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* New Required Problems w/ Apr 30 deadline, out.

+  Questions, comments, objections re solution to The
PAID Problem from the RAIR Lab? re Robotic Jungle
Jim?



Why pursue visual/
heterogeneous logic?

VisualQA (= VQA)

https://cs.stanford.edu/people/jcjohns/clevr/

http://www.visualga.org
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Vivid Proof (Atriya Sen)

What color is the object on the left side of the small rubber thing?

1. We define a vocabulary L,,.... = {Ciuuger Rimages Vimase | Where the set of constant
symbols C,, .. = {0,,0,,0,} for an image containing three objects, the set of relation
symbols R, ... = (left,is_small,is_rubber,is_grey) for this particular test
question, and the set of variables V... = @.

2. We define an attribute structure

o,

where
R,(shape, size,, material, color, posx,, posy,, shape, size,, material, color, posx, posy,) &> posx, < posx,

, Ry(shape, size,,material,, color,posx,, posy,) ¢ color, = grey, and SO on.

w jeodor : |red, Blue, . Lohape  (cube cplinder, L material  |rabber metpl Lz sl large Lo posy (IR R R R

3. We define an interpretation ..., of £,.,,. onto &,..,. such that left"~= = R, and the
profile

Profllef1) = [(shape ) (sized)limaterial i) (color ) (posc. i) (posy ) (rshaped) (rized) (material 2) (color D) (posz D). (posy.2)|
L is_grey'mew = R,

Prof(is_grevy) = [(shape,1),(size,l), (materLl.l). (color,1).(posx.1).(posv.1)], and so
on.

4. We define a system of three observed objects ob,, ob,, and ob:, and the attribute
structure given by &, ... @ constant assignment p mapping observed objects ob,, 0b,,
and ob, into o,, 0,, and o, respectively, and a state ~ encoding the observed properties
of the objects as presented.

Now, the Vivid proof which suffices as an answer to the test problem is:
Observe is_small(ob3) Ais_rubber(ob3)

Observe left(obl,ob3)

Observe is_grey(obl)
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8.2 Jumping In With Seating Puzzles

Specifically, we now get started in earnest with a class of diagrams that denote
seating arrangements. Here's a simple diagram intended to denote five chairs in a
row, each of which is either empty or filled with one of four possible people:

? 2 2 2?2 72

To make it easier on ourselves, we label the seats from left to right, starting with 1:

e 2 7 7

§1 s2 s3 s4 s5
In addition, assume that the only people who can occupy seats are Alvin (a), Billy

(b), Cindy (c), and Dora (d). A seat can also be empty; we denote this condition
by the constant e. (Here, obviously, these lower-case Roman letters are symbolic



Our four people are to be seated in a row of five seats. This seating arrangement
must satisfy the following three conditions:
Cl a and c should flank the empty seat.

C2 c¢ should be closer to the middle seat than b.
C3 b and d should be seated next to each other. I

Given this information, reach the following three goals:
G1 prove that the empty seat can't be in the middle and can't be on either

end;

G2 settle whether it can be determined who must be seated in the middle
seat;

G3 settle whether it can be determined who is to be seated on the two ends.



Proof: From all the permutations in which our four characters are seated (with a
remaining empty seat), which totals 5! = 120), we can eliminate as inconsistent
with condition C1 all but these six possibilities:

Pla e ¢ ? ?
P2? a e ¢ ?
P3¢ ? a e c
P4 c e a ? ?
P5? c e a ?
P62 ? c e a

But possibilities P2-P5 each lead to absurdity when combined with the conjunc-
tion of C2 and C3. Hence by disjunctive syllogism over the disjunction of all
six possibilities P1-P6 we deduce P1 V P6, from which we in turn can deduce (i)
G1, (ii) that c is in the middle seat and hence an affirmative answer settles G2,
and (iii) that any of a, b, d can occupy an end seat, and from this a negative
answer to the query presented in G3. QED



proof given above is a diagram. We set Pi to ;. Now consider specifically ?,, that is:

a ec ??

We can deduce by inspect® that AtEnd(a). We can also deduce by inspect that
At(a,sl). Here’s the first of these inferences in Slate style:

[g e ¢ ? Zj

inspect (8.1)

[At&nd(a)]




Figure 8.3: Hetergeneous Slate Proof that Solves the Seating Puzzle







The Basic Intuition of What Diagrams Are



The Basic Intuition of What Diagrams Are

4. Attribute structures and systems

Very broadly, a diagram depicts a finite number of objects, and conveys (though perhaps only partially) the values of
certain observable attributes of these objects. Of course what counts as an object and what counts as an attribute depends
on our underlying theory and on our purposes, i.e., on how we choose to look at a diagram. That is, how we parse the raw
pictorial information of a diagram varies widely, depending on the application at hand. But, assuming that we have fixed
what constitutes an object and which observable object attributes we are interested in, the upshot of diagram parsing can
be thought of as a mapping that assigns one or more values to every observable attribute of every object represented in the
diagram. If exactly one value is assigned to every attribute and object, then the diagram is completely determined; there is
no ambiguity or imprecision about it. Incomplete diagrammatic information is captured by assigning multiple values to a
single object and attribute; e.g., if a diagram does not completely determine the color of an object o, we might assign a set
of several color values to o, say, green, red, and blue. What follows is a formal development of these intuitions.



The Basic Intuition of What Diagrams Are

VWe see objects in diagrams, a finite number of them, and
these objects are depicted in diagrams as having the values of
attributes. But these values may be only partially given. It o Is
an object, say an object intended to depict a street light, and
color is an attribute, values eg may be red, green, or yellow.
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Peek @ Underlying Math

attributes (sets) computable relations

attribute structure j

<—"A = ({Aq, Ao,

l

o AR = (Ry, ..., Rj))

system structure
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E.g.,

attributes (sets)

T

({c}; hours : {0,...,23}, minutes : {0,...,59})




E.g.,

attributes (sets)

T

({c}; hours : {0,...,23}, minutes : {0,...,59})

N/




E.g.,

[})
rfu
st, fea
distru

d, angry,

sad,

PY,

on : {hap

tion

. €mo

SEs




E.g.,

attributes (sets)

\

{ f}; emotion : {happy, sad, angry, distrust, fearful })




E.g.,

attributes (sets)

\

{ f}; emotion : {happy, sad, angry, distrust, fearful })
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Peek @ Underlying Math

A state of a system S .= ({o1,...,0n},{A1,..., A })

is a set of functions o = {d1,...,dr} where each §; is s.t.

57; : {01, .. -7077,} — [P(AZ) — @]

o1 : hours(c) = 10, minutes(c) = 0




Figure 8.4: Portrait of an “Emotionally Mysterious” Larry (diagram ?.;; by KB
Foushée) i

Now, suppose that the following conjunction, ¢, holds:

—Happy(larry, t) A—~Angry(larry,t) A—Distrustful(larry, t) A ~Fearful(larry,t)



Figure 8.4: Portrait of an “Emotionally Mysterious” Larry (diagram ?.;; by KB
Foushée) i

Now, suppose that the following conjunction, ¢, holds:
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Figure 8.5: Result of Deduction by thinning Applied to Diagram 9, and ¢ (by KB
Foushée)




Figure 8.5: Result of Deduction by thinning Applied to Diagram 9, and ¢ (by KB
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8.3 Exercises

1. Examine Figure 8.3 carefully, if you haven't done so already. Complete the proof, by
specifying and deploying the missing givens, and by adding the deductions that are

missing below each of the diagrams 2,-,.

2. What, exactly, is the general form of cases diag2diag? Write down the inference
schema in graphical form. (We suggest that you generalize from the proof produced
by an answer to the previous exercise.)

3. What, exactly, is the general form of thinning? Write down the inference schema in
graphical form.

4. Asyou know, we have (informally) introduced the inference schema thinning. What

do you think the inference schema called widening is, given that it is accurately said to
be the inverse of thinning? Write down a specification of it, as your best hypothesis.



