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This paper RapunSL

Separation Logic
capable of handling

Quantum Entanglement and Measurement



Question.
Why Quantum Separation Logic?

Answer.
Modular reasoning for scalability!!



Quick overview: RapunSL 4

Existing Quantum Separating Logics
 Local reasoning for each   

     disentangled component.
⇒
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Proposition   =   Quantum State
x ↦ |1⟩ qubit    has state x |1⟩

(x, y) ↦ |10⟩

means

means

Previous Work: Quantum  Separation Logic×

qubits    have state x, y |10⟩
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Proposition   =   Quantum State
x ↦ |1⟩ qubit    has state x |1⟩

(x, y) ↦ |10⟩

Hoare triple

Under the pre-condition   x ↦ |0⟩
If we execute  gate𝖭𝖮𝖳

We get the post-condition  x ↦ |1⟩

means

means

Previous Work: Quantum  Separation Logic×

qubits    have state x, y |10⟩

{ x ↦ |0⟩ } NOT [x] { x ↦ |1⟩ }
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For a quantum circuit ,C

then
,{ x ↦ |0⟩ } C { x ↦ |1⟩ }

.{ (x, y) ↦ |0⟩ ⊗ |1⟩ } C { (x, y) ↦ |1⟩ ⊗ |1⟩ }

Observation

Previous Work: Quantum  Separation Logic×
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Separating Conjunction
 ＊ P Q

Separable state
    P ⊗ Qmeaning

For a quantum circuit ,C

then
,{ x ↦ |0⟩ } C { x ↦ |1⟩ }

.{ (x, y) ↦ |0⟩ ⊗ |1⟩ } C { (x, y) ↦ |1⟩ ⊗ |1⟩ }

To formalize this in a logic,

Observation

Previous Work: Quantum  Separation Logic×
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Separating Conjunction
 ＊ P Q

Separable state
    P ⊗ Qmeaning

For example,

For a quantum circuit ,C

then
,{ x ↦ |0⟩ } C { x ↦ |1⟩ }

.{ (x, y) ↦ |0⟩ ⊗ |1⟩ } C { (x, y) ↦ |1⟩ ⊗ |1⟩ }

  ＊   𝗑̄ ↦ |ψ⟩ 𝗒̄ ↦ |φ⟩ ⟺ (𝗑̄, 𝗒̄) ↦ |ψ⟩ ⊗ |φ⟩
disentangled state

To formalize this in a logic,

Observation

Previous Work: Quantum  Separation Logic×
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For example,
{ x ↦ |0⟩ } C { x ↦ |1⟩ }

{ x ↦ |0⟩ ＊ y ↦ |1⟩ } C { x ↦ |1⟩ ＊ y ↦ |1⟩ }
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Focus on
local entangled component P

Prove above, then add
disentangled resource R
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Previous Work: Quantum  Separation Logic× 7

Focus on
local entangled component P

Prove above, then add
disentangled resource R

<latexit sha1_base64="/Lggcbckl5bwgWnepuekayy/NK8="></latexit>

{ P } C { Q }
{ P →R } C { Q →R }

Frame Meaning…

For example,
{ x ↦ |0⟩ } C { x ↦ |1⟩ }

{ x ↦ |0⟩ ＊ y ↦ |1⟩ } C { x ↦ |1⟩ ＊ y ↦ |1⟩ }

Entanglement-Local reasoning Question:   Is this enough to 
achieve “Modular reasoning”?



Problem 1: Frame is not enough 8

<latexit sha1_base64="JMJIJfnqU7BrApi0TxPWIqqoJVE="></latexit>{
(x0, x1) →↑ |11↓

}
C

{
(x0, x1) →↑ |11↓

}

<latexit sha1_base64="eAKt84YdeGjtDSUEjI8bKr9UHWA="></latexit>{
(x0, x1) →↑ |00↓

}
C

{
(x0, x1) →↑ |00↓

}
For some unitary map ,C
Observation 2
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For some unitary map ,C

then
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Our logic: RapunSL

x̄↦ |ψ⟩ + x̄↦ |φ⟩ ⟺ x̄↦ ( |ψ⟩ + |φ⟩)

α (x̄↦ |ψ⟩) ⟺ x̄↦ α |ψ⟩

<latexit sha1_base64="Cq/L6Z5Y0bLc8L+y+HN1sBN/zxk="></latexit>

P := · · · | ωP | P +Q | · · ·

RapunSL: Linear combination
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Hoare-SUM

Our logic: RapunSL

x̄↦ |ψ⟩ + x̄↦ |φ⟩ ⟺ x̄↦ ( |ψ⟩ + |φ⟩)
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Hmm…, how can such a simple 
thing be new?
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C    =    meas x
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Measurement is not linear!



Idea: Branching as Measurement Outcomes 18

Idea:   Add more detail to the post-condition
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     “Some branching has happened.

         If it branched to “0”, the state is    .

         If it branched to “1”, the state is    .”      

x ↦ α′￼|0⟩ + β′￼|1⟩ }
meas[x]

{
α |0⟩
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Idea: Branching as Measurement Outcomes 20

       

       

     “Some branching has happened.

         If it branched to “0”, the state is    .

         If it branched to “1”, the state is    .”      

x ↦ α′￼|0⟩ + β′￼|1⟩ }
meas[x]

{
(α + α′￼) |0⟩

(β + β′￼) |1⟩ }

{ x ↦ α |0⟩ + β |1⟩
+

Measurement is linear for each branch



Solution: Mixing operator 21

RapunSL <latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·
: branching IDι



Solution: Mixing operator 21

RapunSL

C    =    meas  ι x

State of probability 0 
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}
C

{
x →↑ |0↓ ↔ω x →↑ 0
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P := · · · | P →ω Q | · · ·
: branching IDι
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RapunSL

C    =    meas  ι x

State of probability 0 

<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

}

<latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·
: branching IDι



<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

} <latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

Solution: Mixing operator

RapunSL

C    =    meas  ι x

22

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·



RapunSL

C    =    meas  ι x

Solution: Mixing operator 23

<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

} <latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

+

<latexit sha1_base64="p1GQ9GDdQZdWVJk+JB0otyhaPTU="></latexit>{
x →↑ ω |0↓+ ε |1↓

}
C

{
ω
(
x →↑ |0↓ ↔ω x →↑ 0

) }

<latexit sha1_base64="WpxPO6c8Y8sP8tCmoCI4S2o83UE="></latexit>

ω
(

x →↑ 0 ↓ω x →↑ |1↔
) }

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·



Solution: Mixing operator 24

RapunSL

C    =    meas  ι x

<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

} <latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

<latexit sha1_base64="qMJyNEpq88RA7aVv81HxkVncxq4="></latexit>{
x →↑ ω |0↓+ ε |1↓

}
C

{ (
x →↑ ω |0↓ ↔ω x →↑ 0

) }

<latexit sha1_base64="7UjRG5ukMAy3hJR+XQ1OL+ilgNY="></latexit>(
x →↑ 0 ↓ω x →↑ ω |1↔

) }
+

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·



Solution: Mixing operator 25

RapunSL

C    =    meas  ι x

<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

} <latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

<latexit sha1_base64="f0nl+Murx3xlaJp0/epgakpfjg0="></latexit>{
x →↑ ω |0↓+ ε |1↓

}
C

{
x →↑ ω |0↓ ↔ω x →↑ ε |1↓

}

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·



Solution: Mixing operator 26

RapunSL

C    =    meas  ι x

outcome-locality Hoare-MIX

<latexit sha1_base64="1NKMgI0BKTzMsnhXY+cFv0kWe1o="></latexit>{
x →↑ |0↓

}
C

{
x →↑ |0↓ ↔ω x →↑ 0

} <latexit sha1_base64="vVVMaS+h56DD9a+vdgGhcL7Tvzc="></latexit>{
x →↑ |1↓

}
C

{
x →↑ 0 ↔ω x →↑ |1↓

}

<latexit sha1_base64="rYX62+xQ7losCdJ8YyG2Q04MXQQ="></latexit>{
x →↑ ω |0↓+ ε |1↓

}
C

{
x →↑ ω |0↓ ↔ω x →↑ ε |1↓

}

<latexit sha1_base64="ZIKvWanuxlepXu98/JfOLmaL7Ew="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 →ω P2

}
C

{
Q1 →ω Q2

}

<latexit sha1_base64="u5dQK6e6v2THgjZ92ItMq53oAdc="></latexit>

P := · · · | P →ω Q | · · ·



RapunSL: Three Localities 27

<latexit sha1_base64="/Lggcbckl5bwgWnepuekayy/NK8="></latexit>

{ P } C { Q }
{ P →R } C { Q →R }

FRAME

Hoare-SUM

<latexit sha1_base64="9qK/plbVgI1lgBb5Y5sPVfR/6gw="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 + P2

}
C

{
Q1 +Q2

}

Hoare-MIXoutcome-locality

basis-locality

entanglement-locality

<latexit sha1_base64="ZIKvWanuxlepXu98/JfOLmaL7Ew="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 →ω P2

}
C

{
Q1 →ω Q2

}



<latexit sha1_base64="q15gOn6d41Qe5m/QfYBkrcPWsQk="></latexit>

(P1 →ω P2) + (Q1 →ω Q2) ↑↓ (P1 +Q1)→ω (P2 +Q2)

28

<latexit sha1_base64="KNTQRu3QSIpNKunvXCyiozs0Eoc="></latexit>

(P +Q) →R ↑ (P →R) + (Q →R)

And…    Many Rules!

Please see the paper for details!

<latexit sha1_base64="6Y/5ZeuYVBORHCTSegG1kP9WvyA="></latexit>

(P →ω Q) ↑R ↓ (P ↑R)→ω (Q ↑R)
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 :   Require side-condition ⊣
= class of “nice” propositions

“Propositions without   ”P ∨ Q, ¬P
 : FrameableP, Q, R

And…    Many Rules!

<latexit sha1_base64="q15gOn6d41Qe5m/QfYBkrcPWsQk="></latexit>

(P1 →ω P2) + (Q1 →ω Q2) ↑↓ (P1 +Q1)→ω (P2 +Q2)

<latexit sha1_base64="QetpTsuyO3QefSw0ZU7VPyAJrcM="></latexit>

(P →ω Q) ↑R ↓↔ (P ↑R)→ω (Q ↑R)

<latexit sha1_base64="wSItl3FHS7fymaf5f/xxLh7Mlv0="></latexit>

(P +Q) →R ↑↓ (P →R) + (Q →R)



29

 :   Require side-condition ⊣
= class of “nice” propositions

P, Q      a  v  |    
|    P  Q  |  P ＊ Q  |  P + Q  |  P  Q  | …
≜ ↦ x ↦ |ψ⟩

∧ ⊕ι   Frameable⊆

“Propositions without   ”P ∨ Q, ¬P
 : FrameableP, Q, R

And…    Many Rules!

<latexit sha1_base64="q15gOn6d41Qe5m/QfYBkrcPWsQk="></latexit>

(P1 →ω P2) + (Q1 →ω Q2) ↑↓ (P1 +Q1)→ω (P2 +Q2)

<latexit sha1_base64="QetpTsuyO3QefSw0ZU7VPyAJrcM="></latexit>

(P →ω Q) ↑R ↓↔ (P ↑R)→ω (Q ↑R)

<latexit sha1_base64="wSItl3FHS7fymaf5f/xxLh7Mlv0="></latexit>

(P +Q) →R ↑↓ (P →R) + (Q →R)



Trade-off regarding measurements
&  Scalability in practice
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Treatment of global phase 31

|1⟩

Global phase Complex coefficient (of size 1) of a vector

Fact. Global phase is not observable

=

In RapunSL, global phase CANNOT be ignored
However…

− |1⟩≡ i |1⟩≡

If we ignore it,
x↦ |1⟩ x↦ − |1⟩⟺

SUM
⟺x↦ |ψ⟩ + |1⟩ x↦ |ψ⟩ − |1⟩
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Model: Vector state 32

Model of RapunSL is based on

Density matricesVector states rather than

Vector Density Matrix

Global Phase

Measurement Can blow up 
Exponentially

Basis-locality

Outcome-locality

trade-offThere is a
Have been preferred
as a model



Handling Exponential Blow-Up 33

     :=     ⨁
ι = i

Pi P0 ⊕ι P1Notation

After      measurements,n  ⨁ι1 = i1 ⨁ι2 = i2 ⋯⨁ιn = in Pi1,i2,…,in

 branches2n

( )
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Handling Exponential Blow-Up 33

Indeed, blow-up is sometimes unavoidable…

Basis-locality v.s. Size

     :=     ⨁
ι = i

Pi P0 ⊕ι P1Notation

After      measurements,n  ⨁ι1 = i1 ⨁ι2 = i2 ⋯⨁ιn = in Pi1,i2,…,in

 branches2n

( )

But in many practical cases, you can actually avoid it!



34

Error Correction: Bit Flip Code

Case Study: Handling Blow-Up
Case Study
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Bit flip EC

<latexit sha1_base64="4xuq8bF9ZABmDl/Z5qhYWQq914A="></latexit>

x if e1 then X if a → ¬b then X

y if e2 then X

a

if a → b then X

z if e3 then X

b

if ¬a → b then X

error
syndrome measurement recovery

Error Correction: Bit Flip Code

Case Study: Handling Blow-Up
Case Study



35

First step:  Reduce it to classical case

Case Study: Handling Blow-Up
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<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b

<latexit sha1_base64="EAvYfMZS6jehmoy0DY7NwUXmWoM="></latexit>

x if a → ¬b then X

y

a

if a → b then X

z

b

if ¬a → b then X

syndrome measurement recovery

First step:  Reduce it to classical case

Case Study: Handling Blow-Up

<latexit sha1_base64="w5tAM2ZuT4Djqb2y/LUcIBIE/vs="></latexit>{⊕a=0,1
ωa,e1+e2 ·

⊕b=0,1
ωb,e2+e3 · (x, y, z) →↑ |iii↓

}
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}a,b

<latexit sha1_base64="EAvYfMZS6jehmoy0DY7NwUXmWoM="></latexit>

x if a → ¬b then X

y

a
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z

b

if ¬a → b then X

syndrome measurement recovery
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Case Study: Handling Blow-Up

<latexit sha1_base64="w5tAM2ZuT4Djqb2y/LUcIBIE/vs="></latexit>{⊕a=0,1
ωa,e1+e2 ·

⊕b=0,1
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<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b

<latexit sha1_base64="EAvYfMZS6jehmoy0DY7NwUXmWoM="></latexit>

x if a → ¬b then X

y

a

if a → b then X

z

b

if ¬a → b then X

syndrome measurement recovery

not depend on a or b

First step:  Reduce it to classical case

Case Study: Handling Blow-Up

distributivity

<latexit sha1_base64="w5tAM2ZuT4Djqb2y/LUcIBIE/vs="></latexit>{⊕a=0,1
ωa,e1+e2 ·

⊕b=0,1
ωb,e2+e3 · (x, y, z) →↑ |iii↓

}
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<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b

<latexit sha1_base64="EAvYfMZS6jehmoy0DY7NwUXmWoM="></latexit>

x if a → ¬b then X

y

a

if a → b then X

z

b

if ¬a → b then X

syndrome measurement recovery

First step:  Reduce it to classical case

Case Study: Handling Blow-Up

not depend on a or b
<latexit sha1_base64="AsoD+c3VI+s6ivP7gbBfYSfZ1Xw="></latexit>{
(x, y, z) →↑ |iii↓ ↔

(⊕a=0,1
ωa,e1+e2 ↔

⊕b=0,1
ωb,e2+e3

) }

<latexit sha1_base64="w5tAM2ZuT4Djqb2y/LUcIBIE/vs="></latexit>{⊕a=0,1
ωa,e1+e2 ·

⊕b=0,1
ωb,e2+e3 · (x, y, z) →↑ |iii↓

}

distributivity
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<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b

<latexit sha1_base64="EAvYfMZS6jehmoy0DY7NwUXmWoM="></latexit>

x if a → ¬b then X

y

a

if a → b then X

z

b

if ¬a → b then X

syndrome measurement recovery

Second step: Hide ⊕

 P: frameable∃

Case Study: Handling Blow-Up
First step:  Reduce it to classical case

not depend on a or b
<latexit sha1_base64="3js4JVRHwhKi+EzlXi2CmWsn0kI="> DQrr2MGMuHchlxj8q+vEOTMAsW66FuxhcQDmo8G+J08wt0PfV7MbeFYqIWEt9jKfB4W88Vz2cH91/34iya7ptK9ZauC5a3533iMMXk2Mt981djDnKUAs2M1dKcQr1bAH+Oek86JglEuznJFWrhK8b8W/s9KvhH91/Ko3WxtNbf22417Hf6vyxJ5j7yPe5HbsKv4CKrJQ6LVmrXDWq/2pP5l/cf6z/VfmOqVGse8QzJH/dd/AKsx1T0=</latexit>{
(x, y, z) →↑ |iii↓ ↔

(
P

) }

<latexit sha1_base64="w5tAM2ZuT4Djqb2y/LUcIBIE/vs="></latexit>{⊕a=0,1
ωa,e1+e2 ·

⊕b=0,1
ωb,e2+e3 · (x, y, z) →↑ |iii↓

}



<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b <latexit sha1_base64="57H5jeYPYIDMAQHg0frIU+0ur50="></latexit>{
(x, y, z) →↑ |iii↓ ↔P

}

P : Frameable

38Case Study: Handling Blow Up

C
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}

P : Frameable
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<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b <latexit sha1_base64="57H5jeYPYIDMAQHg0frIU+0ur50="></latexit>{
(x, y, z) →↑ |iii↓ ↔P

}

P : Frameable

qed.

Hoare-Scalar
Hoare-SUM

38Case Study: Handling Blow Up

C

C
<latexit sha1_base64="t675s2Wucx8cGsTTsGQ89YrfoC4="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3

∑
i=0,1 ωi |iii↓

} <latexit sha1_base64="6KZHYSY5MCuh5qypjkqKOLSXA4Y="></latexit>{ (
(x, y, z) →↑

∑
i=0,1 ωi |iii↓

)
↔P

}



<latexit sha1_base64="sZ/6YLb90FhcD/d7jjyiGG+tu8g="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3 |iii↓

}a,b <latexit sha1_base64="57H5jeYPYIDMAQHg0frIU+0ur50="></latexit>{
(x, y, z) →↑ |iii↓ ↔P

}

P : Frameable

qed.

: Frameable is used implicitlyP

Hoare-Scalar
Hoare-SUM

38Case Study: Handling Blow Up

C

C
<latexit sha1_base64="t675s2Wucx8cGsTTsGQ89YrfoC4="></latexit>{
(x, y, z) →↑ Xe1Xe2Xe3

∑
i=0,1 ωi |iii↓

} <latexit sha1_base64="6KZHYSY5MCuh5qypjkqKOLSXA4Y="></latexit>{ (
(x, y, z) →↑

∑
i=0,1 ωi |iii↓

)
↔P

}



Other Case Studies 39

• Dirty Qubit: Implementation of CCCX by Toffoli Gates

• Quantum Teleportation

• Lattice Surgery: Implementation of CNOT with Measurements

• Error Correction 1: Bit-Flip Code

• Error Correction 2: Shor’s Code

Many practical case studies



＊-locality +-locality ⊕-locality Model

Zhou et al.
LICS ‘21

Density
Matrix

Le et al.
POPL ‘22 Vector*

Deng et al.
VMCAI ‘24

Density
Matrix

RapunSL
POPL ‘26 Vector

Su et al.
arXiv 24

Density
Matrix

Related Work 40

Classical

Different ＊, and hard to compare

Probability
Basis-locality



Conclusion 41

Contribution:

New logic RapunSL

Future Work:

<latexit sha1_base64="/Lggcbckl5bwgWnepuekayy/NK8="></latexit>

{ P } C { Q }
{ P →R } C { Q →R }

<latexit sha1_base64="9qK/plbVgI1lgBb5Y5sPVfR/6gw="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 + P2

}
C

{
Q1 +Q2

}

<latexit sha1_base64="Q2YXqeuVOkDCK3z/8cjEQWgUjy4="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 0→ω

1 P2

}
C

{
Q1 0→ω

1 Q2

}⊕

+

＊

Thank you!!



Conclusion 41

Contribution:

New logic RapunSL

and many practical case studies

Future Work:

• Relational logic

• Automation

• Non-determinism / 
Concurrency

<latexit sha1_base64="/Lggcbckl5bwgWnepuekayy/NK8="></latexit>

{ P } C { Q }
{ P →R } C { Q →R }

<latexit sha1_base64="9qK/plbVgI1lgBb5Y5sPVfR/6gw="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 + P2

}
C

{
Q1 +Q2

}

<latexit sha1_base64="Q2YXqeuVOkDCK3z/8cjEQWgUjy4="></latexit>{
P1

}
C

{
Q1

} {
P2

}
C

{
Q2

}
{
P1 0→ω

1 P2

}
C

{
Q1 0→ω

1 Q2

}⊕

+

＊

Thank you!!


