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Markov Decision Process (MDPs)
Setup
• States: finite set 𝑆
• Actions: finite set 𝐴! for each 𝑠 ∈ 𝑆
• Transition probabilities: 𝑝!,# ∈ Δ$ for 

each 𝑠 ∈ 𝑆, 𝑎 ∈ 𝐴!
• Rewards: 𝑟 ∈ −1,1 % for 𝐴 =∪!∈$ 𝐴!

Goal: compute an 𝜖-optimal policy
• Randomized policy: 𝜋 𝑠 ∈ Δ%! for all 𝑠
• Deterministic policy: 𝜋 𝑠 ∈ 𝐴! for all 𝑠
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What reward function?
• Discounted reward (DMDP): 𝛾 ∈ (0,1) and 𝑞 ∈ Δ!

𝑣",$% ≝ 𝔼&!,%(&!)∑) 𝛾
) 𝑟&!,% &! for 𝑠* ∼ 𝑞

• Average reward (AMDP): 𝛾 → 1
𝑣% ≝ lim

)→,
-
.𝔼&!,%(&!)∑)∈ . 𝑟&!,%(&!)

Won’t always distinguish between the 
two but may mention open problems.

For discounted approximate policies 
there is a difference between whether 
reward is for specific 𝑞 or all 𝑞 ∈ Δ!.

There are other functions, e.g. 
finite horizon, see next talk!



Reward Functions
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The Problem
Setup
• States: finite set 𝑆
• Rewards: 𝑟 ∈ −1,1 !

• Actions: finite set 𝐴& for each 𝑠 ∈ 𝑆
• Transition probabilities: 𝑝&,2 ∈ Δ! for each 𝑠 ∈ 𝑆, 𝑎 ∈ 𝐴&

Goal: compute an 𝜖-optimal policy
• Randomized policy: 𝜋 𝑠 ∈ Δ3" for all 𝑠
• Deterministic policy: 𝜋 𝑠 ∈ 𝐴& for all 𝑠

Reward Function
• Discounted: 𝑣",$% = 𝔼&!,%(&!)∑) 𝛾

) 𝑟&!,% &! for 𝑠* ∼ 𝑞
• Average: 𝑣% = lim

)→,
-
.
𝔼&!,%(&!)∑)∈ . 𝑟&!,%(&!)
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Generative Model Sample Complexity
• States, actions, and rewards are known
• Transition probabilities unknown
• Given any 𝑠, 𝑎 can query generative model 

for a sample from 𝑝&,2
• Question: how many samples needed to 

compute an 𝜖-optimal policy?



State-of-the-art

Average 
Reward
(AMDP)

Discounted 
Reward
(DMDP)

sample complexities

Upper Bound Lower Bound

Ignoring log factors, differences between 𝑆 |𝐴| and 𝐴#$#, the domain of 𝑟, etc. 

• States 𝑆
• 𝐴#$# total state action pairs
• Discount factor 𝛾
• Max ratio of stationary probability 𝜏
• Largest mixing time of any policy 𝑡%&'

𝐴#$#
1 − 𝛾 (𝜖)

Our AMDP 
Results

𝐴#$#
1 − 𝛾 (𝜖)

𝐴#$#𝑡%&'
) 𝜏*

𝜖)

[AMK13,SWWYY18,
W19,AKY20,LWCGC20]

[AMK13]

𝐴#$#𝑡%&'
)

𝜖)

?
[W17]

[JS20]

𝐴#$#𝑡%&'
𝜖(

[JS21]

𝐴#$#𝑡%&'
𝜖)

[JS21]

oblivious samples

Optimal sample 
complexities for 𝜖 = 3Ω 1 !

Open Problem
What is the optimal sample 
complexity for 𝜖 = 5𝑂(1)?
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State-of-the-art

Average 
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• States 𝑆
• 𝐴#$# total state action pairs
• Discount factor 𝛾
• Max ratio of stationary probability 𝜏
• Largest mixing time of any policy 𝑡%&'

𝐴#$#
1 − 𝛾 (𝜖)

Our AMDP 
Results

𝐴#$#
1 − 𝛾 (𝜖)

𝐴#$#𝑡%&'
) 𝜏*

𝜖)

[AMK13,SWWYY18,
W19,AKY20,LWCGC20]

[AMK13]

𝑨𝐭𝐨𝐭𝒕𝐦𝐢𝐱𝟐

𝝐𝟐

?
[W17]

[JS20]

𝐴#$#𝑡%&'
𝜖(

[JS21]

𝐴#$#𝑡%&'
𝜖)

[JS21]

oblivious samples

Optimal sample 
complexities for 𝜖 = 3Ω 1 !

Open Problem
What is the optimal sample 
complexity for 𝜖 = 5𝑂(1)?



Approach #1: Convex Optimization

Convex formulation

Solver

Rounding

Same / similar to [W17]

Related to [W17,CJST19,CJST20]

Similar observation / approach 
taken in [CCBG20] for DMDP

MDP
• state space 𝑠 ∈ 𝑆
• actions 𝐴! for 𝑎 ∈ 𝑆 and 𝐴 ≝∪"∈! 𝐴"
• transition probabilities 𝑝",% ∈ Δ!
• rewards 𝑟",% ∈ [−1,1]

min
@∈A!"#⋅ CD,D $

max
E∈F%

𝜇G 𝑷 − 𝑬 𝑣 + 𝑟
• row 𝑎 ∈ 𝐴H of 𝑷 is 𝑝H,I
• row 𝑎 ∈ 𝐴H of 𝑬 is 𝑒I
• ℓD norm of each row of 𝑷 − 𝑬 is ≤ 2

Box Simplex Game!
[S17,JST19,CST21]

• Stochastic mirror descent with careful local norm analysis
• 5𝑂 𝐴#$#𝑡%&'

) /𝜖) steps and 5𝑂(1) per step
• General result about box simplex games!

• Scale 𝜇 across each 𝐴H so probability distribution
• Lemma: 𝜖-approximate 𝜇 ⇒ O(𝜖)-approximate policy
• ⇒ 5𝑂 𝐴#$#𝑡%&'

) /𝜖) samples to solve an AMDP [JS20]



Discussion
Theorem [JS20]: Can compute 𝜖-optimal 
policy to AMDP using "𝑂 !"#""$%&

'

#'
queries

Properties of resulting algorithm
• Queries are dynamic, which state chosen 

to query depends on algorithm
• Outputs a randomized property

Generalizations
• General sublinear box-simplex solver!

• Recovers "𝑂 %"#"
OPQ (R' sample bound of 

other convex optimization approach to 
solving DMDP [CCBG20] (for a fixed 
initial distribution on vertices)

• Generalizes to constrained MDPs!

Open Problems
• Convex approach completely matching 

state-of-the-art for DMDPs?



This Talk

Part 1
Problem and Results 

Part 2
Approach #1

Part 3
Approach #2

[JinS20]

Take-aways
• Algorithmic tools for solving MDPs!
• Open problem!

Part 4
Lower bound

[JinS21] [JinS21]

ü
ü



State-of-the-art

Average 
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Results

𝐴#$#
1 − 𝛾 (𝜖)

𝐴#$#𝑡JKL
) 𝜏*

𝜖)

[AMK13,SWWYY18,
W19,AKY20,LWCGC20]

[AMK13]

𝐴#$#𝑡%&'
)

𝜖)

?
[W17]

[JS20]

𝑨𝐭𝐨𝐭𝒕𝐦𝐢𝐱
𝝐𝟑

[JS21]

𝐴#$#𝑡%&'
𝜖)

[JS21]

oblivious samples

Optimal sample 
complexities for 𝜖 = 3Ω 1 !

Open Problem
What is the optimal sample 
complexity for 𝜖 = 5𝑂(1)?



Problem: Given an MDP, find 𝜖-optimal policy given generative model access.

• Discounted reward (DMDP): 𝛾 ∈ (0,1) and 𝑞 ∈ Δ!: 𝑣",$% ≝ 𝔼&!,%(&!)∑) 𝛾
) 𝑟&!,% &! for 𝑠* ∼ 𝑞

• Average reward (AMDP): 𝑣% ≝ lim
)→,

-
.𝔼&!,%(&!)∑)∈ . 𝑟&!,%(&!)

Lemma: 𝑣% − 1 − 𝛾 𝑣",$% ≤ 3 1 − 𝛾 𝑡456 for all 𝛾 ∈ (0,1)

Implication: suffices to compute 𝜀 = Θ 7
-8" -approximate policy to DMDP with 𝛾 = 1 − Θ 7

)NOP

Approach #2: Reduction

DMDP Bound
𝐴#$#

1 − 𝛾 (𝜖)

AMDP Bound
𝐴#$#𝑡%&'
𝜖(

[JS21]

MDP
• state space 𝑠 ∈ 𝑆
• actions 𝐴! for 𝑎 ∈ 𝑆 and 𝐴 ≝∪"∈! 𝐴"
• transition probabilities 𝑝",% ∈ Δ!
• rewards 𝑟",% ∈ [−1,1]

[AMK13,SWWYY18,
W19,AKY20,LWCGC20]



Discussion
Theorem: any 𝜀 = Θ #

$%& -optimal policy 

to DMDP with 𝛾 = 1−Θ #
"$%&

is an 𝜖-
optimal policy to the AMDP

⇒ "𝑂 !"#""$%&
#) samples suffice

Note
• To improve on +O 𝐴'('𝑡)*+, 𝜖%, need to 

set 𝜖 = +Ω(𝑡)*+%$ ) = Θ( 1 − 𝛾 𝜖%$)
• Consequently, 𝜀 = Ω( 1 − 𝛾 %$/,) and 

need [LWCGC20] to improve

Properties of Resulting Algorithm
• "𝑂(𝑡)*+𝜖%,) oblivious samples per state
• Computes deterministic policy
• Only depend on mixing time of 

deterministic policies

Algorithmic Implication
• Combining with [BLLLSSSW21] obtain 
"𝑂(𝐴'(' 𝑆 + 𝑆 ,./) time algorithm
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Lower Bound Approach
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· · ·
<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

· · ·
<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

· · ·
<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

· · ·
<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

a1 = 1,

r = 0.
<latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Q+24ldfU//yamcLiYh+v0mp4OqE=">AAAB6XicbZBLSwMxFIXv+Kxj1erWTbAILmRI3OimILhxWcE+oB1LJs20oZnMmGQKZejvcONCEf+QO/+N6WOhrQcCH+ck3JsTZVIYi/G3t7G5tb2zW9rz98sHh0eV43LTpLlmvMFSmep2RA2XQvGGFVbydqY5TSLJW9Hobpa3xlwbkapHO8l4mNCBErFg1DorpE+kRi67XV/XcNCrVHGA50LrQJZQhaXqvcpXt5+yPOHKMkmN6RCc2bCg2gom+dTv5oZnlI3ogHccKppwExbzpafo3Dl9FKfaHWXR3P39oqCJMZMkcjcTaodmNZuZ/2Wd3MY3YSFUlluu2GJQnEtkUzRrAPWF5szKiQPKtHC7IjakmjLrevJdCWT1y+vQvAoIDsgDhhKcwhlcAIFruIV7qEMDGDzDC7zBuzf2Xr2PRV0b3rK3E/gj7/MH3PeO9g==</latexit><latexit sha1_base64="f5qbO0TtGvZm098gAn/OQdMjIYc=">AAAB6XicdZBLSwMxFIXv1FetVatbN8EiuJAhM7W2XRQENy4r2FbojCWTpm1o5mGSKZTS3+HGhSL+IXf+G9OHoKIHAodzEu7NFySCK43xh5VZW9/Y3Mpu53byu3v7hYN8S8WppKxJYxHLu4AoJnjEmpprwe4SyUgYCNYORlfzvj1mUvE4utWThPkhGUS8zynRJvLJvVN3zjwvJ+vY7haK2HbPa27NQdgu1cqlsmtMxa3W8AVybLxQEVZqdAvvXi+macgiTQVRquPgRPtTIjWngs1yXqpYQuiIDFjH2IiETPnTxdIzdGKSHurH0pxIo0X6/cWUhEpNwsDcDIkeqt/dPPyr66S6X/WnPEpSzSK6HNRPBdIxmhNAPS4Z1WJiDKGSm10RHRJJqDaccgbC10/R/6bl2g62nRsMWTiCYzgFBypwCdfQgCZQeIBHeIYXa2w9Wa9LXBlrxe0Qfsh6+wRVq49M</latexit><latexit sha1_base64="LKZ0xgijgAQ26nVx2D5c9YoR0Xw=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNmam27KBTduKxgH9COJZNm2tDMwyRTKEO/w40LRdz6Me78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN82t7Z3dvdz+QVNGiSC0QSIeibaHJeUspA3FFKftWFAceJy2vNHVzG+NqZAsCm/VJKZugAch8xnBSksuvrOr9lm3a4oqsnq5PLKc84pTsSGyCpVioehoUnLKFXQBbQvNkQdL1Hu5924/IklAQ0U4lrJjo1i5KRaKEU6nZjeRNMZkhAe0o2mIAyrddH70FJ5opQ/9SOgKFZyr3ydSHEg5CTzdGWA1lL+9mfiX10mUX3ZTFsaJoiFZLPITDlUEZwnAPhOUKD7RBBPB9K2QDLHAROmcTB3C16fwf9J0LBtZ9g3K1y6XcWTBETgGp8AGJVAD16AOGoCAe/AAnsCzMTYejRfjddGaMZYzh+AHjLdPj26Qpw==</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit><latexit sha1_base64="Um42A9pde/Mtq4j81O8hjHRUI5w=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwIUNm2trOolB047KCbYV2LJk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ8js7K6tr6R3TS3tnd293L7B00ZJYLQBol4JG59LClnIW0opji9jQXFgc9pyx9dzvzWmArJovBGTWLqBXgQsj4jWGnJw3d21T7rdExRRVY3l0eWU3Qd14bIKrilQsnRpOxUXHQObQvNkQdL1Lu5904vIklAQ0U4lrJto1h5KRaKEU6nZieRNMZkhAe0rWmIAyq9dH70FJ5opQf7kdAVKjhXv0+kOJByEvi6M8BqKH97M/Evr52ofsVLWRgnioZksaifcKgiOEsA9pigRPGJJpgIpm+FZIgFJkrnZOoQvj6F/5OmY9nIsq+L+drFMo4sOALH4BTYoAxq4ArUQQMQcA8ewBN4NsbGo/FivC5aM8Zy5hD8gPH2CZCukKs=</latexit>

a1 = K,

r = 0.
<latexit sha1_base64="RI+dapy3HyqSUNsxRvIiZdwGhzM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCEzbW27KBTdCG4q2Ad0xpJJ0zY08zDJFMrQ73DjQhG3fow7/8b0IajogQuHc+7l3nu8iDOpEPowUiura+sb6c3M1vbO7l52/6Apw1gQ2iAhD0Xbw5JyFtCGYorTdiQo9j1OW97ocua3xlRIFga3ahJR18eDgPUZwUpLLr6zqtdnjpMRVWR2szlk2oWKXbEgMvOVYr5oa1KyyxV0Di0TzZEDS9S72XenF5LYp4EiHEvZsVCk3AQLxQin04wTSxphMsID2tE0wD6VbjI/egpPtNKD/VDoChScq98nEuxLOfE93eljNZS/vZn4l9eJVb/sJiyIYkUDsljUjzlUIZwlAHtMUKL4RBNMBNO3QjLEAhOlc8roEL4+hf+Tpm1ayLRuCrnaxTKONDgCx+AUWKAEauAK1EEDEHAPHsATeDbGxqPxYrwuWlPGcuYQ/IDx9gm45pDF</latexit><latexit sha1_base64="RI+dapy3HyqSUNsxRvIiZdwGhzM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCEzbW27KBTdCG4q2Ad0xpJJ0zY08zDJFMrQ73DjQhG3fow7/8b0IajogQuHc+7l3nu8iDOpEPowUiura+sb6c3M1vbO7l52/6Apw1gQ2iAhD0Xbw5JyFtCGYorTdiQo9j1OW97ocua3xlRIFga3ahJR18eDgPUZwUpLLr6zqtdnjpMRVWR2szlk2oWKXbEgMvOVYr5oa1KyyxV0Di0TzZEDS9S72XenF5LYp4EiHEvZsVCk3AQLxQin04wTSxphMsID2tE0wD6VbjI/egpPtNKD/VDoChScq98nEuxLOfE93eljNZS/vZn4l9eJVb/sJiyIYkUDsljUjzlUIZwlAHtMUKL4RBNMBNO3QjLEAhOlc8roEL4+hf+Tpm1ayLRuCrnaxTKONDgCx+AUWKAEauAK1EEDEHAPHsATeDbGxqPxYrwuWlPGcuYQ/IDx9gm45pDF</latexit><latexit sha1_base64="RI+dapy3HyqSUNsxRvIiZdwGhzM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCEzbW27KBTdCG4q2Ad0xpJJ0zY08zDJFMrQ73DjQhG3fow7/8b0IajogQuHc+7l3nu8iDOpEPowUiura+sb6c3M1vbO7l52/6Apw1gQ2iAhD0Xbw5JyFtCGYorTdiQo9j1OW97ocua3xlRIFga3ahJR18eDgPUZwUpLLr6zqtdnjpMRVWR2szlk2oWKXbEgMvOVYr5oa1KyyxV0Di0TzZEDS9S72XenF5LYp4EiHEvZsVCk3AQLxQin04wTSxphMsID2tE0wD6VbjI/egpPtNKD/VDoChScq98nEuxLOfE93eljNZS/vZn4l9eJVb/sJiyIYkUDsljUjzlUIZwlAHtMUKL4RBNMBNO3QjLEAhOlc8roEL4+hf+Tpm1ayLRuCrnaxTKONDgCx+AUWKAEauAK1EEDEHAPHsATeDbGxqPxYrwuWlPGcuYQ/IDx9gm45pDF</latexit><latexit sha1_base64="RI+dapy3HyqSUNsxRvIiZdwGhzM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCEzbW27KBTdCG4q2Ad0xpJJ0zY08zDJFMrQ73DjQhG3fow7/8b0IajogQuHc+7l3nu8iDOpEPowUiura+sb6c3M1vbO7l52/6Apw1gQ2iAhD0Xbw5JyFtCGYorTdiQo9j1OW97ocua3xlRIFga3ahJR18eDgPUZwUpLLr6zqtdnjpMRVWR2szlk2oWKXbEgMvOVYr5oa1KyyxV0Di0TzZEDS9S72XenF5LYp4EiHEvZsVCk3AQLxQin04wTSxphMsID2tE0wD6VbjI/egpPtNKD/VDoChScq98nEuxLOfE93eljNZS/vZn4l9eJVb/sJiyIYkUDsljUjzlUIZwlAHtMUKL4RBNMBNO3QjLEAhOlc8roEL4+hf+Tpm1ayLRuCrnaxTKONDgCx+AUWKAEauAK1EEDEHAPHsATeDbGxqPxYrwuWlPGcuYQ/IDx9gm45pDF</latexit>

a,

r =0.
<latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit>

a,

r =1.
<latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit>

a,

r =0.
<latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit>

a,

r =1.
<latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit><latexit sha1_base64="mpr0eF+yrRW4AZX8EOMrLLMEuaE=">AAAB9HicdVDLSgNBEOz1GddX1KOXwWDwIMtuDJochKAXjxHMA7JLmJ3MJkNmH87MBkLId3jxoIhXP8abf+NsEkFFCxqKqm66u/yEM6ls+8NYWl5ZXVvPbZibW9s7u/m9/aaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+cPrzG+NqJAsju7UOKFeiPsRCxjBSkseLqJT1zXFZRE5VjdfsK3zaunMqSDbsmfIiFOuVsvanysFWKDezb+7vZikIY0U4VjKjmMnyptgoRjhdGq6qaQJJkPcpx1NIxxS6U1mR0/RsVZ6KIiFrkihmfp9YoJDKcehrztDrAbyt5eJf3mdVAUVb8KiJFU0IvNFQcqRilGWAOoxQYniY00wEUzfisgAC0yUzsnUIXx9iv4nzZLl2JZzWy7UrhZx5OAQjuAEHLiAGtxAHRpA4B4e4AmejZHxaLwYr/PWJWMxcwA/YLx9ArjCkB0=</latexit>

a,

r =0.
<latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit>

a,

r =0.
<latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit>

a,

r =0.
<latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit><latexit sha1_base64="caSFPgxeGRQaBq+eQzfJpQ7wYXM=">AAAB9HicdVDLSsNAFJ34rPFVdelmsFhcSEhq0XYhFN24rGAf0IQymU7aoZNJnJkUSuh3uHGhiFs/xp1/46SNoKIHLpw5517m3uPHjEpl2x/G0vLK6tp6YcPc3Nre2S3u7bdllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vM78zIULSiN+paUy8EA05DShGSkseKsNT1zXFZRnaVr9Ysq3zeuXMqemXPUdGnGq9XoVOrpRAjma/+O4OIpyEhCvMkJQ9x46VlyKhKGZkZrqJJDHCYzQkPU05Con00vnSM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tUUPNSyuNEEY4XHwUJgyqCWQJwQAXBik01QVhQvSvEIyQQVjonU4fwdSn8n7QrlmNbzm211LjK4yiAQ3AEToADLkAD3IAmaAEM7sEDeALPxsR4NF6M10XrkpHPHIAfMN4+Abc9kBw=</latexit>

a,

r =0.
<latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit>

a,

r =0.
<latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit>

a,

r =0.
<latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit><latexit sha1_base64="EvMJqh9/C/gdG4Uzd5uFSlgQwuw=">AAAB9HicdVDLSgMxFM34rOOr6tJNsFhcyJDpw2kXQtGNywr2AZ2hZNJMG5p5mGQKpfQ73LhQxK0f486/MX0IKnrgwsk595J7j59wJhVCH8bK6tr6xmZmy9ze2d3bzx4cNmWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH17P/NaICsni6E6NE+qFuB+xgBGstOThPDx3XVNc5iGyutkcslDVRoWifl0Uq065rEmh5FScCrQtNEcOLFHvZt/dXkzSkEaKcCxlx0aJ8iZYKEY4nZpuKmmCyRD3aUfTCIdUepP50lN4qpUeDGKhK1Jwrn6fmOBQynHo684Qq4H87c3Ev7xOqoKKN2FRkioakcVHQcqhiuEsAdhjghLFx5pgIpjeFZIBFpgonZOpQ/i6FP5PmgXLRpZ9W8rVrpZxZMAxOAFnwAYOqIEbUAcNQMA9eABP4NkYGY/Gi/G6aF0xljNH4AeMt0/h25A6</latexit>

uniformly
<latexit sha1_base64="VUIot2pAL0k4eKqyNnnOlM7ZRrE=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbymY7bZfuJmF3Ugyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7a+sbm1Xdop7+7tHxy6R8dNE6eaQ4PHMtbtkBmQIoIGCpTQTjQwFUpoheO7md+agDYijh4xSyBQbBiJgeAMrdRz3S7CE+ap1WKtZDbtuRWv6s1BV4lfkAopUO+5X91+zFMFEXLJjOn4XoJBzjQKLmFa7qYGEsbHbAgdSyOmwAT5/PIpPbdKn9rVtiKkc/X3RM6UMZkKbadiODLL3kz8z+ukOLgJchElKULEF4sGqaQY01kMtC80cJSZJYxrYW+lfMQ042jDKtsQ/OWXV0nzsup7Vf/hqlK7LeIokVNyRi6IT65JjdyTOmkQTibkmbySNyd3Xpx352PRuuYUMyfkD5zPH5+4lEk=</latexit><latexit sha1_base64="VUIot2pAL0k4eKqyNnnOlM7ZRrE=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbymY7bZfuJmF3Ugyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7a+sbm1Xdop7+7tHxy6R8dNE6eaQ4PHMtbtkBmQIoIGCpTQTjQwFUpoheO7md+agDYijh4xSyBQbBiJgeAMrdRz3S7CE+ap1WKtZDbtuRWv6s1BV4lfkAopUO+5X91+zFMFEXLJjOn4XoJBzjQKLmFa7qYGEsbHbAgdSyOmwAT5/PIpPbdKn9rVtiKkc/X3RM6UMZkKbadiODLL3kz8z+ukOLgJchElKULEF4sGqaQY01kMtC80cJSZJYxrYW+lfMQ042jDKtsQ/OWXV0nzsup7Vf/hqlK7LeIokVNyRi6IT65JjdyTOmkQTibkmbySNyd3Xpx352PRuuYUMyfkD5zPH5+4lEk=</latexit><latexit sha1_base64="VUIot2pAL0k4eKqyNnnOlM7ZRrE=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbymY7bZfuJmF3Ugyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7a+sbm1Xdop7+7tHxy6R8dNE6eaQ4PHMtbtkBmQIoIGCpTQTjQwFUpoheO7md+agDYijh4xSyBQbBiJgeAMrdRz3S7CE+ap1WKtZDbtuRWv6s1BV4lfkAopUO+5X91+zFMFEXLJjOn4XoJBzjQKLmFa7qYGEsbHbAgdSyOmwAT5/PIpPbdKn9rVtiKkc/X3RM6UMZkKbadiODLL3kz8z+ukOLgJchElKULEF4sGqaQY01kMtC80cJSZJYxrYW+lfMQ042jDKtsQ/OWXV0nzsup7Vf/hqlK7LeIokVNyRi6IT65JjdyTOmkQTibkmbySNyd3Xpx352PRuuYUMyfkD5zPH5+4lEk=</latexit><latexit sha1_base64="VUIot2pAL0k4eKqyNnnOlM7ZRrE=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbymY7bZfuJmF3Ugyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7a+sbm1Xdop7+7tHxy6R8dNE6eaQ4PHMtbtkBmQIoIGCpTQTjQwFUpoheO7md+agDYijh4xSyBQbBiJgeAMrdRz3S7CE+ap1WKtZDbtuRWv6s1BV4lfkAopUO+5X91+zFMFEXLJjOn4XoJBzjQKLmFa7qYGEsbHbAgdSyOmwAT5/PIpPbdKn9rVtiKkc/X3RM6UMZkKbadiODLL3kz8z+ukOLgJchElKULEF4sGqaQY01kMtC80cJSZJYxrYW+lfMQ042jDKtsQ/OWXV0nzsup7Vf/hqlK7LeIokVNyRi6IT65JjdyTOmkQTibkmbySNyd3Xpx352PRuuYUMyfkD5zPH5+4lEk=</latexit>

p( ) = �,

p( ) = 1� �.
<latexit sha1_base64="6S4kYX6IhaZdbCQkWRir2JliPeg=">AAACGnicbVDLSsNAFJ3UV42vqEs3g0WpoCURQTdC0Y3LCvYBTSg302k7dCaJMxOhhH6HG3/FjQtF3Ikb/8bpY6GtBy4czrmXe+8JE86Udt1vK7ewuLS8kl+119Y3Nrec7Z2ailNJaJXEPJaNEBTlLKJVzTSnjURSECGn9bB/PfLrD1QqFkd3epDQQEA3Yh1GQBup5XhJ0b9Poe3jI3yIL7HfBSHg2PftGcM7mVilllNwS+4YeJ54U1JAU1RazqffjkkqaKQJB6WanpvoIAOpGeF0aPupogmQPnRp09AIBFVBNn5tiA+M0sadWJqKNB6rvycyEEoNRGg6BeiemvVG4n9eM9WdiyBjUZJqGpHJok7KsY7xKCfcZpISzQeGAJHM3IpJDyQQbdK0TQje7MvzpHZa8tySd3tWKF9N48ijPbSPishD56iMblAFVRFBj+gZvaI368l6sd6tj0lrzprO7KI/sL5+AJ+xnNs=</latexit><latexit sha1_base64="6S4kYX6IhaZdbCQkWRir2JliPeg=">AAACGnicbVDLSsNAFJ3UV42vqEs3g0WpoCURQTdC0Y3LCvYBTSg302k7dCaJMxOhhH6HG3/FjQtF3Ikb/8bpY6GtBy4czrmXe+8JE86Udt1vK7ewuLS8kl+119Y3Nrec7Z2ailNJaJXEPJaNEBTlLKJVzTSnjURSECGn9bB/PfLrD1QqFkd3epDQQEA3Yh1GQBup5XhJ0b9Poe3jI3yIL7HfBSHg2PftGcM7mVilllNwS+4YeJ54U1JAU1RazqffjkkqaKQJB6WanpvoIAOpGeF0aPupogmQPnRp09AIBFVBNn5tiA+M0sadWJqKNB6rvycyEEoNRGg6BeiemvVG4n9eM9WdiyBjUZJqGpHJok7KsY7xKCfcZpISzQeGAJHM3IpJDyQQbdK0TQje7MvzpHZa8tySd3tWKF9N48ijPbSPishD56iMblAFVRFBj+gZvaI368l6sd6tj0lrzprO7KI/sL5+AJ+xnNs=</latexit><latexit sha1_base64="6S4kYX6IhaZdbCQkWRir2JliPeg=">AAACGnicbVDLSsNAFJ3UV42vqEs3g0WpoCURQTdC0Y3LCvYBTSg302k7dCaJMxOhhH6HG3/FjQtF3Ikb/8bpY6GtBy4czrmXe+8JE86Udt1vK7ewuLS8kl+119Y3Nrec7Z2ailNJaJXEPJaNEBTlLKJVzTSnjURSECGn9bB/PfLrD1QqFkd3epDQQEA3Yh1GQBup5XhJ0b9Poe3jI3yIL7HfBSHg2PftGcM7mVilllNwS+4YeJ54U1JAU1RazqffjkkqaKQJB6WanpvoIAOpGeF0aPupogmQPnRp09AIBFVBNn5tiA+M0sadWJqKNB6rvycyEEoNRGg6BeiemvVG4n9eM9WdiyBjUZJqGpHJok7KsY7xKCfcZpISzQeGAJHM3IpJDyQQbdK0TQje7MvzpHZa8tySd3tWKF9N48ijPbSPishD56iMblAFVRFBj+gZvaI368l6sd6tj0lrzprO7KI/sL5+AJ+xnNs=</latexit><latexit sha1_base64="6S4kYX6IhaZdbCQkWRir2JliPeg=">AAACGnicbVDLSsNAFJ3UV42vqEs3g0WpoCURQTdC0Y3LCvYBTSg302k7dCaJMxOhhH6HG3/FjQtF3Ikb/8bpY6GtBy4czrmXe+8JE86Udt1vK7ewuLS8kl+119Y3Nrec7Z2ailNJaJXEPJaNEBTlLKJVzTSnjURSECGn9bB/PfLrD1QqFkd3epDQQEA3Yh1GQBup5XhJ0b9Poe3jI3yIL7HfBSHg2PftGcM7mVilllNwS+4YeJ54U1JAU1RazqffjkkqaKQJB6WanpvoIAOpGeF0aPupogmQPnRp09AIBFVBNn5tiA+M0sadWJqKNB6rvycyEEoNRGg6BeiemvVG4n9eM9WdiyBjUZJqGpHJok7KsY7xKCfcZpISzQeGAJHM3IpJDyQQbdK0TQje7MvzpHZa8tySd3tWKF9N48ijPbSPishD56iMblAFVRFBj+gZvaI368l6sd6tj0lrzprO7KI/sL5+AJ+xnNs=</latexit>

p( ) = �p(i1,a1),

p( ) = �(1� p(i1,a1)),

p( ) = 1� �.
<latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hgursv77ZUcDvK7v1FmQ8sQvnO4=">AAACQ3icbZFLSwMxFIXv+La+qls3waK0YMvEjW4EwY1LBVsLnVrupGkbTGbGJCOUob/QjbjzZ7hxoYimD8RWLwQO53whyUmYSGGs7794c/MLi0vLK6u5tfWNza389nrNxKlmvMpiGet6iIZLEfGqFVbyeqI5qlDym/DufJjfPHBtRBxd237Cmwq7kegIhtZZrTxPisF9iu0SOSCnJOiiUkiSVlYUt/QQb2lpcBgEuR/oN1Wk5SmwNEUOQVoeo5VWvuBX/NGQv4JORAEmc9nKPwftmKWKR5ZJNKZB/cQ2M9RWMMkHuSA1PEF2h13ecDJCxU0zG9UxIPvOaZNOrN2KLBm5v3dkqIzpq9CRCm3PzGZD87+skdrOSTMTUZJaHrHxQZ1UEhuTYbekLTRnVvadQKaFuythPdTIrPuBnCuBzj75r6gdVahfoVc+rMAu7EERKBzDGVzAJVSBwSO8wjt8eE/em/c5rmvOm/S2A1PjfX0DfiascQ==</latexit><latexit sha1_base64="hgursv77ZUcDvK7v1FmQ8sQvnO4=">AAACQ3icbZFLSwMxFIXv+La+qls3waK0YMvEjW4EwY1LBVsLnVrupGkbTGbGJCOUob/QjbjzZ7hxoYimD8RWLwQO53whyUmYSGGs7794c/MLi0vLK6u5tfWNza389nrNxKlmvMpiGet6iIZLEfGqFVbyeqI5qlDym/DufJjfPHBtRBxd237Cmwq7kegIhtZZrTxPisF9iu0SOSCnJOiiUkiSVlYUt/QQb2lpcBgEuR/oN1Wk5SmwNEUOQVoeo5VWvuBX/NGQv4JORAEmc9nKPwftmKWKR5ZJNKZB/cQ2M9RWMMkHuSA1PEF2h13ecDJCxU0zG9UxIPvOaZNOrN2KLBm5v3dkqIzpq9CRCm3PzGZD87+skdrOSTMTUZJaHrHxQZ1UEhuTYbekLTRnVvadQKaFuythPdTIrPuBnCuBzj75r6gdVahfoVc+rMAu7EERKBzDGVzAJVSBwSO8wjt8eE/em/c5rmvOm/S2A1PjfX0DfiascQ==</latexit><latexit sha1_base64="N2bO4I/BP0gfwjVLq/CJHvvNtU4="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit><latexit sha1_base64="vf9+u2fh+bFNPEexVXnkGAebXqA="></latexit>

Modify the DMDP construction in [AMK13] 

Level 1: 𝑁 states, each has 𝐾 actions
that transit to different level 2 state

Level 2: each state 𝑠 goes uniformly 
to level 1 with probability 1 − 𝛾, 
stays with probability 𝛾𝑝H, and goes 
to level 3 with probability 𝛾(1 − 𝑝H)

Level 3: each state goes uniformly to 
to level 1 with probability 1 − 𝛾 and 
stays with probability 𝛾

Rewards: All 0 except at level 1
Lower bound strategy

• Each level 1 state has on action to a level 2 state with a higher 𝛾H
• Lower bound how many samples need to find enough higher 𝑝H

MDP
• state space 𝑠 ∈ 𝑆
• actions 𝐴! for 𝑎 ∈ 𝑆 and 𝐴 ≝∪"∈! 𝐴"
• transition probabilities 𝑝",% ∈ Δ!
• rewards 𝑟",% ∈ [−1,1]

Note
• Essentially reducing AMDP lower bound to 

DMDP lower bound to best arm identification.
• Proved for oblivious queries. Open / TODO: 

prove for arbitrary dynamic queries. 
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Problem and Results 
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Approach #1
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Approach #2
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Take-aways
• Algorithmic tools for solving MDPs!
• Open problem!

Part 4
Lower bound

[JinS21] [JinS21]
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Open Problem
What is the optimal sample 

complexity for approximately solving 
MDPs with a generative model?
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