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Standard MDPs

Tabular MDP as a tuple (S,A, P,R,H):

S,A are state and action spaces, respectively;

P,R are the transition and reward, respectively;

H is the horizon.

? Policy is a probability distribution conditioned on an
instantaneous state, i.e.,

ah ∼ πh(·|sh).
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MDPs with Delayed and Missing Observations

Instantaneous state is not available due to

Communication latency;

Lossy channel.

Agent Environment

Delay

Missing

Policy
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Time h 
Observation
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⇡h(·|sh�d, ah�d, . . . , ah�1)
Real-Time Action
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Real-Time Policies

To take real-time decisions, the policy becomes

Πexec = {πh(·|sth , historical actions) : h = 1, . . . ,H},
where th is the nearest observed state index.
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Major Challenges

Exponential complexity growth: Πexec can be exponentially
large.

Information loss: Missing observations are permanently lost.

POMDP formulation not working: Complicated belief state
propagation.
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Contributions

Our contributions:

Efficient policy learning algorithms with regret having
optimal dependence on the size of the state-action
space.

Analysis of performance degradation caused impaired
observability.
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Delayed Observations



Stochastic Delay Distribution

Nonnegative Interarrival Time
The instantaneous state sh is delayed for dh ∈ {0, 1, . . . } steps.
We denote the interarrival time as

∆h = dh+1 − dh,
taking value in {0, 1, . . . }.

Assumption

The distribution Dh(sh, ah) of ∆h can depend on (sh, ah), but is
conditionally independent of the MDP transition given (sh, ah).
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Regret Analysis

Theorem

Let γ ∈ (0, 1) be any failure probability. With probaiblity 1− γ,
the regret of the proposed UCBVI-type learning algorithm satisfies

Regret(K) ≤ c
(
H4
√
SAKι+H4S2Aι2

)
,

where K is the number of episodes, ι = log SAHK
γ and c is a

constant.

Comparison to the best policy in Πexec;

Sharp dependence on S and A;

Sharp dependence on K.
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Bounded Length of Delay

Assumption

The length of stochastic delay is bounded by a constant D ≤ H.

Corollary

Running the proposed UCBVI-type algorithm leads to a regret of

Regret(K) = Õ
(
D5/2

√
SAKH3ι

)
.
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Performance Degradation
We quantify the performance degradation by

Gap(s1) = V ∗
1,nodelay(s1)− V ∗

1,delay(s1)

Proposition

Consider constant delays. Fix a positive integer d < H. Then
there exists an MDP instance such that simultaneously,
• When delay is d, it holds that

1

K

K∑
k=1

Gap(sk1) = 0.

• When delay is d+ 1, it holds that

1

K

K∑
k=1

Gap(sk1) ≥ 1

2
−
√

1

2K
log

1

γ
,

with probability 1− γ.
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Deterministic v.s. Stochastic Transition

<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1

<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2

<latexit sha1_base64="dsoBmwqodyCZfdHTk+v9V+RBqak=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPia1lw47KCbYV2KJlMpg3NJGNyRyhDf8AfcKt/4E7c+hf+gN9hpp2FbT0QcjjnXu7hBIngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGppqxFlVD6ISCGCS5ZCzgI9pBoRuJAsE4wusn9zhPThit5D+OE+TEZSB5xSsBKfo+GCgyeff1qza27U+Bl4hWkhgo0+9WfXqhoGjMJVBBjup6bgJ8RDZwKNqn0UsMSQkdkwLqWShIz42fT0BN8YpUQR0rbJwFP1b8bGYmNGceBnYwJDM2il4v/ed0Uoms/4zJJgUk6OxSlAoPCeQM45JpREGNLCNXcZsV0SDShYHuauxKaPNqkYovxFmtYJu2zundZv7g7rzUaRUVldISO0Sny0BVqoFvURC1E0SN6Qa/ozXl23p0P53M2WnKKnUM0B+frFzpUmpM=</latexit>· · · · · ·

<latexit sha1_base64="dsoBmwqodyCZfdHTk+v9V+RBqak=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPia1lw47KCbYV2KJlMpg3NJGNyRyhDf8AfcKt/4E7c+hf+gN9hpp2FbT0QcjjnXu7hBIngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGppqxFlVD6ISCGCS5ZCzgI9pBoRuJAsE4wusn9zhPThit5D+OE+TEZSB5xSsBKfo+GCgyeff1qza27U+Bl4hWkhgo0+9WfXqhoGjMJVBBjup6bgJ8RDZwKNqn0UsMSQkdkwLqWShIz42fT0BN8YpUQR0rbJwFP1b8bGYmNGceBnYwJDM2il4v/ed0Uoms/4zJJgUk6OxSlAoPCeQM45JpREGNLCNXcZsV0SDShYHuauxKaPNqkYovxFmtYJu2zundZv7g7rzUaRUVldISO0Sny0BVqoFvURC1E0SN6Qa/ozXl23p0P53M2WnKKnUM0B+frFzpUmpM=</latexit>· · · · · ·

<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1

<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2

<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1

<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2

<latexit sha1_base64="qrsr8UsaTJ014Zi8YiqF6RdDV9s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBosgCCURX8uCG5cVTVtoQ5lMJu3QySTMTIQSCv6AW/0Dd+LWX/EH/A4nbRa29cDA4Zx7uWeOn3CmtG1/W6WV1bX1jfJmZWt7Z3evun/QUnEqCXVJzGPZ8bGinAnqaqY57SSS4sjntO2PbnO//USlYrF41OOEehEeCBYygrWRHoIzp1+t2XV7CrRMnILUoECzX/3pBTFJIyo04ViprmMn2suw1IxwOqn0UkUTTEZ4QLuGChxR5WXTqBN0YpQAhbE0T2g0Vf9uZDhSahz5ZjLCeqgWvVz8z+umOrzxMiaSVFNBZofClCMdo/zfKGCSEs3HhmAimcmKyBBLTLRpZ+5KoPJok4opxlmsYZm0zuvOVf3y/qLWaBQVleEIjuEUHLiGBtxBE1wgMIAXeIU369l6tz6sz9loySp2DmEO1tcvyCOV3Q==</latexit>

d + 1
<latexit sha1_base64="dMkk5Ob0uTsMsg25+HD32q3/ZoI=">AAAB/nicbVDLSsNAFL2pr1pfVZduBosgCCUp9bEsuHFZ0T6gDWUymbRDJ5MwMxFKKPgDbvUP3Ilbf8Uf8DuctFnY1gMDh3Pu5Z45XsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRW0WJJLRFIh7JrocV5UzQlmaa024sKQ49Tjve+DbzO09UKhaJRz2JqRvioWABI1gb6cG/qA3KFbtqz4BWiZOTCuRoDso/fT8iSUiFJhwr1XPsWLsplpoRTqelfqJojMkYD2nPUIFDqtx0FnWKzozioyCS5gmNZurfjRSHSk1Cz0yGWI/UspeJ/3m9RAc3bspEnGgqyPxQkHCkI5T9G/lMUqL5xBBMJDNZERlhiYk27Sxc8VUWbVoyxTjLNaySdq3qXFUv7+uVRiOvqAgncArn4MA1NOAOmtACAkN4gVd4s56td+vD+pyPFqx85xgWYH39Asm7ld4=</latexit>

d + 2
<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1

<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2

<latexit sha1_base64="dsoBmwqodyCZfdHTk+v9V+RBqak=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPia1lw47KCbYV2KJlMpg3NJGNyRyhDf8AfcKt/4E7c+hf+gN9hpp2FbT0QcjjnXu7hBIngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGppqxFlVD6ISCGCS5ZCzgI9pBoRuJAsE4wusn9zhPThit5D+OE+TEZSB5xSsBKfo+GCgyeff1qza27U+Bl4hWkhgo0+9WfXqhoGjMJVBBjup6bgJ8RDZwKNqn0UsMSQkdkwLqWShIz42fT0BN8YpUQR0rbJwFP1b8bGYmNGceBnYwJDM2il4v/ed0Uoms/4zJJgUk6OxSlAoPCeQM45JpREGNLCNXcZsV0SDShYHuauxKaPNqkYovxFmtYJu2zundZv7g7rzUaRUVldISO0Sny0BVqoFvURC1E0SN6Qa/ozXl23p0P53M2WnKKnUM0B+frFzpUmpM=</latexit>· · · · · ·

<latexit sha1_base64="dsoBmwqodyCZfdHTk+v9V+RBqak=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPia1lw47KCbYV2KJlMpg3NJGNyRyhDf8AfcKt/4E7c+hf+gN9hpp2FbT0QcjjnXu7hBIngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGppqxFlVD6ISCGCS5ZCzgI9pBoRuJAsE4wusn9zhPThit5D+OE+TEZSB5xSsBKfo+GCgyeff1qza27U+Bl4hWkhgo0+9WfXqhoGjMJVBBjup6bgJ8RDZwKNqn0UsMSQkdkwLqWShIz42fT0BN8YpUQR0rbJwFP1b8bGYmNGceBnYwJDM2il4v/ed0Uoms/4zJJgUk6OxSlAoPCeQM45JpREGNLCNXcZsV0SDShYHuauxKaPNqkYovxFmtYJu2zundZv7g7rzUaRUVldISO0Sny0BVqoFvURC1E0SN6Qa/ozXl23p0P53M2WnKKnUM0B+frFzpUmpM=</latexit>· · · · · ·

<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1
<latexit sha1_base64="9yONinheavaaCOMHhBjNWJWdgzA=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBjcuKthbaoWQymTY0kwxJRihDwR9wq3/gTtz6K/6A32GmnYVtPRA4nHMv9+QECWfauO63U1pZXVvfKG9WtrZ3dveq+wdtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8HoJvcfn6jSTIoHM06oH+OBYBEj2FjpXve9frXm1t0p0DLxClKDAs1+9acXSpLGVBjCsdZdz02Mn2FlGOF0UumlmiaYjPCAdi0VOKbaz6ZRJ+jEKiGKpLJPGDRV/25kONZ6HAd2MsZmqBe9XPzP66YmuvYzJpLUUEFmh6KUIyNR/m8UMkWJ4WNLMFHMZkVkiBUmxrYzdyXUebRJxRbjLdawTNpnde+yfnF3Xms0iorKcATHcAoeXEEDbqEJLSAwgBd4hTfn2Xl3PpzP2WjJKXYOYQ7O1y8zTJYg</latexit>s1

<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2
<latexit sha1_base64="eQ60+R9+k3rnDB7OklSXze3KGLE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTF17LgxmVF+4A2lMlk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT28zvPlGpWCQe9TSmbohHggWMYG2kBzVsDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbppHnaEzo/goiKR5QqNc/buR4lCpaeiZyRDrsVr2MvE/r5/o4MZNmYgTTQWZHwoSjnSEsn8jn0lKNJ8agolkJisiYywx0aadhSu+yqLNKqYYZ7mGVdJp1J2r+uX9Ra3ZLCoqwwmcwjk4cA1NuIMWtIHACF7gFd6sZ+vd+rA+56Mlq9g5hgVYX7805JYh</latexit>s2

<latexit sha1_base64="0zzZrQJZXc0sKocA4veUmkISeIY=">AAAB/HicbVDJSgNBFHwTtxi3qEcvjUHwFGbE7RjwkmMCZoFkCD2dN0mTnoXuHiEM8Qe86h94E6/+iz/gd9iTzMEkFjQUVe/xqsuLBVfatr+twsbm1vZOcbe0t39weFQ+PmmrKJEMWywSkex6VKHgIbY01wK7sUQaeAI73uQh8ztPKBWPwkc9jdEN6CjkPmdUG6lZH5QrdtWeg6wTJycVyNEYlH/6w4glAYaaCapUz7Fj7aZUas4Ezkr9RGFM2YSOsGdoSANUbjoPOiMXRhkSP5LmhZrM1b8bKQ2UmgaemQyoHqtVLxP/83qJ9u/dlIdxojFki0N+IoiOSPZrMuQSmRZTQyiT3GQlbEwlZdp0s3RlqLJos5IpxlmtYZ20r6rObfWmeV2p1fKKinAG53AJDtxBDerQgBYwQHiBV3iznq1368P6XIwWrHznFJZgff0Cve+VUQ==</latexit>

H

Uniform

<latexit sha1_base64="eKlfYaL0E1+oW5luMS8LupyPCAQ=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KiaQttKJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxE86Utu1vq7Syura+Ud6sbG3v7O5V9w9aKk4loS6JeSw7PlaUM0FdzTSnnURSHPmctv3Rbe63n6hULBaPepxQL8IDwUJGsDbSA+47/WrNrttToGXiFKQGBZr96k8viEkaUaEJx0p1HTvRXoalZoTTSaWXKppgMsID2jVU4IgqL5tGnaATowQojKV5QqOp+ncjw5FS48g3kxHWQ7Xo5eJ/XjfV4bWXMZGkmgoyOxSmHOkY5f9GAZOUaD42BBPJTFZEhlhiok07c1cClUebVEwxzmINy6R1Vncu6xf357XGTVFRGY7gGE7BgStowB00wQUCA3iBV3iznq1368P6nI2WrGLnEOZgff0CFxKWEA==</latexit>a1

<latexit sha1_base64="41IAWu8bcoYY+VMEyJECvJ32u4I=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiTFqsuiG5cV7QPaUCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzO/80SlYpF41JOYuiEeChYwgrWRHvCgNihX7Ko9A1olTk4qkKM5KP/0/YgkIRWacKxUz7Fj7aZYakY4nZb6iaIxJmM8pD1DBQ6pctNZ1Ck6M4qPgkiaJzSaqX83UhwqNQk9MxliPVLLXib+5/USHVy7KRNxoqkg80NBwpGOUPZv5DNJieYTQzCRzGRFZIQlJtq0s3DFV1m0ackU4yzXsEratapzWa3fX1QaN3lFRTiBUzgHB66gAXfQhBYQGMILvMKb9Wy9Wx/W53y0YOU7x7AA6+sXGKqWEQ==</latexit>a2

<latexit sha1_base64="IViLGQcKuaz+8cZbqaENJLEF2zA="></latexit>

rd+1(si, ai) = 1 for i = 1, 2

Deterministic transition is lossless with the presense of delay;

Totally random transition incurs a large performance drop.
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Missing Observations



Randomly Missing Observations

Assumption

Any pair of observation (state and reward) is independently
observable. The observation rate is λ0 > 0. (Equivalently,
observation is missing at a rate of 1− λ0.)
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SA Regret When λ0 Large

Theorem

Suppose λ0 ≥ 1−A−(1+v) for some positive constant v. Given a
failure probability γ, with probability 1− γ, running UCBVI-Type
policy learning in MDPaug, the regret satisfies

Regret(K) ≤ c
(
H4
√
SAKι3 + S2

√
H9K

1
(1+v) ι6

)
,

where ι = log SAHK
γ and c is some constant.

Sharp dependence on S and A;

Sharp dependence on K;
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Thank you!


