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Distributed	ZO	policy	gradient	estimator	with	residual	feedback:	
	
	
	

where	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	,	 	 	 	 	and	 	 	 	 	 	 	represent	the	
communication	 matrix	 and	 the	 number	 of	 consensus	 steps	 per	
episode.							
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Project	Overview	

-	Free	of	high-fidelity	models	
-	Natural	runtime	adaptation	

Pros	

-	No	performance	guarantees	
under	partial	observations	
-	Large	variance	during	learning	

Cons		

Goal:	To	develop	a	novel	
distributed	RL	framework	for	
the	control	of	CPS,	so	that	it	
has	performance	guarantees	
under	partial	observations.	

CPS	control	with	Distributed	Reinforcement	Learning	(RL)	methods	

Impact:	
•  Guarantees	on	sample	complexity	of	

distributed	RL	for	control	of	CPS	
under	partial	observations	

•  Preservation	of	local	user’s	privacy	
and	robustness	to	single-node	failure	

•  Applications	to	many	domains,	
e.g.,	smart	city,	health	care,	etc.		

•  	K-12,	undergraduate,	and	
graduate	education		

•  Diversity	
	CPS	Case	Study:	Distributed	Shared	Vehicle	Dispatch	Systems	

Zeroth-Order	Gradient	Estimators	

One-Point		

Consider	the	optimization	problem	
	
	
where					is	the	objective	function	evaluation	noise.	

A	New	One-Point	ZO	Residual	Feedback	Oracle	

Action	

Observation												
Reward							

a
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<latexit sha1_base64="nip5ZuaoaThzGhkcpWcnn2vYV8k=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4CklbawUPBS8eW7Af0Iay2U7atZts2N0IJfQXePGgiFd/kjf/jds2B60+GHi8N8PMPD/mTGnH+bLW1jc2t7ZzO/ndvf2Dw8LRcVuJRFJoUcGF7PpEAWcRtDTTHLqxBBL6HDr+5Hbudx5BKiaiez2NwQvJKGIBo0QbqSkGhaJjl0tutVzBjl2r1krlS0OcBbCbkSLK0BgUPvtDQZMQIk05UarnOrH2UiI1oxxm+X6iICZ0QkbQMzQiISgvXRw6w+dGGeJASFORxgv150RKQqWmoW86Q6LHatWbi/95vUQHNS9lUZxoiOhyUZBwrAWef42HTALVfGoIoZKZWzEdE0moNtnkTQju6st/SbtkuxX7ulkp1m+yOHLoFJ2hC+SiK1RHd6iBWogiQE/oBb1aD9az9Wa9L1vXrGzmBP2C9fENJTmNLA==</latexit>

r

<latexit sha1_base64="xTELhjQaFAQopquZLo4rWmuLafk=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4CklbawUPBS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B60+GHi8N8PMPD/mTGnH+bLW1jc2t7ZzO/ndvf2Dw8LRcVtFiaTQohGPZNcnCjgT0NJMc+jGEkjoc+j4k9u533kEqVgk7vU0Bi8kI8ECRok2UlMOCkXHLpfcarmCHbtWrZXKl4Y4C2A3I0WUoTEofPaHEU1CEJpyolTPdWLtpURqRjnM8v1EQUzohIygZ6ggISgvXRw6w+dGGeIgkqaExgv150RKQqWmoW86Q6LHatWbi/95vUQHNS9lIk40CLpcFCQc6wjPv8ZDJoFqPjWEUMnMrZiOiSRUm2zyJgR39eW/pF2y3Yp93awU6zdZHDl0is7QBXLRFaqjO9RALUQRoCf0gl6tB+vZerPel61rVjZzgn7B+vgGKcWNLw==</latexit>

min
x2Rd

f(x) = E⇠

⇥
F (x, ⇠)

⇤

<latexit sha1_base64="fgOdasA5PB8IE96RpGmN4VdQ39A="></latexit>

⇠

<latexit sha1_base64="FFKQT9sJ0DknZBUggN1U1kCFcs4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxov2ANpTNdtMu3WzC7kQsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJWDzhOuB/RgRKhYBStdN99Er1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz0M6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AXpGN3Q==</latexit>

Two-Point	
u

�
F (x+ �u, ⇠)

<latexit sha1_base64="iqiqLoUsD27z9kbTW9aTh17Anbk=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiVJSSSEHdSEEQlxXsBZpQJpNJO3RyYS7SErJ346u4caGIW1/AnW/jtM1Cqz8MfPznHM6c30sYFdKyvozC0vLK6lpxvbSxubW9Y+7utUWsOCYtHLOYdz0kCKMRaUkqGekmnKDQY6Tjja6m9c494YLG0Z2cJMQN0SCiAcVIaqtvlp2AI5yqLHV8wiTKrqvj4zlCdQKdMT3qmxWrZs0E/4KdQwXkavbNT8ePsQpJJDFDQvRsK5FuirikmJGs5ChBEoRHaEB6GiMUEuGms1syeKgdHwYx1y+ScOb+nEhRKMQk9HRniORQLNam5n+1npLBuZvSKFGSRHi+KFAMyhhOg4E+5QRLNtGAMKf6rxAPkQ5H6vhKOgR78eS/0D6t2fXaxW290rjM4yiCA1AGVWCDM9AAN6AJWgCDB/AEXsCr8Wg8G2/G+7y1YOQz++CXjI9vRC6aiA==</latexit>

u

�

�
F (x+ �u, ⇠)� F (x, ⇠)

�

<latexit sha1_base64="h/LpNwReDT2uUwKUsnqiTsFvCmk=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoUUsiBR8LKQjisoJ9QBPKZDKpQycPZibSEvIvbvwVNy6U4saF/+KkzUJbDwwczjmXO/c4EaNCGsaXVlhaXlldK66XNja3tnf03b22CGOOSQuHLORdBwnCaEBakkpGuhEnyHcY6TjDm8zvPBEuaBg8yHFEbB8NAupRjKSS+vqV5XGEkzhNLJcwiVLLoYMKvK2MjmcCjE+gNaJVeJqJOc9C1b5eNmrGFHCRmDkpgxzNvj6x3BDHPgkkZkiInmlE0k4QlxQzkpasWJAI4SEakJ6iAfKJsJPpjSk8UooLvZCrF0g4VX9PJMgXYuw7Kukj+SjmvUz8z+vF0ruwExpEsSQBni3yYgZlCLPCoEs5wZKNFUGYU/VXiB+RKk2qWkuqBHP+5EXSPquZ9drlfb3cuM7rKIIDcAgqwATnoAHuQBO0AAbP4BW8gw/tRXvTJtrnLFrQ8pl98Afa9w9haKIq</latexit>

Subject	to	large	
variance	and	slow	
convergence	

ZO	Estimator	

Drawback	

r̃f(x)

<latexit sha1_base64="XXrXF38kcE8aU9CrO56+NKUJM0k=">AAACAXicbVDLSsNAFJ34rPVVdSO4GSxC3ZRECupGCm5cVrAPaEKZTG7aoZNJmJmIJcSNv+LGhSJu/Qt3/o3Tx0JbD1w4nHMv997jJ5wpbdvf1tLyyuraemGjuLm1vbNb2ttvqTiVFJo05rHs+EQBZwKammkOnUQCiXwObX94Pfbb9yAVi8WdHiXgRaQvWMgo0UbqlQ5dP8xczXgAmSuIz0mOw8rDad4rle2qPQFeJM6MlNEMjV7pyw1imkYgNOVEqa5jJ9rLiNSMcsiLbqogIXRI+tA1VJAIlJdNPsjxiVECHMbSlNB4ov6eyEik1CjyTWdE9EDNe2PxP6+b6vDCy5hIUg2CTheFKcc6xuM4cMAkUM1HhhAqmbkV0wGRhGoTWtGE4My/vEhaZ1WnVr28rZXrV7M4CugIHaMKctA5qqMb1EBNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz9ShZbO</latexit>

Proposed	One-Point	Residual-Feedback	Estimator:	

r̃f(xt) :=
ut

�

�
F (xt + �ut, ⇠t)� F (xt�1 + �ut�1, ⇠t�1)

�

<latexit sha1_base64="LupAT7u7C54aCIYg5f/Th6CkHvE="></latexit>

*QKTH2tBiv *QMp2t C0,0 *QMp2t C1,1 LQM+QMp2t C0,0 LQM+QMp2t C1,1

PM2@TQBMi :�bMBFQp 2i �HXUkyRdV d2✏�4 d✏�3 Ĝ Ĝ

hrQ@TQBMi

.m+?B 2i �HX UkyR8V d log(d)✏�2 d✏�2 Ĝ Ĝ
a?�KB` UkyRdV d✏�2 Ĝ Ĝ Ĝ

L2bi2`Qp � aTQFQBMv UkyRdV d2✏�2 d✏�1 d3✏�1
f ✏�2 d✏�1

"�+? � S2`+?2i UkyReV Ĝ d2✏�3 UlLV Ĝ Ĝ

_2bB/m�H PM2@TQBMi
.2i2`KBMBbiB+ d2✏�2 d3✏�1.5 d4✏�1

f ✏�2 d3✏�1.5

aiQ+?�biB+ d2✏�4 d2✏�3 d3✏�3
f ✏�2 d4✏�3

<latexit sha1_base64="2Zb1qUgwBXgYJNNkAXIusdd5Yb4="></latexit>

Each	update	requires	
multiple-point	evaluation,	
difficult	to	implement	in	
distributed	or	non-stationary	
environment.	

It	solves	static	optimization	problems	with	iteration	complexity:	

where	 	 	 is	suboptimality	 in	the	function	value	for	convex	problems,	or	 is	
the	 squared	 norm	 of	 the	 gradient	 at	 the	 final	 iterate.	 The	 one-point	
residual	 feedback	 estimator	 enjoys	 almost	 the	 same	 convergence	 speed	
as	 the	 two-point	 estimator,	 but	 only	 require	 one-point	 evaluation	 per	
update.	

✏

<latexit sha1_base64="dFrfGEzOs095dLoswcrIaQQApro=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBordXqYaC5i2S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5vfOyVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmT1PBlwhM2JiCWWK21sJG1FFmbERlWwI3vLLq6R1UfVq1ev7WqV+k8dRhBM4hXPw4BLqcAcNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz9PfZAo</latexit>

Distributed	RL	under	Partial	Observations	

Simulation	Results:	

J̃(θk + δuk, ξk) =
∑

j∈Ni
[WNc ]ijµk

j

<latexit sha1_base64="tobhJipMm9LZZGZjh90S/pIC/k0="></latexit>

W

<latexit sha1_base64="zU7a7xVt+8cSMuR2Tv7qB98jGqI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1Gj3yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UvcvqTcOr1G7zOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A7VXjN4=</latexit>

Nc

<latexit sha1_base64="cG4Q12Z/gwfT5vMit8+iMk8pTDk=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCCoIFty4kor2Amkok+mkHTqZhJmJUEIfwY0LRdz6Aj6BL+DKnW/jNO1CW38Y+Pj/c5hzTpBwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyO8+Y9lYrF4k4PE+pHuCdYyAjWxrq97pCOXXYqTi40D+4UylX78+Pda17UOvZXuxuTNKJCE46V8lwn0X6GpWaE01GpnSqaYDLAPeoZFDiiys/yUUfowDhdFMbSPKFR7v7uyHCk1DAKTGWEdV/NZmPzv8xLdXjqZ0wkqaaCTD4KU450jMZ7oy6TlGg+NICJZGZWRPpYYqLNdUrmCO7syvPQOKq4x5WzG7dcPYeJirAH+3AILpxAFa6gBnUg0IMHeIJni1uP1ov1OiktWNOeXfgj6+0HypORKA==</latexit>

Coupled	local	
state	transitions	
and	rewards	

Proposed	distributed	RL	problem:	
	

	
where																																								and						parameterizes	agent			‘s	local	policy	
function																									.							

minθ J(θ) :=
∑N

i=1 Ji(θ)

<latexit sha1_base64="qifM0y89hnKRmefGevyxs5Y2Nlc="></latexit>

θ = [θT1 , θ
T
2 , . . . , θ

T
N ]T

<latexit sha1_base64="tKY9E2WgMdJYamThVVbhWlVYMYo=">AAACH3icbZDLSgMxFIbP1Futt6pLQYJFcCFlpogXUCi4cSVVWhXqdMikmTY0cyE5I5SiL6IbX8WNC0XEXd/G9IJ4+yHw8Z9zkpzfT6TQaNt9KzMxOTU9k53Nzc0vLC7ll1cudJwqxmsslrG68qnmUkS8hgIlv0oUp6Ev+aXfOR7UL2+40iKOqthNuBvSViQCwSgay8vvXmObIyVHpD4iz2lUt8mYS0Nuxqi/rNNG1W1UvXzBLtpDkb/gjKFQXu/v35/DXcXLf5hrWBryCJmkWtcdO0G3RxUKJvlt7jrVPKGsQ1u8bjCiIddub7jfLdk0TpMEsTInQjJ0v0/0aKh1N/RNZ0ixrX/XBuZ/tXqKwb7bE1GSIo/Y6KEglQRjMgiLNIXiDGXXAGVKmL8S1qaKMjSR5kwIzu+V/8JFqejsFA/OnEL5EEbKwhpswBY4sAdlOIEK1IDBAzzBC7xaj9az9Wa9j1oz1nhmFX7I6n8CPGmkMQ==</latexit>

θi

<latexit sha1_base64="VLYjdrtThLPVY84sY4vr3baxPbo=">AAAB73icbZDJSgNBEIZrXGPcRj16aQyCpzAjggqCAS8eI5gFJkPo6fQkTXoWu2uEMOQlvHhQxKtHn8AX8OTNt7GzHDTxh4aP/6+iqypIpdDoON/WwuLS8spqYa24vrG5tW3v7NZ1kinGayyRiWoGVHMpYl5DgZI3U8VpFEjeCPpXo7xxz5UWSXyLg5T7Ee3GIhSMorGaLexxpG3RtktO2RmLzIM7hVLF/vx49xqX1bb91eokLIt4jExSrT3XSdHPqULBJB8WW5nmKWV92uWewZhGXPv5eN4hOTROh4SJMi9GMnZ/d+Q00noQBaYyotjTs9nI/C/zMgzP/FzEaYY8ZpOPwkwSTMhoedIRijOUAwOUKWFmJaxHFWVoTlQ0R3BnV56H+nHZPSmf37ilygVMVIB9OIAjcOEUKnANVagBAwkP8ATP1p31aL1Yr5PSBWvaswd/ZL39ANVtk4Q=</latexit>

i

<latexit sha1_base64="NSQ8qrB3hh3Jnt1yCrh6n9mtTOU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1OD9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdV77J60/Aqtds8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANCfjPA=</latexit>

πi : Oi → Ai

<latexit sha1_base64="K3u13m0cNvi5Fa9Kvan6/bZuvbs=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuQiKCDwQrbtxZwT6gCWEynbRDJ5kwM1FK6F+48TPcuulCERdudOffOGkLauuBC4dz7uXee4KEUals+8uYmZ2bX1gsLBWXV1bX1s2NzZrkqcCkijnjohEgSRiNSVVRxUgjEQRFASP1oHuR+/VbIiTl8Y3qJcSLUDumIcVIack3LTehPj2BboRUByOWXfV9Cl1B2x2FhOB3P865dnyzZFv2EHCaOGNSKpvvg8dm/azim59ui+M0IrHCDEnZdOxEeRkSimJG+kU3lSRBuIvapKlpjCIivWz4Vx/uaqUFQy50xQoO1d8TGYqk7EWB7syPlJNeLv7nNVMVHnkZjZNUkRiPFoUpg4rDPCTYooJgxXqaICyovhXiDhIIKx1lUYfgTL48TWr7lnNgHV87pfIpGKEAtsEO2AMOOARlcAkqoAowuAdP4Bm8GA/GwHg13katM8Z4Zgv8gfHxDUcWo68=</latexit>

Actor	1	

Environment	

Actor	2	
µ1

µ2

{a1,t}Tt=1 {a2,t}Tt=1 {r2,t}Tt=1{r1,t}Tt=1

{o1,t}Tt=1 {o2,t}Tt=1

Sharing	accumulated	local	rewards	during	an	episode		

Update	local	policy	with	
zeroth-order	policy	
gradient	(1),	instead	of	
distributed	Actor-Critic	
based	policy	gradient	
which	requires	full	
observation.	

•  16	dispatch	centers										on	a	4	x	4	grid	
•  Local	uncertain	demand									
	
	

•  Local	reward	penalizing	resource									shortage	

•  Transition	of	local	resource	

•  Local	observation		

di(t) = Aisin(!it+ �i) + wi(t)

<latexit sha1_base64="QADdrUie9nMGLqXgwHZo27zrews=">AAACF3icbVDLSgMxFM3UV62vUZdugkVoEcqMFFRQqLhxWcE+oDMMmTRtQzOZIbmjlNK/cOOvuHGhiFvd+Temj4W2HgicnHMuyT1hIrgGx/m2MkvLK6tr2fXcxubW9o69u1fXcaooq9FYxKoZEs0El6wGHARrJoqRKBSsEfavx37jninNY3kHg4T5EelK3uGUgJECu9QOeAGK+BJfBRxrLgteHLEuMRfAx9hLejzgRcMeJrnAzjslZwK8SNwZyaMZqoH95bVjmkZMAhVE65brJOAPiQJOBRvlvFSzhNA+6bKWoZJETPvDyV4jfGSUNu7EyhwJeKL+nhiSSOtBFJpkRKCn572x+J/XSqFz5g+5TFJgkk4f6qQCQ4zHJeE2V4yCGBhCqOLmr5j2iCIUTJU5U4I7v/IiqZ+U3HLp/Lacr1zM6siiA3SICshFp6iCblAV1RBFj+gZvaI368l6sd6tj2k0Y81m9tEfWJ8/+aucrw==</latexit>

ri(t) =

(
0 B7 mi(t) > 0,

�mi(t)2 B7 mi(t) < 0

<latexit sha1_base64="sc3966HTSm5HieNVKVZ1akvEb94="></latexit>

mi(t+ 1) = mi(t)−
∑

j∈Ni
aij(t)mi(t) +

∑
j∈Ni

aji(t)mj(t)− di(t)

<latexit sha1_base64="G46dxxp2JQAnv4+wv/nBz30qtZc="></latexit>

oi(t) = [mi(t), di(t)]

<latexit sha1_base64="xCF+ik5BsCaBBXQJn4xYZ+uSSv4=">AAACAnicbZDLSgMxFIbP1Futt1FXootgESpImRFBBYWCG5cV7AWmw5DJpG1o5kKSEcpQ3Pgqblwo4tancOfbmE670NYDIR//fw7J+f2EM6ks69soLCwuLa8UV0tr6xubW+b2TlPGqSC0QWIei7aPJeUsog3FFKftRFAc+py2/MHN2G89UCFZHN2rYULdEPci1mUEKy155l7ssYo6RtfICXM6QUF+u55ZtqpWXmge7CmUaweQV90zvzpBTNKQRopwLKVjW4lyMywUI5yOSp1U0gSTAe5RR2OEQyrdLF9hhI60EqBuLPSJFMrV3xMZDqUchr7uDLHqy1lvLP7nOanqXrgZi5JU0YhMHuqmHKkYjfNAAROUKD7UgIlg+q+I9LHAROnUSjoEe3bleWieVu2z6uWdXa5dTdKAIuzDIVTAhnOowS3UoQEEHuEZXuHNeDJejHfjY9JaMKYzu/CnjM8fM3SVbA==</latexit>

Proposed	Framework:	

✓i,k+1 = ✓i,k + ↵
J̃(✓k + �uk, ⇠k)� J̃(✓k�1 + �uk�1, ⇠k�1)

�
ui,k (1)

<latexit sha1_base64="VwYXU+G4LWzWAfEr7utJeuZf8Eg="></latexit>

Theorem:	�Assume	that	the	value	function																belongs	to	the	
interval															and	select	the	number	of	consensus	steps	as	
	
	
Then,	we	have	that	

Ji(✓, ⇠)

<latexit sha1_base64="PgBLnYBH/CyHaI7VmVf16N+bn3M=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCRSUMFFwY24qmAf0IQwmU7aoZNJmLkpltA/ceNCEbf+iTv/xuljoa0HLhzOuZd77wlTwTU4zre1srq2vrFZ2Cpu7+zu7dsHh02dZIqyBk1Eotoh0UxwyRrAQbB2qhiJQ8Fa4eB24reGTGmeyEcYpcyPSU/yiFMCRgps+z7gZQ/6DMg59p74WWCXnIozBV4m7pyU0Bz1wP7yugnNYiaBCqJ1x3VS8HOigFPBxkUv0ywldEB6rGOoJDHTfj69fIxPjdLFUaJMScBT9fdETmKtR3FoOmMCfb3oTcT/vE4G0ZWfc5lmwCSdLYoygSHBkxhwlytGQYwMIVRxcyumfaIIBRNW0YTgLr68TJoXFbdauX6olmo38zgK6BidoDJy0SWqoTtURw1E0RA9o1f0ZuXWi/VufcxaV6z5zBH6A+vzByDOkq8=</latexit>

[Jl, Ju]

<latexit sha1_base64="c/vKjOKS8JvryhCc/1jbAK/gqis=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REClXwUPAiPVWwH5iGsNlu2qWbTdjdCCX0X3jxoIhX/403/43bNgdtfTDweG+GmXlBwpnStv1tFdbWNza3itulnd29/YPy4VFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4duZ3n6hULBYPepJQL8JDwUJGsDbSo9v0+QVq+qnnlyt21Z4DrRInJxXI0fLLX/1BTNKICk04Vsp17ER7GZaaEU6npX6qaILJGA+pa6jAEVVeNr94is6MMkBhLE0Jjebq74kMR0pNosB0RliP1LI3E//z3FSHV17GRJJqKshiUZhypGM0ex8NmKRE84khmEhmbkVkhCUm2oRUMiE4yy+vks5l1alVr+9rlcZNHkcRTuAUzsGBOjTgDlrQBgICnuEV3ixlvVjv1seitWDlM8fwB9bnD2x+kBs=</latexit>

Nc � log(

p
✏✏Jp

2d1.5L0(Ju � Jl)
)/ log(⇢W )

<latexit sha1_base64="h1bzgZzIL4YZRTvBmjItCWMiwRw="></latexit>
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✏

2
.

<latexit sha1_base64="oEMBn8I5fsQt84LHTlFu+hpuofI="></latexit>

The	proposed	distributed	residual-
feedback	zeroth-order	policy	
gradient	enjoys	faster	convergence	
speed	and	lower	variance	during	
learning,	compared	to	conventional	
one-point	policy	gradient.	

The	performance	of	the	proposed	
distributed	RL	algorithm	gets	closer	
to	that	of	the	centralized	algorithm	
under	partial	observation	scenario	
as							increases	.		Nc

<latexit sha1_base64="cG4Q12Z/gwfT5vMit8+iMk8pTDk=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCCoIFty4kor2Amkok+mkHTqZhJmJUEIfwY0LRdz6Aj6BL+DKnW/jNO1CW38Y+Pj/c5hzTpBwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyO8+Y9lYrF4k4PE+pHuCdYyAjWxrq97pCOXXYqTi40D+4UylX78+Pda17UOvZXuxuTNKJCE46V8lwn0X6GpWaE01GpnSqaYDLAPeoZFDiiys/yUUfowDhdFMbSPKFR7v7uyHCk1DAKTGWEdV/NZmPzv8xLdXjqZ0wkqaaCTD4KU450jMZ7oy6TlGg+NICJZGZWRPpYYqLNdUrmCO7syvPQOKq4x5WzG7dcPYeJirAH+3AILpxAFa6gBnUg0IMHeIJni1uP1ov1OiktWNOeXfgj6+0HypORKA==</latexit>


