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1. Perspectival invariance
2. Cognitive invariance

Perspectival invariance 0 0 000 00000000000 ADDOO
OBOOODOOODOODODOOOODOOADODOOOOO perspective 0O
b0 BOOOobOOODOoOobOOoOobOobDbOobbOobobobouoBOOO
0000 perspective 010000 ADOOODOODOOOOODOOOOO
0000000000 boOo0ooooooooooooooboooon
gbbobobobooobobobooboobobuobooobobobnoo
UO0O000 perspective UO OO OOOOOperspective DO OO OOO
00000bOo0oboobooooboobOooooooobon
Cognitive invariance 0000000 B|0 00000000 OOODOO
goooobobooobobooobuobooboboooooooboooon
00000b0o0o0o0oooboobOoobooboobooooon

2 Private Viewpoint Models (PV M)

goobobbooooobobboooobobbbooooobobboo
00000 Private Viewpoint Model (PVM) DO O00O0O0O0O000OOO
00o0o0o0oooboooooobooooooboobD pYVMODOO
gbooboobobboobuoobuoobobobobbooboobooo
agent(0 0 0O), viewfinder(Q OO OO 0O), focus(ODO OO O), subject(d O
0), background(0 0 ). OO0 OO0O0OO0O0OO0DOOOOOOOOOOOO
gogboobobogooobobogobboobooobbooooooan
bbbt uobooooobboobuoooboooon
000o0o0oobbobo0o0o0o0obDboobObo00000oooggao trajector,
landmark OO0 O00O0O0OO0OPVMO Fig. 100000000000
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O 1: Private Viewpoint Model

PVYMOUODwOOOOOOOOOODOO

(D, Ewpy N, =, <rfp>iel(w)7 Lys aw, fus Va, by Gu)

O0000D, O ay (agent), vy, (viewfinder), f,, (focus), by, (background),
sy (subject) D0 0O0O0OO0DO0OOOUC, 0 wO0000O0O0O0OOOOO
N*OwOODOO0D0D000000~,0wd0O0D0O00000000r, 0 w
0000 a, 0000 left,up00000000O00 a, 000000000
oooooooooooooooL,0wdDDOO0DDOO0o0oooooono
000y, 0wOOOOOOOODODODOOODOODOO-, 0000 Gibson
[2] 0 optical flow0 0000000000000 OOOOOODOOOOO
gogoooon

e (D0UUDDOODN)20wy < Fz2zCy x Az y.
o (D0)xy yen~ Jza#yANaNLy A JuaxNPy A —z0y4y.
e (DD0OU0)xCwyexzlyyAy Ly x.

0000w OO0O0 PYMOOOOOOOOODODDOOOOOOO
1. Yw.ay — Ve (the agent looks the viewfinder)
2. Yw.vy, >y Ty (the viewfinder is directed toward the focus)

3. Yw.fy, 4y by (the focus can move toward an arbitrary direction,
but the direction is fixed toward the background)

4. Yw.s,Oyfy (the subject overlaps with the focus)

5. Vw.—wwalfU by (the viewfinder is not closer to the background than
the focus)

6. Yw.ma, Ny f,, (the agent is not closer to the focus than the viewfinder)



7. rip 000 (Voy.x lefty, y — y right, z 0 0)
WX, /X] means:
(Dyy, Cwlor N 11 s —=wlnrs - Lw T Xus - -+ Guw TD1,)s
where D! = Dy — {Xw}) U {xy}, if

w = <Dwagwanva7"-7Iw7Xwa"'>gw>'

3 PVMOODOOO Concurrent Dynamic Cogni-
tive Logic(CDCL)
CDCL O Dynamic Predicate Logic 3]0 0000v € Var (OO

0), 0000 r € Dir, 0000 f € {E,T,up,...}, 0000 R €
{side,otherSide,..} 0000000000000000000000

3.1 00O
O000a == a (agent)
v (viewfinder)
If (focus)
|b  (background)
|s  (subject)

O7 == alv|r|E(T)|T (11, m2)|f(T1,. .., Tn)
(where r € {up, down,left,right,...})



Op == 7 Cmn (71 is included to 72)
1072 (71 overlaps 7o)
|71 <1 T (11 touches 1)
|TIN 7, T2 (71 is close to T2 more than 73)
|71 = T2 (11 looks towards 7»)
|zoom in (v is getting closer to f)
|zoom out (v is distancing from f)
|come (f is getting closer to v)
|leave (f is distancing from v)
|pan r (f is moving toward r)
la1 — ag (the PVM state is changed
by substituting as to aj)
v =1 (00DO00O00)
la =71 (00DO0DO000O0)
v =77 (0000000000000000)
la =77 (000000000000000000)
|R(T1,y ..., Tn)|T1 = 2|1 — @2
|1 V 2 (nondeterministic choice)
lo1; P2 (sequential composition)
lp1&p2 (parallel composition)
|Fv.p| L

D0O0O0E(r)D 700000000 {z)z C r}0T(n,m») 00000
O {r € Dir|[(m,2) € v} 000, up(r)0 7000000 side(z,y) O
y0 20000000000000D0 otherSide(z,y,z) = side(x,z) A
side(z,y) Ny #2zAN-y0Oz0OO0O0O0O

3.2 000

CDhDCLO0O00 Fig. 200000000000

o E(Ty)w = {z € Dylz Ty 7w}

o T(Tw, Ti))w = {rw € Dy X Dy|(Tw, 7)) € Tw}
w [zoom in]fMX < Vu € X.f, = f, & vy Ny, fu,
w [zoom outfMX & Vu € X.f, = fy, & v Ny, fu,

w [come]MX & Vu € X.vy = vy & fuNp, Va,
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zoom in zoom out
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0O 2: Actions on the viewfinder and the focus

w [leave]MX & Vu € X.vy, = vy & fiu Vg, Vi,
wpan rfMX & Yu € X.vy = vy & furfy,

w [fix(z, y)[MX & Yu € X.2yRyw = 4Ry,
wlz :=27]MX & Yuec X.3e e XM.g, = gule/x].
wR(ry, ..., 7)?JMX iff X = {w} and M,w = .

w 15 2] MX iff U5 [pr MU &
Vu € U [pa] M Xu& X = Uy Xu-

w [e1 V o] MX iff either w [p1]MX or w [p2]MX.
w ﬂcpl&¢g]]MX ff X = X;UXy and w [[cpl]]MXl and w [[¢2]]MX2.

w [ TMX i (w, X) € Uz [¢"1, where [@"]M = {(w, {w})|w €
W} and [ M = [g; oM.

wv:=7]MX iff X = {w[r}'/z]}.

w [v.0]MX iff for some e € DM, wle/z] [¢] X.

googo:
(chase r) = ((pan r);s :=f)

(scan ) = ((f C s?) 1 (pan 1))
go = (leave;s :=f)
(until o do a) = ((—¢?; )% ¢?)
(bx) = (z:=f;s:=f)
(az) = (F i= w35 = )



(find ) = (until o(f) do (f :=?E(b);s := f))

(find 1 N 2) = (until o1 (F) A a(f) do (f :=7E(b);s = f))
(find F(p)) = (until Ju.p(u) A F(u,f) do (f :=?E(b);s := f))
(o to ) = (until (f) do «)

(ato 7) = (until 7> f do )

(a past 7) = ((until f < 7 do «); (until =f < 7 do «))

@B/ =(..0..0)ifa=(..v...)

4 Cognitive Invariance

4.1 0OD0O40O0O0O0ObObOOOoOoO0bbObOooaoboo
4.1.1 0000:<XOYOOO?

ooXovydooo'ocdcpcrooooooooooooog:

FIy(X(2) D Y(y) DOO) = (V2.Y(2) > 000 (2)) —
((find O (X)); Jz. > ;
b := down(b);find Y; Jy. > y;
Q;r:=T(x, E(y));

until f < y do chase r))

4.1.2 O00O0O0O:‘XOYODOo

00XO0YOOOOoOo’occpcLoooooooooooooo:

Iy(X(z)0 Y(y)0OO) = (V2Y(2) - 000 (2) —
((find O (X)); . > x;
b := down(b);find Y; Jy. > y;
Qx;r:=1T(z, E(y));

until f >y do chase r))



4.1.3 0OD0O0O0O:<XOYUOooooo?

o0 XOyoooooo’oooooob opcroooooooooo
googoo:

JIy(X(x) O Y(y)OOODOOO) = (V2Y(2) =000 (2) —
(find D00 OO (X));3z.>x;
b := down(b);find Y; Jy. > y;
;r:=1T(z, E(y));

until f >y do chase r))

4.1.4 D0O0O0ODOOOOO0OODOO subsumptiond O

pvMOOODOO0OO0DOOOOODOOODOOODOODODOOOODOOOO
gbooopooboobooboboobooboon

f=s=0 (X)/0 (X)/00000 (X)

03 0XO0YOOOooooXxoyooooooopvMOO
Fact 1 (o)[X/Y]=(4)00000 [X/Y]0OO00O00O0a~B00
O0«D0pd000O0D0ODOOO0OODOOO0ODOOODOOO0ODOO

J2Iy(X ()0 Y(y) OOO) ~32Fy(X(x) D Y(y) OO DO)

JxIy(X(x) 0 Y(y) OODOODO) ~32Fy(X(x) O Y(y)OODO)

OO0 ~00000 (reflexive, transitive, symmetry) 0 0 00O

Fact 2 ()[X/Y] = () 00000 [X/Y]DO0000VeY(z) — X(z)
00000000 C 000000 g0 subsumed 0000000
Oooooon

Vey.O (z,y) = 00000 (x,y)

Vey.O (z,y) = 00000 (z,y)



gboooobogooa
JzIy(X(x) 0 YV(y) OOD)C32xFy(X(x) O Y(y)OODODODODO)
JxIy(X(x) 0 YV(y) OOD)C32Fy(X(x) O Y(y)OODODODODO)

cO00DoboDOobD taxonomy OO OOOO0OO0O0D0OO0O0DOODOOO
0000000000 invarianceJ 0000000 ODOODOODO

4.2 0O0O000O0OODOOOOOOOOd
4.2.1 0000O0=000000(00)

OXOcooboooooooopbooboooooooooooboo
O0oo0CDCLOO0ODO0O00O00O0OUOO0oOd(n:Int)00n000
gboboboooboobobuoobbobooobobooobobod
moboobooobooobboboboobooboooboobbon
gbobobooobobobooboboboobooboboboon
gbobobgboobdobobobooooboobobobobobon
OO0 categorize OO0 DOOOOO0OOOOODOOOODOOOODOOO
goooooooboob

1. (n:Int) = (n=0V (z := 0;whilen # zdoz =z + 1))
2. (n:Int)=(n=0V (def n — 1;(n —1:Int)))

O0O00ef )0 000000000000 OOOOCDOOODOOOO
gobooboboobboooooo200b0b0b00b0obobooono
oooooooooon

O000000ooooO0OStackD 000000

1. (s:Stack(X)) = (s = AV (while s # A do ((top(s) : X);pop(s))))

2. (s : Stack(X)) = (s = AV ((top(s) : X); (def pop(s)); (pop(s) :
Stack(X))))

O000D000o0o0DoooooooDooooocooooooon
o (0:C) = (Vp € Property(C).def 0.p)&(Vm € Method(C).3z.def 0.m(z))

0000 Property(C)0 COODOOOOODODOOOODOOO Method(C)
OCO0DD0oDO0ooooooDoooooDoooooooooooag
ollUOUO0OUOOOOOODDODDOOODODDOOUOUUOUUUOOOO



goooobobooboboboooboboobooobooooobo
gbogbooobboobbooboobuooboobooboobbon
gboboobobooobooboobobobooboboobobon
gooobomooboobboobooboobooobooboon
gobboooboobobooobmoobooobooboobooboooon
gboooboooboobooobooboobboobmobobooobbon
ggbogobogooboogoooboobooboooboooboobooobo
gbooobobobobobooboboobobobooobobobon
O00000000000000000000000 generic event (GE) O
gobooooboooobooboooboboobooooboooobooobo
OobooOob GrpOOO0OOODOOOODOOOODOOOODOO
goooboobooboobmoobogooboboboOooobon
ggobooobooboooboobooooobooboboboobo
Oooooooooooooooooooooboboooobo GrpOoOoO
gbobobgobooboboboboooobobobooobonboon
0000000000000 0000 Pustejovsky O qualia O O [10] O
gboooobooooanboo

OO0 ReschOOOOOODOO0ODODOOODOOOOOODOOODOODO
000000 GrOOOO0OO0DOOOO0OOOCOOOODODOOOOOLOO
000000000000 00 Kripke (40 000000O0O00OOOOO
gboboboooboboooobobobooboobobobon
Oessential 100 O0DO0O000OOO0ODOOODOOODOOOOOODOO
gbobobooooboooooboboobobobooboboboobn
gboboobo0ooobboo0bbod0bmestD 0D OO0ODODOOOODO
gooooooooooooooobgon

o (0:€) = (Most p € Property(€).def p(0))&(Most m € GE(€).3z.def m(o, ))

4.2.2 0000 (0D)0000OUOsubsumption0 0000

goobobboooobbobboooooboboboooobboboboog
OO0000OD0D00D0 subsumption 000000000 OCOOOOODOO
googooan

Definition 1 C; C Co, 00000000 C;000000 Cy0 subsume
00000 (Ve.(z:Ch);(x: Co)) 0000000000 0OOOOUOOOODO

C, 2 (C,, 00000000 C;000000 CceO0O0O0DDODOOO
(Vz.((x : C1);(x: C2)&((z: Co); (x: Ch))) D0 O0OODOOOOOODOO
oooood
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gbobboboobobobooboboboboobobobooon
gboooooooooooomooooooooooooooon

Definition 2 ROODOOOOODOOODOC, Eg Cy, OODODODOODO
C; 000000 C,0 ROODODODODODO subsumeO O OO0 (Vz(Vp €
Property(Cy)3q € Property(Cq).p(x)Rq(x))&(¥Ym € GE(C1)3z.In €
GE(Cy).m(z,%)Rn(z,7)) 0000000000000000000

Ci=2p(Cy,0000000O0 Ch,OD0OODOOO C,0 ROODOODODO
000000 ((C; CrCo)&(C, CrC1) 000000000000 0DO
googn

ooboooooooooobDyg RO -000ODO

4.2.3 0O0OO0OOOO0OO

Donald Davidson [1](Ch 17. What Metaphor Means) D000 00O
bbb oodbobdooobuoooboooobboooaon
gooooobboooboobooobboooboooboboooon
gbodbobobuooooboboboboobobobobobLoo
O00Lakoff (5|0 0000000000000 OOOODOOOOOOO
goooobobobobbboooooooooboboobbbooooooo

(1) & 000000000

b. O0ODOODOODOO
00000 CcpCLObDO0nDOoDOoDOooon
(2) a. (OO :00)

b. (00 CrO)

00000 :0),(0 ZgO00), (00 ZzgO0)00000 (22)00000
(00 CrO), (0 ZrO), (0 ZgO)000O (2b) 000000000
000000000000000000000000000000(1)00
0000000000000000000

(3) a. DODOOOUOOODODOODODOO
b. OOODOOOOOOODOODOOO

goooboobobob~000DO0O0OO0OO0ODODOOODOODOODOO
gboooboboobooboobobooboobobon
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e (0 :x ©) = (Most p € w[Property(€)].def p(0))&(Most m €
m[GE(€)].3z.def m(o, 7))

e (C1 Crx Cy) = (Yx(Vp € Property(Ch)3q € n[Property(C2)].p(z)Rq(z))&(¥m €
GE(C1)3z.3n € 7[GE(Cy)|.m(xz,z)Rn(x,T)))

(2a) 00 w[Property(00)] ={3r.00 (r)()}, 7[GE(DO0)] =90 0(2b)
00 w[Property(0)] =¢, nf[GE(0)]={3=:0.0000 (x)()} 0000

4.3 Focus Trace Equivalence 1000000000

Lakoff 5] U0 0000 0Oover0 000000000 OOOODODOOO
oobooboobooboobooboooboooboboobDg Fig. 4
0000000000 0DOO0O00DOoOoOoonooO“‘Aisover BPOODO

—_— - O-~ : :
: S S =0 - ===l
2.1 | 11 | 1.2 | 13
_:_O_:_> : —
. . _// \\_» _//:\§
| 1.4 | 15 1.6
——.O;——> J :
IL l -\\
. —L] =
1.7 1.8

O 4 ‘over’ J0D00O0DOOODOOOOOODOOODOOOOOODOOOO
gbooobobooboobboobuoobooonoog

ooocpCcLooooOoOoOoOoooOoooOooDno

1:
(find B);b := up(s); (find side(b));x := s;b := s;(find A);r :=
7T (z, E(s)); (chase r to otherSide(b, z))

1.1=1.4=1.7:
(find B);b := up(s); (find side(b));x := s;b := s;(find A);r :=
T (z, E(s)); (chase r to otherSide(b, z))

12



1.2=1.5=1.8:
(find B);y :=s;b := up(s); (find side(b)); z :=s;b :=s; (find A);
r:=?T(x, E(s)); ((chase r&(f < y)) to otherSide(b, x))

1.3=1.6:
(find B);y := s;b := up(s); (find side(b)); x :=s;b :=s;
r:=7T(z, E(s)); ((pan r)&(f x y)) to otherSide(b, x)); (find A)

2:
(find B); b := up(s); (pan up to A)
2.1:

(find B);b := up(s); (find side(b));x := s;b := s;(find A);y =
s;r:=7T(z, E(s)); (scan r to otherSide(b,y))

00001100 180000 r000C0OO ft0000 right00O0ODO
00 Fig. o0000000000D0O000OFig. 30000 1.1-1.800

7

left " right

O 5: 000 left, right

landmark 0000000 focus0O0 0000000000 OO00O0O
0000000000 ooooDoooooooooooooooog

000000000 focusOOOO0OOODOOOOOOOOOO (200)

O focusO0O0O0O trace0 000000 Fig. 60000000 focus OO

O
@B

O 6: Focus O trace

00000000000 focus trace0 00000 0OOO focus trace J O
0000 20000000000000L0LOOLObODOObOU200000

13



goooopboooooooooo

(find B); b := up(s); (find side(b)); x :=s;b :=s;r :=7T'(x, E(s));
(panrto A);
(scanrto A);
(scan r to otherSide(b, x))

000 Fig. 70000000000 DODOOOODOOOODODOOO20 focus

CA

O v.20000

trace 00 000O0O0O0OODODOOO0OOODODOOOOOODOOOOO
focustrace D000 over 000000000 ODOOOODOODOODOODO
O00000O0DO0OD0dFocus trace equivalence D 000 O0O0O0O0O0O0OO

Definition 3 7 = ay;...505;...;0, O 7@ = B1;...;0k;...; 8m O fo-
cus trace equivalent 000 (r ~ ' )0000000 we WOOOOO
T e 000000000000000

! Sff.
T =faww’ T iff:

. o Qi1

sz:woﬂwl...wj_l—%wj:u, fwoszlz---szj, and if u =

u' then f, # f,s, then there is k such that w' = wy B (T i

. Br+1

w, = v fyy =fy =...="fy =fu, and if v =50 then f, # fy, and

(155 0m) ~fuw (Brats---58m); and

. I 1 B / / Br /o _ _ _ ;

if w' = wy — Wy Wiy = wp =0, f% = fw’l =...= fwk’ and if
Bk .. aj

v then f, # f,, then there is j such thatw:wogwl...wj_l—%

. Q41
wj = u, fu, = fu, = ... = fu; = fy, and if u U0l then f, # fur,

and (o415 50m) fuw Begti---i0m), 0000w = u < wla]X O
DueX; o, 3000000a1&as, a1 Vag, o* 0000000000
oooo

14



5 Perspectival Invariance
5.1 0DMXOYOOOO

OXDhybOhoooooooooobo opcrooooooboooobooo
O0D0O00CO0OD0O0O0O0OD0O00O viewfinder OOD0OODOOOODO
gobogboboboooobobooooobobobooooboboo

2=s=X
S v

08 000 viewfinder0O0OD0O0: vl: O0O0O,v2: 00O0,v3: 00
O0,v4: OO0

Jrdy(X(x) 0 Y(y) OO Oq)

(find Y; Jy. > y;

find X; 3z. > x; side(y, x);
find otherSide(y, x); 3z. > z;
;b= y;r =T (x, E(2));
(chase r) past y)

gboobobooboobboobouoobooooboooo

b

U9 ooboooboboooooan

gobooboobboobooboooon

JrIy(X(x) O Y(y)OOOs) = (find Y;3y.>y;
find X; Jx. > x; side(y, x);

15



find otherSide(y, z); 3z. > z; N,v;
ax;b := z; go past z)
oooooooobooooooboooooon
Jrdy(X(z) O Y(y) OO Og) = (findY;3Jy.>y;
find X; 3x. > x; side(y, );
find otherSide(y, x); 3z. > z; 2Nyv;
<z; b := x; come past z)

gbooooobooboboboooboobobobooobobobobo
gooan

Jrdy(X(x) 0 Y(y) OO Oy, = (findY;3Jy.>y;
find X; 3z. > x; side(y, x);
find otherSide(y, x);3z. > z; £N,v;
dr;a = ;b := z; go past z)

goooooooogooon

find

0 10: 0000000b00o0obooo

0000000000000 ooooDooooooo
0000000000000 DOO0O00D0bOOO000000 uniformity O
00ooooooboooboooooooooooo

O0000Oviewfinder 0000000000000 OOOODOOOOOFo-
csU 000000000000 0ODO0O0O0O00O0ODO0OO0OO0DOODO0OnOO
000 focus trace equivalence 0 0 0000000000030 viewfider
000 focusOODOOODOODOOOOODOODO 10 viewfinderOOOOO
OfocusO0000D00O0DODOOODOOODOODOOODOODODOODO 30
focus trace equivalence I 0 00000000 OODOOODOOOOOOO
0000000000 O0XO0YOOooooXxoyvyooooooxay
000o0oodoooooboooooooooooooooooooon
oooooooooooo
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O 17000000000 0D0000—-20«00 2000000

gogoooono.
vi | [? = ylly — zlz[z — Z]zzzjr — 2]
va | [? = ylly — zlz[z — z]zzx[r — 2]
vs | [? = ylly — z]z[r — z]zazjr — 2]
v | [? = ylly — zz[r — z]zzazjr — 2]
6 4OGUd

0 000 O Dynamic Cognitive Semantics O 00 O 0 O O O cognitive in-

variance [ perspectival invariance [
000oOOoooooooboooog

goboooooooooooonog
gbobobogboboobod

000 00O fictive cognition 0 0 0 0O couterfactual 00000 OOO0O

gooboobobooboboobo
gboobooobodabod

goon
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