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Abstract: "The Causaloid framework [1] is useful to study Theories with Indefinite Causality; since Quantum Gravity is expected to marry the
radical aspects of General Relativity (dynamic causality) and Quantum Theory (probabilistic-ness). To operationally study physical theories one
finds the minimum set of quantities required to perform any calculation through physical compression. In this framework, there are three levels of
compression: 1) Tomographic Compression, 2) Compositional Compression and 3) Meta Compression.

We present a diagrammatic representation of the Causaloid framework to facilitate exposition and study Meta compression. We show that thereis a
hierarchy of theories with respect to Meta compression and characterise its general form. Next, we populate the hierarchy. The theory of circuits
forms the simplest case, which we express diagrammatically through Duotensors, following which we construct Triotensors using hyper3wires
(hyperedges connecting three operations) for the next rung in the hierarchy. Finally, we discuss the implications for the field of Indefinite Causality.

[1] Journal of Physics A: Mathematical and Theoretical, 40(12), 3081"

Pirsa: 21060122 Page 1/17



Hierarchy of Theories with
Indefinite Causal Structures:

A Second Look at the
Causaloid Framework

Nitica Sakharwade

Nitica Sakharwade
Perimeter Institute for Theoretical Physics

(Ongoing work with Lucien Hardy)

Quantizing Time (2021)

Pirsa: 21060122 Page 2/17



OPQVO\‘C;OV\QX Ync, “‘

Dok Qebs

- Rt Elewentury Region

a: locaion
o ockiond - K2 POR; : Pouduve

R ot obosewattons Y= XAR: : Oorne

v 2 Te

R, 2

¢ Thinking wside the box ”

40 Prezi

Page 3/17

Pirsa: 21060122



Tre - Compression (0 Rewk )

: [ (¥
We uw‘\" P(Yd: U\'P;m \Fn-;ku F&-&i) = p-(p“:' Rd&.“ P

0 ;
(foy, Fore) 2 [ P- p\
3eﬂtfc.\'\sc& b«.P 1 ) = _"-
,?ow 2 O(K 0} )
. t/\m
( \11; ,Fﬂ.; ) .
NC.o-Suﬂmu’C ok . c \ a;

&“ 9\'\

Pirsa: 21060122




Pirsa: 21060122

Tre - Compression (0 Rewk )

“.
We um‘\" ?(Yd; Uﬂ&-m \F'_:'U F&-&i) = p-tm" Rdm‘ P

1 ( \
Q-‘: ‘ ,P= P*f..
(6; y

(\’&—v.', IF-Q-'K\)
3en(~rc.\'\sc,& buP

,?et i
oy _day
( \11; ,F&;a) —
ME0SUTLM el Ol\?xi = \Q;
for R

PPPPPPPP



I@ Prezi

Pirsa: 21060122

PPPPPPPP



(onsider theee rgions — ng\\)?\,_uf)\j

LR, R
An \
!
AT e

g /
kRI ’kR2

b~

iy iRy H kg, olrs
IRQ le 1jR2 ajRg
Aa, U ---------- Ayry gk
AkRg :kﬂg

ki?z ’ki?-a
LR,
Ak B

&

99

Wil %OM o\ ’th cl..'.a,%ro.m Yo !
l) ZAP\Q.;A e (owsaleid %meuwk
@ prex 2) \nhodmee o \—\igr&(c}\j %of ?\r\\yioul dheories

¥

Pirsa: 21060122 Page 7/17



ﬁmoyo\;\fﬁc Coumsg}on (’\ﬂL QN& )

R,
We wout : P(deiuqkki \FH . F"*'N) : p“Re= Ge.{ Pk

irsa: 21060122 Page 8/17



(onsider thee vegions » R~ R,\UK VR

lr
AaRll \
I

r 4
kRI ’kR-;)

ZRI ,l'aRz [\ krRl :£R3
I!R le :ij »jR3
Aog, A —

U __________ le skRg )kRe,
kr,,kr
k‘ Ak’ 2 . 3
Ho i s
AERS f—>
AR,

Wil %00»\3 on this Clia%rm Yo
') ?.AP\OGn the (owsaleid %V‘&MQ\.: ovk
2) \nkredmee o Hierov d~j {of ?Y‘ﬁsiml Meovies

® © o

&

415 Prezi

Pirsa: 21060122 Page 9/17



=
E;

ole '
R Al Ro g
O’,R2
@Pren

V4 /
A R1°'"WVRo
lRl alRQ

Page 10/17




ComFos'\\‘ional. Cow\Pmss}on Cfd’ ,Q,th.&, )

We woul -
ol “ ) z 2 "
POV UY g W e | B VAU a—m-ﬂ;) T Py Vet P

lﬂl S QRl

lr
Aaél , \
Lo '
Ri:*R ‘
1 2 kR.r'kRQ EQR|,R2
Alﬁg le = QR2 N /
R,
&

Ll
ﬁ
N
>}.
F

Prezi k [\ gk "e n-Rh&

Pirsa: 21060122 Page 11/17



Melo Compmssion (?{Que&, )

We uaﬂ“' :

NSRS § A o

lﬂn..o-ﬂ;l
Ir
. e \
kfﬁl’k;?-z N
I'Rl 532 [‘\ le ZRS
lr, JRy+JRo IR
AaRz U\ __________ Akﬂl kry KRy EE

AkR2 kRa

kRg kRa
. Ilr /

!
kRI skR3

Prezi

Pirsa: 21060122 Page 12/17



Melo Cow\Pv-eS%ion (3’* Deve L ) and. o Hie,mrc!nj_

We wmf\' .

WS RGNS - 1o A Teee — T s A

™

I lﬂ
Tag, AO,H‘_1 *\ Tap, Aa;}l
o _ r
Ky oK, Akﬂ'l Ky

ik KL lng
1
In. IRy IR IR — : . ;
Tapg Am /_\ AT Ranlia 1 R dng.dn
2 ey 9 O pWEE & | — = T g 13/ R ] Ry
O " U Ky kg Ky arny A e
Akﬂg’kﬂ.a
T Alna
g Ry

K [—»
)
. i K A { il
Z ZZZ Aﬁ“‘"v-‘a A""'Ku"A H N >\ Wlmy I'w l, L,
A, g, g P z Z ity b, Y g ’-91. z' Al‘n"‘z’“ﬁ NN
Ielwys W
ha‘ e

e """";“1"" W L. e
g_n_.,.‘,,“u,ﬂa. f-‘thf-n-.ﬂn .

I\

m

Lo outy

LN Ty
l-ﬂ-;.,-.n, * iy €ty

wheow Ry RQ"‘?\B ) 7\?:1 =22 N-i)\u

e trat D7 (A ) (s Qa, 0,)

4ili: Prezi

Pirsa: 21060122 Page 13/17



l'

. o k
SN = N“" N
X, e, ,!p,} ]‘"Qh

“a“-, Ifd.;'&

I du ey ¢ Qoy, €N,
€ Qoo 1 ¢ 004

Sweln Hrat Qo (ﬂ a2 K —Q-p,D N (Lo .Qa.‘,%)

4ilf: Prezi

Pirsa: 21060122 Page 14/17



Hicvardig m d<n

"Ca
12 RuBes o Rn ﬂ O (FV\ (Q Ry "Rdm";ndt)‘))

Chy#... ¢ J..*';-Az;( l
of d\c«mz Fi\\iﬂ}

d=1 Ve tausal shuchuve

d A D uo'\'ev\smf o C\ﬂc.\m&hz QTV\u\/\ﬁ p CPNMTM)
d . 3 1o \'Qnsws C "o Q uantun OM\°SM_)
d_ - 4 an&n‘hnsofs (QM'\"\A«\ gtmkmﬁon Qu\kld bO QUO«»@"V\)QV‘S)

4iii: Prezi

irsa: 21060122 Page 15/17



H;erd,\i m AL

"Ca
2 RuBes o Rn m O (va (ﬂ Ry 'vp‘&“:nag))

Chy#. . # &.";néo.;t l
of d\um3 Fi\\iﬂ}

& d=l Ve usal shuchuve

C’t 9 ’_Duo-\rev\sof S C\nc.\mcl;ns QT\r\uw'\ﬁ, CPNbTW“O)
A:=2  Trotemsos (" Quantum OV‘C\\'-’SM;(_)
24 Quodeinnrs  (Quantum gemalistion Bakd bo Quadresvions)

Prezi

irsa: 21060122 Page 16/17



Thank you!

nsakharwade @ perimeterinstitute.ca
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