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1 Random preference models and convex polytopes

Consider the example of Gambles A, C, D once again. Consider the possibility that the decision
maker, at any point in time, rank orders the gambles according to some criterion, from best to
worst. However, the ranking is uncertain and/or allowed to vary. Mixture, aka, random preference
models quantify this variability with a probability distribution over preference patterns such as, in
this case, rankings. Figure|l|builds up some basic intuitions with a few examples. We have already
seen that the vertex ACD at coordinates (1,1,1) represents the deterministic ranking ACD because
a person with preference ACD who never makes an error and never wavers in his preference would
choose A over C with probability 1, A over D with probability 1, and C over D with probability
1. Likewise DCA at coordinates (0,0,0) represents the deterministic ranking DCA where a person
never chooses A over C, never chooses A over D and never chooses C over D. What are the binary
choice probabilities if a person’s preferences fluctuate or if the person is uncertain about their
preference ranking? For instance, suppose that a decision maker has preference ACD two-thirds
of the time, and DCA one-third of the time, never makes an error and always chooses what they
currently prefer.

Then, at randomly determined time points, this person will choose, A over C with probability
%, A over D with probability %, and C over D with probability % In other words, this person’s
binary choice probabilities form the point (%, %, %) marked by a star in the upper left display of
Figure[l] This point lies on the line segment connecting the vertex ACD with the vertex DCA. The
upper right panel in Figure [I] shows a few other points on that line segment. FEach of these points
can represent a person who chooses consistently with ACD some of the time, and consistently with
DCA the rest of the time. The lower left of Figure [I] shows a highlighted square that connects
the rankings ACD, ADC, DCA, and CDA. Each point belonging to this square has coordinates
that reflect the binary choice probabilities of a person who has a probability distribution over the
preference states ACD, ADC, DCA, and CDA. Likewise, all binary choice probabilities that are
consistent with probability distributions over the three rankings ACD, DAC, and CDA form the
triangle in the lower right of Figure [1} In general, if a person satisfies a random preference model
over preference states S, 59,...Sk, then the associated binary choice probabilities must lie in the
convex hull of the vertices representing preference states S1,S2,...S; (i.e., in the ‘space inbetween
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Figure 1: Random preference models. The upper left shows choice probabilities (%, %, %) for some-

one who has preference ACD % of the time and DCA otherwise. The upper right shows five sets of
binary choice probabilities consistent with probability distributions on preferences ACD and DCA.
The line segment connecting the two vertices shows all possible such binary choice probabilities.
The lower left shows a square connecting vertices ACD, ADC, DCA, and CDA. Every point in this
square has coordinates that form binary choice probabilities consistent with a probability distri-
bution over the preference states ACD, ADC, DCA, and CDA. The lower right shows a triangle
forming the corresponding “convex hull” of preference states ACD, DAC, and CDA.

those vertices’). The convex hull of ACD and DCA in the upper part of Figure [l| forms a line
segment, the convex hull of vertices ACD, ADC, DCA, and CDA forms a square in the lower left of
Figure [1} the convex hull of ACD, DAC, and CDA forms a triangle on the lower right of Figure

In general, the convex hull of a finite collection of vertices forms a geometric object that gen-
eralizes the line, square and triangle. This object is called a convex polytope. All mixture (aka
random preference) models form convex polytopes, with the vertices of each polytope forming the
permissible preference states in the model. Each polytope can be viewed either as the convex hull
of its vertices, or as the space between its flat surfaces of maximal dimension, called the facets.
Polytopes can have different dimensions. The line segment in the upper panels of Figure [1| is a
one-dimensional polytope, and its facets are the two vertices ACD and DCA. The square forms
a two-dimensional polytope, and its facets are the four line segments that form the square’s four
sides. The triangle is a two-dimensional polytope, and its facets are the three line segments that
form its three sides. Figure [2| shows a three-dimensional polytope, whose eight facets are triangles.

The data we consider in this paper stem from the first published full-fledged quantitative statis-
tical test of such a polytope. Regenwetter et al. (2010) and Regenwetter et al. (2011a)) considered
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Figure 2: Two different angles of view of the same 3-D linear ordering polytope forming the convex
hull of the 6 vertices representing rankings ACD, ADC, CAD, CDA, DAC, DCA. Every point in
the polytope has coordinates representing binary choice probabilities consistent with a probability
distribution over the 6 rankings.

the collection of all complete rankings (linear orders) of the lotteries in Cash I, Cash II, as well as
a NonCash gamble set, and showed that the data are consistent with a random preference model
of 120 linear order preferences, i.e., that so-called “linear ordering polytope,” hence, that the
data are consistent with variable rankings. Regenwetter et al. (2011b) tested a random preference
model of lexicographic heuristics. They, e.g., rejected a polytope with 104 intransitive lexicographic
semiorder vertices on 15 of 18 participants on Cash I and Cash II. Regenwetter and Davis-Stober|
(2012) went further and, using different experimental data, tested a random preference model of
weak order preferences (rankings with the possibility of ties) and a very general model of “random
utilities.” Their model was characterized by more than 75,000 nonredundant inequalities and fit
their data extraordinarily well. All three papers used the earlier versions of the internal MATLAB®
code underlying QTEST.

2 Dimensionality requirement, iid assumptions, sample size, con-
ditions for data pooling, and model complexity /selection.

DIMENSIONALITY:  QTEST only tests models that are full-dimensional in the sample space under
consideration. Distance-based specifications are automatically full-dimensional. However, as we
have seen above, convex polytopes representing random preference or random utility models can
be lower dimensional. In that case, even if the scholar can provide a complete description of the
polytope, QTEST cannot provide a statistical test, because the required classical (“frequentist”)
order-constrained inference is unavailable.

INDEPENDENCE AND IDENTICAL DISTRIBUTION (1ID):  QTEST makes a number of statistical as-
sumptions about the data generating process that are standard in maximum likelihood estimation
and testing. The statistical analysis in QTEST treats n repeated choices among the same pair of
objects as a Binomial with n repetitions, hence it assumes that repeated choices are made statisti-
cally independently and share the same binary choice probability. QTEST also treats binary choices
among multiple pairs of choice alternatives as products of such Binomials. These assumptions are
standard in the literature, e.g., in econometric analyses.
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SAMPLE SIZE:  As a general rule of thumb, it is recommended to have 20 or more observations
when estimating a Binomial parameter in order to achieve asymptotic distributions for the likelihood
test statistic.

MORE ON IDENTICAL DISTRIBUTION:  There are also several special features of order-constrained
inference that allow one to relax some assumptions. When the model under consideration is convex
(e.g., amodal choice specification of a theory with a single predicted preference pattern, or a random
preference model) then it also holds that averaging multiple sets of choice probabilities that satisfy
the given model will give choice probabilities that, likewise, satisfy that model. For example, in the
models shown in Figures [I] and [2| any weighted average of points in one of the convex polytopes
will yield a point also in that convex polytope. In other words, for convex models it is not critical
that binary choice probabilities remain constant across multiple observations. This means also
that convex models permit data pooling across respondents, since the convex combination of their
probabilities will still be within the region defined by the model. This lends the analysis of convex
models the potential for extremely high statistical power when evaluating the Null Hypothesis that
all individuals satisfy the same convex model.

Birnbaum, (2012, [2011)) raised several questions about the Cash I data of Regenwetter et al.
(2010, 2011a) that we used for illustration. In particular, he inferred that the data do not form an
iid sample, an inference that Cha et al.[ (2013) portrayed as lacking a compelling mathematical and
statistical foundation (see also |Regenwetter et al.[|2011b, for related discussions). |Cha et al. (2013])
found the Cash I and Cash II data to pass a test of iid by Smith and Batchelder (2008) within
standard Type I error rate, i.e., with fewer than 5% significant violations.

MODEL COMPLEXITY AND MODEL SELECTION:  The current version of QTEST takes a classical
(“frequentist”) statistics approach to model evaluation. It carries out a likelihood-ratio test, in
which a model under consideration forms a Null Hypothesis whose likelihood is compared against
that of an unconstrained model. The test then either rejects or fails to reject (‘retains’) the model
under consideration.

In the manuscript, we have shown that the common heuristic of counting parameters in a model
may not be an appropriate way to evaluate the complexity (flexibility) of a model. This problem is
not unique to the models in QTEST: It is well known that, even in ‘standard’ model tests, there is
oftentimes the potential that the scholar could rewrite (reparametrize) a given probability model
in a way that reduces the number of parameters it really needs.

In fact, determining the number of parameters one wants to use in a model is only part of a far
more general, and conceptually difficult, question of complexity. Suppose that a scholar wishes to
test an algebraic theory empirically. The scholar will have to make a number of decisions, such as

1. which stimuli to use,
2. how abstract a version of the theory to test,

3. which functional form to use if the version of the theory involves, say specific ‘utility’ or
‘weighting,” functions,

4. which probabilistic specification to use,
5. what bounds to put on allowable error rates if using a distance-based specification,

6. which distance function to use for specifying the error constraints.
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At every step, the scholar makes decisions that affect the complexity, i.e., flexibility, of the the-
oretical predictions: each of these steps affects how easily data can accommodate the resulting
model.

Scholars interested in very broad triage of theories like to test axioms that separate huge classes
of theories. This is particularly useful for discarding contenders that hold little promise. Rejecting
a model that occupies ‘much or nearly all’ of the hypercube of choice probabilities (and, likewise,
‘much or nearly all’ of potential alternative such hypercubes that would result from different stimuli)
is useful. Other scholars, interested in predicting behavior very precisely, like to zoom in on highly
specific functional forms and highly specific probabilistic specifications. This is particularly useful
when the resulting predictions are accurate. Retaining a model that occupies extremely ‘little’
of the probability cube (and ‘little’ of potential other such cubes that would result from different
stimuli) is also very useful.

From the point of view of our geometric representation, the choice of stimuli determines the
geometric space (coordinate system) that the predictions live in and it affects the ‘complexity’
of our predictions. ‘Undiagnostic’ stimuli allow for extremely complex, i.e., extremely flexible,
predictions, for example. In addition to the stimulus selection, the choice of a theory version
and a functional form has huge implications on the number and specifics of permissible preference
patterns, hence on the number and location of the vertices we consider. This, in turn affects the
locations of the hypercubes in, say, a supermajority specification, or the shape and volume of
the convex polytope for a random preference model. In distance-based specifications, the choice
of error bounds and distance measures will very strongly affect both the shape and volumes of
the probabilistic specification in the unit hypercube of binary choice probabilities and hence the
pressure (or lack thereof) that the predictions exert on the underlying theory.

Figure 3: Volume matching between CPT — KT and LH with a supermajority level for CPT — KT
chosen so that the total volume of CP7T — K7 matches the volume of LH with a modal choice
specification.

One way of summarizing these choices is to say that the scholar makes a number of decisions
about how to create experiment specific model complexity in the design of a theory, of its prob-
abilistic specification, and of an experiment. There are a number of methods for accounting for
model complexity after a model has been specified, most notably Bayes factors (e.g., |[Klugkist and
Hoijtink 2007) or Deviance Information Criterion (DIC) values (Myung et al.[2005), and normalized
maximum likelihood (Davis-Stober and Brown|[2011)). However, these methods presume that one
has already made all of the above six decisions on how exactly to create that complexity.

We believe that there many open questions as to whether there can be a principled approach
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to creating such complexity. In particular, for a given set of algebraic theories, it is interesting to
ask whether there could be ways to select stimuli and probabilistic specifications that will somehow
‘place the competing theories on an equal footing.” We briefly sketch some preliminary ideas for
distance-based specifications of CPT — KT and LH.

We explore two simple ideas, easily implemented in QTEST. A potential approach would be to
consider probabilistic specifications of CPT — KT and LH that give both theories the same total
volume in the probability cube, in hopes of creating a comparable level of complexity as proxies by
volume. In Figure [3| we considered the modal/majority specification of LH and then we adjusted
the supermajority specification of CPT — KT in such a way that the total volume of the four cubes
for CPT — KT exactly matched the volume of LH (QTEST can automate this). In this 3D case,
the volume of the modal choice specification for LH is %, so we chose the supermajority level for
ACD, ADC, DAC, and DCA so that each of those shaded cubes has a volume of % X % = 3—12 In a
model like this, CPT — KT and LH are given the same amount of ‘space’ in the probability cube.
We are not aware of theoretical results that would provide an axiomatic or otherwise systematic
underpinning, beyond intuition, for this approach.

DCA[0 0 0]
® DAC[1 00
® ADC[I 1 0]
® ACD[l11]

Figure 4: Volume matching CPT — KT and LH by adjusting the supermajority level for each
pattern of CPT — KT to reflect the number of ways a preference relation can be generated. The
left display shows the algebraic parameter space and colors the ranges that lead to the four dif-
ferent predicted patterns. The volumes of the supermajority cubes in the right hand display are
proportional to the areas of the same color in the left display.

Figure [4] pushes the same idea further in that it gives both theories the same volume but it
does not treat all rankings permitted under CPT — KT as equal. Indeed, it is much ‘harder’ to
find a weighting and a utility function that generate the ranking DAC (shown in green) than it is
to create the ranking ACD (shown in dark blue). The left side of Figure |4 shows the regions of the
algebraic parameter space that correspond to the four preference patterns, with the horizontal axis
giving the curvature parameter o of the “power” utility function and the vertical axis giving the
parameter v for the “Kahneman-Tversky” weighting function (the precision and range of our grid
search were «,y € [0.01,1], with a step size 0.01.). The right side of Figure [4| translates this into
corresponding ‘matching’ volumes for the supermajority specifications of the four rankings. The
supermajority cube of ranking ACD has a volume equalling 57% of %, whereas the supermajority
cube of ranking DAC has only 1% of %.

Figures [3| and [4] are only exploratory ideas of how one might create complexity in the design
of a distance-based specification in a case where the stimuli and type of probabilistic specification
have already been selected. However, just like the reparametrization of a theory can upend the
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calculus of the number of parameters used by the model, so could reparametrization upend the
volume matching in Figure We believe that the principled design and creation of complexity
is an important question in testing theories of decision making. Neither the manuscript nor the
QTEST software, nor the literature on testing theories of decision making, answer that important
question satisfactorily at this time.

We now provide the full lists of facet-defining inequalities for Random CP7T — KT and Random
CPT — GE on Cash I and Cash II. Each of these lists is a minimal description, which means it
is a complete, nonredundant (and shortest possible) list of inequalities that fully characterize the
probabilistic model in question.

3 Facet-defining inequalities for Cash I, Random CP7T — KT

1—-20) 0 < P <1, for all distinct ¢ and j in the set of lotteries {a,b,c,d, e}.

21)_Pab - ae+Pbc <0
22)_Pab +Pce_Pde§O
23)_Pab +Pcd_Pce <0
24) — Py + Py — Py <0
25) — Py, + Poe — P <0
26)_Pab +Pbe _Pce SO
27)*Pab + Ppe — Pge <0
28) — Py + Pyg — Ppe <0
29) — Pa + Pod — P <0
30) — Pu + Py — P <0
31) — Py + Py —P;. <0
32) — Pa + Poe — Pod <0
33) — Py + Ppe — Py <0
34)_Pab + Ppe — Led <0
35) — Py + Ppe — P <0
36) — Pay + Poc — P <0
37) — Pu + Ppe — Py <0
38)*Pab + Pee *Pbe <0
39)_Pab +Pae — Led SO
40)_Pab + Pae — P <0
41)_Pab +Pzze _Pdego
42) — Py + Poq — Pae <0
43) — P + Pod — Dy <0
44) — Py + P4 — Py <0
45)_Pab + Pug — Ppe <0
46)_Pab +Pad — Led SO
47)_Pab +Pad — Pee <0
48) — Py + Pug — P <0
49)*Pab+Pac*Pad <0
50)_Pab+Pac _Pae SO
51)_Pab+Pac — By <0
52) — Pap + Py — Py <0



= O © © ©
S © 00 g O

_Pac - Lae
_Pac
_Pac
_Pac
_Pac
_Pac
_Pac
_Pzzc
_Pac
_Pac
_Pac
_Pac
_Pac
_Pac
_Pac
_Pac
_Pac +Pae
_Pac +Pae
_Pzzc +Pae
_Pac +Pae
_Pac +Pae
- ac+Pad_Pae
— Pye + Pug
- ac+Pad
— Pae + Pug
_Pac+Pad
— Pac + Pug
- ac+Pad
— Lad
— ITad
— Lad
— LTad
— Lad
— Lad
— Iad
— Lad
— Iad
— Lad
- ad+Pae
— Pad + Pae
- ad+Pae
— Pad + Pae
- ad+Pae

Online Supplement to QTEST 8

_Pbe <0

— Led <0

_Pce SO

_Pdego

+Pbc <0
+Pce_Pde§0

+Pcd_Pce <0

+Pcd _PdeSO

+Pbe—Pcd <0

+Pbe _Pce <0

+Pbe _Pdego

+ Poa — Phe <0

+ Pha — Ped <0
+Pbd _Pce <0

+ Phd — Pae <0

+ Poc — Pog <0
+Pbc _Pbe <0
+ Ppe — Led <0
+Pbc _Pce <0
‘I‘Pbc _Pdego
— Ppa <0
_Pbe <0

— Led <0

_Pce SO

_Pdego

<0

— By <0
— Ppa <0
_Pbe <0

— Led <0

_Pce SO

_Pdego

+Pce_Pde§0

+Pcd_Pce <0

+Pcd _Pdego

+Pbe_Pcd <0

+Pbe _Pce <0

+Pbe _Pdego

+ Poa — Ppe <0

+ Poa — Ped <0
+Pbd _Pce SO

+ Poa — FPge <0

— Ppa <0
_Pbe <0

— Led <0

_Pce SO

—PdeSO

— P + Poe — P <0
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_Pae +Pcd_Pce SO
_Pae +Pcd _Pdego
— Pae + Pye — Peg <0
_Pae +Pbe _Pce <0
— Pae + Ppe — Py <0
_Pae +Pbd_Pbe <0
— Pae + Py — Led <0
_Pae +Pbd _Pce <0
— Pae + Ppa — Pge <0
_Pbc +Pce_PdeSO

— By + Peqg — Pee <0

_Pbc +Pcd _PdeSO

_Pbc +Pbe_Pcd <0

— By + Ppe — Pee <0

_Pbc +Pbe _Pdego

— Poc + Pog — Ppe <0

— By + Pod — P <0

— BPye + Poa — Pee <0
_Pbc+Pbd _Pdego

— Bpa + Pee — Pge <0

_Pbd +Pcd_Pce <0

— Py + Pea —FPge <0

— Pog + Ppe — Pea <0

_Pbd+Pbe _Pce <0

_Pbd+Pbe _Pdego

_Pbe +Pce_Pde§0

— Peg+ Pee — Pye <0

Pae_Pbc_Pbd <0
Phe — Py — Be <0
Pae_Pbc — Led <0
Ppe — Py — Pee <0
Pae_Pbc _Pdego
— Pae + Py + Pee — Pge <0
- ae+Pbc +Pcd_Pce <0
_Pae+Pbc +Pcd _Pdego
_Pae+Pbc +Pbe_Pcd <0
- ae+Pbc +Pbe _Pce <0
— Pae + Py + Ppe — Pge <0
- ae+Pbc+Pbd_Pbe <0
— Pae + Py + Pog — Led <0
_Pae+Pbc+Pbd _Pce <0
— Pae + Poc + Poa — FPige <0
+Pbe_Pcd+Pce_Pde§0

+ Pyg — Ppe + Pee — Pge <0

+ Poa — Pea+ Pee = Pge <0

+Pbc_Pbd +Pce_Pde§0
+Pbc_Pbd +Pcd_Pce <0

+ Poe — Pod + Ped — Pge <0
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+ Poec — Pod + Pre — Ped <0
+Pbc_Pbd+Pbe _Pce <0

+ Poc — Pod + Pre — FPge <0

+Pbc _Pbe +Pce_Pde§0

+Pbc - cd+Pce_Pde§0

+Pae _Pbd +Pce_PdeSO

+ Pae _Pbd +Pcd_Pce <0
+Pae _Pbd +Pcd _PdeSO

+ Pae _Pbd+Pb€_PCd <0
+Pae _Pbd+Pbe _Pce <0

+ Pae _Pbd+Pbe _Pdego

+ Pae _Pbe +Pce_Pde§O
+Pae - cd+Pce_Pde§0
+Pad_Pae +Pce_Pde§0
+Pad_Pae +Pcd_Pce <0
+ Pad — Pae + Peq — Pge <0
+Pad_Pae +Pbe_Pcd <0
+ Pad — Pae + Ppe — Pee <0
+Pad_Pae +Pbe _Pdego
+ Pad — Pae + Poa — Ppe <0
+ Pad — Pae + Ppa — Pea <0
+ Pad — Pae + Ppg — Pee <0
+ Pad — Pae + Ppa —FPge <0
+Pad _Pbc +Pce_Pde§O
+Pad _Pbc +Pcd_Pce <0
+Pad _Pbc +Pcd _Pdego
+Pad _Pbc +Pbe_Pcd <0
+Pad _Pbc +Pbe _Pce <0
+Pad _Pbc +Pbe —Pd€§0
+ Pad — Py + Poa — Phe <0
+ Pad — Poc + Pog — FPeq <0
+ Pad — Pye + Ppa — Pee <0
+ Pad — BPoe + Pod —FPge <0
+ Pad — Pya + Pee — Pie <0
+Pad _Pbd +Pcd_Pce <0
+ Pad — Pya + Ped — FPge <0
+ Pad — Poi + Poe — Pea <0
+Pad _Pbd+Pbe — Pee <0
+ Pad — Poa + Pre — Pge <0
+Pad _Pbe +Pce_Pde§O
+Pad - cd+Pce_Pde§0
+ Pad + Pae — Poc — Pod <0
+Pad+Pae_Pbc _Pbe <0
+ Pod + Pae — Poc — Led <0
+Pad+Pae_Pbc — Pee <0
+Pad+Pa6_Pbc _Pdego
_Pad +Pce_Pde§0

_Pad +Pcd_Pce SO
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ab+Pzzc_ ad +Pcd _Pdego
ab+Pac_Pad +Pbe_Pcd <0
Pop + Pac — Pag + Ppe — Pee <0
ab+Pac_Pad +Pbe _Pdego
Pop + Pac — Pad + Poa — Pre <0
ab+Pac_Pad +Pbd — ded <0
Pop + Pac — Pad + Poa — Pee <0
ab+Pac_Pad +Pbd _PdeSO
Pop + Pac — Pag + Pae — Py <0
ab+Pac Pad+Pae _Pbe <0
Pop + Pac — Pad + Pae — Led <0
ab+Pzzc_ ad+Pae — Pee <0
ab+Pac_Pad+Pae —PdeSO
ab+Pac _Pae +Pce_Pde§0
ab+Pac _Pae +Pcd_Pce <0
ab+Pac — Pae +Pcd —Pd5§0
ab+Pac _Pae +Pbe_Pcd <0
Pyp + Pyc — Pae + Ppe — Pee <0
ab+Pac _Pae +Pbe _Pdego
Pyp + Pyc — Pae + Pyqg — Ppe <0
ab+Pac _Pae +Pbd — Led <0
Pap + Pyc — Pae + Ppg — Pee <0
ab+Pzzc — Pae +Pbd _Pdego
ab+Pac _Pbc +Pce_Pde§0
ab+Pac _Pbc +Pcd_Pce <0
ab+Pac _Pbc +Pcd _Pdego
Pop + Pac — By + Ppe — Peg <0
ab+Pac _Pbc +Pbe _Pce <0
b+Pac _Pbc +Pbe _Pde§0
ab+Pac _Pbc+Pbd_Pbe <0
Pop + Pac — Poc + Pog — FPeq <0
Pop + Pac — Pye + Poa — Pee <0
Pop + Pac — Poc + Pog — FPge <0
ab+Pzzc _Pbd +Pce_Pde§0
ab+Pac _Pbd +Pcd_Pce <0
Pop + Pac — Pya + Ped — Pge <0
ab+Pac _Pbd+Pbe_Pcd <0
Pop + Pac — Ppg + Ppe — Pee <0
ab+Pac _Pbd+Pbe _Pdego
b+Pac _Pbe +Pce_Pde§0
ab+Pac - cd+Pce_Pde§O
Pop + Pac + Poe — Poe — Poa <0
ab+Pac +Pae_Pbc _Pbe <0
Pop + Pac + Pae — Poc — Lcd <0
ab+Pzzc +Pae_Pbc — Pee <0
Pop + Pac + Pae — Poe — Pge <0

_Pac _Pae+Pbc +Pce_Pde§0

_Pac - ae+Pbc +Pcd_Pce <0
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_Pac - ae+Pbc +Pcd _PdeSO
_Pac _Pae+Pbc +Pbe_Pcd <0
— Pae — Pae + Py + Ppe — Pee <0
_Pac - ae+Pbc +Pbe _Pdego
— Pae — Pae + Poc + Pog — Ppe <0
_Pac - ae+Pbc+Pbd — Led <0
— Pac — Pae + Py + Pog — Pee <0
_Pac _Pae+Pbc+Pbd _Pdeéo
— Pac + Poe — Peq + Pee — Pge <0
_Pac +Pbd_Pbe +Pce_Pde§0
— Pac + Poa — Peg+ Pee — Pye <0
— Pac +Pbc_Pbd +Pce_Pde§0
_Pac +Pbc_Pbd +Pcd_Pce <0
— Pae + Ppe — Py + Peg — Pge <0
_Pac +Pbc_Pbd+Pbe_Pcd <0
— Pae + Pyoe — Bog + Ppe — Pee <0
_Pac +Pbc_Pbd+Pbe _Pdego
— Pac + Py — Be + Pee — Pge <0
_Pac +Pbc - cd+Pce_Pde§0
_Pac +Pae _Pbd +Pce—Pde§0
_Pac +Pae _Pbd +Pcd_Pce <0
— Pac + Pae — Pyg + Peg — Pge <0
_Pac +Pzze _Pbd+Pbe_Pcd <0
_Pac +Pae _Pbd+Pbe _Pce <0
_Pac +Pae _Pbd+Pbe —PdeSO
_Pac +Pae _Pbe +Pce_Pde§0
_Pac +Pae - cd"—Pce_PdeSO
- ac+Pad_Pae +Pce_Pde§O
— Pac + Pag — Pae + Peg — Pee <0
_Pac+Pad_Pae +Pcd _Pdego
— Pac + Pag — Pae + Ppe — Peg <0
- ac+Pad_Pae +Pbe _Pce <0
— Pac + Pag — Pae + Ppe — Pge <0
- ac+Pad_Pae +Pbd_Pbe <0
_Pac+Pad_Pae +Pbd — Led <0
_Pac+Pad_Pae +Pbd — Pee <0
- ac+Pad_Pae +Pbd _Pdego
— Poc + Pag — By + Pee — Pge <0
- ac+Pad _Pbc +Pcd_Pce <0
— Poc + Pag — Py + Peg — Pge <0
_Pac+Pad _Pbc +Pbe_Pcd <0
— Pac + Pag — By + Ppe — Pee <0
- ac+Pad _Pbc +Pbe _PdeSO
— Pac + Pag — By + Pog — Ppe <0
— Poc+ Pad — Pype + Poa — Peq <0
— Pac + Paa — Pye + Ppag — Pee <0
_Pac+Pad _Pbc+Pbd _Pdego

- ac+Pad _Pbd +Pce_Pde§0



Online Supplement to QTEST 13

- ac+Pad _Pbd +Pcd_Pce <0
_Pac+Pad _Pbd +Pcd _Pdego
_Pac+Pad _Pbd+Pbe_Pcd <0
- ac+Pad _Pbd+Pbe _Pce <0
- ac+Pad _Pbd+Pbe —Pde§0
- ac+Pad _Pbe +Pce_Pde§0
- ac+Pad - cd+Pce_Pde§O
- ac+Pad+Pae_Pbc_Pbd <0
— Pac + Pag + Pae — Poe — Be <0
- ac+Pad+Pae_Pbc — Led <0
— Pac + Pag + Pae — Poe — Pee <0
- ac+Pad+Pae_Pbc _PdeSO
— Lad +Pbe_Pcd+Pce_Pde§0

— Lad +Pbd_Pbe +Pce_Pde§0

— Lad +Pbd - cd+Pce_Pde§0

— Pag + Pae — Pyq + Pee — Pge <0

- ad+Pae _Pbd +Pcd_Pce <0

— Pag + Pae — Py + Pea — Pge <0

- ad+Pae _Pbd+Pbe_Pcd <0

— Pag + Pae — Ppg + Ppe — Pee <0

— Poa + Fae — Boa + Pe — FPge <0

— Pag + Pae — Be + Pee — Pge <0

- ad+Pae - cd+Pce_Pde§0
_Pae +Pbe_Pcd+Pce_Pde§O

— Pae +Pbd_Pbe +Pce_Pde§0

_Pae +Pbd - cd""Pce_PdeSO

_Pbc +Pbe_Pcd+Pce_Pde§O

_Pbc+Pbd_Pbe +P06_Pd6§0

— Boc + Pod — Pea+ Pee = Pge <0
_Pbd+Pbe_Pcd+Pce_Pde§0

Pae_Pbc—Pbd +Pce_Pde§0
Pae_Pbc_Pbd +Pcd_Pce <0
Pae_Pbc_Pbd +Pcd _Pdego

Poe = Poc — Pog + Proe — Ped <0
Pae_Pbc_Pbd+Pbe _Pce <0
Pae_Pbc_Pbd+Pbe _Pdego

Pae_Pbc _Pbe +Pce_Pde§0

Pae_Pbc - cd+Pce_Pde§0

- ae+Pbc +Pbe_Pcd+Pce_PdeSO

- ae+Pbc+Pbd_Pbe +Pce_Pde§0
_Pae+Pbc+Pbd - cd+Pce_Pde§0

+ Poe = Poa + Poe — Pea + Pee = Pae <0

+Pae _Pbd+Pbe_Pcd+Pce_Pde§O

+ Pad — Pae + Poe — Pea + Pee = Pge <0

+ Pad — Pae + Poa — Phe + Pee — Pge <0
+Pad_Pae +Pbd - cd+Pce_Pde§0
+Pad _Pbc +Pbe_Pcd+Pce_Pde§0

+Pad _Pbc+Pbd_Pbe +Pce_Pde§0



Online Supplement to QTEST 14

341) — P + Pad — Pye + Pod — Peg+ Pee — Pae <0
342)_Pab + Puqg — Pyog + Poe — Peg + Pee — Pge <0
343)_Pab + Pad + Pae — Poe — Ppa + Pee — Pge <0
344)_Pab +Pad+Pae_Pbc_Pbd +Pcd_Pce <0
345) — Py + Pad + Fae — Poc — Poa + Ped — P <0
346)_Pab +Pad+Pae_Pbc_Pbd+Pbe_Pcd <0
347)_Pab + Pad + Pae — Poc — Pyq + Ppe — Pee <0
348>_Pab +Pad+Pae_Pbc_Pbd+Pbe _PdeSO
349)_Pab + Pod + Pae — Poc — Be + Pee — Pge <0
350>_Pab +Pad+Pae_Pbc - cd"‘Pce_PdeSO
351)_Pab+Pac_Pad + Ppe — Peg+ Pee — Pge <0
352) — Pap + Pac — Paa + Pod — Phe + Pee — Pige <0
353)_Pab+Pac_Pad +Pbd - cd+Pce_Pde§O
354)_Pab+Pac_Pad+Pae — BPa + Pee — Pge <0
355)_Pab+Pac_Pad+Pae _Pbd +Pcd_Pce <0
356) — Pup + Poc — Pad + Pae — Py + Ped — Pge <0
357)_Pab+Pac_Pad+Pae _Pbd+Pbe_Pcd <0
358)_Pab+PaC_ ad + Pae — Ppg + Ppe — Pee <0
359>_Pab+Pac_Pad+Pae _Pbd+Pbe _Pdego
360)—Pab+Pac_Pad+Pae — Dpe + Pee — Pge <0
361>_Pab+Pac_Pad+Pae - cd+Pce_Pde§0
362)_Pab+PaC — Phe + Ppe — Peg+ Pee — Pae <0
363)_Pab+Pac — Pae +Pbd_Pbe "‘Pce_PdeSO
364)_Pab+Pac _Pae +Pbd - cd+Pce_Pde§0
365)_Pab+PaC — Bpe + Ppe — Peg+ Pee — Pge <0
366)_Pab+Pac _Pbc+Pbd_Pbe +Pce_Pde§0
367)_Pab+PaC _Pbc+Pbd - cd+Pce_Pde§0
368)_Pab+Pac _Pbd+Pbe_Pcd+Pce_Pde§0
369)_Pab+Pac +Pae_Pbc_Pbd +Pce_Pde§0
370>_Pab+Pac +Pae_Pbc_Pbd +Pcd_Pce <0
371)—Pab+Pac + Poe — Poe — Poa + Peg — Pge <0
372>_Pab+Pac +Pae_Pbc_Pbd+Pbe_Pcd <0
373)_Pab+Pac +Pae_Pbc_Pbd+Pbe — Pee <0
374) — Pup + Pac + Pae — Poc — Pod + Pe —FPge <0
375)_Pab+Pac +Pa6_Pbc _Pbe +Pce_Pde§0
376)_Pab+Pac +Pae_Pbc - cd+Pce_Pde§0
377) _Pac - ae+Pbc +Pbe_Pcd+Pce_Pde§O
378) — Pac — Pae + Poc + Py — Ppe + Pee — Pge <0
379) _Pac - ae+Pbc+Pbd - cd+Pce_Pde§O
380) — Pac + Pyoe — Boa + Pre — Pea + Pee — Pae <0
381) _Pac +Pae _Pbd+Pbe_Pcd+Pce_Pde§O
382) — Pac + Pad — Pae + Ppe — Peg+ Pee — Pge <0
383) - ac+Pad_Pae +Pbd_Pbe +Pce_Pde§0
384) - ac+Pad_Pae +Pbd - cd+Pce_Pde§0
385) - ac+Pad _Pbc +Pbe_Pcd+Pce_Pde§0
386) — Pac + Paa _Pbc+Pbd_Pbe +Pce_Pde§0
387) _PaC+Pad _Pbc+Pbd - cd+Pce_Pde§0
388) - ac+Pad _Pbd+Pbe_Pcd+Pce_Pde§O



Online Supplement to QTEST 15

- ac+Pad+Pae_Pbc_Pbd "‘Pce_PdeSO
- ac+Pad+Pae_Pbc_Pbd +Pcd_Pce <0
— Pac + Pag + Poe — BPoe — Pog + Peg — Pge <0
- ac+Pad+Pae_Pbc_Pbd+Pbe_Pcd <0
_Pac+Pad+Pa6_Pbc_Pbd+Pbe — Pee <0
- ac+Pad+Pa6_Pbc_Pbd+Pbe —Pde§0
- ac+Pad+Pa6_Pbc _Pbe +Pce_Pde§0
- ac+Pad+Pae_Pbc - cd+Pce_Pde§0
— Padg + Pae — Py + Poe — Peq + Pee — Pge <0
Pae_Pbc_Pbd+Pb6_Pcd+Pce_PdeSO
— Py + Pad + Pae = Poc — Podg + Poe — Pea + Pee — Pge <0
— Pop + Pac — Pad + Pae — Poa + Poe — Pea + Pee — Pie <0
- ab+Pac +Pae_Pbc_Pbd+Pbe_Pcd+Pce_PdeSO
_Pac+Pad+Pae_Pbc_Pbd+Pbe_Pcd+Pce_PdeSO

- ae+Pbc +Pde§1

- ae+Pbc + Pee <1

- ae+Pbc +Pcd <1

_Pae+Pbc +Pbe <1

_Pae+Pbc+Pbd <1

Pcd_Pce+Pde§1

Pbe_Pcd +PdeS1

Pbe_Pcd+Pce <1

Pbe - ce+Pde§1

Pog — Pe + Pie <1

Pbd_Pbe + Pee <1

Pyq — Ped + Pie <1

Pbd - cd+Pce <1

Pbd - ce+Pde§1

Poe — Pog + Pae <1

Pbc Pbd +Pce <1

Poe — Pyg + Pea <1

Poe — Pog + Ppe <1

Pbc _Pbe +Pde§1

Pbc _Pbe +Pce <1

Pbc — Led +Pde§1

Pbc - cd+Pce <1

Pbc - ce""PdeSl

Pye _Pbd +Pde§1

Pae _Pbd +Pce <1

Pye _Pbd +Pcd <1

Pae _Pbd+Pbe <1

Pye _Pbe +Pde§1

Pae _Pbe +Pce <1

Pye — Led +Pde§1

Pae - cd+Pce Sl

Pae _Pce+Pde§1

Pad_Pae +Pde§1

Pzzd_Pae +Pce <1
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Online Supplement to QTEST 16

Pad_Pae +Pcd <1
Pad_Pae +Pbe <1

Poqg — Pe + Pyg <1

Pzzd _Pbc +Pde§1

Pad _Pbc + Pee <1

Pad _Pbc +Pcd <1

Pad _Pbc +Pbe <1

Pod — Bye + Ppa <1

Pad — Py + Pae <1

Pod — Ppa + Pee <1

Pad — Py + Pea <1

Pog — Boa + Be <1

Pad _Pbe +Pde§1

Pad _Pbe + Pee <1

Pzzd ) +Pde§1

Pad - cd+Pce <1

Pad - ce+Pde§1

Pog + Pae — Ppe <1
Pac_ ad +Pde§1
Poe — ad + Pee <1
Pac_ ad +Pcd <1
Poe — ad +Pbe <1
Poc — Pad + Pha <1
Pac_Pad+Pae <1
Pac _Pae +Pde§1
Pac _Pae +Pce Sl
Pye — Pae +Pcd <1
Pac _Pae +Pbe <1
Pyc — Pae +Pbd <1
Pac _Pbc +Pde§1
Pyc _Pbc + Pee <1
Pac _Pbc +Pcd <1
Pac _Pbc +Pbe <1
Poc — Bye + Ppa <1
Pac _Pbd +Pde§1
Pac _Pbd +Pce <1
Pac _Pbd +Pcd <1
Pye _Pbd+Pbe <1
Pac _Pbe +Pde§1
Pyc _Pbe + Pee <1
Pac ) +Pde§1
Pac - cd+Pce <1
Pac - ce"‘PdeSl
Pyc +Pae_Pbc <1
Pab_Pac +PdeS1
Pab_Pac + Pee <1
Pab_Pac +Pcd <1
Pab_Pac +Pbe <1



Online Supplement to QTEST 17

Pop — Pac + Poa <1
Pab_Pac +Pbc <1
Pab_Pac + Pae <1
Pab_Pac+Pad <1
Pab ad +Pde<1
Pab ad +Pce <1
Pab ad +Pcd <1
Pab ad +Pbe <1
Fap ad + Poa <1
Pab ad+Pae <1
P — Pae + Pge <1
Pab _Pae +Pce <1
Pab _Pae +Pcd <1
Pab — Poe +Pbe <1
Pab _Pae +Pbd <1
Pab _Pbc +Pde§1
Pab _Pbc +Pce <1
Pab _Pbc +Pcd <1
Pab _Pbc +Pbe <1
Fap — Py + Py <1
Fap — Ppa + Pge <1
Pab _Pbd + Pee <1
Fap — Ppa + Pea <1
Py — Pod + Pe <1
Pab _Pbe +Pde§1
Pab _Pbe +Pce <1
Pab e +Pde§1
Pab - cd+Pce <1
Pab _Pce“‘PdeSl
Pab +Pae_Pbc <1
- ae+Pbc +Pcd—Pce+Pde§1

- ae+Pbc +Pbe_Pcd +Pde§1

- ae+Pbc +Pbe_Pcd+Pce <1

- ae+Pbc +Pbe - ce+Pde§1
_Pae+Pbc+Pbd_Pbe +Pde§1
_Pae+Pbc+Pbd_Pbe +Pce <1

- ae+Pbc+Pbd — Led +Pde§1
_Pae+Pbc+Pbd - cd+Pce <1

- ae+Pbc+Pbd - ce+Pde§1

Poe — Pog + Pedg — Pee + Pge <1

Poe = Pog + Ppe — Pea + Pie <1
Pbc_Pbd+Pbe_Pcd+Pce <1

Poe — Pog + Ppe — FPee + Pie <1

Pye _Pbd +Pcd_Pce+Pde§1

Poe — Poa + Poe — Pea + Pae <1

Pae _Pbd+Pbe_Pcd+Pce <1

Pae _Pbd+Pbe _Pce+Pde§1

Pad_Pae

+ Peg — Pee + Pge <1
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Online Supplement to QTEST 18

Pad_Pae +Pbe_Pcd +Pde§1
Pad_Pae +Pbe_Pcd+Pce <1
Pad_Pae +Pbe - ce+Pde§1
Pad_Pae +Pbd_Pbe +Pde§1
Paqg — Pe + Pyg — Ppe + Pee <1
Pad_Pae +Pbd — Led +Pde§1
Paqg — Pae + Py — Peg + Pee <1
Pad_Pae +Pbd _Pce+Pde§1
Pad _Pbc +Pcd_Pce+Pde§1
Pad _Pbc +Pbe_Pcd +Pde§1
Pad _Pbc +Pbe_Pcd+Pce <1
Pad _Pbc +Pbe - ce+Pde§1
Pod — Poc + Poa — Phe + Pie <1
Pad _Pbc+Pbd_Pbe + Pee <1
Poa — Poc + Pra — Ped + Pie <1
Pad _Pbc+Pbd - cd+Pce <1
Pad _Pbc+Pbd - ce""PdeSl
Pad _Pbd +Pcd_Pce+Pde§1
Pod — Pog + Poe — Pea + Page <1
Pad —Pbd+Pbe_Pcd+Pce <1
Pod — Bog + Be — Pee + Pge <1
Pog + Pae = Poe — Pog + Pae <1
Pad+Pae_Pbc_Pbd + Pee <1
Pad+Pae_Pbc_Pbd +Pcd <1
Pog + Pae = Poc — Pog + Ppe <1
Pad+Pae_Pbc _Pbe +Pde§1
Pog + Pae — Pye — Bpe + Pee <1
Pad+Pae_Pbc — Led +Pde§1
Pog + Pae — Ppe — Peg + Pee <1
Pad+Pae_Pbc _Pce+Pde§1
Poe — ad +Pcd_Pce+Pde§1
Pac_ ad +Pbe_Pcd +Pde§1
Poc — ad +Pbe_Pcd+Pce <1
Py — ad +Pbe - ce‘i'PdeSl
Pac_ ad +Pbd_Pbe +Pde§1
Py — ad +Pbd_Pbe + Pee <1
Pac_ ad +Pbd — Led +Pde§1
Pye — ad +Pbd - cd+Pce <1
Pac_ ad +Pbd - ce+Pde§1
Poc — Paa + Pae — B + Pge <1
Pac_Pad+Pae _Pbd +Pce <1
Poc — Pag + Pae — B + Peg <1
PaC_Pad+Pae _Pbd+Pbe <1
Pac_Pad+Pae _Pbe +Pde§1
Pac_ ad"‘Pae _Pbe +Pce Sl
Pac_Pad+Pae — Led +Pde§1
Pac_Pad"‘Pae - cd+Pce <1
Pac_Pad+Pae - ce+Pde§1
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Pab_Pac
Pyp — Pye
Pab_Pac
Pab_Pac
Pab_Pac
Pab_Pac
Pyp — Pye
Pab_Pac
Pyp — Py
Pab_Pac
Pyp — Pye
Pab_Pac
Pyp — Pye
Pab_Pac
Pop — Pac
Pab_Pac
Pab_Pac

Online Supplement to QTEST 19

— Pae +Pcd_Pce+Pde§1
_Pae +Pbe_Pcd +Pde§1
— Pae + Ppe — Peq + Pee <1
_Pae +Pbe - ce""PdeSl
— Pae + Pog — Ppe + Py <1
_Pae +Pbd_Pbe +Pce <1
— Pae + Py — Led + Pge <1
_Pae +Pbd - cd+Pce <1
—Pae +Pbd —Pce+Pde§1
_Pbc +Pcd_Pce+Pde§1
— Bpe + Ppe — Pea + Pge <1
_Pbc +Pbe_Pcd+Pce <1
_Pbc +Pbe - ce+Pde§1
— Poc + Pog — Pie + Page <1

_Pbc+Pbd_Pbe +Pce <1

— Poc + Pog — Peg + Pae <1
_Pbc+Pbd - cd+Pce <1

— Poc + Pog — Pee + Pge <1

_Pbd +Pcd_Pce+Pde§1

— Pog + Ppe — Peq + Pae <1

— Poa + Poe — Pea + Pee <1

_Pbd+Pbe _Pce+Pde§1

+ Pae — Poc — Pod + Pie <1
+Pae_Pbc_Pbd +Pce <1
+Pae_Pbc_Pbd +Pcd <1
+Pae_Pbc_Pbd+Pbe <1
+Pae_Pbc _Pbe +Pde§1
+Pae_Pbc _Pbe +Pce <1
+Pae_Pbc — Led +Pde§1
+Pae_Pbc - cd+Pce <1
+Pa6_Pbc - ce+Pde§1
- ae+Pbc +Pde§1
- ae+Pbc + Pee <1
- ae+Pbc +Pcd <1
_Pae+Pbc +Pbe <1
_Pae+Pbc+Pbd <1
+Pcd_Pce+Pde§1

+Pbe_Pcd +Pde§1

+Pbe_Pcd+Pce <1

+Pbe - ce+Pde§1

+ Poa — Phe + Pae <1

+Pbd_Pbe + Pee <1

+ Ppa — P + Pie <1

+Pbd - cd+Pce <1

+Pbd - ce+Pde§1

+ Poc — Pha + Pae <1
+Pbc_Pbd +Pce <1

+ Poe — Pod + Pea <1
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Online Supplement to QTEST 20

Pop — Pac + Poe — Pod + Phe <1
Pab_Pac +Pbc _Pbe +Pde§1
Pop — Pyc + Ppe — Be + Pee <1
Pab_Pac +Pbc — Led +Pde§1
Pop — Pyc + Ppe — Peg + Pee <1
Pab_Pac +Pbc - 06+Pd6S1
Pyp — Pye + Pe — B + Pge <1
Pab_Pac +Pae _Pbd +Pce <1
Pyp — Pye + Pe — B + Peg <1
Pab_Pac +Pae _Pbd+Pbe <1
Pyp — Pye + Pae — Be + Pge <1
Pab_Pac +Pae _Pbe +Pce <1
Pab_Pac +Pae — Led +Pde§1
Pab_Pac + Pee - cd+Pce <1
Pab_Pac +Pae - ce+Pde§1
Pop — Pac + Pag — Pae + Py <1
Pab_Pac+Pad_Pae +Pce <1
Pop — Pac + Pag — Pae + Peg <1
Pab_Pac+Pad_Pae +Pbe <1
Pop — Pac + Pag — Pae + Ppa <1
Pab_Pac+Pad _Pbc +Pde§1
Pop — Pac + Pag — By + Pree <1
Pab_Pac+Pad _Pbc +Pcd <1
Pab_Pac+Pad _Pbc +Pbe <1
Pop — Pac + Pad — Pye + Pra <1
Pab_Pac+Pad _Pbd +Pde§1
Pop — Pac + Pag — Bpq + Pee <1
Pab_Pac+Pad _Pbd +Pcd <1
Pop — Pac + Pad — Pog + Ppe <1
Pab_Pac+Pad _Pbe +Pde§1
Pop — Pac + Pag — Be + Pree <1
Pab_Pac+Pad — Led +Pde§1
Pop — Pac + Pag — Peg + Pee <1
Pab_Pac+Pad - ce+Pde§1
Pab_Pac+Pad+Pae_Pbc <1
Pab — LTad +Pcd_Pce+Pde§1
Pab — 1ad +Pbe_Pcd +Pde§1
Pab — Lad +Pbe_Pcd+Pce <1
Pab — Iad +Pbe - 06+Pd6§1
Fap — Paa + Poa — Ppe + Pae <1
Pab — ITad +Pbd_Pbe +Pce <1
Fap — Paa + Poa — Pea + Pae <1
Fap — P + Ppa — Pea + Free <1
Pab — Lad +Pbd - ce+Pde§1
Py — Pag + Pae — Ppa + Pge <1
Pab - ad+Pae _Pbd +Pce <1
Py — Pag + Pae — Ppa + Pea <1
Pab - ad+Pae _Pbd+Pbe <1
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Online Supplement to QTEST 21

ad+Pae _Pbe +Pde§1
ad+Pae _Pbe +Pce <1
ad + Pae — Led + Py <1
ad+Pae - cd+Pce <1
ad+Pae - ce+Pde§1
_Pae +Pcd_Pce+Pde§1
— Poe +Pbe_Pcd +Pde§1
_Pae +Pbe_Pcd+Pce <1
—Pae +Pbe —Pce+Pde§1
— Pae + Pod — Phe + Pae <1
— Pae +Pbd_Pbe + Pee <1
_Pae +Pbd — Led +Pde§1
_Pae +Pbd - cd+Pce <1
_Pae +Pbd - ce+Pde§1
_Pbc +Pcd_Pce+Pde§1
_Pbc +Pbe_Pcd +Pde§1
_Pbc +Pbe_Pcd+Pce <1
_Pbc +Pbe _Pce+Pde§1
— Pyoc + Pog — P + Page <1
_Pbc+Pbd_Pbe + Pee <1
— Poc + Poa — P + Pge <1
_Pbc+Pbd - cd+Pce <1
— By + Pod — Pee + Pie <1
_Pbd +Pcd_Pce+Pde§1
— Pog + Poe — Peq + Pae <1
_Pbd+Pbe_Pcd+Pce <1
_Pbd+Pbe _Pce‘i'PdeSl
+Pae_Pbc_Pbd +Pde§1
+Pae_Pbc_Pbd + Pee <1
+Pae_Pbc_Pbd +Pcd <1
+Pae—Pbc_Pbd+Pbe <1
+Pae_Pbc _Pbe +Pde§1
+Pae_Pbc _Pbe + Pee <1
+Pae_Pbc — Led +Pde§1
+Pae_Pbc - cd"‘Pce <1
+Pa6_Pbc - ce+PdeS1
Pad+Pae_Pbc_Pbd +Pcd_Pce+Pde§1
Pog + Pae — Poc = Pog + Pope — Pea + Pae <1
Pad+Pae_Pbc_Pbd+Pbe_Pcd+Pce <1
Pog + Pae = Poc — Pog + Pie — Pee+ FPge <1
Pad+Pae _Pbd +Pcd_Pce+Pde§1
Pag + Poe — Pog + Poe — Prq + Pae <1
Pad+Pae _Pbd+Pb€_PCd+PC€ <1
Pog + Pae — Bpg + Ppe — Pee + Pge <1
+ Pae — Poe — Pod + Ped — Pee + Pge < 1
+Pae_Pbc_Pbd+Pbe_Pcd +Pde§1
+Pae_Pbc_Pbd+Pbe_Pcd+Pce <1

+Pae_Pbc_Pbd+Pbe - ce+Pde§1
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Pab_Pac+Pad
Pop — Pac + Pag
Pab_Pac+Pad
Pop — Pac + Pag
Pab_Pac+Pad
Pop — Pac + Pag
Pab_Pac+Pad
Pab_Pac+Pad
Pop — Pac + Pag
Pab_Pac+Pad
Pop — Pac + Pag
Pab_Pac+Pad
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- ae+Pbc +Pcd_Pce+Pde§1

_Pae+Pbc +Pbe_Pcd +Pde§1

- ae+Pbc +Pb5_Pcd+Pce <1

- ae+Pbc +Pbe - ce+Pde§1

- ae+Pbc+Pbd_Pbe +Pde§1

- ae+Pbc+Pbd_Pbe +Pce <1

- ae+Pbc+Pbd — Led +Pde§1
_Pae+Pbc+Pbd - cd+Pce <1
_Pae+Pbc+Pbd _Pce+Pde§1

+ Poe — Pod + Ped — Pee + Pie < 1

+ Poc — Poa + Poe — Peq + Pae <1
+Pbc_Pbd+Pbe_Pcd+Pce <1

+Pbc_Pbd+Pbe - ce+Pde§1

+ Pee _Pbd +Pcd_Pce+Pde§1

+Pae _Pbd+Pbe_Pcd +Pde§1

+ Pee _Pbd+Pbe_Pcd+Pce <1

+Pae _Pbd+Pbe - ce+Pde§1
Pab_Pac+Pad_Pae +Pcd_Pce+Pde§1
Pab_Pac+Pad_Pae +Pbe_Pcd +Pde§1
Pop — Pac + Pag — Pae + Pye — Peq + Pee <1
Pab_Pac+Pad_Pae +Pbe - ce+Pde§1
Pop — Pac + Pag — Pae + Pyqg — Ppe + Pge <1
Pab_Pac+Pad_Pae +Pbd_Pbe + Pee <1
Pab_Pac+Pad_Pae +Pbd — Led +Pde§1
Pop — Pac + Pag — Pae + Pyg — Peg + Pee <1
Pab_Pac+Pad_Pae +Pbd - ce+Pde§1
_Pbc +Pcd_Pce+Pde§1

_Pbc +Pbe_Pcd +Pde§1

_Pbc +Pbe_Pcd+Pce <1

_Pbc +Pbe - ce+Pde§1

— Poc + Pog — Pie + Pae <1

— Boc + Pog — Ppe + Pee <1

— Boc + Py — Peg + Pae <1

_Pbc+Pbd - cd+Pce <1

_Pbc+Pbd _Pce+Pde§1

_Pbd +Pcd_Pce+Pde§1

— Pog + Pre — Prd + Pie <1

_Pbd+Pbe_Pcd+Pce <1

_Pbd+Pbe - ce""PdeSl

Pop — Pac + Pad + Pae — Poe — Poa + Pae <1
Pab_Pac+Pad+Pae_Pbc_Pbd +Pce <1
Pop — Pac + Pad + Pae — Poe — Poa + Pea <1
Pab_Pac+Pad+Pae_Pbc_Pbd+Pbe <1
Pop — Pac + Pag + Pae — Doc — Be + Pge <1
Pab_Pac+Pad+Pae_Pbc _Pbe + Pee <1
Pab_Pac+Pad+Pae_Pbc — Led +Pde§1
Pab_Pac+Pad+Pae_Pbc - cd+Pce <1

Pab_Pac+Pad+Pae_Pbc - ce+Pde§1



773) Pu,
774) P
775) P,
776) P
T77) P,
778) Py
779) P
780) P
781)
782)
783)
784)

- ad+Pzze
- ad+Pae
— Pad + Pae
- ad+Pae

Pop — Pac + Pag + Pae
Pab_Pac+Pad+Pae
Pop — Pac + Pog + Pae
Pab_Pac+Pad+Pae

+ Pae

+Pae_

+ Pae

+Pae_

_Pbc

— Py

— Pog + Pre — Peg
— Bpg + Ppe —
— Pyqg + Ppe
— B
Pye — Ppg + Pye — Peg
_Pbc_Pbd+Pbe_Pcd+Pce
Pye — Ppg + Ppe
—Pbc—
— Bye — Pog + Poe — Pea
_Pbc_Pbd+Pbe_Pcd+Pce
— Bpe — Pog + Ppe

Pyq
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+Pcd_Pce+Pde§1
+ P <1

<1

ce""PdeSl
+Pcd_Pce+Pde§1
+ P <1

<1

ce+Pde§1
+Pcd_Pce+Pde§1
+Pde§1

<1

ce+Pde§1

4 Facet-defining inequalities for Cash I, Random CP7T — G&

OgPabSPaCSPadgpbcgpaeSPdePbegpcdgpceSPdegl

5 Facet-defining inequalities for Cash II, Random CP7T — KT

< Psap <

0< Pprg < Pog < Pcp < Ppg < Ppp < Pag <PBC<PACSPABS1-

6 Facet-defining inequalities for Cash II, Random CPT — G&

1 —20) 0 < P;; <1 for all distinct ¢ and j in the set of lotteries {A, B,C, D, E'}.

21) — Pap

+

+
Pap
Pap

Pap
Pap
Pap
Pip +
Pap +
Pip +

Pug
Pug

Pag
Pug
Pag

— Ppp
— Pgg
- Ppc
— Ppp
— Ppc
— Ppp
— Ppg
— Pep
- FPeg

— Ppg
— Pep
— FPog
— Ppp
— Ppg

<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0

- Ppp <0
— Ppc + Pcg— Ppe <0
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- Ppc + Pop— Pek <0

— Ppo + Pep — Ppp <0

- Ppc + Pgg - Pcg <0

— Ppo + Ppp — Ppg <0

— Ppc+ Ppp— PBg <0

— Ppc+ Ppp — FPep <0

— Ppc+ Ppp — FPegp <0

— Ppc+ Ppp — Ppp <0

— Ppp + Pocg— Ppe<0

— Ppp + Pop— Pk <0

— Ppp + Pep — Ppp <0

— Ppp+ Pgg — FPeg <0

— Ppp+ Ppg — Ppg <0

— Ppg + Pocg— Ppe <0

— Pep+ Peg— Ppe <0

Pag — Ppc— Ppp <0
Pap — Ppc — Ppgp <0
Pag — Ppc — Fep <0
Pagp — Ppc — Pog <0
Pag — Ppc — Ppp <0

+ Pgpg— Pcp— FPcg <0

+ Ppg— Fcp — Ppp <0

Pap+ Pagp— Ppc— Pgp <0
Pap + Pagp— Ppc — Ppg <0
+ Pap— Ppc— Psp <0

+ Pap— Ppc — Ppg <0

+ Pag — Ppp + Pep— Pog <0

+ Pagp — Ppp+ Pgg — PoE <0
Pap — Ppc + Pop— Poe <0
Pap — Ppc + Ppg - Pog <0
Pap — Ppc+ Ppp— Ppe <0
Pap — Ppc+ Pgp - FPep <0
Pap — Ppc+ Ppp — FPegp <0
Pap — Ppp + Pop— FPce <0
Pap — Ppp+ Ppg — Peg <0
Pap+ Pap— Ppc— Psp <0
Pap+ Pagp— Ppc — Ppg <0
Pap + Pagp— Ppc — Fop <0
Pap + Pagp— Ppc — Pog <0
Pap + Pag — Ppp + Pce— Ppg <0
Pap + Pagp — Ppp + Pep— Per <0
Pap + Pag — Ppp + Pop — Ppp <0
Psp + Par — Pep+ Pgp — Ppg <0
Pap + Pag — Ppg + Pocg— Ppep<0
Pap + Pag — Pep+ Pce— Ppe <0
— Ppc+ Ppp— PBg + Poce— Ppp <0

— Ppc+ Ppp — Pep+ Pecp— Ppe <0

Psg — Ppc— Ppp + Pcg— Ppe<0
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Pag— Ppc— Pgp + Pop— Poe <0
Pap — Ppc— Psp + Pep — Ppp <0
Pag— Ppc— Ppp+ Ppe — FPeg <0
Pap— Ppc— Ppp+ Ppr — Ppp <0
Pag — Ppc — Ppg + Pce— Ppp <0
Pap — Ppc — Ppp+ Pep— FPcr <0
Pag — Ppc — Ppg+ FPep — Ppg <0
Pagp — Ppc — Pep+ Pep— Ppp <0
+ Pap— Pagp— Ppc + Pocg— Ppe<0
+ Pap — Pag — Ppp + Pcg— Ppe <0
+ Pap — Ppp— Ppg+ Pcp— FPcEk <0
+ Pap — Ppp— Pg+ FPcp — Ppp <0
Pap+ Pac— Pap — Ppo + Pocg— Ppp <0
Pap+ Pac — Pap - Ppc + Pep — Pek <0
Pap+ Pac— Pap — Ppo + Pep — Ppp <0
Pap + Pac — Pagp— Ppo + Pce— Ppg <0
Pap + Pac — Ppc — Ppp+ FPecp— FPer <0
Pap + Pac — Ppc — Ppg+ Fep — Ppp <0
— Pac— Pap+ Par + Ppeg— FPcp — Ppp <0
— Pac — Ppoc+ Ppp+ Ppg— FPep— FPek <0
— Pac — Ppc+ Ppp+ Ppeg— Fcp — Ppp <0
— Pac+ Pap+ Pap— Ppc— Psp + Pop— Poe <0
— Pac+ Pap+ Pap— Ppc— Pp+ Pe — FPeg <0
— Pac+ Pap+ Parp— Ppc — Ppg+ FPep— Feg <0
Pap — Pac +2Pap — Ppp— Ppg+ Pcp— FPck <0
—2Pac + Pag + Ppg— Pecp— FPogk <0
—2Pac+ Pap + Ppg— Pop— Pog <0
— Pip+2Psp — Pgc — Ppgp+ FPcp—2FPcE <0
Pap + Pap —2Ppc+ Ppp— Ppe+ Fcp — Ppp <0
Pap + Pap+ Pap— Ppc — 2P+ Fep — Ppp <0
Pap+ Pac —2Ppc+ Ppp— Ppe+ FPep— Feg <0
Pap+ Pac —2Pgc+ Ppp— Ppeg+ Fcp — Ppp <0
Pap + Pac + Pag— Ppc —2Ppgp+ FPop — Feg <0
Pap+ Pac + Pag— Ppc —2Ppg + FPep — Ppp <0
—2Pac+ Pap — Ppc+ Ppp+ Ppg— FPep— Feg <0
Pap — Pac +2Pap —2Ppc+ Ppp— Ppg+ FPep— FPck <0
Pap — Pac+2Pap+ Pag— Ppc —2Pgp+ Pep — Pck <0
Pap+ Pac— Pap+2Pag— Ppc —2Ppg + FPep— FPek <0
Pap+ Pac— Pap+2Psgp— Ppc —2Ppg + FPcp — Ppp <0
Pap + Pap — Pag — Ppp— P+ Pep+ Porp—2Ppeg <0
Pap + Pac — Pag— Ppc — Ppg+ Pep+ Pecp—2Ppg <0
Pap + Pap+ Pag—2Ppc+ Ppp—2Ppe+ FPcp — Ppp <0
Pap+ Pac + Pag—2Ppc+ Ppp —2Pgg+ Pop— FPce <0
Pap + Pac + Pagp—2Ppc+ Ppp —2Ppgp+ Fcp — Ppp <0
Pap — Pac +2Pap+ Pagp—2Ppc+ Ppp—2Pgg+ Pcp— FPck <0
Pap + Pap— Pagp—2Ppc+ Ppp— Ppe+ Pop+ Pog—2Ppp <0
Pap + Pac — Pagp—2Pgc+ Ppp— P+ Pcp+ Pcg—2Ppg <0

Pecp— Peg+ Ppe <1
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Pgp — Pgg + Ppp <1
Ppp — Ppp + Pog <1
Ppc — Ppp + Pep <1
Ppc — Ppg + Ppp <1
Ppc — Ppp + Pcog <1
Pap — Ppp + Ppp <1
Pag — Ppp + FPcg <1
Pap — Ppp + FPep <1
Pag — Ppp+ Pgg <1
Pag — Ppg + Ppp <1
Pag — Ppg + Pog <1
Pag — Ppg+ FPep <1
Pap — Pagp + Ppp <1
Pap — Pag + Pcg <1
Pap — Ppc + Ppp <1
Pap — Ppc + FPcg <1
Pap — Ppc + FPep
Pap — Ppc + Pgg
Pap — Ppc+ Ppp
— Ppp + Ppg

N
—_

Pap — Pep+ Pgg

— Ppg + Ppe
Pap — Ppg + FPcg
Pap — Ppg+ Fep

<
)

|
F
=
+
>
S|

Pap + Pagp — Ppc
Pac — Pap + FPcg
Pac — Pap + FPep
Pac — Pagp + Ppg
Pac — Pag + Pk
Pac — Ppo + Ppgp
Pac — Ppc + Pog
Pac — Ppo + Pep
Pac - Ppc + Pgg
Pac — Ppc+ Ppp
Pac — Ppp + Ppe
Pac — Ppp + FPegp
Pac — Ppp + Fep
Pac — Ppp+ PpEg
— Ppg + Ppg

Pac — Ppg+ Fep

Pac + Pag— Ppc
Pap — Pac +
Pap — Pac + Pog
Pap — Pac + Pep
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+ PBg <1

+ Ppp <1

+ Ppco <1

+ Pag <1
Pap <1
Pap + Ppp <1
Pap + FPcg <1
Pap + FPep <1
Pap + Pgg <1
Pap + Ppp <1
Pap + Pagp <1
— Pag + Ppep <1

— Pagp + Pog <1

— Pag + Pep <1

— Pagp + Ppp <1

— Ppc + Ppp <1

- Ppc + Pogp <1

— Ppc + Fep <1

— Ppc + Ppgp <1

— Ppc+ Ppp <1

— Ppp + Ppp <1

— Ppp + Pog <1

— Ppp + Pcep <1

— Ppp+ Ppp <1

— Ppg + Ppp <1

— Ppg + Pog <1

— Ppg+ Fep <1

— Pocg+ Ppep<1

+ Pagp— Ppc <1

+ Pagp — Pep+ FPeg <1

+ Pap - Pep + Ppp <1
+ Pap — Pep+ Peg <1
— Pep+ FPer <1

— Pagp + Pgp — Pce+ Ppr <1

— Pap+ Ppc — Pepg+ Ppep <1
Pgc — Ppp + Pep— Pcg+ Ppep<l1

Pag — Ppp + Pop— Pece+ Ppp<1

Pag — Ppg+ Pep— Pep+ Ppep<1

Pap — Ppc + Pep— Pop+ Ppp<1
Pap — Ppc + Pgg — Pcg+ Ppe<1
Pap — Ppc+ Ppp— PpE + Ppp <1
Pap — Ppc+ Ppp— Ppg + Pcog <1
Pap — Ppc+ Ppp— P+ Fcp <1
Pap — Ppc+ Ppp - Pep+ Ppp<1
Pap — Ppp + Pcp— Pog+ Ppe<1
Pap — Ppp+ Ppg — Peg+ Ppep <1
Pap — Ppg+ FPep— Pece+ Ppep<1

Psp+ Pap— Ppc— Ppp + Ppg <1
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Pap+ Pagp— Ppc— Pgp + Pce <1

Pap+ Pagp— Ppc— Psp + Pop <1

Pap+ Pap— Ppc— Pp+ Ppg <1

Pap+ Pap— Ppc — Ppg + Ppp <1

Pap+ Pagp— Ppc — Ppp + FPcg <1

Pap + Pagp — Ppc — P+ Feop <1

Pap+ Pap— Ppc — Pcg+ Ppe <1
Pac — Pap+ Pagp — Ppp + Pogp <1
Pac — Pap+ Pag — Ppp + Pop <1
Pac — Pap+ Pag — Ppg + Pcg <1
Pac — Pap+ Pag — Ppg+ Fcp <1
Pac - Ppc + Pcp— Pcp+ Ppp <1
Pac — Ppc+ Ppp— Ppp + Ppp <1
Pac — Ppc+ Ppp— PBg + Pog <1
Pac — Ppc+ Ppp— Ppe+ Fep <1
Pac — Ppp + Pocp— Pecp+ Ppe <1
Pac — Ppg+ Pecp— Pecp+ Ppp<1
Pac + Pagp— Ppc— Psp + Ppp <1
Pac + Pap— Ppc— Ppp + FPegp <1
Pac + Pagp— Ppc— Psp + Pcop <1
Pac + Pagp— Ppc— Ppp+ Ppg <1
Pac + Pag— Ppc — Ppg + Pprp <1
Pac + Pag— Ppc — Ppg + Pog <1
Pac + Pag— Ppc — Ppg+ Fep <1
Pac + Pecp— Pocp+ Ppe<1
Pac + Ppg — Peg+ Ppep <1
Pac + Ppp — Ppg + Ppp <1
Pac + Ppp— Pg + FPegp <1
Pac + Ppp — Pcp+ Ppep <1
Pac + Ppc— Ppp + FPep <1
Pac + Ppc — Ppg + Ppp<1
Pyc + Ppc — Ppgp + FPeg <1
Pac + Ppc — Pce+ Ppp <1
Pac + Pag — Ppp + Ppp <1
Pac + Pag — Ppp + Pog <1
Pyc + Pag — Ppp + Pcp <1
Pac + Pag — Ppp+ Ppp <1
Pac + Pag — Ppg + Ppp <1
Pac + Pag — Ppgp + FPegp <1
Pac + Pag — Ppe+ Fcp <1
Pac + Pagp — Pocp+ Ppep<1
Pisc+ Pap — Pag + Ppp <1
Pisc+ Pap — Pag + Pog <1
Pisc+ Pap — Pag + Pep <1
Pisc+ Pap — Pag + Pge <1
Pac+ Pap — Ppo + Ppep <1
Psc+ Pap - Ppc + Fce <1
Pac+ Pap — Ppo + Pep <1
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Pap — Pac+ Pap — Ppc + Pgg <1
Pap — Pac+ Pap — Ppo+ Ppp <1
Pap — Pac+ Pap — Ppp + Ppp <1
Pap — Pac+ Pap — Ppp + Pog <1
Pap — Pac+ Pap — Ppp + Pep <1
Pap — Pac+ Pap — Ppp+ PBp <1
Pap — Pac+ Pap — Pgg + Ppp <1
Pap — Pac+ Pap — Ppp + FPegp <1
Pap — Pac+ Pap — P+ Fep <1
Pap — Pac+ Pap — Pcp+ Ppr<l1
Pap — Pac+ Pap+ Pagp— Ppc <1
Pap — Pap + Pop— Pce+ Ppe<1
Pap — Pap + Ppp— Pprp + Ppp <1
Pap — Pap + Ppp— PBg + Pk <1
Pap — Pap+ Pag — Ppp + Ppp <1
Pap — Pap+ Pag — Ppp + FPcg <1
Pap — Pap+ Pag — Ppp + FPep <1
Pap — Pap+ Pag — Ppp+ Pgg <1
Pap — Pap+ Pag — Ppp + Ppgp <1
Pap — Pap+ Pag — Ppg + FPck <1
Pap — Pap+ Pag — Ppg+ Fep <1
Pap — Pag + Pop— Pop+ Ppe<1
Pap — Pag + Ppg — Pcp+ Ppe<l1
Pap — Ppc + Pop— Pece+ Ppp<1
Pap — Ppc + PBg — Pcg+ Ppe<1
Pap — Ppc+ Ppp— PBE + Ppg <1
Pap — Ppc+ Ppp— PBg + Pcg <1
Pap — Ppc+ Ppp— Ppe+ Pcp <1
Pap — Ppc+ Ppp — Pcg+ Ppe<1
Pap - Ppp + Pep— Pop+ Ppep<1
Pap — Ppp+ Pgg — Pcp+ Ppep <1
Pap — Pgg+ Pep— Pecp+ Ppp<1
Pap + Pap— Ppc— Psp + Ppp <1
Pap + Pagp— Ppc— Psp + Pog <1
Pap + Pap— Ppc— Psp + Pep <1
Pap + Pap— Ppc— Pp+ Pr <1
Pap + Pagp— Ppc — Ppg + Ppp <1
Pap + Pagp— Ppc — Ppg + Pcg <1
Pap + Pagp— Ppc — Ppep+ Fep <1
Pap + Pagp— Ppc — Pcg+ Ppe <1
Pap +2Pagp — Ppp — Pep+ FPer <1
Pap +2Psp — Ppg— Pep+ Feg <1
Pap +2Pap — Ppp - Pcp + Ppep <1
Pap +2Pap — Ppp — Pep+ Fegp <1
Pap +2Pyc — Ppc — Pep+ Peg <1
Pap + Pag + Ppp— Ppe— Pop+ Poe <1
Pap + Pagp+ Ppc — Ppg— FPep+ Feg <1

Pyp + Pap — Ppc+ Psp - FPep + Ppp <1



Online Supplement to QTEST 30

Pap + Pap — Ppc+ Pgp — Pep+ FPeg <1
Pap + Pap + Ppc— Ppp— Pp+ FPcp <1
Pap + Pap + Pc— Ppp — Pcp+ Ppe<l1
Pap + Pap+ Pag — Ppp — FPep + Ppp <1
Pap + Pap+ Pag — Ppg— Fep + Ppp <1
Pap + Pac — Ppc+ Ppp — Pep+ FPee <1
Pap+ Pac + Pag — Ppp — Pep+ Peg <1
Pap+ Pac+ Pap — Ppp - FPep + Pprp <1
Pap+ Pac+ Pap — Ppp - Pep+ Peg <1
Pap+ Pac+ Pap — Ppp — Pop+ Pprp<1
— Pac+ Pap + Ppp— Pecp— Pocp+ Ppp<1

— Pac+ Pap + Ppc — Pep— Pep+ Ppep <1
Pap — Pagp — Ppg+ Pep+ Peg— Ppep<1

Pac — Pap — Pag + Pcp— Pcp+ Ppe <1

Pac — Pagp — Ppg+ FPep+ Pecp— Ppep <1

Pap — Pap— Pag + Ppp — Pecp+ Ppe<l1
Pap — Ppc+ Ppp— P+ Pop— Pep+ Ppe<l1

Pap + Pagp— Ppc— Ppp + Pep— Pop+ Ppp<1

Pap + Pap— Ppc— Ppp+ Ppgp — Pep+ Ppep<1

Pap+ Pagp— Ppc — Ppp+ FPep— Pep+ Ppp <1

Pac — Ppc+ Ppp— Ppp+ FPecp— Pecp+ Ppep<l1

Pac + Pagp— Ppc— Psp + Pep— Pep+ Ppp<1

Pac + Pag— Ppc — Pgg+ FPecp— Pecp+ Ppp<1
Pap — Pac + Ppc— Psp + Pop— Pece+ Ppp<l1
Pap — Pac + Pag — Ppp + Poep— Pop+ Ppp<1
Pap — Pac + Pag — Ppp+ Ppp — Pep+ Ppp <1
Pap — Pac + Pag — Ppp+ Pep— Pecp+ Ppp<1
Pap — Pac+ Pap— Pag + Pep— Pop+ Ppp<1
Pap — Pac+ Pap— Pag + Pgg — Pcp+ Pprp <1
Pap — Pac+ Pap - Ppc + Pep— Pece+ Ppp<1
Pap — Pac+ Pap — Ppc + Pgg — Pcp+ Ppep <1
Pap — Pac+ Pap — Ppc+ Ppp— PBg + Ppep <1
Pap — Pac+ Pap — Ppc+ Ppp— PBg + Pog <1
Pap — Pac+ Pap — Ppc+ Ppp— P+ Fcp <1
Pap — Pac+ Pap — Ppo+ Ppp — Pecg+ Ppp <1
Pap — Pac+ Pap — Ppp + Pep— Pop+ Ppp<1
Pap — Pac+ Pap — Ppp+ Ppg — Pep+ Ppp <1
Pap — Pac+ Pap — Ppg+ FPocp— Pep+ Ppp <1
Pap — Pac+ Pap+ Pag— Ppc— Ppp + Ppp <1
Pap— Pac+ Pap+ Pag— Ppc— Ppp + Pog <1
Pap — Pac+ Pap+ Pagp— Ppc— Ppp + FPep <1
Pap — Pac+ Pap+ Pagp— Ppc— Ppp+ Pgg <1
Pap— Pac+ Pap+ Pag— Ppc — Ppg + Ppg <1
Pap — Psc+ Pap+ Pag— Ppc — Ppp + FPeg <1
Pap — Pac+ Pap+ Pag— Ppc — Ppg+ Fep <1
Pap — Pac+ Pap+ Pagp— Ppc — Pecg+ Ppp <1
Pap — Pap+ Pag — Ppp + Pep— Pop+ Ppp<1

Pyp — Pap+ Pag — Ppg+ Pep— Pece+ Ppp<l1
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Pap — Ppc+ Ppp— Ppg+ FPep— Pece+ Ppep<1
Pap + Pap— Ppc— Psp + Pocp— Pop+ Ppp <1
Pap + Pap— Ppc— Pp+ Pr — Pcp+ Ppe<l1
Pap + Pap— Ppc — Ppg+ FPep— Pep+ Ppe <1
Pap + Pap +2Pagp — Ppc— Psp - Pep + Ppg <1
Pap + Pup +2Pisp — Pgpc — Ppg— Fcp + Ppp <1
Pap +2Psp + Pag— Ppc — Ppg— Fep + Ppp <1
Pap +2Pap + Pap— Ppc — Ppp— FPep+ FPer <1
Pap 4+ 2Psc + Pagp— Ppc— Psp — Pep+ Peg <1
Pap +2Psc + Pag— Ppc — Ppg— Pep+ Feog <1
— Pac+ Pap — Ppc +2Ppp — Pep— Pep+ Ppep <1
Pap — Pac — Pagp+ Ppc + Pgg— FPcp - Ppp <1
Pap + Pap + Ppc— Ppp— Ppg+ Pcp— Pop+ Ppp<1
Pap + Pap+ Pap— Ppc+ Pp— Ppe— Fcp + Ppp <1
Pap+ Pac+ Pap+ Pagp— Ppc — Ppg— Fep + Ppp<1

Pcp— Pcp+ Ppe<l1
Pcp+ Pocgp— Ppep<1

— Pac+ Pap
Pap — Pap— Ppc+ Ppp— Ppg+

— Ppc+ Ppp+ Pp—

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

) Pac — Pap— Ppc+ Ppp— Ppe+ Pecp+ Pop— Ppe<1

) Pap— Pac— Pap+ Pap+ Ppc — Pgep— Fop + Ppp <1

) Pap— Pac+ Pap — Pgc+ Ppp— Ppg+ Pecp— FPecp+ Ppp<1

) Pap— Pac+ Pap+ Pap— Ppc— Pgpp + Pcp— Pcp+ Ppe<1

) Pap— Pac+ Pap+ Pap— Ppc— Ppp+ Ppr — Pep+ Ppp <1

)  Pap— Pac+ Pap+ Pagp— Ppc — Ppg+ Pocp— Pocp+ Ppp<l1

) Pap— Pac — Pyg— Ppc+2Psp+ Ppeg— Fcp — Ppp <1

) — Pac+ Pap + Ppc —2Pcp+ Ppp <1

) — Pap +2Pap —2Pgc+ Ppp — Fep + Ppp <1

) — Pap +2Pap —2Ppc+ Ppp — Pcp+ Pek <1

) — Pap +2Pac —2Pgc + Ppp — Pep+ Fcg <1

) — Psc+ Pap — Ppc +2Ppg —2Pcp+ Ppp <1

) — Pac+ Pap — Ppc+2Ppp —2Pcg+ Ppp <1

) — Psc+ Pap — Ppp+2PpE —2Pcp+ Ppp <1

) Pac — Pap - Ppc +2Pcp —2Pcp+ Ppp <1

) Pac — Pap — Ppp +2Pcp —2Pcp+ Ppp <1
409) — Pap+ Pac+ Pap —2Ppc+ Pgp - FPep + Ppp <1
410) Pip+ Pac+ Pap —2Ppp + Pgg — Pocgp+ Ppp <1
411) — Pac+ Pap + Ppc— Ppp+ Ppr —2Pcp+ Ppp <1
412) — Pup + 2Psp + 2Psp — 2Ppc — Ppp — FPep + Ppp <1
413) — Pap +2Psp +2Pap — 2Pgc — Ppp — Pep+ Pog <1
414)— Pup + 2Pap + 2Psg — 2Ppc — P — Pcp + Ppp <1
415) — Pap +2Pap + 2Pap — 2Ppc — Ppg— FPep+ Fer <1
416) — Pap +2P4c +2Psr —2Ppc — Ppp — Pcp+ Fer <1
417) — Pap +2Pac +2Psg — 2Ppc — Ppg— Pep+ Feg <1
418) — Pap +2Psp+ Parg—2Ppc+ Ppp— Ppe— Fcp + Ppep <1
419) — Pap +2Psp+ Pag—2Ppc+ Ppp— Ppeg— Pcp+ Fck <1
420) — Pap+ Pac+ Pap+2Pap—2Ppc— Pgp - Pep + Ppp <1
421) — Pap+ Pac+ Pap+2Psg —2Ppc — Pg— Pcp + Ppp <1
422) — Pap +2Pac + Pag—2Ppc+ Ppp— Ppg— FPop+ Fck <1
423) — 2Pap + Pap+ Pagp+ Ppc— Pp— Psg— Pcp + Ppp <1



— Pap— Pac+ Pap+ Pag+ Pac
Pap —2Pac+ Pap — Pap+
Pap — Pac —2Pap+ Pap+

— Pup+

Piap+ Pac+ Pap+ Pap—

Pap — Pac+ Pap+ Pag-—

Pap —2Pac + Pap — Pap —

_ PAE _

Pyp — Pac

Pap — Pac
—2Pac+ Pap
—2Pac+ Pap

Pac — Pap +2Psg —

—2Pac + Pap

—2Pac+ Pap
Pap — Pac— Pap+
Pap — 3Pac + 2P4p —
Pap — 3Pac +2Pap —

Pip — 3Pac +2P4p —
Pap — 3Pac +2Pap —
Pap —
Pap —
Pap —
Pap —
Pap —
Pac — Pap
Pac -
Pac -
Pap+ Pac — Pap —
Pap —
Pap —
Pac -
Pac -
Pap+ Pac— Pap —
— Pup + 2P4sp
— Pap + Pap —
— Pap + Pap —
Pap
Pap -
Pac— Pap +
— Pac+ Pap—
— Pac+ Pap—
Pap
Pap — Pac+ Pap—
Pap+ Pac— Pap—
2Pap — Pap —
2PapB — Pap
Pap — Pac+ Pap—
Pap — Pac+ Pap—
2Pap — Pap

Pag
Pag
Pag
Pap
Pag
Pap
Pag
Pag
Pag
Pag

Pag
Pag
Pag
Pap
Pag
Pap
Pag
Pag

Pygp +2Pgpc — Ppp— Ppep+ FPcp+ Fck

— PBE —
Ppc + Ppp—
Ppc + Ppg —
Ppc + Ppp—

Ppc +2Ppp + Ppg —

Ppc +2Ppp + Ppp —

+2Ppg —

+ Pgc + Ppg —
Ppc

Ppc + Ppp +2Ppg —
Pgc +2Pgp + Ppgr —
Pgc —2Pgp + Ppg+
Ppc + Ppp—
Ppc +2Ppp + Ppp —
Ppc + Ppp—
Ppc +2Ppp + Ppg —
+ Ppgp

+ Ppp
Ppc

+ Ppp—

_|_
_|_

_l’_

+
Ppg +
Ppg +
Ppp +
Ppg +
Ppg +

_I_
Ppr +
Ppp +
Ppp +
Ppp +

+

+
_l_

Ppc
Ppc — Ppp +
+ Ppp—

+ Ppc
+ Ppp

+ Ppc

+ Ppc
+ Ppp
+ Ppc— Psp

2Ppc+ Ppp— Ppe— Fcp
Ppc+2Ppp — Ppp —2FPcp

Online Supplement to QTEST 32

2Pcp + Ppp <1
Pep — Ppp <1
Pep - Ppp <1
Pop —2Pcgp+ Ppe <1

+ Ppp <1

+ Ppp <1
Pep - Ppp <1

Pcp —2Pcgp+ Ppp <1
Pcp —2Pcg+ Ppr <1
Pep —2Pcp+ Ppep <1

—2Pgg +2FPcp —2Pcp+ Ppp <1

Pop —2Pcp+ Ppp <1
Pop —2Pcp+ Ppp <1
Pecp —2Pcg+ Ppe <1
Pop — Peog <1
Pep — Fogp <1
Pep —2Pcp+ Ppep<1
Pop —2Pcp+ Ppgp <1
— Pog+2Ppgp <2
— Pop+2Ppp <2
— Pop+2Ppp <2

Pecp+ Feg <2
Pcp+ Fce <2
Pep <2
Pcp+ Fce <2
Pop + FPeog <2
Pep <2
Pcp — Pcg+2Ppr <2
Pop — Pog+2Ppp <2
Pcp — Pcg+2Ppp <2
Pop — Pcg+2Ppp <2
Pcp — Pceg+ Ppp <2
Pcp — Pog+2Ppp <2

<2

Psg+2Pgc— Pp— P+ Pcp— Pog+2Ppgp <2

+ Ppc — Ppg+
Pip+ Ppc +
Pag+ Ppc—2Ppp+ Ppe+ Fcp
Pug + 2Pgp
Pusg +2Ppc

— Ppc+2Pgp — Ppg+
Pag + 2PpE
Pag
Pag + Ppp +

+ Ppp— Ppg+

Pag + Ppp+ Pprp
Psr + Ppc + Ppg

Pop —2Pcg +2Ppg <2
Pep —2Pcg +2Pprg <2
<2

— 2P +2Ppg <2
—2Pcp +2Ppp <2
Pcp —2Pcg +2Ppp <2
—2Pcp +2Ppr <2

+2Pcp —2Pcg +2Ppp < 2

— Ppc+2Pgp — Ppg+

Pcp —2Pcg +2Ppp <2
Pcp —2Pcg +2Ppp <2
—2Pogp 4+ 2Ppp <2
—2Pcr +2Ppr <2
Pecp —2Pcp +2Ppg <2
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472) — Pap + Pap +2Ppc — Ppp— Ppe+ Pcp—2FPcp+2Ppg <2
473) 2Psp — Pac — Pap + Ppc— Pgp+ P+ Pcp—2Pcg+2Ppg <2
474)  Pap+ Pac— Pap —2Pap + Psp + Pep —2Pcg +2Ppg <2

475)—2PAB +2Psp+ Pagp+ Ppc— Pp— Psg—2Pcp +2PpEg <2
476) Pyc — Pap —2Pagp+ Ppc— Ppp+ Ppg+ Pop—2Pcgp+2Ppp <2
477) 2Psp— Pac— Pap+ Pagp+ Ppc—2Ppp+ Ppr+ Pcp—2Pcrp+2Ppp <2
478) Pap — Pug +2Pgp — Pgg+ Pop —2Pcg+3Ppr <3

479) Pip — Pag + 2Ppc — Pgg+ Pop—2Pcg+3Ppr <3

480) Pip 4+ 2Pisc — Pap —2Pag + Pgp— Ppg+2Pcp+ Pcog <3

481) — Pap + Pap— Pagp+3Ppc— Ppp— Ppe+ Pcp—2Pcg+3Pprp <3
482) Pip 4+ 2Pasc — Pap —2Pag + Pgp— Ppg+2Pcp —2Pcg+3Pprg <3
483)  Pap— Pac+ Pap— Pap +2Ppp + Pep —3Pcep+3Ppr <3

484)  Pap — Pac+ Pap— Pagp+2Ppc + Pop —3FPcg+3Ppg <3

485) 2Psp + Pac — Pap —2Psg + Pgp +2Pcp — 3Pcg +3Pprg <3

486) Pap — 3Pac + 2Pap — Pag + 3Ppc + Ppg— Pcp—4FPcg+ 3Pprg <3
487)  Pap —3Pac +2Pap — Pagp— Ppc+4Ppp+ Ppgp— Pcop —4Pcp+3Ppe <3
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