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Today

e lllustrate “derivative meaning” of graphical representations with one,
running example.

e Give an informal account of its logical origins.
e Supply other examples to show its functional significance.

e Specify what are required in formalizing the account and how channel
theory meets them.

Overall goal: a proposal of the framework for formal semantics
of graphical representations that helps account for their functional
characteristics



Example

Bob Ken Ron Jon Gil Sue

Bob - O O O e e
Ken - O e e
Ron - @ O

[

Jon

O @@ & e

Gil

O O e e e
O O O e
o O O

O

Sue O e -

The system 7 of iconic tables, designed to express the outcomes of
monthly round-robin competitions in a private table-tennis club, with the
six members Jon, Bob, Gil, Ken, Ron, and Sue.



Bob Ken Ron Jon Gil Sue
Bob - O O O e e
Ken ® - O e o o
Ron ® 6 - o o o
Jon ® O O - e o
Gil o o o O - 0
Sue O o O O e -

What information do you read off from this table?




Bob Ken Ron Jon Gil Sue
Bob - O O O e e
Ken ® - O e o o
Ron ® 6 - o o o
Jon ® O O - e o
Gil o o o O - 0
Sue O o O O e -

What information do you read off from this table?

“Bob defeated Jon”



Bob Ken Ron Jon Gil Sue

Bob - O O O e e
Ken - O e e
Ron - @ O
Jon o

Gil

O @@ & e

O -

O O e e e
O O O e
o O O

Sue O e -

What information do you read off from this table?

“Bob defeated Jon.”
“Bob defeated three players.”



Bob Ken Ron Jon Gil Sue

Bob - O O O e e

Ken - 0O e e o

Ron

]
Jon - ()

O @& @

Gil

O O e e e
O O O e
o O O

O

Sue O e -

What information do you read off from this table?

“Bob defeated Jon.”
“Bob defeated three players.”

“Bob defeated more players than Ken did.”



Bob Ken Ron Jon Gil Sue

Bob - 0O O O e e
Ken - O e e
Ron - @ O

[

Jon

O @@ @& e

Gil

O O e e e
O O O e
O O O

O

Sue O o -

What information do you read off from this table?

“Bob defeated Jon.”
“Bob defeated three players.”
“Bob defeated more players than Ken did.”

“Gil lost to no players.”



Informational relations adopted into our reading routines

A white circle appears to the right of

Bob's name, in the position below Ken”s mesans Bob defeated Ken
name
Three white circles appear to the means
—_—

Bob defeated three players
right of Bob's name Pl

More white circles appear to the right of
Bob's name than to the right of Ken's
name

means Bob defeated more players than
—_—
Ken did

No black circles appear to the right of |means
—_—

Gil lost to no players
Gil's name Eay




Informational relations adopted into our reading routines

A white circle appears to the right of
Bob's name, in the position below Ken™s
name

Three white circles appear to the
right of Bob's name

More white circles appear to the right of
Bob's name than to the right of Ken's
name

No black circles appear to the right of
Gil's name

Note: “to the right” = to the right in the direction parallel to the upper axis line.

means

means
_—

means
E——

means
-

Bob defeated Ken

Bob defeated three players

Bob defeated more players than
Ken did

Gil lost to no players
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Informational relations adopted into our reading routines

A white circle appears to the right of
Bob's name, in the position below Ken™s
name

Three white circles appear to the
right of Bob's name

More white circles appear to the right of
Bob's name than to the right of Ken's
name

No black circles appear to the right of
Gil's name

means

means
_—

means
_—

means
-

Bob defeated Ken

Bob defeated three players

Bob defeated more players than
Ken did

Gil lost to no players

Note: “below” = below in the direction parallel to the left axis line.
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Informational relations adopted into our reading routines

A white circle appears to the right of
Bob's name, in the position below Ken”s
name

Three white circles appear to the
right of Bob's name

More white circles appear to the right of
Bob's name than to the right of Ken's
name

No black circles appear to the right of
Gil's name

means

means
——

means
_—

means
- e

Bob defeated Ken

Bob defeated three players

Bob defeated more players than
Ken did

Gil lost to no players
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Informational relations adopted into our reading routines

A white circle appears to the right of
Bob’s name, in the position below Ken™s
name

Three white circles appear to the
right of Bob's name

More white circles appear to the right of
Bob's name than to the right of Ken's
name

No black circles appear to the right of
Gil's name

Look similar, but.....

means

means
_—

means
_—

means
- e

Bob defeated Ken

Bob defeated three players

Bob defeated more players than
Ken did

Gil lost to no players

13



Informational relations adopted into our reading routines

A white circle appears to the right of

Bob's name, in the position below Kens | €aN3 6L HElaEte KEn
name
Three white circles appear to the means
—_—

Bob defeated three players
right of Bob's name Py

More white circles appear to the right of
Bob's name than to the right of Ken's
name

means Bob defeated more players than
—_—
Ken did

No black circles appear to the right of  |means
e

il lost to no players
Gil's name piay

...there is an important difference.
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Basic semantic conventions of the system 7:

A white circle appears to the right of X's | means
name, in the position below Y's name X defeated Y

A black circle appears to the right of X's | means
name, in the position below ¥'s name ; XlosttoY

where X, Y € {Bob, Ken, Ron, Jon, S ue, Gil}.



A white circle appears to the right of
Bob’s name, in the position below Ken"'s | TEANZ Bib dafeied Ken =
name
Three white circle appears to the means
: , TN Bob defeated three players
right of Bob's name

More white circles appear to the right of
Bob's name than to the right of Ken's
name

means Bob defeated more players than
—_—
Ken did

No black circles appear to the right of | means
—

Gil lost to no players
Gil's name piay

So: only this informational relation is implied by the system’s basic
semantic conventions alone.
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A white circle appears to the right of
Bob's name, in the position below Ken''s | MEAN3) Bab dalesilod icen
name
Three white circle appears to the means
TR Bob defeated three players '—
right of Bob's name Praye

More white circles appear to the right of
Bob's name than to the right of Ken's
name

means Bob defeated more players than _
Ken did

No black circles appear to the right of | means
—p

Gil lost to no players _
Gil's name piay

The rest is something else...derivative informational relations implied by
the basic semantic conventions and something else.
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Point 1

A large portion of our reading practice on graphical representations
consists of:

e Interpretations of derivative informational relations,

e As opposed to interpretations based on the system’s basic semantic
conventions.

18



Point 1

A large portion of our reading practice on graphical representations
consists of:

e Interpretations of derivative informational relations,

e As opposed to interpretations based on the system’s basic semantic
conventions.

Question: How exactly are these “derivative” informational relations
derivable from the system’s basic semantic conventions? What exactly
makes them valid informational relations?

19



A white circle appears to the right of
Bob's name, in the position below Ken''s | MEAN3] Bob dateslad Ken
narme

Three white circle appears to the means R e _
right of Bob's name Paye

More white circles appear to the right of
Bob's name than to the right of Ken's
name

means Bob defeated more players than _
Ken did

No black circles appear to the right of | means
—_—

Gil lost to no players _
Gil's name piay

For example, how exactly are these informational relations derivable from
the semantic conventions of the system 77

20



A white circle appears to the right of
Bob's name, in the position below Ken's
name

means

Bob defeated Ken

Three white circle appears to the
right of Bob's name

means
_—

Bob defeated three players

More white circles appear to the right of
Bob's name than to the right of Ken's
name

No black circles appear to the right of
Gil's name

means
R

means
—_—

Bob defeated more players than
Ken did

Let us take this for example.

Gil lost to no players

4=
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Abbreviations

O(X, Y) = the condition that a white circle appears to the right of X’s name,
in the position below Y’s name

®(X, Y) = the condition that a black circle appears to the right of X’s name,
In the position below Y’s name

D(X, Y) = the condition that X defeated Y
L(X,Y) = the condition that X lostto Y

where X, Y € {Bob, Ken, Ron, Jon, S ue, Gil}.
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Then the semantic conventions of the system 7 can be expressed as:
O(X,Y) means D(X,Y)

®(X,Y) means L(X,Y)

In symbol, let us write:
OX,Y) =+ D(X,Y)

oX,Y) -5 L(X,Y)
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Consider the derivative informational relation:

Three white circle appears to the
right of Bob's name

means
_

Bob defeated three players

How is this derivative informational relation derivable from the basic

semantic conventions of 7 ?
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Consider the left-hand condition:

Three white circle appears to the
right of Bob's name

means
—_—

Bob defeated three players

25



This is an abstract condition, with several different ways in which it is

realized.

Three white circle appears to the
right of Bob's name

26



Here is one way:

Three white circle appears to the right
of Bob’s name

O(Bob.Ken). O{Bob.Ron),
O(Bob.Jon), ® Bob.Gil),
@®(Bob.Sue)

That is, if all conditions in this set hold, then the top condition holds.
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So we write:

Three white circle appears to the right
of Bob’s name

O(Bob.Ken).  O(Bob.Ron).
O(BobJon),  @(Bob.Gil),
@®(Bob.Sue)

|
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So we write:

Three white circle appears to the right
of Bob’s name

O(Bob.Ken). O{Bob.Ron),
O(Bob.Jon), ®(Bob.Gil),
®(Bob.Sue)

Note: Syntactic stipulations of the system 7 significantly contribute to the
holding of this conditional constraint.

29



This is prohibited by syntactic stipulations:

Jon

Bob Ken Ron Gil Sue
Bob - & O ® ©
Ken ® - O ® O
Ron| @ @ - ® @
Jon ® O O ® ©
Gl & © O - O
Sue O O O o -




This one too:

Bob Ken Ron Jon Gil Sue

Bob

Ken

Bob

Jon

Gil

Sue

O 0O @ e e

@

o O O e

O
O

o O O

O @& e e
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Also:

Three white circle appears to the right
of Bob's name

O(Bob.Ken). O{ Bob.Ron).
O(Bob.Jon), ®(Bob.Gil),
@®(Bob.Sue)

Note: spatial constraints on Euclidean planes significantly contribute.
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Lines parallel to the left axis passing the center of Ron’s name should be

unique:

Bob Ken Ron Jon Gil Sue

Bob
Ken
Ron
Jon
Gil

Sue

O 0O @ e e

@

o O O e

O @& e e
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Three white circle appears to the right
of Bob's name

O(Bob,Ken), O(Bob,Ron),
®(Bob.lon), O Bob,Gil),
®(Bob,Sue)

Here is another, slightly different way in which three white circles appear
to the right of Bob’s name.
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Three white circle appears to the right
of Bob's name

O(Bob.Ken), O(Bob,Ron),
®(Bob.lon), O Bob,Gil),
®(Bob,Sue)

Again, a conditional constraint holds partly because of the syntactic
formation rules in the system 7, supported by spatial constraints on
Euclidean planes.
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Exhaust all such ways:

———— —— ——

O(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
O(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
®(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
®(Bob,Ken),
O(Bob,Jon),
O(Bob,Sue)

Three white circle appears to the

right of Bob's name

O(Bob,Ron),
®(Bob,Gil),

®(Bob,Ron),
O(Bob,Gil), }
O(Bob,Ron),
O(Bob,Gil), }

®(Bob,Ron),
O(Bob,Gil),

O(Bob,Ken),
®(Bob,Jon),
®(Bob,Sue)
O(Bob,Ken),
O(Bob,Jon),
O(Bob,Sue)
®(Bob,Ken),
O(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),
O(Bob,Gil),

®(Bob,Ron),
®(Bob,Gil),

O(Bob,Ron),
®(Bob,Gil),

O(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)
O(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)
®(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),
®(Bob,Gil), ,

®(Bob,Ron),
O(Bob,Gil), ,

O(Bob,Ron),
O(Bob,Gil), ,
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Then:

—_— N —— ——

O(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
O(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
®(Bob,Ken),
O(Bob,Jon),
®(Bob,Sue)
®(Bob,Ken),
O(Bob,Jon),
O(Bob,Sue)

Three white circle appears to the

right of Bob's name

O(Bob,Ron),
®(Bob,Gil),

®(Bob,Ron),
O(Bob,Gil),
O(Bob,Gil),

®(Bob,Ron),
O(Bob,Gil),

|
)
|

®(Bob,Jon),
®(Bob,Sue)
{ O(Bob,Ken),

{ O(Bob,Ken),

O(Bob,Jon),
O(Bob,Sue)
®(Bob,Ken),
{ O(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),
O(Bob,Gil),

®(Bob,Ron),
®(Bob,Gil),

O(Bob,Ron),
®(Bob,Gil),

a
a
|

O(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)
O(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)
®(Bob,Ken),
®(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),
®(Bob,Gil), ,

®(Bob,Ron),
O(Bob,Gil), ,

O(Bob,Ron),
O(Bob,Gil), ,
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Note: this is again partly because of the syntactic formation rules in 7.

Three white circle appears to the
right of Bob's name

U

O(Bob,Ken), O(Bob,Ron), O(Bob,Ken), O(Bob,Ron), O(Bob,Ken), O(Bob,Ron),

{ O(Bob,Jon), ®(Bob,Gil), } ®(Bob,Jon), O(Bob,Gil), } { ®(Bob,Jon), ®(Bob,Gil), }
®(Bob,Sue) ®(Bob,Sue) O(Bob,Sue)
O(Bob,Ken), ®(Bob,Ron), O(Bob,Ken), ®(Bob,Ron), O(Bob,Ken), ®(Bob,Ron),

{ O(Bob,Jon), O(Bob,Gil), }, O(Bob,Jon), ®(Bob,Gil), }, { ®(Bob,Jon), O(Bob,Gil), },
®(Bob,Sue) O(Bob,Sue) O(Bob,Sue)
®(Bob,Ken), O(Bob,Ron), ®(Bob,Ken), O(Bob,Ron), ®(Bob,Ken), O(Bob,Ron),

{ O(Bob,Jon), O(Bob,Gil), }, O(Bob,Jon), ®(Bob,Gil), }, { ®(Bob,Jon), O(Bob,Gil), },
®(Bob,Sue) O(Bob,Sue) O(Bob,Sue)
®(Bob,Ken), ®(Bob,Ron),

{ O(Bob,Jon), O(Bob,Gil), }
O(Bob,Sue)

38



This bi-conditional constraint is called the abstraction relation.

O(Bob,Ken),

O(Bob,Jon),
®(Bob,Sue)

O(Bob,Ken),

O(Bob,Jon),
®(Bob,Sue)

®(Bob,Ken),

O(Bob,Jon),
®(Bob,Sue)

®(Bob,Ken),

O(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),

®(Bob,Gil),

®(Bob,Ron),

O(Bob,Gil),

O(Bob,Ron),

O(Bob,Gil),

®(Bob,Ron),

O(Bob,Gil),

Three white circle appears to the
right of Bob's name

~— —,— —— ——

O(Bob,Ken),

®(Bob,Jon),
®(Bob,Sue)

O(Bob,Ken),

O(Bob,Jon),
O(Bob,Sue)

®(Bob,Ken),

O(Bob,Jon),
O(Bob,Sue)

X

O(Bob,Ron),
O(Bob,Gil),

®(Bob,Ron),
®(Bob,Gil),

O(Bob,Ron),
®(Bob,Gil),

.
a
|

O(Bob,Ken),

®(Bob,Jon),
O(Bob,Sue)

O(Bob,Ken),

®(Bob,Jon),
O(Bob,Sue)

®(Bob,Ken),

®(Bob,Jon),
O(Bob,Sue)

O(Bob,Ron),
®(Bob,Gil),

®(Bob,Ron),
O(Bob,Gil),

O(Bob,Ron),
O(Bob,Gil),

|
|
|
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Now consider the right-hand condition:

Three white circle appears to the
right of Bob’'s name

means

Bob defeated three players
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This is again an abstract condition, with several different ways in which it
IS realized.

Bob defeated three players

41



Bob defeated three players

D(Bob.Ken).  D(Bob,Ron),
D(Bob_Jon). L(Bob.,Gil),
L(Bob,Sue)

Here is one way—if all conditions in this set hold, then the top condition

holds.

42



So we write:

Bob defeated three players

DiBob,Ken), D(Bob.Ron),
D(Bob_Jon). L(Bob.Gil),
L(Bob.Sue)
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So we write:

Bob defeated three players

Di(Bob,Ken), D(Bob,Ron).
D(Bob.Jon). L(Bob.Gil),
L(Bob_ Sue)

Note: this conditional constraint holds because of the game regulations in
Jon’s private table-tennis club, concerning participating players and game

matchings that make up round-robin competitions.
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Here is another, slightly different way:

Bob defeated three players

D(Bob.,Ken),  D(Bobh.Ron),
L(Bob.Jon), D(Bob,Gil),
L{Bob,Sue)
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Bob defeated three players

D{Bobh.Ken), Di(Bob.Ron).
I(Bob.Jon), [)( Bob.Gil),
L{Bob,Sue)

Again, a conditional constraint holds because of the game regulations in

Jon’s private table-tennis club.
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Exhaust all such ways:

D(Bob,Ken),
D(Bob,Jon),
L(Bob,Sue)
D(Bob,Ken),
D(Bob,Jon),
L(Bob,Sue)
L(Bob,Ken),
D(Bob,Jon),
L(Bob,Sue)
L(Bob,Ken),
D(Bob,Jon),
D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

Bob defeated three players

L(Bob,Jon), D(Bob,Gil),
L(Bob,Sue)
D(Bob,Ken), L(Bob,Ron), } {

D(Bob,Ken),  D(Bob,Ron), } {

D(Bob,Jon), L(Bob,Gil),
D(Bob,Sue)

L(Bob,Ken), D(Bob,Ron),
D(Bob,Jon), L(Bob,Gil), } , {
D(Bob,Sue)

D(Bob,Ken),
L(Bob,Jon),
D(Bob,Sue)
D(Bob,Ken),
L(Bob,Jon),
D(Bob,Sue)
L(Bob,Ken),
L(Bob,Jon),
D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

|
|
|
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Then again:

Bob defeated three players

D(Bob,Ken), D(Bob,Ron),
D(Bob,Jon), L(Bob,Gil),
L(Bob,Sue) L(Bob,Sue) D(Bob,Sue)

} L(Bob,Jon), D(Bob,Gil), L(Bob,Jon), L(Bob,Gil),
D(Bob,Ken), L(Bob,Ron), } { D(Bob,Ken), L(Bob,Ron), } { D(Bob,Ken), L(Bob,Ron), }

{ D(Bob,Ken), D(Bob,Ron), } { D(Bob,Ken), D(Bob,Ron), }

D(Bob,Jon), D(Bob,Gil), D(Bob,Jon), L(Bob,Gil), L(Bob,Jon), D(Bob,Gil),
L(Bob,Sue) D(Bob,Sue) D(Bob,Sue)

L(Bob,Ken), D(Bob,Ron), L(Bob,Ken), D(Bob,Ron), L(Bob,Ken), D(Bob,Ron),

, { D(Bob,Jon), L(Bob,Gil), } , { } ,
D(Bob,Sue)

D(Bob,Jon), D(Bob,Gil), L(Bob,Jon), D(Bob,Gil),
L(Bob,Sue) D(Bob,Sue)
L(Bob,Ken), L(Bob,Ron),
D(Bob,Jon), D(Bob,Gil),

D(Bob,Sue)

—tN—— —— —— ——




Note: this is partly because of the game regulations in Jon’s private table-
tennis club.

D(Bob,Ken),

D(Bob,Jon),
L(Bob,Sue)

D(Bob,Ken),

D(Bob,Jon),
L(Bob,Sue)

L(Bob,Ken),
D(Bob,Jon),

L(Bob,Sue)

L(Bob,Ken),
D(Bob,Jon),

D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

Bob defeated three players

|
},
|
|

|
|
|

D(Bob,Ken),

L(Bob,Jon),
L(Bob,Sue)

D(Bob,Ken),

D(Bob,Jon),
D(Bob,Sue)

L(Bob,Ken),
D(Bob,Jon),

D(Bob,Sue)

D(Bob,Ron),
D(Bob,Gil),

L(Bob,Ron),
L(Bob,Gil),

D(Bob,Ron),
L(Bob,Gil),

|
o
|

D(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

D(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

L(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

|
|
|
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Thus we see the abstraction relation again.

D(Bob,Ken),

D(Bob,Jon),
L(Bob,Sue)

D(Bob,Ken),

D(Bob,Jon),
L(Bob,Sue)

L(Bob,Ken),

D(Bob,Jon),
L(Bob,Sue)

L(Bob,Ken),
D(Bob,Jon),

D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

Bob defeated three players

|
},
|
|

|
|
|

D(Bob,Ken),

L(Bob,Jon),
L(Bob,Sue)

D(Bob,Ken),

D(Bob,Jon),
D(Bob,Sue)

L(Bob,Ken),

D(Bob,Jon),
D(Bob,Sue)

D(Bob,Ron),
D(Bob,Gil),

L(Bob,Ron),
L(Bob,Gil),

D(Bob,Ron),
L(Bob,Gil),

|
|
|

D(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

D(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

L(Bob,Ken),

L(Bob,Jon),
D(Bob,Sue)

D(Bob,Ron),
L(Bob,Gil),

L(Bob,Ron),
D(Bob,Gil),

D(Bob,Ron),
D(Bob,Gil),

|
|
|
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Finally, compare the two big collections that are abstracted over:

Thrae white circle appears in the row
headed by the name of Bab

Bob delealed (hree playvers

Frd L R A T ST
| e o
i orBanhanl kbl
: R o PR =]
|y
| e i i e
R AR e p L B
Iome e nices
| BePiEENl, B EREE

\wmrﬂh
1 EL ]

(LY TR B [T 2L

P EEG
wichim
Wy b
cAbcmb
]
P bl
L
Nk b bl
AF -

) e R | i [l bR LA R N i e B L
[y 50 Uiy, i | i
I | I Tl fam | [ [=Bfas
ok e iy Fle T WSS iy %
O S } | EERLE T S E M I | LE1
A i | I gz
UL SR i i LELY B SSTRE, LT e i Pl i
ik i [ pa=l EE LT LR | Dol B Mo,
f | i e I [ER S TR
Iilnaims 5
ATLS :

[

51



Basic semantic conventions —«+

BT

O(Bob,Ken),
D{Bob. Jon),
8 Bob.Suz)
Ci{Bob,Ken),
C{Bob Jon),
®(Bob Sue)
@ Bob, Ken),
CiiBob Jon),

O{Bob,Ran),
& Boh Gil),

& Boh.Ron),
Of Boh,Gil),

O{ Bob,Ron),
Ol Bob, Gil),

!
|

|
|

J

OB
L8
L 8
OB
(B
(B
L 1E
OB

|
|
J

Zoom-in view of the two collections

R

I Bob,Een),

I Bob Jon).
LiBob Sue)

DiBob Ken),

LM Bob Jon),
LiBob Sue)

LiBoh Ken).

MNiRnh Trmh

M Bob,Eon).
L Baob,Gil),

i Bab Ron),
D Bob, Gil b,

D Bob Ron),
N Rnhk ol

l

}.
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LB«
g
INB
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LiBx
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Zoom-in view of the two collections

One-to-one correspondence under —

Ci{Bob.Ken),  O{Bob.Ron), OB L Bob Ken), O Bob, Ron ), [ INB
Oi{Bob Jon), o Boh,Gil), o R DiBob Jon). LiBab,Gil ), { LB«

#® Bob.Sue) - @B LiBob, Sue) _ E{Bu
oy, FEm], TR, " OB [Bob.Ecn], LTBob.Fon). [ INB

{ Ci{Bob,Jon), Of Bob,Gil), } ] olB { DiBobJon), D Bob,Gil ), } { ME
#(Bob,Sue) OB L{Bob. Suc) IHB

[ @ Bob Ken),  O(Bob,Ron), ! J &b i [ LiBob Ken).  IDNBob,Ron). ], j LB«
¢ O Bob Jon), O Bob, Gil), Ol W Aah Trnd I Finh il FHR
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Zoom-out view of the two collections

Three white circle appears i the row

Bob defealed three pla
meaded by tha name of Bob . i

I one-to-one correspondence under X
._,_.--""'_--_-_ _-_---""‘-g.

Lo ! Bl PRk i " Mk i iEr & s i > 3 i3 3 i e LT T e O S T R e e
i o i i . i ik i e i - T ! | Al bn ."l".-.ﬁl ! Pl ks ALY T k
L i ATk b | L | I L |
| e S« LI TR TEEE i | wikbhira. mimcEs) i 4 L i L Rt TR L L L Y i i iyl S0k i |
D oEmee, a4 sEEE] e I ] Wi e, - rA i } a7 s i ksl Ay eer L 1,
| o A = Al | | =k s i Eida i i Al i | i I
| EW kR il R . TR AHrd L e G Witk Fad, HEs X © R Bl b [ Sl T HETH SN I LEY P e PN B P I
ol A i1 il ks ’ Wk de " sl [ el ofd SRR, | omdiatas will | R EMay RG] '
| mEr i E T i 1k e . Fids am I Bl i I £ sl ks 1 I
| e g EEe - FilebFm ARt ]
¢ cileeatrmr JnCEE D Pl il i (] Y
| mmiesE S

54




Zoom-out view of the two collections

Three white circle appears i the row
Meaded by tha name of Bob

Eob defealed three plavers

¥ one-to-one correspondence under X

The left-hand collection is projected to the right-nand collection by the

system’s semantic conventions —4-.
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So we write:

Three white circle appears 1 the row
meaded by tha name of Bob

Bob delealed three players
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Overall, we see the parallel abstraction relation holds, mediated by the
system’s semantic conventions —4

Three white circle appears m the row

EBob defealed three pla
meaded by tha name of Bob . i
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This accounts for the informational relation from the top-left condition to
the top-right condition:

Three white circle appears m the row

EBob defealed three pla
neaded by the nm‘e of Bob . i
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Point 2

Question: How exactly are these “derivative” informational relations
derivable from the system’s basic semantic conventions?

Answer: Two separate systems of constraints contribute to the derivation:

e The source logic: the system of constraints governing the formation of
graphical structures,

e The target logic: the system of constraints governing the represented
objects.
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Point 3

More specifically, those derivative informational relations are the result
of one system of constraints is aligned to the other system to make the
parallel abstraction relation between the relevant pairs of conditions.

a’ QO
X X
5 5

g projected . @

by —“~£
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Other examples: scatter plots

800

400 [

0 400 800

Basic meaning: individual data values indicated by individual dots.

Derivative meaning: correlation of two variables indicated by the “cloud”
of dots (Tufte 1994, Kosslyn 1994).
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Other examples: scatter plots

800

400 °

0 400 800

Basic meaning: individual data values indicated by individual dots.

Derivative meaning: existence of an outlier indicated by the relation of a
dot to the group of other dots (Tufte 1994).
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Other examples: scatter plots

Exports and Imports of S COTLAND to and from different parts for one Year from Chriftmas 1780 to Chriftmas 1781.
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The Lpreght divgfiorns are Zen Thoufand Founds cach . The Black Lines are Egports the FrBbed lines Imports.
BBEAR ar the Act diecns Jlame 7% 57 20 by WP Plorrir- Broke ooy ' 352 Srand . L onderr.

Basic meaning: individual data values indicated by individual bars.

Derivative meaning: data trend indicated by the descending stair case
(Pinker 1994).
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Other examples: route maps

Basic meaning: pairwise connections of stations indicated by edges of the
graph.

Derivative meaning: concentration of connections to a certain station
indicated by an edge concentration.
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Other examples: geographical maps

.\"'\.\.\. IIII' o=
'ilaﬂxb?t il e

Basic meaning: sea levels of individual points of the region indicated by
individual points in contour lines.

Derivative meaning: existence of a valley indicated by a pattern formed by
multiple contour lines.
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Previous research on the phenomenon

Psychologists and researchers of graphical designs have noted the
phenomenon under various names:

e “Higher-level” information (Bertin 1977, Wainer 1992)

e “Global”’ reading (Kinnear & Wood 1987, Gilhooly et al. 1988, Lowe
1989; 1994, Lohse 1993, Guthrie et al. 1993, Ratwani et al. 2003),
“Macro” reading (Tufte 1994), Pattern Perception (Vieveland 1994),
“Direct translation” Pinker (1990)

They also agree upon their functional significance.

Yet their scope and logical origins have not been well understood.
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Our finding

Syntactic stipulations are designed to build parallel abstractions (hence
derivative meanings) by exploiting spatial constraints on Euclidean planes.
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Our finding

Syntactic stipulations are designed to build parallel abstractions (hence
derivative meanings) by exploiting spatial constraints on Euclidean planes.

' 0

syntactic stipulations X
S A &
spatial constraints ~

g projected i D

by —‘*hﬁ
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Our finding

This character defines an interesting class of semantical systems that
correspond to what we loosely call graphical representation systems.

' 0
syntactic stipulations X
e AN &
spatial constraints ~
g projected i D

by — 7

— Refinement of the notion of “graphical”
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Contrast

Sentential notational systems have little such syntactic design (perhaps
because they have evolved from auditory communication systems).

' 0
syntactic stipulations X
W N
spatial constraints ~
g projected i D

by — 7

— Semantic frameworks designed for sentential notational systems do
not handle parallel abstractions or meaning derivations.

— Need a different semantic framework for graphical notational systems.
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Approach with channel theory

Step 1: Define separate “local logics” on the presentational domain (left:

Lg) and the represented domain (right: L7) to model the abstraction

relation in each domain.
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Approach with channel theory

Step 2: Define another logic (center: L) to model the informational
relation between the two domains, where derivations of new informational
relations from basic semantic conventions are modeled.

a’ 0

X
2 :

g projected _ D

by —‘hﬁ

— Utility of the distributed logic model in channel theory.
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