f1 -
2Ty T30 + 7r2_3|27r1 27, T 3‘27r1 + mom 3|2 — 3173212 — 71'3|27r 1z + 7r3‘27r1z < Oand 5, < 1 and 7r3‘1z +
3|1 732712 — T3 1 T3|2% — [3|1T3|1% — L3|2W 17312 + T3|2T3|12 <0and — 3112 — T3|2T1Z + T3)22 < 0 and E3|1z +
T3y M3)o 12— 3|1 M3|p2 — g1 2~ 391 2+13)92 < 0 and @y T12—T3)1 2413977 2—273 W1 2+13)2 < 0 and Eé\lz"‘
ES'1£3|2ﬁ12—53‘1£3|2z+£3|1E1z—7r3‘1z+7r3‘2f%z—27r3‘2f1z+7r3‘22 >0 and w§|1ﬁ2+213|1£3‘2ﬁlﬁg—£3‘1£3|2ﬁ1z—
2£3‘153|2ﬁ2 +£§‘2f%ﬁ2 —ﬂgp 27r3‘27r17r2 +7r3|27r1z+7r3|27r2 >0 and 7r5‘17r3|22—£§‘1z+775|1 +7r3|17r§|2ﬁ1z—

2 _ = _ _ —92 2 —
T3|1 507 — 2M3)1 032712 + 27313271 + T3)1 3122 — 2031 3|2 53|27r12 + E3\27T1 + 5,712 — 27r3|27r1 + 7r3|2 2
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0 and T3|1T32%2 — T3|1 7322 + 319712 = 392 — 3217322 + 3173|122 < 0and — 3|12 — T3)oT1Z + Tg92 <
0 and 3|1 T32% — T2 + Egmﬁlz — 13‘22 — T3|T12 + Tg)02 < 0and — T3y — 3271 + Tz <> 0 and 3 <
1 and T3 < 1 and 1 < 1 and 3); < 1and 735 <1

or

—m;+ 71 2 0and m; <1 and — Moz — MoT3pT1 + MpT3 g + T32T12 > 0 and TyT3)1T3)p — MpM3)p — MaT3271 +
T312712 < 0 and —momy); +7035712 < 0 and mpmry)y )5 —Mom3); +73)5T12 2> 0 and mymry) )5 — o731 — Mo mg)571 +
73171 = 0and — 7y +72 > 0 and — 73y + 731 = 0 and — 75 + 732 > 0 and 7, <1 and m3); <1 and 755 <
land 71 <1 and T3;; <1and T3 <1

or
3113‘1z+£1f1z —mz 7g3|1?12 fﬁ%z+f1z <0Oand m; <1 and 12E§|1 +2£2E3|1E1 — 2E2E3|1 +12ﬁ% — 27w, +
Ty — Ty W12 — ﬁ%z + 71z < 0and 7, < 1 and E?ﬂlz + 31 T12 — 31312 — T3|12 — T1Tg[1Z2 + T3|12 <0and —
= 2 = = = =2 — 2 =
T3 2= T12+2 < 0 and 53‘1z+53|17r1272E3|1277r12+z < 0 and £3‘17’F127£3|12+T(12727}'12+2 < 0 and 53‘17r2+

2M3) W12 — Ty W12 — 20 W2 + W72 — W12 — 2M1 T2 + W12+ 72 > 0 and @3, — @) W12 + 205 W1 — 2mg); — 732 +

2
3)1
f? +71z—2m1+1 >0 and 3|1 7322 — T3|1 7322 + T3pT12 — T3)02 — T1T3|22 + 3|22 < 0 and — @3z - Mz +2z<
0 and g 7392 — 3|12 + T3)9T12 — 3192 — T2+ 2 < Oand —mg; — 71 +1 <> 0and mg; < 1and g, <
land ™1 < 1land m3;; <1land T3y <landz2>0

or

—m;+71 > 0and7m; < land — 7, +72 > 0and 7y < 1 and *13\1ﬁ2 + 7z —m1 + 72 < 0and 7£3‘1f27
£3|2f1f2 +£3‘2f12+£3|2f2 < 0 and —E3|1ﬁ2—ﬁ1ﬁ2 +7T1z+72 > 0 and — 731 +f3‘1 >0 and —ﬂs‘l—fl—‘rl <
0 and — T3+ 73220 and —mg; —T1+1<>0and mg; <1 and T3y <land 7 <1 and 73); < 1 and 733 <1

or

T T3 2 + My TgpT12 — MyMyp2 — T3 T12 — TgpT12 + Typ71z < Oand myp < 1and mom}), + 2m, Ty Tg71 —
2Ty  Tg)p + Mol )] — 2Mp3 51 + Tym5 ) — My TgpT12 — I3,712 + 15,712 < Oand 7y < 1and @3, 2 +
E3|1E3|2f13 — 3173|127 — K3\1ﬁ3|lz - Eg|2ﬁlﬁ3\1z +£3‘2f3|1z <0and — 3117 — Egpﬁlz +E3|2Z < 0 and E§|1Z +
)1 M3)2 712 Tg)1 Mg 02— Mgy 2~ M3)aT 12475152 < 0 and mg)y T12—7g)y 2+ 771 2— 2y yT1 24302 < 0 and 73, 2+
|1 312712 Tg)1 Mg 2+ g1 T12— Mg ) 2+ 75 o1 2~ 20y M1 2+ g0 > 0 and 13|, To 20y g5 T1 72 —Ma)y Ty o T12—
2m3)1 31272 +1§\2f%ﬁ2 *1§\2E%Z - 213\2%?2 Jr3123|2ﬁ1'z+ﬂg|2f2 > 0 and 1§\1£3I2Z 713\1Z+E§|1 Jr£3|1E§|2flz -
T3 T310% = 231 Taj2T 12 + 2031 Ta)oT1 + Mg)1 Mg)p2 — 2Ma) Mgy — M3, 712 + T5,77 + M5,712 — 205,71 + 13, >
0 and 3|1 7322 — 13‘1f3|2z + zﬁ,ﬁm - £§|2z — T39T1T322 + E3|2f3‘22 < 0and — T3)1% — £3|2f12 + 32 <
0 and Esl113‘2271\“1z+£§‘2ﬁ1z713‘22713|2ﬁlz+z3‘2z < 0 and —M3)y — 3|21+ T30 <> 0 and 753‘17E1+1 <>
0 and mg;; <1 and w3y <land 71 <1and T3); <1and 732 <1

or

173112 — T 731 —mZ+m _£3|1W1Z+I3|1f1 +7iz—71 <0and m; <1and E2E§|1 - 2£2I3\1 + @y _E3|1flz+

T3 T1 + 1z — 71 <0and 7, <1 and 3|1 W12 — M3|1T1 — [y 2 + T3); — 712+ 71+ 2 — 1 <0 and Egllz _Eg\l +

(Y

K3|1ﬁ13 —Eg‘lfl —2£3|1Z+2E3\1 —mTiz+71+2z—12>0and E?SUEQ _K3\1ﬁ13+£3\1f1 _2£3|1ﬁ2 +7T1z—T1 + 72

IN

2 2 2 — — = =
0 and 73 392731 205 —M3)1 39712+ 03] W39 71 —T3)1 M3)92 —T3)1 X312 H T3]3 2 M3+ 32T 12— T30 1+ 732
2 — — = 2 2 — = = =
0 and 73, — T3)1 712 + T3, 71 — 2M3); + T1203); 2 — T3y — K31 T312 + T3173)1 — T2 2 + Typ + T312 — W31
Oand —mg 2+ 737 +2—1<0and 7517592 — M3)1 35 — T3)173)22 + 31 T|2 — T3)22 + T35 + T3j22 — T3)2
0 and — T3 2+ o3 72— 1 < 0 and — Ty — W1+ 1 <> 0 and 73y < 1 and LEIPIRS 1 and ™1 < 1 and 3|1
land T3 <land 2 <1

N ININ

or

—m+71 > 0and my <1and —momg)y +7p +T12—T1 < 0 and —mymg)y — Moy o1 + ToTg)p + 73,712 < 0 and —
Ty — T+ 7T+ 71z > 0and —my+7T2 > 0and —mg); +73); 2 0 and —mg; —T1+1 < 0and —7mg)y +73)2 2>
0 and my <1and —mg; —71 +1<>0and 7y, <1and gy, <1land 71 <1andT3; <1and 732 <1

or
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—m; + 71 2> 0and 7wy < land — momg)y — 71 + 7Ty + 712z 2 Oand — mymg + 712 < Oand — 7, + 2 <
0 and —my+72 >0 and — @311 + T3 >0 and —T3)2 +T3)2 >0 and my, < 1 and 73y < 1 and T3)2 < 1 and 71 <
1l and 731 <1and 32 <land z >0

or

-7y +7 >0 and m <1 and ToT3173)2 — T273) _E253|2ﬁ1 +Eg|2ﬁlz < 0 and —my+220 and — Ty + T2 >
0 and —mg); +73)1 > 0 and —7g; +71 <0 and —7mg,+73)2 > 0 and 7, <1 and 73); <1 and 73, <1and T <
land w3 <land T3 <land 2 <1

or

—m +71 2 0and my <1and —mymy +7,7T1 + 712 — 71 < 0and —momg)y + 739712 < 0 and —wymy +7T12 2
0and —my +72 > 0and — gy + 731 =2 0and —mg; +71 > 0 and — 735 + 732 2 0and 7y < 1 and w3, <

1 and T3 < 1l and 71 <1 and T3); < 1and T332 <1
or

T2 — Ty — T Mg|92 + T Tg)y + T 322 — M1 T3]z — Tg)p + 32 = 0 and my2my <1land —mymg92 + 730 + 712 —
mymz—m; —7wgyp+1 < 0and —m +7 > 0andrmy < landz, < land 73y < land g, < land 7T <
land —72+1<0and T3; <land T3y <land z<landz>0

or

12— T *E3\1f2 +m2 > 0 and *£1£3\2Z+E1E3|2 +E1f3|22 *£1ﬁ3\2 *E3\2f2 +ﬁ2f3|2 > 0 and 12— T + T2 >
0 and m 972 — T Tg92 + 712 — Ty —Tg9T2+72 > 0 and my 2 —m) —ToT); +72 < Oand —7y +71 > 0 and 7y <
land — 7, +72 >0 and 7, <1and£3‘1 <1and13‘2 <land 7T <1land T +2—12>0 and 7o glandﬁ3‘1 <
1l and 733 <land 2 <1

or

Tz — @) — Moy + 7y 2 0and — 7 7392 + T g9 + T T322 — T T3|2 — ToTgg + o732 = 0 and myz —m) + 7y >
0 and m wyTg)y — T Tg92 + 712 — Ty —Wygp+ 79 > 0 and my 2 —m) — w3 +7 < O0and —7y +71 > 0 and 7y <
land my+2z—12>0and —my+72 > 0 and my <1 and m3; <1 and w3, <1and 7 <1and 7T <1and 73y <
land 2 <1

or

*E1f2+£1’z*£3\1f2+f2 >0 and 1113\2f2*£113\227£152ﬁ3|2+11E3\227£3\2f2+f2f3\2 > 0and —mTo+m 2+
Ty >0 and ;7))o — M Mg )02 — M T2+ T 2~ Tg)pT2+72 2 0 and —mTa+ 712 —TaT3)1 +72 < 0and —my +71 >
Oand 7y <1and —my+72 > 0 and 7, <1 and 75; <1 and 73, <land 7 <1land —T2+2z<0and —T2+1 >
0 and 73); <1 and 732 <land z2 >0

or

—mg)p + 32 > 0 and T 31272 — T T3)2% — 13‘252 +72 > 0and —73; +1 < 0and —7m; +71 > Oand my <
land —my +72 > 0and 7y <1 and w3y <1and 73, <land 7 <1land —72+22>0and73); <1and ) <
land 2 <1

or

—T3)p + 731 = 0 and 71592 — 1392 — TgpT2 + 2731 = 0 and — g9 + 7312 > 0 and 72—y — T2z +72 <
Oand —m 72 +myz —Tomg)p + 72 >20and —my — 733 +1<0and —m; +71 >0andm; <1and —my +72 >

0 and my <1 and mg;; <1 and 3y <land 71 <1and T3;; <1and 732 <1
or

*I1E3|2f2 +I1E3|22 *£3\1f2 +£3‘2ﬁ2 <0and — 301 + 731 >0and w2z —m) — 7y T2 +72 <0and —m 72+
Tz — Ty T2+ T2 >0and —m, —£3|1+1 <0 and — 7312+ T3)2 >0and —7m;+71 >0and 7y <1 and —7my,+72 >
0 and my <1 and my;; <1and w3y <land 7 <1and 733 <1and 7y <1

or

—M Ty + T2 — TMaTg) + 7y > 0and T TaT312 — T ToT3|2 — T1T392 + T T3|22 — TaT312 + ToT3|2 > 0 and
MWy + 12 + @y > 0 and @ Wymg)p — M Ty — My M3)92 + M1 2 — MaTgp + Ty > 0 and —mymy + 712 — M7y + 7o
Oand —7; +71 > 0and7; < land —7y+2 < 0and — 7y +72 > 0and my < 1andg3‘1 < 1andg3‘2
land ™1 < 1and T3;; <land 32 <landz >0

NIN |
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or

3|2 +%3\2 > 0 and T TaT312 — [ T319% — TaT3|2 +7my >0 and — %3|1 +1<0and — T +m7 >0 and ™
land —7my+22>0and —m,y + 72 20&nd12<1andg3|1 <1and13‘2<1andﬁ1 < 1and 73); <1 and 733
land 2 <1

VANAN

or

—T'3)1 +73)1 = 0 and T TaT312 — T T3)22 — o732 +my73)1 > 0 and —T3)2 +T312 2 0 and ;2 — Ty — W31 + 17
0and —mymy + M2 — MoT3)1 + My > 0and —m) —73;+1<0and —m; +71 >0and my <1and —my + 72
0 and 7, < 1 and Ty <1 and T3 <1 and 71 < 1 and 73); <1 and 732 <1

IV IA

or

T T2 +E1Eg|22 — 731 +E2E3\2 <0and — 31 +f3\1 >0 and T2 — Ty — o731 +my <0 and —m Ty +
T Z2—Tomg+7y 2 0and —m) —mg;+1 < 0and —mg,+7T32 >0and —7;+71 > 0and 7y <1and —my+72 >
0 and 7, < 1 and T3 < 1 and T32 < 1 and 71 < 1 and T3 <1 and 7312 < 1

or

2 = 2 = 2 = = = 2 = 2
S W3 o T2 W Ty + T W32 — Ty W3)p + T31 5572 — 20313972 + T2 < 0 and — T g7 + M 7502 +
3113\2f2 *2E1E3|22+E1E3|2 +mz—my +E§|2E2*213\2f2 +72 > 0 and *E1E§|zﬁ2 +E1E§|2 +E1E3|2ﬁ2*£1ﬂ3\2+
£§|2ﬁ2f3|1 - 2£3|2?2f3|1 +mom3p 2 0and — 7y + 7 >0and mr; <land —my +72 > 0and 1y <1 and Z3)1 <

2 = = 2 = 2 = = = =

1 and 3|97 — T3)272 — 213|2z+£3|2 +72+2z—1<0 and — T3 72 +£3‘2 +I312T2 3|2 + T32T2 — T3)2T3|2 — T3)2 —
ToT32 + T3|2 > Oandﬂ3‘2f2 — g2 — T+ 1> Oand£3‘2 <land7 <land7e2+2z—1>0and —7a +1 >
0 and 73); <1 and 732 <land 2 <1
or
T 3|97 = T3(1T3)2% + T332 —Zz)y 2 0 and Ty 392 — My 2+ 1y — 73712+ 712 =71 < 0 and @y 7592 — 73973112 +
T3112—Tg)1 < 0 and —mg)52+2—1 <0 and 77352~ 247 —Tg92+2—-1 < 0and 7y <1and 7y, —7g92+2-1<
0 and 7, < 1 and w3 < 1 and — T3z + T2+ 2 — 1>0 and — T3)9% + T3)22 >0 and —Z3p2 + 2 >0 and T3)2 <
land 71 < 1and 73y <1land T3 <land z<1landz>0

or

My T3y + Ty TyTgjp + Ty 75, — My Mg)p + TpMy) T3, — 2MoTg)  Tg)p + TpZigy < 0 and — mymym3, + 7 Tomy)p +
Ty [3)9% — 20y Mg)p2 + My o + My 2 — Iy + Tp73)y — 2MpTgp + 705 > 0 and — 1y Tym3 ) + 7y Ty g p + 1y 75, — 7y Ty +
EQE%‘QFSH_2E2E3|2ﬁ3‘1+ﬂ2ﬁ3|1 >0and —m;+71 >0 and 7; <1 and _Egﬂmg+E2+£§‘22—2£3‘22+E3‘2+Z—1 <
0 and —EQE§|2 + T 319T3|2 + TpTg)p — TaT3)2 +E§|2 —T3)2T3)2 — T3)2 + W32 = 0 and momg)y — 73, < 1 and my +

z—1>0and —7m,+72 > 0 and 7y <1 and 73; <1 and w3, <1land 7 <1and7g; <1and 733 <landz<1
or

—y 752 M T5 % + I g9 T2 — M Mypp2 + My T3, T2 — 27y Ty o T2 + Ty T2 < 0 and — my 73 o + my 75,2 +
E1£3\2ﬁ2 — 13|27 + E§|2f2ﬁ3\1 - 2K3\2ﬁ2f3|1 + ﬁ2%3|1 > 0and — 51£§|2ﬁ2 + E1E§|QZ + £1£3\2f2 — 3|27 +
£§|2ﬁ2 —2E3‘2ﬁ2 +72>0and —7; +7 > 0and7; < land —7my +72 > 0and 7, < 1 andﬁ3|1 < 1land —
1§|2f2 + E§|2z + T39T2T3)2 + T3)pT2 — T3)pT3|22 — Mgjp2 — T2Tgj2 + W22 > 0 and T3)2M2 — W92 — T2 + 2 >

0 and Egl 2713‘2f27E3|2Z+f2 < 0 and T3)2 <land 7 <1 and —72+2z > 0 and F3‘1 < 1 and ﬁ3|2 <land z <1

2
or
—TTg)9% + g1 T2 < 0 and — T 73197 + T2T3)1 >0and —7; +7 >0and 7y <1land — 7y, +72 > 0 and w1y, <
land gy < land — 7352+ T2 +2z—-1<0and — 73,2+ 72 > 0and —7g92 + 322 > 0and — 752 +2 >
0 and gy <1 and 7 <1 and 73); <1and T3 <land z>0

or
T T T2 ) 4 T T Tag + T T2 2 — Ty a9 2 + ToTa|{ T2 ) — 2o Ta|1Tajg + ToTa; < 0 and — w,wyw2,, + T Tymajy +
T MaTg1g T MaT312 T T 319 17312 TaT31 32 ToT311 32 T TT3)1 = T MaTg1o T T M2 T3)2
2 2 = = = 2 2
£1ﬂ3‘22 — T T3)2% + E2£3|2773|1 - 212E3|27T3\1 + moT31 > 0and — 11E2E3|2 + T TaT3)2 + £113‘22 — W T3)2% +
2 = 2 = = 2
£2£3‘2 - 2E2£3|2 +7my>0and —7m; +7; > 0and 7y <1and — E2£3|2 +E2E3\27"3|2 +£2£3\2 — MaT3|2 +E3|22 -
T3|2T3|2% — T3|2% 1+ 3|22 > 0 and T3y — Ty — 3192 +2 > 0 and ToT3) — Tp 7£§|2z+£3‘2z >0and —my+2 >
0 and —my +72 >0 and 7y <1 and 73; <1and mgy <land 71 <1and T3; <land T3 <landz<1
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or

—m 3192 + TpTg)y < 0and — T T3)2% + TpT3)1 >0and —7m; +7 > 0andm; < 1and my, — T30z + 2 — 1<
0 and — 7, + )02 <0Oand —7y+ 72 >0and 7, < 1and T3y < 1 and — 3|22 + T3)22 > 0 and — 32+ 2 >
0 and mgy <1and 73 <1 and 73); <1 and T3 <land z>0

or

My My)pT2 M Wy 92 — M3 T2+ 73572 2> 0 and 70370552 — 1 3192 — T3)5T2 + W23y 2 0 and 703705572 — 1 7352 —
T T2T3|2 + T T3)22 — 3272 + T2Tg|2 > 0 and T 3272 — T T3)22 +mz—m; — 31272 + 72 <0 and 731272 —
W39 — T T2 + T2 — 31972 + T2 > 0 and 77592 — T 392 — Tg)T2 + T2 > 0 and w7352 — Ty 7302 —
T T2 —Tg9T2 +72 <0and —7m; +71 >0and —m7m2+7m2+72 >0andmy <land — 7wy, +72 >0 and my, <
L and 73y < 1and 73, <1and 7 <1and 75 <1and T332 <1

or

I MgTg)p + T Mg 192 — Mp Mgy + 737315 > 0 and 7y w5750 =71 7592 — 3730 + 75731 2> 0 and 7y 75755 =70 W 73)2 =
T Tg9% + T 3|22 — MaTgjp + TT32 = 0 and Ty ymgy — T 73192 + T2 — Ty — ToTrg)p + Ty < 0 and mymymg)y —
T My =M M392 + 7y 2 = MpTigjp + Ty 2 0 and @y Tpmy)g — ) M3)92 — Mo Mg)p +7p 2 0 and Ty Wy Trg)p — M Ty — Ty Tz)52 —
ToTg1p+ 7o <0Oand —m my+m2+7y >0and —m;+71 > 0and 7y <1 and —7my+72 >0 and 7, < 1 and T3 <
1 and 73, <1and 73 <1 and 73); <1 and 732 <1

or

—T\ T3 D% + My Majp? + My  Tg)p2 — Ty 2 — Myjp2 + 2 > 0 and — my 73,2 + Ty Ty)9T3)22 + 75,2 — 773|2ﬁ3\22' -
T319% + 3122 > 0 and ;7392 — T3 92 +2 > 0 and — 7r17r§‘22 +m g2 + 7r§‘2 —2mg92 + 2 > 0 and 7r17r27r3|2 —
ﬂ%ﬂsp 27r17r27r3‘2 + 21 moms)p + 7r17r3|2z — g0z + 7r27r3‘2 — 2mymgp + Ty < 0 and 7r17r3‘2 — 71'%7r3|2
211E3|2772 +E1£3‘25+2E1E3|2ﬂ'2 *E1E3\22+E3‘27"2 *2E3|2772 +72 > 0 and *E1£3|27T3\1Z+E1E3|22+E3|27"3\1Z*
3|27 —m312+2<0 and — E%ENQZ +1113‘2f1z +£113‘2z —mz— 33|2?1z + 71z >0 and T T3)2% — T3|2% +2z>
0 and —ﬂ%ﬂ3‘22+2£1ﬂ3‘22—ﬂlz—ﬁ3‘2z+z >0 and T Tg192 — Tg)02 + 2 >0 and T T3j2 — T3|2 +1<>0and m; <
1 and my < 1 and T3)1 < 1 and 312 < land 71 <1land T3); <1land T3 <land 2 <1

or

7'('%71'3‘2 71'%71'3‘2 - 7r17r5‘17r3|2z + 7r17r3|17r3|2z — MMy Tg)p — 7r17r3‘2z + 27r17r3|2 + 1y mg02 — 7r17r3|2 + 7r3‘17r3‘2
231 M3)0% + Ty M) + M312 — Typp — T3 + ”3I2 2 0 and 7717"3\2 — mimS )y — MM e E — MMy 2+ 2m g, +
7"17"3\2f3|12 — W W3)W3)1 + M Mg02 — TT3p t 773\271'3|1Z - _3|2 = 2M3)2T3(1% + M3)2T3|1 + 32 + T3)12 — W31 <
0 and n} 7"3\2 E%E3|2Z+£%£3\2 7"17"3\27"12 7"17"3\22+11E3|2E12 =M W37 + 20 3102 — M T30 — My 2+ 70y +
£3|2ﬁ1z — 213|2ﬁlz + £3\2f1 +7miz—m <0and — 5113‘22 + T 392 — M T3)9 + 13‘22 — 213‘22 + 312 +z-1<
0 and m373 2 — mimg)p2 + TiMg)y — 2My M3 52 + BTy Mg 92 — 2My Mgy — M2+ My + T3z — 2Mgp2 + Mg +2— 1 <
0 and 25?5322: —E%EE‘Q —£%£3\22 +1§£3‘2 - 3£1£§|22 + 2£1£§|2 +Am g92 = 3m g1 — Ty 2+ 1y +£§‘2z _Eglz _
2mg)p2 + 20y +2— 1 > 0 and —xind o2 +aT73) ) + 07T s)2% — TiMg)pTaj2 + I T3 52 — 20y T3y — My 79 T3)22 +
27 W39 T3|2 — T T3122 + T T3 + W1ﬁ3|22 - W1ﬁ3|2 + 7r§\2 - 773|2ﬁ3\2 — W3jp + g2 > 0 and @imy 0z — Timy)y —
7r17r3‘22+27r17r3‘2 tmz—m g < 1 and 7r17r27r3|2 7r17r3‘2z+7r17r3‘22 7r17r3‘2—27r17r27r3|2+27r17r27r3|2+7r17r3|2
2y Mg 02 + I Ty + 10y 2 — Ty + 7573, — 2My Mg 5 + 7y < 0 and afn3 ) To — mim] 2+ 03 1m0z — MMy — 2 T3, T2 +
7r17r§‘2z+27r17r3‘2ﬁg —27r17r3‘22+7r17r3|2 +miz—my +7r§|2f2 —271'3'2?2 +72 > 0 and —Ef£§‘22+1%£§|2+£f£3‘22—
7r17r3‘2 + 71'17r3|2z - 27r17r3‘2 —2m my92 + 3W g + T2 — 1y + 773|2 —2mgp +1 2 0and mymgy — w5 +1 <>
0 and m; <1 and 7, <1and£3‘1 <1and£3|2 <land 7 <1and73; <land 73y <landz<1

or

—mg)y + W31 = 0and —mgy + 32 2 0and myz -7y —mz+ 73 20and —7; +7 >20and y <1land 7w, <
land£3|1<1and£3‘2<1andf1<1and —m2+1<0and 73; <land 732 <land z<1and z2>0

or

—Tg) +73)1 >0 and —T32+T3)2 > 0 and 3133‘2ﬁ27E1£3|2713‘2ﬁ2f3|1 +7omg)y > 0 and myz—my —TaT3)1 +7T2 >
O0and —m 72 —m 2+ 7y + 7273y 20and —m) +71 > 0and my <1and —my +72 > 0and my < 1 and w31 <
land13|2 <land T <land7Tg+z—1>0and —7T2+1>0and T3; <1land T3 <landz<1
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or

*E3\1+f3|1 >0 and *£3\2+f3\2 >0 and E1E2E3\2*E1E3|2*E2£3\2ﬁ3|1 +E2ﬁ3\1 >0and my2—m; *E2E3\1+E2 >
0and —7m my—m,2+7, +mom3r > 0 and —7m;+71 >0and 7; <land 1y+2—12>0and —7wy+72 > 0 and 7y <
1 and 73y <1and 3, <1land 7 <1and7g; <1and 733 <landz<1

or

= = =2 = = =2 =2 = =
W T3)273|12 I W3)9T 3|1+ M3)92 — M T30 +T3)275)1 2 — 3127312 — 32731 T o312 — T3 2+ 75 TW3)12 — 7)1 <
0 and m; 312 —m 3|1 — My 2+m; —T1 7312+ T173)1 +7T12—71 < 0 and ;7312 — 7 T3); — M 2+7my —T3)12+ 731+
— — —o 5 _ _ — —
z—1<0 and 11#3“2—51#3“—E1z+£1+7r3‘1z—7r3‘1—27r3‘1z+27r3|1+z—1 > 0 and —m 31 2+m 3|1 +m 2 —mp +

E2f§‘1_2£2ﬁ3|1+ﬂg < 0and —m 31247 T3)1+7; 2— 7y +T2T5, —2T2T3)1+72 > 0 and —my 731 2+m T3 +712—

2
3)1
s} +F§|1—2f3|1+1 >0and 7; <1andmy, <1 and E3|1ﬁ3‘1z—ﬂ3‘1f3|1—53|1z+£3‘1—ﬁg‘lz—l—ﬁg‘l—i—ﬁg‘lz—ﬁg‘l <
0 and E3|1 < 1 and E3|2ﬁ3‘12 - £3‘2ﬁ3|1 - £3‘QZ + EJ‘Q - ﬁ3‘1f3|22 + ﬁ3‘1ﬁ3‘2 + ﬁngZ — ﬁglg S 0 and — f3|1z +
T31+2z—-1<0and 3, <land 7Ty <land — @312+ 731 +2—1<0andT3; <land T3 <landz<1

or

—mg)1+ 731 = 0 and —mg),+732 > 0 and —m To+my 2 —T2T3)1+72 > 0 and —my 2+ToTg); > 0 and —my +71 >
0Oand m; < 1and —my+72 > 0 and m, < 1 and 731 < 1 and T3)2 < land 71 <1 and —72+2 <0 and —72+1 >
0 and 73); < 1and 732 <1land 2 >0

or

—m3) + 731 >0 and — T3)2 + 732 20 and £1£3‘2f2 — T T3)9% — 32T 2T3|1 + T2T3|1 >0and —m; + T3 2>
0and —m;4+71 > 0and m; <1 and —my+72 > 0 and 75 < 1 and LETPIRS 1 and Tg)g < 1land 71 <1 and —72+2 >
0 and 73); <1 and 732 <land z <1

or
—T3)+ 731 = 0 and —mg5+732 > 0 and —mwy+ 7, 2 —myT3)1 +75 > 0 and — 7y 2+ 7,731 > 0 and —my +71 >
Oand 7y <land —7y+2z<0and —7, +72 > 0and 7, <1andmg); <1andmg, <1land7 <1and7g); <
1 and T3 <1land 2 >0

or

—T3|1 +ﬁ3|1 > 0 and — 3|2 +E3\2 > 0 and T TaT312 — W1 T3)2% — E2£3|2E3\1 +E2f3|1 > 0and —m +E3\1 >
Oand —7 +71 > 0andzm; < land — 7y +2 > 0Oand — 7y, + 72 > 0and my, < land£3‘1 < land£3‘2 <
land 71 < 1and T3;; <1land T3 <land z<1

or

—mz+ 7Tz 2 0and —mz+2 > 0and —myz+ 732 < 0and —my2z + myw3)y < 0and — myz + TaTg)p >
Oand —mz+ 731 > 0andm; < landm, < 1land —mg2+ 7312 > 0and mg; < 1 and — 352 + 3122 >

0 and 7E3|2z+220andg3|2 <land 7 <1land z>0and T3; <1and 732 <1

or

—T3)p + 3|1 >0 and —T3)2 + 32 >0 and — T T3)9% + T2T3)1 >0and —m T2 — w2+ 7, + Ty > 0 and —
Tz + Moy <0and — 7y +73; <O0and —7) +7 >0and 7y <1and —7, +72 > 0and 7, <1 and 75, <
1 and 73, < 1and 73 <1and73); <1and 732 <1

or

—T31 +f3|1 > 0 and — 312 +ﬁ3|2 > 0 and *1113\22+£2E3\1 >0and —mmy —mz+m +12ﬁ3\1 >0and —
w12 + @y < 0 and — Ty + 731 <0Oand —7; +7 >0and 7y <1land —my, +72 > 0 and 7, < 1andﬂ3‘1 <
1 and T3y < 1 and ™1 < 1 and 73; < 1 and 732 <1

or

T T311% — T1 311 — T 73|12 + T 73|17 — E3\1ﬁ3|12 + E3|1f3\1 +f§|lz - ﬁ‘l > 0 and T T3)2%2 — W1 W32 — T 73|22 +
T T3|2 — T3)2T3|12 + T3)2T3|1 + T3)17 3|22 — T3)173)2 = 0and —mz+ 7 + T3)12 — 731 > Oand — E%Eg‘gz +
2 W39 T3112 — T T3)12 + 71731 *E3|gf§‘1z+f§|lz *fgu >0and xfz — 7 —m F12+ T, T1 — T T3)12 + T g1 +
T1m3)12 — T3 > 0 and E%zfgffglf:ﬂlzdrﬂlﬁ;ﬂl —mz+my +T3z—731 > 0and —myz4my +73)12 — 31 >
<0 and ﬂ%ﬁg +

0and —myz+m) + 7312 — T3 2 0 and mimy + 772 — 7§ — 2 TyTg)1 — Ty W31 2+ Iy Ta)1 + Tp7g)
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g%z 73% — 2 ToT3)1 — M1 3|12 + 71 T3)1 +ﬁ2f§|1 > 0 and 1%2 — Wy T3|12 — M 31 +7r3‘1 >0and —m; +73); <>

0 and 7, <1and£2<1and£3‘1<1and13|2<landﬁl <land 73; <1land T3y <land 2 <1
or

T 312~ 7r17r3‘1z+7r3‘171'3|1z 312~ 72 2473112 <0 and E1£3|227E153|22+E3|2?3‘12733‘227f3|1?3‘2z+F3‘2z <

3|1
O0and —myz —T3)12+2<0and 11E3|‘2z — T2+ T39T3)12 — T3)2% —m3;12+2 <0 and E%z —m Tz + {3z —
mz — T3z + 7z < 0and —myz — 732 + 2 < 0 and ﬂfz +m W32 — 2my2 — W32+ 2 < 0 and my w32 —
E1Z+f§\1
0 and m372 — w32 + 27, WaT31 — 2m, T2 — M T3)12 + T 2 +ﬁﬁ§ll — 2ToTg + 72 > 0 and — w3z +7m3 — m Ta12 +
§|1—2ﬁ3‘1+1 > 0 and —my =731 +1<>0 and 7; <1 and my, < 1 and z3); < 1 and 32 <
land 71 <1 and 733 <1and T332 <1land z2>0

2z =273z + 2z < 0and mimy — w72 4 2 Wy — 2my My — T 312 + M2 + zﬁ%u —2moT3) + 7y <
2£1ﬁ3|1 +mz—2m +7

or
—T31 +73 > 0 and £1£3\2ﬁ2 _K1E3\2Z—E3|zﬁ2 +ﬁ2?3\1 > 0 and — 732 +73)2 >0and mz—m _f2ﬁ3\1 +m2 <

Oand —m 72 + w2z — 7oy + 72 > 0and —my —7gp +1 < 0and —my +71 > 0and —m; — 7z +1 <>
0and 7; <1 and 7£2+f220and52<1and13‘1<1and£3‘2<1andﬁl<1andf3|1<1andﬁ3‘2<1

or

—T3|1 +ﬁ3|1 >0 and T TaT312 — T 3122 — MaT3|2 +12?3\1 > 0 and —T3)2 +ﬁ3|2 >0 and 12 —T *EQEB\I +my <
O0and —mymy + M2 — WeW31 + Ty = 0and —my —73; +1 < 0and —my +71 > 0and —my) — 73 +1 <>
0and m; <1and —my +72 >0 and 7, <1and 75; <1and mg, <1land @ <1and 73 <1and 7z <1

or

= = =2 = = =2 =2 4= =
W T3)273|12 M W39 3|1+ W392 — M 312 +T3)275)1 2 — 3127312 — 3|27 3|1 T o3)2 — T3 2+ 75 TW3)12 —T3j1 <
0 and m; 7312 — 3|1 — W12 + Ty — T1T3)12 + T1T3)1 + 712 — El <O0and 7312 — T 3|y — W12+ 73 — 7312+
31 +2—1<0and my7312 — @31 — M2 + 1y + fgllz — 7r3‘1 — 27312+ 2731 +2—1>0and —m7312 +
— —o — — N, _ —
T T3 + M2 — Iy + EpTy)y — 2MpTa)y + Mg < 0and —myTg12 + @y Tgy + My 2 — @y + TaTrg); — 2WaTg)y + 72 2
0and — 7312 + T Ty + 7,2 — 7y + ﬁg‘l — 2731 +1>0and —m; — 731 +1 <>0andm < landm, <
1 and 731312 — 3|1 T3)1 — Tg)12 + Tg)1 — 7317+ 731 + 73112 =731 <0 and 73y <1 and 75,312 — T3)973)1 —
3192 + Tgj — 3173|122 + 311312 + T3)22 — T3)2 < O0and —7312+ 731 +2—1<0and T3p < 1 and T <
land — 7312+ 731 +2—-1<0and 733 <land T32 <land z2<1
or
2
77r171'3|17r3‘22+7r17r3‘27r3|1z + 31322 — 7T3|17T3‘1Z — 7r3|27r3‘1z+7r3‘1z >0 and 77171’3‘2 71'17r3|2 - 7r171'3|27r3‘1z -
2
7T17I‘3‘2Z+27T17T3‘2+27T17T3|27T3‘1Z727T17T3‘2ﬂ'3|1 +7r3‘271'3|1z7 3‘2771'3‘271'3“,2 3127312 +273)273)1 +7r3‘1z 7r3‘1 <
0 and 77r17r3‘2z+7r17r3‘27r3‘22+7r3|2277r3|27r3‘1z77r3‘27r3|22+7r3|17r3‘2z >0 and T T3192 — 3122+ 7312 > 0 and —
w22 2 =
7r1773‘2z+7r17r3|2z + 7r3|2z — 7r3|27r3‘1z — 3|22 + 731220 and 7r17r27r3|2 TMG|9% — 2113253‘2 + 2111253‘27@,” +
22 2 = 2
Elzmz — W T3)273112 + £2£3|2 — 27735731 + 127r3‘1 < 0 and £1£3‘27r2 = WIT30% — 2M T30 + M Ty 52 +
= = = 2 = = = = =2 2 = =
2M) 319231 — My W39T3(12 + 13,72 = 20392731 + 275y 2 0 and — @ w92 + 7 M319T12 + 71 T3)92 — T W12 —
31912 + T1T312 2 0 and 77352 — 392 + T312 > 0 and — E%E:))‘ZZ + 2 g% — T T312 — W32 + T3)12 2>
— > —
0 and — T T3)2T3(1% +7r17r3‘2z+7r3|27r3‘1z — T3)% — 7r3|12 + 312 > 0 and — T T3)2% 7£1E3|27r3‘1z+2£1£3‘2z —
T T3|12 + T3)9T3(12 — L322 —7r3‘1z+7r3‘1z < 0 and T T3)p — T3j2 + T30 <> 0and —m; —T31+1<>0 and m; <
1 and 7y < 1 and g <1 and Ty <1 and ™1 < 1 and 3); < 1 and 73)3 <1

or
T Mg|p% — [3|oT3)12 T 73112 — 31 < 0 and —m w3524+ 75731 <0 and —m 7392 +T2Tg; 2 0 and —m 24712 >
Oand —mz+2 > O0and —mz+ 732 < Oand 7y < landmy, < land — 7512 + 312 > 0 and mg;; <
1 and — W3)2% + 3|22 > 0 and — 3192 + 2 > 0 and LETPIRS 1land 7 < 1and T3); < 1and T3 <1and z >0

or

—T3|1 +E3\1 >0 and £1£3‘2ﬁ2 T 3|27 — E3|2E2 +52f3\1 <0 and — 312 +f3|2 > 0and — T 73|27 +F2?3\1 >

0 and E1E3\2f2 T 3122 — £3\2f253\1 + f2f3\1 > 0and — 13127 — E3|2?2ﬁ3|1 + T2T3|1 < 0 and E1£3\2ﬁ2 -
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T T3jg — Tgjp@2T3)1 + T273); < Oand — 7 +7; > 0andm; < land — 7y, +72 > 0and 7, < 1and 75, <
1 and T3 < 1 and m; < 1 and T3); <1 and 735 <1

or

(Y

—T3)y + 731 2 0 and Ty WMy p — M 7592 — Mamig)p + W31 < 0 and —my)p + 739 > 0 and — w7352 + T T3)3
0 and 7, ymg)g — Ty M3)92 — MpM39T3)1 + MpTg1 2> 0 and — @ 392 — MT39T3)1 + M7y < 0 and mymomy)y —
T Tg)y — TaM3)2T3|1 + TaT3)1 <O0and —m; +7 >0and7m; < land — 7@y +72 > 0and 7, < 1 and 31 <
1 and T3 < 1 and 1 < 1 and 73; < 1 and 732 <1

or

—M T3 3122 + M T32T 3|12 + M3 3127312 — [31T3[12 — £3|2f§\1z + f§|1z > 0and — 3113‘22 + T 30322 +
£§|2ﬁ3|1z77r3|2?3‘1ﬁ3‘2z77r3‘2f3|1z+ﬁ3‘1f3|2z 2> 0 and 7 7392 — 73973112 +73)12 > 0 and 71135|2z+11£3‘2z+
£§|27r3|1z — 27r3‘27r3|1z +7m3pz 2 0 and 7r 7r27r3|2 — E%ggpz — 2£1£2£§|2f3|1 + 2515253‘2F3‘1 + Ellguffﬂlz —
Ty T3)pTa12 + Toliyy Ty, — 2MyM3)pT5), + M7y, < 0 and xind T — @im3 2 — 27, @3, TaTa)y + T3, T312 +
2£1£3|2W2E3‘1 - £1£3|2ﬁ3\12 +E§‘2f2?§‘1 - 2£3‘2f2f§‘1 +ﬁ2?§‘1 >0and — E?Eg\gz +£113|2E12 +£1£3‘2f3|12 -
E1ﬁ3\lz_ﬂ3\2f1f3\lz+f1ﬁ3\lz >0 and E1£3\23_ﬂ3\2ﬁ3|13+%3|1z > 0 and _E153|2ﬁ3\1Z+E1E3‘22+E3\2ﬁ§‘12

£3|2ﬁ3|1z — ﬁg‘lz + ﬁ3‘1z > 0and — E%£3|2z + 2£1£3‘2F3|1z — M 317 — E3|2ﬁ§‘1z + fgllz > 0 and T Mg|p% —
3193112+ T3)12 2 0 and 7y g9 —759T3)1+73)1 <> 0 and m; <1and m, <1and 7y; <1and 73, <1and 7 <
land m3; <land T3 <land 2 <1

or

2
—7r17r3|17r3‘2z+7r17r3‘2773|1z+7r3‘17r3‘2z—7r3|17r3‘1z—7r3|27r3‘1z+7r3‘1z>0and min2 2 —nind, — w2 T3|1% —

3127 3]2 3]2
— g2 _ _ =2
7r17r3‘2z+27r17r3‘2+27r17r3|27r3‘1z 27r17r3‘27r3|1+73‘27r3|1z 32 £3‘27r3|1z £3‘27r3|1z+2£3‘27r3|1+7r3‘1z T3 <

0 and 7r17r3‘2z+7r17r3‘27r3‘2z+73|2z 3273|112 — 7r3‘2f3|2z+ﬁ3|1ﬁ3‘22 >0 and Ty Tg192 — 3122+ 73112 > 0 and —

2 2 =
7r17r3‘2z+7r17r3|22 + 7r3|2z — 7r3|27r3‘1z — T312% + 312 > 0 and 7r17r27r3|2 7r17r3‘2 27r17r2£3‘2 + 27 Tomg) 31 +

2, _ _ 2 2 = 2
7392 = B1T3)27 312 + Mo 3|2 27,7319 T31 + T 3‘1 < 0 and 7r17r3‘2 7r17r3‘2 211£3|27r2 + g2 +

27r171'3|271'27r3‘177r17r3|27r3‘1z+7r 77272E3|27r27r3‘1+7r271' > 0 and 7r171'3|2z+7rl7r3‘271'12+7r171'3|22f71'17r3|1zf

£3]2 3|1
£3|27rlz + 7r17r3|1z > 0 and T W3p2 — M3)p2 + f3‘1z > 0and — 3113‘22 + 21133‘22 - 117T3|1z — T32% + 7 T3|12 >

— p— — — 2 p—
0 and — W Wgy)9T3|12 + T 3192 + T3)2T3|12 — [g|92 — Ty 2+ 312 > 0 and — W Tg)9% —£1£3|27r3‘1z+2£1£3‘22 —

2
31
T T3)12 + T3)9T3|12 — Tg)92 — ﬁgllz + 7312 < 0and 7y 7g)y — 73 + 731 <>0and 7y <1and 7, <1and 73, <
1 and T3 <1 and 71 <1 and 73); <1 and 735 <1

or

= = = =2 =2 2,2 2,2 2 =
—”1”3|17r3\2 + T T32T 31 + T3)1T3)27 31 — T31173[1 — ”3\2”3“ + 75 2 0 and myms oz — mi73 ., — 20 W5, 12 +
_ 2 — —2 —2 — —2
7T17T3‘27T3|1 +7T173‘2+27r17r3|2”3\12 20y 5T 3|1 + 75575, 2 ,3‘27T3|1 2”3\2”3|1Z+773|27r3\1 t 312731 +7T3|1

3|1 >0 and 7r17r3|2 27r17r3‘27r3|1z+27r17r3‘27r3‘1z T 312731 —|—7r3|2 3‘12 27r3‘27r3‘1z+7r3‘27r3|1+7r3‘1z 7r3‘1 <

— T2
Oand 7r17r3‘22 27r17r3‘27r3‘1z+7r173|27r3|1+27r17r3|27r3‘1z 71'17r3‘27r3|1+73‘2 3|1Z E3\2 301 253l27r3‘1z+2£3‘27r3|1+

3|1 3‘1 > 0 and 7r17r3‘2 + 7r17r3‘27r3|2 + _3|27r3‘1 — Tg3oT3|1T3)2 — 7r3‘2ﬁ3|1 + 731732 > 0 and 7r17r3‘2 _

2
31231 + 731 > 0 and 7r171'27r3|2 7r17r3‘2 27r17r271'3|27r3‘1+27r171'27r5‘27r3|1 +7r171'3|27r3‘1—7r171'3|27r3‘1+71'27r3|2 31

— 72 —
27r271'3|27'r3‘1 + T 3‘1 < 0 and 7r 7r3‘2 71'1773|2 27r17r3‘27r27r3‘1 + 7r1_3|27r3‘1 + 27 39231 — Ty W32T3)1 +

= = 2
ToT2  — 213‘271'271’3“ + 7 71’27r3‘1 > 0and — E1£3|2 +mi 7y + _3‘271'3|1 - 2£3|27r3|1 + 731 > 0and — TiT3)p +

—3|2 3]1
173|271 +E1K3|27r3\1 TIT3)1 T T31271T3)1 +7r17r3‘1 > 0 and 1312 — T31273]1 +7r3\1 > 0 and 17312 — T3)273]1 +

31 <>0and m; <1and my <1andmy; <1andmg, <landm <1 and 73); < 1 and 73)2 <1 and z <
or

—m3y + 731 2 0and myz — ) —7wgp + 732 2 0and — 7wz + 73 20and —7; +71 2 0and m; < 1and 7y <
land£3|1<1and£3‘2<1andf1<1and —ﬁg—&—lSOandﬁ;ﬂl<1andf3|2<landz§1andz20

or

_E3‘1+%3|1 >0 and T Z2—Ty _E3‘1f2+72 >0 and _E3|2+f3\2 >0 and Elﬂ3|2%2_E1£3|2_£3|153|2ﬁ2+ﬂ3‘1f2 >
0 and — w72 — Tz + Ty + Ty T2 >0and —7m; +7 >0and mr; <land — 7, +72 >0and 7, < 1 aundggl1 <
landg3|2 <land7Ti<land72+z—1>0and —7T2+12>0and 73 <1land T3z <landz<1
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or

—Tg)y +7g)1 2 0 and Ty 2—m) —mpT3)y +7 2 0 and —735+73)2 2 0 and Ty Wy T3 5 =M g9 — T3 T30 + T3y, =
0and —7m 7wy —m,2+7, +momy)y >0and —7m;+7 >0and 7; <1land 71y+2—1>0and —7wy+72 > 0 and 7, <
1 and gy <1and w3, <1and 7 <1and7g; <1and 733 <landz<1

or
T W31 2 =W M)y — M 2+ =T T12+ Ty M1+ Tz =71 <0 and Ty 3,2 =7 M3y — Ty 24+ — 73 2+73); +2 -1 <
2 2
0 and 3113\1Z*E1E3|1*112+11+E3\1Z*E3|1*2E3\1Z+233\1+Z*1 >0 and T T3 T3)22 M Mg T30 T 302 —
2 2 2
Elﬂ3\2+Eg\1ﬂs|2'z*13|1z+13\1*E3\1E3|22*ES|1£3\2+E3\1Z*23\1 +m32 < 0 and ISt TR b i Y e SRS B

2 2 = ==
£2£3‘1*2£2I3|1+£Q <0 and *E1Eg|1z+l1£3|1+ﬂ12*£1+E3|17"2*2£3|1W2+7T2 >0 and *£1I3|12+£1E3|1+£1Z*

s} —0—13'1—233'14-1 >0and 7; <1andm, <1 and E§|1Z_E§|1_13|1ﬁ3\12+£3\1f3\1_E3\12+E3\1+f3\1z_?3\1 <
0 and —mg12z + 73y + 2 — 1 <0 and 3,392 — T3 739 — T3|1T3)22 + T3 T3|2 — T3)2% + Tg)z + T3)22 — T2 <
0 and — W3)12 + 3|1 +2—-1<0 andES‘l <1 and£3|2 <land 7 <1and73; <land7gy<landz<1

or

—T3)1 + 731 >0 and —m T2+ W 2 — Ty T2+ T2 >0 and — 312+ T3)2 >0 and — T2+ Ty T2 >0and —m; +71 >
Oand 7y <1and —my+72 > 0 and 7, <1 and 75;; <1 and 73, <land 7T <1land —72+2z<0and —T2+1 >
0 and 73); < 1 and 733 <1land z2>0

or

—T31 + W31 > 0and — 312 + 3|2 > 0 and T T3)2T2 — T 392 — T3|1T3272 + T3 72 > 0and —my + T3 >
0and —m;4+71 > 0and r; <1 and —my+72 > 0 and 7, < 1 and T3)1 < 1 and 312 < 1land 7 <1 and —7o+2z >

0and 73); <land 73y <land 2 <1
or

—Tg)y + 731 2 0and —m Ty + 7 2—Ty7g + 75 > 0 and —73,+732 > 0 and —m 247wy > 0 and —m) +71 >
Oand my <land —my+2<0and —my +72 > 0and 7, <1and my; <1andmy, <1land 7 <1and 7y <
1 and T332 <1and z >0

or
—T3)1 +f3|1 > 0 and — 32 +ﬁ3\2 > 0 and T TaT3|2 — W1 T3)2% — TaT31173)2 +E2£3|1 > 0 and - +£3\1 >
Oand —7; +71 > 0andz; < land —7y+2 > 0and — 7y + 72 > 0and my < 1andg3‘1 < 1andﬂ3‘2 <
land ™1 < 1and T3); <1and 33 <land 2 <1

or

—m,z+ 7Tz > 0and — w2+ 2 > 0and — 72+ 3|12 < Oand —m 2+ oMy < Oand —m 2+ 3172 >
Oand —mz+mg; 2 0and 7y < landmy < 1land —mg2+ 7312 > 0and gy < 1and — w352 + T322 >

0 and z > 0 and —E3|22+220and£3|2 < 1and 7 <1andﬁ3‘1 <1land 735 <1

or

—T3)1 +f3|1 >0 and — 7312 +ﬁ3|2 >0 and _ﬂlﬂ3‘22+ﬂ3|1ﬁ2 >0 and —m M2 — Tz + Ty +E3‘1ﬁ2 >0and —
T2+ T3 72 < 0 and — @ + T3 <O0and —7; +7 >0and 7; < 1land — 7@y +72 >0 and 7, < 1and£3‘1 <
1 and T3 <1 and 1 < 1 and 73); <1 and 732 <1

or

—T3|1 +f3|1 >0 and — 312 +ﬁ3|2 >0 and *1113\22+£213 1 20and —mymy —mz+my +12E3\1 >0and —
T2+ Tomg)y <0Oand —m, + 731 <0O0and —7; +7 >0and 7y <1land —my +72 >0 and 7, < landﬂml <
1 and T3 < 1 and 71 < 1and T3); <1 and W32 <1

or

= = 2 2 = = 2 2
T 3112 — T T30 — T3 T3)12 + T3 — 32 +£3‘1 +£3\17‘”3|175 — 311731 > 0 and w7z — @y T T T3)1% +E1£3\1 -
T T2+ T T +£3\1f12 _E3|1E1 >0 and E%Z _Ei_ £1E3|1Z_+ T3 — T2 +m +E3|1Z _£3|l > 0 and __£12+
T+ T3)1% — T'3)1 > 0 and T 73127 — T T3|12 — T T3|2% + 732 — T3|17 3|27 + T31173)2 + 3117327 — T31173|2 >
2 2 2 2
0and —myz4m + o312 =@y >0 and — 7392 + 20 )1 T3)92 — M1 T3)1 2 + Ty W31 — 31 T3)27 T 312 = T3); 2

0and —my2+my + o312 =73y > 0 and 77wy + 772 — ] — 27 Mo Ty — Ty W3)1 2 + Ty T3 +moms | < 0 and w372 +

2
31
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2
mz—n? - 2 Ty T2 — T Mgy 2+ T Tg)y +7r3‘17r2 >0 and ©2z — W T31Z — T W3]y +7r3‘1 > 0and —m) +mg)y <>

0 and 7, <1and£2<1and£3‘1<1and13|2<land7r1 <land 73; <1land T3y <land 2 <1
or

—mz+mz > 0and —mz+ 2z > 0and T 7352 — g1 Tg92 + 7312 — 73); < O0and — w7552 + momy)y
0 and — T 3197 + Ty T2 > 0 and —mZ+ T3 2 <0Oand 7; <1and 7y <1 and — T3 1%+ 312 >0 and 3|1
1 and — Tg)92 + 3|22 > 0 and —Tg9z + 2 > 0 and T3 < 1 and 71 <1 and 73); <1 and 732 <1land z>0

NN

or

(\Y

—T 3272 +_51E3|22_E3|1ﬁ2 +Eg|27_2 >0 and_—g:,,‘l +731 > 0 and —T3)2 +?3_\2 >0 anil _E1£3‘22’+£3‘1?2
0 and 7,732 T W T3p% T T3 3072 F E3|17"272 Oand —mymy)52 — T3|1Tg|272 + T3)1 72 < 0and mymy),72 —
T M) — 13|1£3‘27r2_+ 3172 S_ 0 and — ﬂl_-i- 71 > 0and 7y < land — 7y, +72 > 0Oand 7, < 1 and 731 <
1 and T3 < 1 and 1 < 1 and 73); < 1 and 732 <1

or

—TToTg)g + T Mg|92 — MoTg)y +TaTgp > 0 and —mg; +75)1 > 0 and — 735 + 7312 > 0 and — w7352 + w7y >
0 and @1 Tpmy|p — M1 73122 — MoM3)1 3|2 + MpZz)p > 0 and — myTy92 — Moy 731 + MoZig; < 0 and mymymy)y —
T T3y — MaW3)1Tgjp + TaTg)y <Oand —m; +7 >0and7m; < land — 7@y +72 > 0and 7, < 1 and 731 <
1 and g, <land 7 <1 and 73); < 1 and 735 <1

or

—TyT3)1M3)p% + My Ty Ta)1 2 + T3 Tg)p2 — T3, 2 — My Tg9T 312 + Ty W32 = 0 and — mimg 52 + 1y 75, 3152 —
T M3112 + T 39712 — T3 1 M3pT12 + M3 712 2> 0O and W M3)2% — T3|1 327 + T332 > 0and — T 731327 +
T My)p% + T3 Ty)p% — 3,2 — Ty 302 + Mgz > 0 and — my @3 2 + 7y 3 5Taj22 + Mg T35 — T332 Ta[22 —
7r3|17r3|22+ﬂ'3|1ﬁ3‘22 >0 and 7r17r3‘22—g3|1£3‘22+ﬂ3‘12 > 0 and —Elﬁgpz+£1ﬂ3‘22+E3|1£§‘22 — 27y 322 +
7412 > 0 and mimym?

2 2 2 2 2 _
3)2 7r17r3p 2E1£27T3\17r3|2+251E2K3\1E3|2 t W 317357 — Ty My Wg)9% + Moy, 75,

= 2 2 = 2 =
212E3|113\2 +£2£3‘1 <0 and E1£3|27l'2 7T17T3|2 = 2y W31 75572 + Ty W31 7552 + 201 W31 T3)97 2 — M1 [3)1 3192 +
2 2 = 52 = 2 = _ _ 2 2 _
3105272 2E3|17r3‘2772 +7r3‘17r2 >0 and 71'17r3|2z+27r17r3‘17r3|22 T 3|12 13‘17r3‘2z+71'3|1z 2> 0and m 752
7r3|17r3|2z+7r3|12 >0 and T T3~ 7r3|17r3‘2+7r3‘1 <>0and 7; <1and m, <1 and T3y < 1 and LETPIES 1 and 71 <
1 and 731 <1 and m32 <1land z <
or

TN 0% — MMy — 2 My 5102 + My M)y 03y + 20 Ty g% — 2M My Mg + My 705 + 570552 — 2 my 02 +
E§|153|2 ‘*‘Eguz - Egu - E3\1E§|2 + 7317312 = 0 and — 77y g5 + T 7319731 +E§|1£3\2 — T3y ~ W31 T3273)1 +
T3 7aj1 > 0 and — @3y o+ Ty)1 Tyjg — 1 Tg)y + 71 T3)oT1 — 301 W21+, 1 > 0 and 770 =gy T30+ 31 >
0 and 73n3 ;2 — 2My 751 75,2 + 20y Mgy T 0% — Ty Mgy Ty + T3 T59% — 2005, Ty 02 + T3, Mgy + 75,2 — @5, <
0 and 73n3 2 =2 )y T3, 2+ Mgy 75 +20y Mgy Mg 02— Ty Mgy Ty o +005) 75 g 2~ 75 5 — 203 Ty 0 2+2705) T+
Egllz - Eg\l > 0and — E1ﬂ§‘2 + E1E3\2f3|2 + 53|1£§‘2 - £3\153|2E3\2 — T311T3)2 + 53|1ﬁ3\2 > 0 and 13|12 —
Tg1 7312+ 7y > 0 and nimonl, _W%Wg\g — 2y WMy )1 Ty + 201 To a1 Mg jp + Ty Tg)1 T3y — T Mgy W)+ ToT5) 755 —
27r27r3,|17r3\2 + 7T27r3\1 < 0 and 7T17r3\2 E%Egp - 2E1£3\1E§\2ﬁ2 + E1E3|1E§\2 + 2m T3 W32 — Ty W31 T30 +
T 7592 — 205 Mapp T2 +75), W2 > 0 and —my 3, 411, Ty + 151 75 — 271 Ta)p +Tapy > 0 and my g0 — g g0+
m3; <>0and m; <1andmy, <1 and z3p <1 and 73, <1land T3 <1 and T3); <1land T3z <land z<1

or

T 3|1 73122 — Ty T397 312 + ﬁéuz — T3)1T3)9% — 31 T3[12 + 397312 < 0 and @iy 02 + T3y 12 — Ty T30 T12 —
M T3)92 =M1 T12+T3)9712 < 0 and —m 7352~ 7312+ 7522 < 0 and 1%13\22‘*‘&113\1z_21113\2Z_E3|1Z+13\2Z <
0 and 7y 7|y g)p 2 — 7 Tgp2 +13) 2 —Tg)1 Tg)p2 —Wa)1 2+ 792 < 0 and mimg o2+, Mgy g 92+ Tapy 2— 2y g 52+
73|1z — 3|1 T312% — T3)1Z2 + 7r3‘22 > 0and — 71'%7‘(%'22 + 7r%7r§|2 + 7rl7r3‘17r§|2z - 27r17r3|17r3‘22 + 27r1£3‘1£3|2 +
7r17r3‘2 27r17r3‘2 §‘1£3|2z 3Hz—i—7r3|1 7r3|17r3‘22+7r3|17r3‘22—27r3‘17r3|2+7r3|2 >0 and 7r17r27r3|2 ﬂfﬂgpz—i—
27 Ty 32 — 27r17r27r§‘2 —7r17r3‘17r3|22+7r17r3|2z+ﬂ'27r3‘1 —2My 3|1 T30 +7r27r3‘2 <0 and 7r17r3|2 —7'&'%7'(%‘22‘-‘1-
271'17T3|17T3‘27T277‘(‘171'3‘1#3'22 27T17r3|27r2+71'1773|22+7r3‘17r2727r3‘17r3‘271'2+71'3|27r2 > 0 and 7r1773|2z Ty 73127 3|22+

£3|1E3|2Z*13\17"3\22*_3|22+E3|27"3\2Z < 0 and — I W39% — T332+ X322 < 0 and Elﬂg\gz*11E3|2Z+13\1ﬁ3\22*



Les Cahiers du GERAD G—-2000-69 26

3|12 — 7r3‘2z + 7302 < Oand — m 7wy — Ty + 73 <> 0and 7wy < land m, < 1and gy < 1 and 7,
land 1 < 1and T3;; <1and T332 <1

or

—_ —_ 2 —_ —_ —_
T T312 — Ty T3[12 + 71'3|1z - 7T3|17T3‘1Z — m3)12 + T3z < 0and iz + M T3 2 — W12 — M2 — M31T12 + 712 <

0Oand —m 2z — 73,2+ 2 <0 and w2z + T T3 2 — 2m 2z — 7y 2+ 2 < 0and mymg) 2 — 7rlz + 7r3|1 — 27312+ 2 <
0 and m27, 77r1z+27r17727r3‘1 —2m Ty 77717r3‘lz+7r1z+7r2773|1 —2mymg +7mp <0 and 37 77‘(‘12+2E1£3|1ﬁ2 —
T 312~ 27r17r2+7r1z+7r3‘17r2727r3|17r2+7r2 >0 and 77r1z+7r1 7r17r3‘lz+27r17r3|1 +7r1z727r1+7r3‘1 213|1+1 >

0 and m 7392 — 17322 + Tg|1 7392 — W31 3|22 — T3)22 + 3122 < Oand —my2 — w312+ 2 < 0 and w7552 —
T2+ 313192 — W31 2 —Agp2+2 < 0and —m) —7g; +1<>0andm <1andm, <1andmy; <1andmy, <
land 71 <1 and 733 <1and T332 <1land z2>0

or

*I1E3|2?2 +I1E3|22 *£3\1f2 +£3‘2ﬁ2 <0and — 301 + 731 >0and w2 —m *£3\1ﬁ2 +72 <0and —m;72 +
Tz —mg T2+ 72 > 0and —my —mg; +1 < 0and —mgy+732 >0and —my —mg; +1<>0and —my +71 >
Oand 7y <land —m, +72 > 0and my <1 and m3; <1and w3, <1land 7T <1and7g; <1and 73 <1

or

—T TMg)p + M1 Tg192 — WaTg|y + TaTg)p < 0 and —mgy + 7311 > 0 and 72 — 7y — wymg)y + 79 < O0and —mymy +
T2 — WpW3)p + Ty >0and —m, —T3)1 +1 <0 and — 32 + 732 >0and —7m; +71 > 0and —m; — T3)y +1<>
0and m; <1and —my +72 >0 and 7, <1and 73; <1and mgy <1land T <1and 73; <1and 733 <1

or

T T3|1T32% — T 327312 + Eguz — W31 Mg)2% — 3|1 W31 + Tgo7312 < 0 and mimy 02 + T g1 2 — T 75012 —
Ty M3)02 T3 T12+T39T12 < 0 and —m 7392 — 51 241392 < 0 and T3my) 02+ 11 T3 1 2— 27 T3)92 — g1 2+ 1392 <
0 and £1ﬂ3\133|22*11E3|2Z+E§\1Z*E3\1E3|2Z*E3\1Z+£3\22 < 0and E%£3|22+E1E3|113\2Z+11E3\1Z*2E1E3|2Z+
T3,% — T31 D327 — T2 + T3z > Oand — mimd,z + @mimy ) + @y Mg 3,2 — 2017y g 22 + 2 731 g +
Ty T5)92 — 20 {3y + 105, g% — T3 2+ 05| — Mg T 02 + 3|1 Tajp2 — 203 1 T3)p + 75, > 0 and aimymd, —wind 2+
2y Ty 3|y Tajp — 20y Ty T3, — Ty Ty D)2 + My 552 + Tpm3) — 2Mp Mgy g + Tpm3 ), < 0 and xin3  To — mims 2+
2E1£3|1£3\2f2—E1ﬂ3\1”3|22_251£§|2?2 +51£§|22+E§\1ﬁ2 — 2731 T3)272 +E§|2f2 > 0 and E1E§|22_£1E3|253\2Z+
7r3|17r3|2z—7r3‘17r3‘2z 7r3|22+£3|2ﬁ3‘22 <0and —m w92 — 7312+ 7392 < 0 and ﬂlﬂgpz—£1E3|22+E3‘1£3‘2z—
3|12~ 773|22+53|22 < 0and —m mg),—mg); +73)2 <> 0 and —m; —mg;+1 <>0and 7y <1and my <1 and mg); <
1 and e <1 and 71 <1 and 73); < 1 and T3 <1

or

T W31 2 =T W3 — T 2+ 7 —7r3|1ﬁ12+7r3|1ﬁ1 +7T1z—71 < 0and w7312~ T3y — T 2+ 7 — 73 2+ 75 +2—1 <

0 and T T3)1% — 7r17r3|1 —mz+m + 7r3‘lz — 7r3|1 — 2g3‘1z + 233“ +z—1>0and — T 3|1 8322 + T W31 T30 +

T T3)2% — T1T3)2 + 7r3‘17r3|22 — 7r3|12 + 7r3‘1 — T3|1T3)2% — T3|1 T3z T T332 — Tz + 7r3|2 < 0and — T 312 +
T3 + Tz — @+ 7r27r3|1 — 2mymy); + 7r2 <0and —mymg 2+ 7y + 72—y + 7r3‘17r2 —2m3 T2 + T2 >
0and —m mg2 + w73y + T2 — Ty + 53‘1 —2m3; +12>0and —my —mg; +1 <>0andmy < landm, <
1 and ﬂgllz—wg‘l—7r3‘1f3|1z+7r3‘1ﬁg|1—7r3|1z+7r3‘1+ﬁ3‘1z—ﬁ3|1 <0and —mg;2+mg) +2—1 <0 and 7y} 32—
3|1 T3)2 —X3|1 73|22+ X3|1 W32 — 3|22+ 7319+ T3122—T312 < 0 and —73)y 2473, +2—1 <0 and 73); <1 and 735 <
land 71 < 1and T3); <1land T3 <land z<1



