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Review on resource theory of Coherence

o Free states are incoherent states and free operations are incoherent
operations.

@ Incoherent states: Fix a specific basis {| i),/ = 1,....,d}. The set of
incoherent states / are the all the states which are diagonal in this

basis:
p=>_pili)il

@ Definition of incoherent operations in resource theory of coherence is
not unique. Two important incoherent operations are defined as:
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@ e Incoherent operations: Incoherent operations [?] are characterized
as the set of trace preserving completely positive maps admitting a
set of Kraus operators {K,} such that > KK, = I and, for all n
and p € I,

KnpK}

Tr[Kn/)K';r]



Coherence a new resource
(]
Contd..

@ e Incoherent operations: Incoherent operations [?] are characterized
as the set of trace preserving completely positive maps admitting a
set of Kraus operators {K,} such that > KK, = I and, for all n
and p € I,

KnpK}
Tr[Kn/)K';r]

@ From the definition of incoherent operations it is clear that for any
possible outcome coherence can never be generated from incoherent
states via this operation, not even probabilistically.



Coherence a new resource
(]
Contd..

@ e Incoherent operations: Incoherent operations [?] are characterized
as the set of trace preserving completely positive maps admitting a
set of Kraus operators {K,} such that > KK, = I and, for all n
and p € I,

KnpK}
Tr[KnPK';r]

@ From the definition of incoherent operations it is clear that for any
possible outcome coherence can never be generated from incoherent
states via this operation, not even probabilistically.

o Kraus operators representing Incoherent operations has the form
Ky =>_,c¢cnl f(n)){n], where | f(n)) is many to one function from
basis set onto itself.
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@ e Strictly incoherent operations: Strictly incoherent operations [?, ?]
are represented by set of completely positive, trace preserving maps
having Kraus operator representation {Kj,}, such that

Ko I (p)KY = D(KapKT) V0¥ p

@ Kraus operator representing strictly incoherent operations has the
form K, =), ca| m(n)){n|, where | 7w(n)) is permutation from basis
set onto itself.

@ There are several other kinds of incoherent operations, viz., MIO,
PIO, DIO, FIO, GIO, SI, etc. They have many interesting properties.
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@ o Measure of coherence: Any functional C mapping states to the
non negative real numbers should satisfy following properties in
order to be a proper coherence measure:

o (Cl)Nonnegativity:
C(p) =0
in general, with equality if and only if p is incoherent

@ (C2) Monotonicity: C does not increase under the action of
incoherent operations, i.e.,

C(Alp]) < C(p)

for any incoherent operation A
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@ (C3) Strong monotonicity: C does not increase on average under
selective incoherent operations, i.e.,

Z qiC(0i) < C(p)

with probabilities g; = Tr[K,-pK,T], post measurement states

KipK;

o; = , and incoherent Kraus operators K;.
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@ (C3) Strong monotonicity: C does not increase on average under
selective incoherent operations, i.e.,

Z qiC(0i) < C(p)

with probabilities g; = Tr[K,-pK,T], post measurement states
KipK;

o; = , and incoherent Kraus operators K;.

@ (C4) Convexity: C is a convex function of the state, i.e.,

Z piC(pi) > C(Z pipi)
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@ e Incoherent operations in multipartite case: The framework of local
operation and classical operation is an important part of resource
theory of entanglement as is used in various quantum information
tasks like teleportation, state transformations. In the LOCC
protocol, multiple parties who are spatially separated from each
other are allowed to perform only local operations on their
subsystems and they are allowed to communicate with each other
via classical channel. It is very difficult to represent this protocol
mathematically as LOCC operation can include arbitrary number of
classical communication.
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@ e Incoherent operations in multipartite case: The framework of local
operation and classical operation is an important part of resource
theory of entanglement as is used in various quantum information
tasks like teleportation, state transformations. In the LOCC
protocol, multiple parties who are spatially separated from each
other are allowed to perform only local operations on their
subsystems and they are allowed to communicate with each other
via classical channel. It is very difficult to represent this protocol
mathematically as LOCC operation can include arbitrary number of
classical communication.

@ In the above protocol if all the parties are allowed to perform only
incoherent operations then corresponding protocol is known as local
incoherent operation with classical communication [?, ?7]. Like
LOCC it is also very difficult to represent whole LICC operation
mathematically.

@ Stochastic LICC (SLICC) operations describe state which can be
interconverted by LICC non deterministically but with a non zero
probability of success.
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Necessary and sufficient condition for equivalance of two
multipartite pure states under SLICC and LICC

Before starting our result we shall first state some important results
from multipartite entanglement.

e Lemma 1 :If the vectors [¢), |¢) € HAQ HBE R ......... ® Hn are
connected by a local operator as |¢) = AR B® ......... ® N| ), then
the local ranks satisfy r(pf) > r(pf), k=A,B,...... N

e Lemma 2: Two pure states of a multipartite system are equivalent
under SLOCC if and only if they are related by a local, invertible
operator.

Above lemma gives necessary and sufficient condition for equivalence
of two multipartite states under SLOCC. Now we shall use this
lemma to prove necessary and sufficient condition for equivalence of
two multipartite states under SLICC. The proof is very similar to
above lemma.




Coherence a new resource
o
Contd...

@ e Lemma 3: Two pure states of a multipartite system are equivalent
under SLICC iff they are related by local, strictly incoherent
operators A, B, ..., N such that

|¢) =AR B®...® N|v)
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@ e Lemma 3: Two pure states of a multipartite system are equivalent
under SLICC iff they are related by local, strictly incoherent
operators A, B, ..., N such that

|¢) =AR B®...® N|v)

o Lemma 4: Two pure states | 1) and | ¢) of a multipartite system are
equivalent under LICC iff they are related by local, incoherent,
invertible and unitary operators A, B, ..., N such that

|¢) =AR B®...Q N|)

@ The proofs are little bit involved, we are skipping that part.
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@ Now our aim is to classify pure three qubit state with respect to
SLICC using above lemma. For example for equivalence of two pure
three qubit states | ¢) and | ¢) under SLICC we have to choose three
local, strictly incoherent operators A, B, C as follows:
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@ Now our aim is to classify pure three qubit state with respect to
SLICC using above lemma. For example for equivalence of two pure
three qubit states | ¢) and | ¢) under SLICC we have to choose three
local, strictly incoherent operators A, B, C as follows:
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BRI PICRINER)
(5 o) s)(ad)
9 (5 5) (0 8)(2%)

o If we can relate two pure three qubit states |¢) and | ¢) by
|$) = A® B® C|v) with A, B, C in any of the above combinations
[(1)-(8)] then we can say that two states will lie in same SLICC class.
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@ We consider the state where number of product terms 8, if we can
convert | ) =
al 000)+b|001)+c| 010)+d|011)+e| 100)+7| 101)+g| 110)+h| 111)
to |¢) = a’|000) + b’|001) + ¢’| 010) + d’| 011) + €’| 100) +
f’|101) + g’| 110) 4 A’| 111) under SLICC then according to above
condition there exists SIO operators A, B,C such that
|$) = A® B® C|v). The required form of A,B,C have been
mentioned above.
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Condition for SLICC equivalence of two states after
changing coefficients of states

@ We consider the state where number of product terms 8, if we can
convert | ) =
al 000)+b|001)+c| 010)+d|011)+e| 100)+7| 101)+g| 110)+h| 111)
to |¢) = a’|000) + b’|001) + ¢’| 010) + d’| 011) + €’| 100) +
f’|101) + g’| 110) 4 A’| 111) under SLICC then according to above
condition there exists SIO operators A, B,C such that
|$) = A® B® C|v). The required form of A,B,C have been
mentioned above.

@ (1) If we convert |¢) =
a| 000)+b| 001)+c|010)+d| 011)+e| 100)+f| 101)+g| 110)+h| 111)
to |¢) = a’|000) + b'|001) + ¢’| 010) + d’| 011) + €’| 100) +
'] 101) + g’| 110) + A’| 111) by

ai 0 ® b1 0 ® C1 0
0 an 0 b2 0 Co
a'd __ ad af _ af a'h _ ah g __ ag W _ ah
Then we have 55 = 32, 2 = 72, big’ — bg' & — ce' F — cof

a'h ah

d'c” — dc
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(2) If we convert |¢) =

2] 000) + b| 001) + ¢| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to |¢) =

a’|000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+£'| 101)+g’| 110)+AH"| 111)

by
di O b1 0 O C1
(5 2)e(%a)e(a5)
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(2) If we convert |¢) =

a| 000) + b| 001) + ¢| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to |¢) =

a'| 000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+F'| 101)+g'| 110)+A| 111)

by
di O bl 0 O C1
(5 2)=(%a)e(2%)
b'c’ __ ad b'e __ af b'g __ ah b'g’ _ ah b'H

Then we have
b'g’ _ ah
c’fl T ed

ad at bg ah — 2
a’d’” = bc' a'f’ — be' d'e ~ cf' a’h — bg' d'fl T ce’
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3) If we convert |¢)) =

2] 000) + b| 001) + ¢| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to |¢) =

a’| 000)+b'| 001)4-c’| 010)+d’| 011)+¢€’| 100)+£'| 101)+g'| 110)+h'| 111)

by
0 & by O ag 0
(2 3)e(5a)e(52)
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3) If we convert |¢)) =

2] 000) + b| 001) + ¢| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to |¢) =

a’| 000)+b'| 001)4-c’| 010)+d’| 011)+¢€’| 100)+£'| 101)+g'| 110)+h'| 111)

by
0 & by O a 0
® ®
an 0 0 b2 0 (@)
e'n ﬂ be . if d e . ih e ag d'e’ o ih
Then we have & = bc' Jf — be' f — bg' ag — co' blg — of

de __ ah
a’h — ed
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4) If we convert | ) =

2] 000) + b| 001) + c| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to | 6) =

4| 000)+b'| 001)+¢'| 010)+d’| 011)+¢’| 100)+F'| 101)+g'| 110)+A'| 111)

by
aa 0 0 b g 0
( 0 an ) ® ( b2 0 ) ® ( 0 Co >
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4) If we convert | ) =

2] 000) + b| 001) + c| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to | 6) =

4| 000)+b'| 001)+¢'| 010)+d’| 011)+¢’| 100)+F'| 101)+g'| 110)+A'| 111)

by
ai 0 0 bl 1 0
& &
0 an b2 0 0 Co
b'c’ _ ad A _ af cf' _ ah e __ ag 'f _ ah
Then we have a’d” = bc' d'g’ = be' d'e¢’ = bg' a'lg’ = ce' a’h — cf’

c'f’ ah

b'g’ — de
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5) If we convert |¢) =

2| 000) + b| 001) + ¢| 010) + | 011) + e| 100) + £| 101) + g| 110) + A| 111)
to |¢) =

a’|000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+£'| 101)+g’| 110)+Ah"| 111)

by
0 a1 0 b 0 a
(2 3)e(a5)e(a %)
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5) If we convert |¢) =
2| 000) + b| 001) + ¢| 010) + | 011) + e| 100) + £| 101) + g| 110) + A| 111)

to |¢) =
a'|000)+b'| 001)+c'| 010)+d’| 011)+€’| 100)+f'| 101)+g’| 110)+H'| 111)

by
0 ai 0 bl 0 (5]
& &
az 0 b2 0 C 0
a’h’ _ ah a'h _ ah a'h _ ah a'd" _ eh a'f _ ch
Then we have 575 = 22, &7 = . T6 = % b — dg* e — dg°
a'g’ _ bh
c’e’ T df

c’e’
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6) If we convert |¢) =
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6) If we convert |¢) =
2| 000) + b| 001) + ¢| 010) + | 011) + e| 100) + £| 101) + g| 110) + A| 111)

to |¢) =
a'|000)+b'| 001)+c'| 010)+d’| 011)+€’| 100)+f'| 101)+g’| 110)+H'| 111)

by
0 ai 0 b1 (5] 0
(2 8)(a )5 2)

a’h’ __ bg b'c eh a'h’ _ bg a'h _ bg ble _ ch

Then we have 575 = 5. 2757 = 5f F = der g7’ = of* 7F — g

’ !
ag _ ag
c'e’ T ce
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7) If we convert | ) =
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7) If we convert | ) =
2] 000) + b| 001) + ¢| 010) + d| 011) + e| 100) + £| 101) + g| 110) + h| 111)
to |¢) =
2’| 000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+£'| 101)+g’| 110)+H'| 111)
by

0 a 0 b 0 a
(2 8)e(n5)e(a )

a'd _ ad c'f' __ bg
Then we have e = her T =

bg Cc'f __ bg bf _cg e _ bh
ae' b'g’ — cf' a’e’ ~ dh' a'g’ — df’

d'e __ ah
a’h’ T de
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8) If we convert ) =

2] 000) + b| 001) + ¢| 010) + | 011) + e| 100) + £| 101) + g| 110) + A| 111)
to |¢) =

a’|000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+£'| 101)+g’| 110)+Ah"| 111)

by
0 a1 by 0 0 a
(2 3)e(% a)e(as)
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8) If we convert ) =

2] 000) + b| 001) + ¢| 010) + | 011) + e| 100) + £| 101) + g| 110) + A| 111)
to |¢) =

a’|000)+b'| 001)+c’| 010)+d’| 011)+€’| 100)+£'| 101)+g’| 110)+Ah"| 111)

by
0 a1 by 0 0 a

/! !l ’ ! !l
Thenwehavebc _eh ce _ bh a'f' __ af b'g’ _ de c'f' __ ah

a'd’ be
d'e _ bg
a’h’ — cf

fg' a'g’ — af' b'e’ — be' ahW — cf' ah ~— cf’
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CLASSIFICATION OF PURE THREE QUBIT STATES

Now we shall give classification of pure three qubit states with respect to
SLICC. It will provide us all SLICC inequivalent classes of pure three

qubit states.
e Number of product terms in the state is 1

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
1 | 000)
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e Number of product terms in the state is 2

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
2a a| 000) + b| 001)
2b a| 000) + b|010)
2c a|000) + b[011)
2d a| 000) + b| 100)
2e a| 000) + b[101)
2f a| 000) + b|110)
2g a| 000) + b|111)
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o Number of product terms in the state is 3

3f | a/000) + b|010
3g | a|000) + b|010

+ ¢[100
+ c|101

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
3a | a/000) + b|001) + ¢|010)
3b | a|000) + b|001) + c| 100)
3c | a|000) + b| 001) + c|110)
3d | a|000) + b|011) + ¢| 100)
3e | a/000) + b|011) + c|101)
) ) )
) ) )
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e Number of product terms in the state is 4

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes

a| 000) + b| 001) 4 c|010) TAVIEAV]
+d|011) or Ap = &7

a| 000) + b 001) + c|010)
+d| 100)

a| 000) + b|001) + c|010)
+d| 101)

a[ 000) + b[001) + c|010)
+d| 110)

a| 000) + b 001) + c|010)
+d|111)

a[ 000) + b[ 001) + c| 100)
+d| 101)

4a

[y

4b

4c

4d

de

af
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4o | 2/000) + b[001) + c[100)
& +d| 110)
an | 21000) + b[001) + c[100)
+d|111)
4i | 2l000) + b[001) + c[110) Al = All
+d|111) or Ay = a7
4; | 2000) + b[010) + c[100)
! +d|110)
a1 | 2/000) + b[010) + c[100)
+d|111)
41 | 2/000) + b[010) + c[101) A} = All
+d|111) or Ay = 37
am | @1000) + b[011) + c| 100) Al =1
+d| 111) or Ay = 57
4n | 21000) + b[011) + ¢[101)
+d|110)
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o Number of product terms in the state is 5

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
a| 000) + b| 001) + c|010) ;L
5a +d|011) + €| 100) A=A
a| 000) + b|001) + c| 010) ;L
5b +d|100) + €| 101) As = Bs
a| 000) + b|001) + c| 010) ;L
> +d| 100) + €| 110) By = Ao
54 a| 000) + b|001) + c| 010) Al = An

+d|100) + e[ 111)
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a] 000) + b|001) + | 010) | ~, _

>¢ +d| 101) + €] 110) Ao = Ao
a[000) + B[ 001) + | 010) | A, _

5 +d| 101) + e| 111) By = Ao
a] 000) + B[ 001) + [ 010) | A, _

> +d|110) + €| 111) As = As
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o Number of product terms in the state is 6

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
o /I
6. | 2/000) +b001) + c[010) A1 =25 agf’ 2= 0
+d|011) + €| 100) + f|101) AL =1/Ay or A, =1/,
o /I
6 | @000) + b[001) + c[ 010) A=A agrd A =DBs
+d|011) + | 100) + f| 110) AL =1/A; or A, =1/,
I [
6 | @ 000) +b[001) + c|010) A1 =M agrd A =D

+d|01) + € 100) + FI111) | A _ a0 AL = 1/,




Coherence a new resource
L]
Contd..

/
2/ 000) + b|001) + |00y | O5 = Asand AL =D

6d or
+d|100) + e|101) + £|110) AL =1/ or AL = 1/Ag
! !l
6e | 21000) + b 001) + c[010) As = Bs agrd A3 =0s
+d|100) + e| 101) + £] 111) AL = s or A = 1/,
6r | 21000 + b[001) + c[ 010) AL = g and AL = Ag

+d|101) + | 110) + £| 111)

6, | 2000} + b[001) + c[ 011)
& | +d|101) + e[ 110) + f] 111)

Ay = Ay and Ay = Ay
or
A, =1/As or A = Ay
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e Number of product terms in the state is 7

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes

a]000) + b 001) + | 010)
7 | +d|011) + €] 100) + | 101)
+g|110)

A=Ay, D) =N
and A} = Ag
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e Number of product terms in the state is 8

SLICC inequivalet condition under
states under which there
No. same no exists infinite
of product terms number of
in the state inequivalent classes
al 000) + b|001) + c|010) mentioned
8 | +d|011) + | 100) + £]101) in previous
+g|110) + h| 111) section

In the above tabular format we shall use following notations A; = ‘Z‘Z,
__ af _ ag
A 7be'A ce’A4 de’A5 bd’Al6 dc’A7 cd’A = ce’

Do =2, NAjg =2 Ay =Z¢, A} = 2% and similarly for the others .
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observations from table

© From the tabular form given in the previous section we can
summarise classification of pure three qubit states with respect to
SLICC in following way
e Classification under separable class
First we consider states from the tabular form which lie under
separable states (| 1))5¢ = | )2 @ |n)B ® | 7)), i.e., states for
which all reduced density matrices are pure state. This states can be
again subclassified under following ways.
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observations from table

© From the tabular form given in the previous section we can
summarise classification of pure three qubit states with respect to
SLICC in following way
e Classification under separable class
First we consider states from the tabular form which lie under
separable states (| 1))5¢ = | )2 @ |n)B ® | 7)), i.e., states for
which all reduced density matrices are pure state. This states can be
again subclassified under following ways.

@ e Three single qubit reduced density matrices are pure

incoherent state
| o)A, |n)B and | 7)€ are incoherent: |000) and its SLICC equivalent

states
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@ e Two single qubit reduced density matrices are incoherent

and another is coherent

(a) |¢)A, | n)B are incoherent and | 7)€ is coherent:

a] 000) + b| 001) and its SLICC equivalent states

(b) [n)B, | 7)€ are incoherent and | $)* is coherent:

a| 000) + b| 100) and its SLICC equivalent states

(c) | ¢)A, | 7)€ are incoherent and | 1) is coherent:

a 000) + b| 010) and its SLICC equivalent states
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@ e Two single qubit reduced density matrices are incoherent
and another is coherent
(a) |¢)A, | n)B are incoherent and | 7)€ is coherent:
a] 000) + b| 001) and its SLICC equivalent states
(b) [n)B, | 7)€ are incoherent and | $)* is coherent:
a| 000) + b| 100) and its SLICC equivalent states
c)|o A 1 7)€ are incoherent and B is coherent:
n
a 000) + b| 010) and its SLICC equivalent states
e One single qubit reduced density matrices is incoherent and
others are coherent
(a) |@)A, | n)B are coherent and | 7)€ is incoherent:
a| 000) + b| 010) + c| 100) + d| 110)(with ad=bc) and its SLICC
equivalent states.
(b) [n)B, | 7)€ are coherent and | ¢)* is incoherent:
a] 000) + b| 001) + ¢|010) + d| 011)(with ad=bc) and its SLICC
equivalent states.
(c) | ¢)A, | 7)€ are coherent and | 1) p is incoherent:
a 000) + b| 001) + ¢| 100) + d| 101)(with ad=bc) and its SLICC
equivalent states.
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e All reduced density matrices are coherent

|&)a, |m)g and | )¢ are coherent:

2],000)-+5|001)+¢|010)-+d| 011)-+ | 100)-+ | 101)+¢| 110)-+h| 111)(with
ad — af Zg =22 =32 _bh_ de = 21 — 1) and its SLICC equivalent
states.
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e All reduced density matrices are coherent

|&)a, |m)g and | )¢ are coherent:

a| 000>+b| 001)+c| 010>+d| 011>+e| 100)+£|101)+g| 110)+h| 111)(with
ad — af Zg =22 =32 _bh_ de = 21 — 1) and its SLICC equivalent
states.

e Classification under biseparable class

Now we consider states from the tabular form which lie under biseparable
class. This can be again sub classified in following way

e One single qubit reduced density matrices is pure incoherent and
others are mixed incoherent

(a) Reduced density matrices of system C is pure incoherent:

al 000) + b| 110) and its SLICC equivalent states

(b) Reduced density matrices of system B is pure incoherent:

a| 000) + b| 101) and its SLICC equivalent states

(c) Reduced density matrices of system A is pure incoherent:

a] 000) + b| 011) and its SLICC equivalent states
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e One single qubit reduced density matrices is pure incoherent and
others are mixed coherent

(a) Reduced density matrices of system A is pure incoherent:

a| 000) + b| 001) + ¢|010), a| 000) + b|001) + c|010) + d| 011) (with
ad # bc) and their SLICC equivalent states.

(b) Reduced density matrices of system B is pure incoherent:

a| 000) + b| 001) + c| 100), a| 000) + b| 001) + c|100) + d| 101) (with
ad # bc) and their SLICC equivalent states

(c) Reduced density matrices of system A is pure incoherent:

a 000) + b| 010) + ¢| 100), a| 000) + b|010) + c|100) + d|110) (with
ad # bc) and their SLICC equivalent states
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e One single qubit reduced density matrices is pure incoherent and
others are mixed coherent

(a) Reduced density matrices of system A is pure incoherent:

a| 000) + b| 001) + ¢|010), a| 000) + b|001) + c|010) + d| 011) (with
ad # bc) and their SLICC equivalent states.

(b) Reduced density matrices of system B is pure incoherent:

a| 000) + b| 001) + c| 100), a| 000) + b| 001) + c|100) + d| 101) (with
ad # bc) and their SLICC equivalent states

(c) Reduced density matrices of system A is pure incoherent:

a 000) + b| 010) + ¢| 100), a| 000) + b|010) + c|100) + d|110) (with
ad # bc) and their SLICC equivalent states

o Classification under genuine tripartite entangled class

Now we shall consider states from the tabular form given in previous
section such that they lie in genuine tripartite entangled class, i.e., GHZ
or W class. In this case all reduced density matrices are mixed states.
This can be again sub classified in following way.

(a) All reduced density matrices are mixed incoherent states:

al 000) + b|111), a| 000) + b|011) + ¢|101),

a| 000) + b| 011) 4 ¢|101) + d| 110) and their SLICC equivalent states.



Coherence a new resource
[e]e] le]elelele]

(b) Two single qubit reduced density matrices are mixed incoherent
states and another is mixed coherent

e Reduced density matrices of system C is mixed coherent:

a| 000) + b| 001) + c| 110), a| 000) + b| 001) + ¢|110) + d| 111) and their
SLICC equivalent states.

e Reduced density matrices of system A is mixed coherent:

al 000) + b| 011) + ¢| 100), a| 000) + b|011) 4 ¢|100) + d| 111) and their
SLICC equivalent states.

e Reduced density matrices of system B is mixed coherent:

a| 000) + b| 010) + ¢|101), a| 000) + b|010) + c| 101)

+d|111) and their SLICC equivalent states.
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(b) Two single qubit reduced density matrices are mixed incoherent
states and another is mixed coherent

e Reduced density matrices of system C is mixed coherent:

a| 000) + b| 001) + c| 110), a| 000) + b| 001) + ¢|110) + d| 111) and their
SLICC equivalent states.

e Reduced density matrices of system A is mixed coherent:

al 000) + b| 011) + ¢| 100), a| 000) + b|011) 4 ¢|100) + d| 111) and their
SLICC equivalent states.

e Reduced density matrices of system B is mixed coherent:

a| 000) + b| 010) + ¢|101), a| 000) + b|010) + c| 101)

+d|111) and their SLICC equivalent states.

(c) Two single qubit reduced density matrices are mixed coherent
states and another one is mixed incoherent

e Reduced density matrices of system A is mixed incoherent:

a| 000) + b| 001) + ¢|010) + d| 111) and it's SLICC equivalent states.

e Reduced density matrices of system B is mixed incoherent:

a| 000) + b| 001) + c|100) + d| 111) and it's SLICC equivalent states.

e Reduced density matrices of system C is mixed incoherent:

al 000) + b| 010) + ¢|100)d|111) and it's SLICC equivalent states.
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(d) All single qubit reduced density matrices are coherent:

a| 000) + b| 001) + ¢| 010) + d|100), a| 000) + b| 001) + ¢|010) + d| 101),

a| 000) + b| 001) + c| 010) + d|110), a| 000) + b| 001) + ¢|100) + d| 110},

al 000) + b| 001) + ¢|010) + d| 100) + e| 111),

al 000) + b| 001) + ¢|010) + d| 101) + €| 110),

al 000) + b| 001) + ¢|010) + d|101) + €| 111),

a| 000) + b| 001) + ¢|010) + d|110) + e| 111),

a| 000) + b| 001) 4 ¢|010) + d|011) + e| 100),

a| 000) + b| 001) + c|010) + d| 100) + e| 101),

al 000) + b| 001) + ¢|010) + d| 100) + €| 110),

al 000) + b| 001) + ¢|010) + d|011) + €| 100) + | 111),

a| 000) + b| 001) + c|010) + d|100) + | 101) + f|111),

al 000) + b| 001) + ¢|011) + d|101) + | 110) + f|111),

a| 000) + b| 001) + ¢|010) + d| 101) 4 e| 110) + f| 111),

a| 000) + b| 001) + ¢|010) + d| 011) + e| 100) + f| 101),

a| 000) + b| 001) + ¢|010) + d| 011) + e| 100) + f| 110),

a| 000) + b| 001) + ¢|010) + d| 100) + e| 101) + f| 110),

a| 000) + b| 001) + c|010) + d| 011) + e| 100) + | 101 + g| 110)),
) ) +

2] 000) + b| 001) + ¢| 010) + d| 011) + €] 100) + f| 101 + g| 110)) + h| 111)
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