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Sensor Fusion in Self Driving Vehicles Skill Matching in Online Gaming
(TrueSkill 1&2 from Microsoft)

4G or 5G Communication Devices
(Turbo/LDPC Codes)

• Inference: General solutions based on Markov Chain Monte Carlo
• Extremely compute intensive & real time constraints



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)

Probabilistic 
Graphical Model 
based IR



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)

Probabilistic 
Graphical Model 
based IR



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

AcMC2

Inference Procedure

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)

Probabilistic 
Graphical Model 
based IR

Markov Chain Monte Carlo



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

AcMC2

Inference Procedure

FPGAs

ASICs

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)

Probabilistic 
Graphical Model 
based IR

Markov Chain Monte Carlo

Traditional 
synthesis flow



Our Approach
Automatically generate efficient accelerator from high level description

1. Abstraction: Domain specific languages
2. Mapping abstractions to an architecture

AcMC2

Inference Procedure

FPGAs

ASICs

Probabilistic 
Programming 
Languages

BLOG
Stan
Church
Tensorflow Prob.
Pyro (Pytorch)

Probabilistic 
Graphical Model 
based IR

Markov Chain Monte Carlo

Traditional 
synthesis flow

Contributions:
1. Identify accelerable kernels
2. Opportunities for parallelism
3. Knobs for trading off accuracy 

and performance
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Identifying Parallelism: Enter Markov Blankets
• How do we compose the samplers?

• Program dataflow ordering is too conservative

• Use conditional dependencies to identify 
parallelism

• Set of nodes !"# for a node $% such that:

• Markov blanket is the only knowledge needed 
to predict behavior node.
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Markov Blanket

Pr(xi|Bxi , A) = Pr(xi|Bxi)
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Identifying Parallelism: k-Colorings

Time

• Compute a k-coloring of the graphical model
• Sample all variables with same color in parallel 

(Conditionally Independent)
• Synthesize state machines corresponding to 

coloring 
• Equivalent to sequential
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Pr(xn|zn,⇤k, µk)
<latexit sha1_base64="LXE6/U6fkSUE0Paoa5burE8SuDs=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRKkiZqQVdFty4cFHBXqAtQyZN29BMZkjOSOvYN3Djq7hxoYhbt+58G9PLQlt/CHz855wk5/cjwTU4zreVWlpeWV1Lr2c2Nre2d+zdvaoOY0VZhYYiVHWfaCa4ZBXgIFg9UowEvmA1v385rtfumNI8lLcwjFgrIF3JO5wSMJZnHzeBDSApq1Fu4En8gO89eYqb1+aGNvH6BoPY6594dtbJOxPhRXBnkEUzlT37q9kOaRwwCVQQrRuuE0ErIQo4FWyUacaaRYT2SZc1DEoSMN1KJvuM8JFx2rgTKnMk4In7eyIhgdbDwDedAYGenq+Nzf9qjRg6F62EyygGJun0oU4sMIR4HA5uc8UoiKEBQhU3f8W0RxShYCLMmBDc+ZUXoVrIu2f5wk0xWyrO4kijA3SIcshF56iErlAZVRBFj+gZvaI368l6sd6tj2lryprN7KM/sj5/AHaAm5g=</latexit>

Pr(µk|�,⇤k, xn)
<latexit sha1_base64="U9h/Eme3n2VYBMo8RL11RSGw1nw=">AAACEXicbVA9SwNBEN3zM8avU0ubxSBECOFOBS0FGwuLCCYRcuHY20x0yd7esTsnhjN/wca/YmOhiK2dnf/GzUeh0QcDj/dmdmdelEph0PO+nJnZufmFxcJScXlldW3d3dhsmCTTHOo8kYm+ipgBKRTUUaCEq1QDiyMJzah3OvSbt6CNSNQl9lNox+xaia7gDK0UuuUA4Q7zmh6UgzgLe/SeBhEgq9Dg3L7SYWGvQu9CtRe6Ja/qjUD/En9CSmSCWuh+Bp2EZzEo5JIZ0/K9FNs50yi4hEExyAykjPfYNbQsVSwG085HFw3orlU6tJtoWwrpSP05kbPYmH4c2c6Y4Y2Z9obif14rw+5xOxcqzRAUH3/UzSTFhA7joR2hgaPsW8K4FnZXym+YZhxtiEUbgj998l/S2K/6B9X9i8PSyeEkjgLZJjukTHxyRE7IGamROuHkgTyRF/LqPDrPzpvzPm6dcSYzW+QXnI9v63OcXQ==</latexit>

Pr(⇤k|⇤0, µk, xn, zn)
<latexit sha1_base64="qqPL4e8EfxZ2aVRAeikXqxxVwbI=">AAACGnicbVDLSgMxFM34rPVVdekmWIQKpczUgi4Lbly4qGAf0ClDJk3b0ExmSO5I69jvcOOvuHGhiDtx49+YPgRtPRA4nHMPN/f4keAabPvLWlpeWV1bT22kN7e2d3Yze/s1HcaKsioNRagaPtFMcMmqwEGwRqQYCXzB6n7/YuzXb5nSPJQ3MIxYKyBdyTucEjCSl3FcYANIKmqUc69MrE28Pr7HP9zOYzeIvX4eDzyZx3eePPEyWbtgT4AXiTMjWTRDxct8uO2QxgGTQAXRuunYEbQSooBTwUZpN9YsIrRPuqxpqCQB061kctoIHxuljTuhMk8Cnqi/EwkJtB4GvpkMCPT0vDcW//OaMXTOWwmXUQxM0umiTiwwhHjcE25zxSiIoSGEKm7+immPKELBtJk2JTjzJy+SWrHgnBaK16VsuTSrI4UO0RHKIQedoTK6RBVURRQ9oCf0gl6tR+vZerPep6NL1ixzgP7A+vwG+5yffg==</latexit>



Parallelism in the GMM Clustering Example

Pr(⇡|↵, zn)
<latexit sha1_base64="w04HtbhD8sBHBz+UoLBWjofmV20=">AAACBXicbVDLSgNBEJyNrxhfqx71MBiECBJ2Y0CPAS8eI5gHZJcwO5kkQ2Znl5leMa65ePFXvHhQxKv/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDy7HfuGVK80jewDBmfkh6knc5JWCktn3oAbuDtKpGBS/m+AF7RMR9corv2/KkbeedojMBXiTujOTRDNW2/eV1IpqETAIVROuW68Tgp0QBp4KNcl6iWUzogPRYy1BJQqb9dPLFCB8bpYO7kTIlAU/U3xMpCbUehoHpDAn09bw3Fv/zWgl0L/yUyzgBJul0UTcRGCI8jgR3uGIUxNAQQhU3t2LaJ4pQMMHlTAju/MuLpF4qumfF0nU5XynP4siiA3SECshF56iCrlAV1RBFj+gZvaI368l6sd6tj2lrxprN7KM/sD5/AGIKl8s=</latexit>

Pr(↵|⇡)
<latexit sha1_base64="0HJ7OIerrSvcdMN6a18BCcl1yBY=">AAACAHicbVBNS8NAEN34WetX1IMHL4tFqJeS1IIeC148VrAf0ISy2W7apZtk2Z2IJfbiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/MCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnIJoJHrMmcBCsIxUjUSBYOxhdT/32PVOaJ/EdjCXzIzKIecgpASP17GMP2ANkDTUpe0TIIcGP2JP8vGeXnIozA14mbk5KKEejZ395/YSmEYuBCqJ113Uk+BlRwKlgk6KXaiYJHZEB6xoak4hpP5s9MMFnRunjMFGmYsAz9fdERiKtx1FgOiMCQ73oTcX/vG4K4ZWf8VimwGI6XxSmAkOCp2ngPleMghgbQqji5lZMh0QRCiazognBXXx5mbSqFfeiUr2tleq1PI4COkGnqIxcdInq6AY1UBNRNEHP6BW9WU/Wi/VufcxbV6x85gj9gfX5AxiplgY=</latexit>

Pr(zn|⇡, xn,⇤k, µk)
<latexit sha1_base64="pibzMshm2m08SKsh8ir7syL2q00=">AAACFHicbZDLSgMxFIYzXmu9VV26CRahYikztaDLghsXLirYC3TKkEnTNjSTGZIz0jr2Idz4Km5cKOLWhTvfxvSy0NYfAh//OSfJ+f1IcA22/W0tLa+srq2nNtKbW9s7u5m9/ZoOY0VZlYYiVA2faCa4ZFXgIFgjUowEvmB1v385rtfvmNI8lLcwjFgrIF3JO5wSMJaXOXWBDSCpqFHu3pP4AbsRz+OBJ/PYvTbXtInXNxjEXv/Ey2Ttgj0RXgRnBlk0U8XLfLntkMYBk0AF0brp2BG0EqKAU8FGaTfWLCK0T7qsaVCSgOlWMllqhI+N08adUJkjAU/c3xMJCbQeBr7pDAj09HxtbP5Xa8bQuWglXEYxMEmnD3VigSHE44RwmytGQQwNEKq4+SumPaIIBZNj2oTgzK+8CLViwTkrFG9K2XJpFkcKHaIjlEMOOkdldIUqqIooekTP6BW9WU/Wi/VufUxbl6zZzAH6I+vzB7vEnUs=</latexit>

Pr(xn|zn,⇤k, µk)
<latexit sha1_base64="LXE6/U6fkSUE0Paoa5burE8SuDs=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRKkiZqQVdFty4cFHBXqAtQyZN29BMZkjOSOvYN3Djq7hxoYhbt+58G9PLQlt/CHz855wk5/cjwTU4zreVWlpeWV1Lr2c2Nre2d+zdvaoOY0VZhYYiVHWfaCa4ZBXgIFg9UowEvmA1v385rtfumNI8lLcwjFgrIF3JO5wSMJZnHzeBDSApq1Fu4En8gO89eYqb1+aGNvH6BoPY6594dtbJOxPhRXBnkEUzlT37q9kOaRwwCVQQrRuuE0ErIQo4FWyUacaaRYT2SZc1DEoSMN1KJvuM8JFx2rgTKnMk4In7eyIhgdbDwDedAYGenq+Nzf9qjRg6F62EyygGJun0oU4sMIR4HA5uc8UoiKEBQhU3f8W0RxShYCLMmBDc+ZUXoVrIu2f5wk0xWyrO4kijA3SIcshF56iErlAZVRBFj+gZvaI368l6sd6tj2lryprN7KM/sj5/AHaAm5g=</latexit>

Pr(µk|�,⇤k, xn)
<latexit sha1_base64="U9h/Eme3n2VYBMo8RL11RSGw1nw=">AAACEXicbVA9SwNBEN3zM8avU0ubxSBECOFOBS0FGwuLCCYRcuHY20x0yd7esTsnhjN/wca/YmOhiK2dnf/GzUeh0QcDj/dmdmdelEph0PO+nJnZufmFxcJScXlldW3d3dhsmCTTHOo8kYm+ipgBKRTUUaCEq1QDiyMJzah3OvSbt6CNSNQl9lNox+xaia7gDK0UuuUA4Q7zmh6UgzgLe/SeBhEgq9Dg3L7SYWGvQu9CtRe6Ja/qjUD/En9CSmSCWuh+Bp2EZzEo5JIZ0/K9FNs50yi4hEExyAykjPfYNbQsVSwG085HFw3orlU6tJtoWwrpSP05kbPYmH4c2c6Y4Y2Z9obif14rw+5xOxcqzRAUH3/UzSTFhA7joR2hgaPsW8K4FnZXym+YZhxtiEUbgj998l/S2K/6B9X9i8PSyeEkjgLZJjukTHxyRE7IGamROuHkgTyRF/LqPDrPzpvzPm6dcSYzW+QXnI9v63OcXQ==</latexit>

Pr(⇤k|⇤0, µk, xn, zn)
<latexit sha1_base64="qqPL4e8EfxZ2aVRAeikXqxxVwbI=">AAACGnicbVDLSgMxFM34rPVVdekmWIQKpczUgi4Lbly4qGAf0ClDJk3b0ExmSO5I69jvcOOvuHGhiDtx49+YPgRtPRA4nHMPN/f4keAabPvLWlpeWV1bT22kN7e2d3Yze/s1HcaKsioNRagaPtFMcMmqwEGwRqQYCXzB6n7/YuzXb5nSPJQ3MIxYKyBdyTucEjCSl3FcYANIKmqUc69MrE28Pr7HP9zOYzeIvX4eDzyZx3eePPEyWbtgT4AXiTMjWTRDxct8uO2QxgGTQAXRuunYEbQSooBTwUZpN9YsIrRPuqxpqCQB061kctoIHxuljTuhMk8Cnqi/EwkJtB4GvpkMCPT0vDcW//OaMXTOWwmXUQxM0umiTiwwhHjcE25zxSiIoSGEKm7+immPKELBtJk2JTjzJy+SWrHgnBaK16VsuTSrI4UO0RHKIQedoTK6RBVURRQ9oCf0gl6tR+vZerPep6NL1ixzgP7A+vwG+5yffg==</latexit>



Revisiting the GMM Clustering Example

Pr(⇡|↵, zn)
<latexit sha1_base64="w04HtbhD8sBHBz+UoLBWjofmV20=">AAACBXicbVDLSgNBEJyNrxhfqx71MBiECBJ2Y0CPAS8eI5gHZJcwO5kkQ2Znl5leMa65ePFXvHhQxKv/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDy7HfuGVK80jewDBmfkh6knc5JWCktn3oAbuDtKpGBS/m+AF7RMR9corv2/KkbeedojMBXiTujOTRDNW2/eV1IpqETAIVROuW68Tgp0QBp4KNcl6iWUzogPRYy1BJQqb9dPLFCB8bpYO7kTIlAU/U3xMpCbUehoHpDAn09bw3Fv/zWgl0L/yUyzgBJul0UTcRGCI8jgR3uGIUxNAQQhU3t2LaJ4pQMMHlTAju/MuLpF4qumfF0nU5XynP4siiA3SECshF56iCrlAV1RBFj+gZvaI368l6sd6tj2lrxprN7KM/sD5/AGIKl8s=</latexit>

Pr(↵|⇡)
<latexit sha1_base64="0HJ7OIerrSvcdMN6a18BCcl1yBY=">AAACAHicbVBNS8NAEN34WetX1IMHL4tFqJeS1IIeC148VrAf0ISy2W7apZtk2Z2IJfbiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/MCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnIJoJHrMmcBCsIxUjUSBYOxhdT/32PVOaJ/EdjCXzIzKIecgpASP17GMP2ANkDTUpe0TIIcGP2JP8vGeXnIozA14mbk5KKEejZ395/YSmEYuBCqJ113Uk+BlRwKlgk6KXaiYJHZEB6xoak4hpP5s9MMFnRunjMFGmYsAz9fdERiKtx1FgOiMCQ73oTcX/vG4K4ZWf8VimwGI6XxSmAkOCp2ngPleMghgbQqji5lZMh0QRCiazognBXXx5mbSqFfeiUr2tleq1PI4COkGnqIxcdInq6AY1UBNRNEHP6BW9WU/Wi/VufcxbV6x85gj9gfX5AxiplgY=</latexit>

Pr(zn|⇡, xn,⇤k, µk)
<latexit sha1_base64="pibzMshm2m08SKsh8ir7syL2q00=">AAACFHicbZDLSgMxFIYzXmu9VV26CRahYikztaDLghsXLirYC3TKkEnTNjSTGZIz0jr2Idz4Km5cKOLWhTvfxvSy0NYfAh//OSfJ+f1IcA22/W0tLa+srq2nNtKbW9s7u5m9/ZoOY0VZlYYiVA2faCa4ZFXgIFgjUowEvmB1v385rtfvmNI8lLcwjFgrIF3JO5wSMJaXOXWBDSCpqFHu3pP4AbsRz+OBJ/PYvTbXtInXNxjEXv/Ey2Ttgj0RXgRnBlk0U8XLfLntkMYBk0AF0brp2BG0EqKAU8FGaTfWLCK0T7qsaVCSgOlWMllqhI+N08adUJkjAU/c3xMJCbQeBr7pDAj09HxtbP5Xa8bQuWglXEYxMEmnD3VigSHE44RwmytGQQwNEKq4+SumPaIIBZNj2oTgzK+8CLViwTkrFG9K2XJpFkcKHaIjlEMOOkdldIUqqIooekTP6BW9WU/Wi/VufUxbl6zZzAH6I+vzB7vEnUs=</latexit>

Pr(xn|zn,⇤k, µk)
<latexit sha1_base64="LXE6/U6fkSUE0Paoa5burE8SuDs=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRKkiZqQVdFty4cFHBXqAtQyZN29BMZkjOSOvYN3Djq7hxoYhbt+58G9PLQlt/CHz855wk5/cjwTU4zreVWlpeWV1Lr2c2Nre2d+zdvaoOY0VZhYYiVHWfaCa4ZBXgIFg9UowEvmA1v385rtfumNI8lLcwjFgrIF3JO5wSMJZnHzeBDSApq1Fu4En8gO89eYqb1+aGNvH6BoPY6594dtbJOxPhRXBnkEUzlT37q9kOaRwwCVQQrRuuE0ErIQo4FWyUacaaRYT2SZc1DEoSMN1KJvuM8JFx2rgTKnMk4In7eyIhgdbDwDedAYGenq+Nzf9qjRg6F62EyygGJun0oU4sMIR4HA5uc8UoiKEBQhU3f8W0RxShYCLMmBDc+ZUXoVrIu2f5wk0xWyrO4kijA3SIcshF56iErlAZVRBFj+gZvaI368l6sd6tj2lryprN7KM/sj5/AHaAm5g=</latexit>

Pr(µk|�,⇤k, xn)
<latexit sha1_base64="U9h/Eme3n2VYBMo8RL11RSGw1nw=">AAACEXicbVA9SwNBEN3zM8avU0ubxSBECOFOBS0FGwuLCCYRcuHY20x0yd7esTsnhjN/wca/YmOhiK2dnf/GzUeh0QcDj/dmdmdelEph0PO+nJnZufmFxcJScXlldW3d3dhsmCTTHOo8kYm+ipgBKRTUUaCEq1QDiyMJzah3OvSbt6CNSNQl9lNox+xaia7gDK0UuuUA4Q7zmh6UgzgLe/SeBhEgq9Dg3L7SYWGvQu9CtRe6Ja/qjUD/En9CSmSCWuh+Bp2EZzEo5JIZ0/K9FNs50yi4hEExyAykjPfYNbQsVSwG085HFw3orlU6tJtoWwrpSP05kbPYmH4c2c6Y4Y2Z9obif14rw+5xOxcqzRAUH3/UzSTFhA7joR2hgaPsW8K4FnZXym+YZhxtiEUbgj998l/S2K/6B9X9i8PSyeEkjgLZJjukTHxyRE7IGamROuHkgTyRF/LqPDrPzpvzPm6dcSYzW+QXnI9v63OcXQ==</latexit>

Pr(⇤k|⇤0, µk, xn, zn)
<latexit sha1_base64="qqPL4e8EfxZ2aVRAeikXqxxVwbI=">AAACGnicbVDLSgMxFM34rPVVdekmWIQKpczUgi4Lbly4qGAf0ClDJk3b0ExmSO5I69jvcOOvuHGhiDtx49+YPgRtPRA4nHMPN/f4keAabPvLWlpeWV1bT22kN7e2d3Yze/s1HcaKsioNRagaPtFMcMmqwEGwRqQYCXzB6n7/YuzXb5nSPJQ3MIxYKyBdyTucEjCSl3FcYANIKmqUc69MrE28Pr7HP9zOYzeIvX4eDzyZx3eePPEyWbtgT4AXiTMjWTRDxct8uO2QxgGTQAXRuunYEbQSooBTwUZpN9YsIrRPuqxpqCQB061kctoIHxuljTuhMk8Cnqi/EwkJtB4GvpkMCPT0vDcW//OaMXTOWwmXUQxM0umiTiwwhHjcE25zxSiIoSGEKm7+immPKELBtJk2JTjzJy+SWrHgnBaK16VsuTSrI4UO0RHKIQedoTK6RBVURRQ9oCf0gl6tR+vZerPep6NL1ixzgP7A+vwG+5yffg==</latexit>



Revisiting the GMM Clustering Example

Pr(⇡|↵, zn)
<latexit sha1_base64="w04HtbhD8sBHBz+UoLBWjofmV20=">AAACBXicbVDLSgNBEJyNrxhfqx71MBiECBJ2Y0CPAS8eI5gHZJcwO5kkQ2Znl5leMa65ePFXvHhQxKv/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDy7HfuGVK80jewDBmfkh6knc5JWCktn3oAbuDtKpGBS/m+AF7RMR9corv2/KkbeedojMBXiTujOTRDNW2/eV1IpqETAIVROuW68Tgp0QBp4KNcl6iWUzogPRYy1BJQqb9dPLFCB8bpYO7kTIlAU/U3xMpCbUehoHpDAn09bw3Fv/zWgl0L/yUyzgBJul0UTcRGCI8jgR3uGIUxNAQQhU3t2LaJ4pQMMHlTAju/MuLpF4qumfF0nU5XynP4siiA3SECshF56iCrlAV1RBFj+gZvaI368l6sd6tj2lrxprN7KM/sD5/AGIKl8s=</latexit>

Pr(↵|⇡)
<latexit sha1_base64="0HJ7OIerrSvcdMN6a18BCcl1yBY=">AAACAHicbVBNS8NAEN34WetX1IMHL4tFqJeS1IIeC148VrAf0ISy2W7apZtk2Z2IJfbiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/MCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnIJoJHrMmcBCsIxUjUSBYOxhdT/32PVOaJ/EdjCXzIzKIecgpASP17GMP2ANkDTUpe0TIIcGP2JP8vGeXnIozA14mbk5KKEejZ395/YSmEYuBCqJ113Uk+BlRwKlgk6KXaiYJHZEB6xoak4hpP5s9MMFnRunjMFGmYsAz9fdERiKtx1FgOiMCQ73oTcX/vG4K4ZWf8VimwGI6XxSmAkOCp2ngPleMghgbQqji5lZMh0QRCiazognBXXx5mbSqFfeiUr2tleq1PI4COkGnqIxcdInq6AY1UBNRNEHP6BW9WU/Wi/VufcxbV6x85gj9gfX5AxiplgY=</latexit>

Pr(zn|⇡, xn,⇤k, µk)
<latexit sha1_base64="pibzMshm2m08SKsh8ir7syL2q00=">AAACFHicbZDLSgMxFIYzXmu9VV26CRahYikztaDLghsXLirYC3TKkEnTNjSTGZIz0jr2Idz4Km5cKOLWhTvfxvSy0NYfAh//OSfJ+f1IcA22/W0tLa+srq2nNtKbW9s7u5m9/ZoOY0VZlYYiVA2faCa4ZFXgIFgjUowEvmB1v385rtfvmNI8lLcwjFgrIF3JO5wSMJaXOXWBDSCpqFHu3pP4AbsRz+OBJ/PYvTbXtInXNxjEXv/Ey2Ttgj0RXgRnBlk0U8XLfLntkMYBk0AF0brp2BG0EqKAU8FGaTfWLCK0T7qsaVCSgOlWMllqhI+N08adUJkjAU/c3xMJCbQeBr7pDAj09HxtbP5Xa8bQuWglXEYxMEmnD3VigSHE44RwmytGQQwNEKq4+SumPaIIBZNj2oTgzK+8CLViwTkrFG9K2XJpFkcKHaIjlEMOOkdldIUqqIooekTP6BW9WU/Wi/VufUxbl6zZzAH6I+vzB7vEnUs=</latexit>

Pr(xn|zn,⇤k, µk)
<latexit sha1_base64="LXE6/U6fkSUE0Paoa5burE8SuDs=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRKkiZqQVdFty4cFHBXqAtQyZN29BMZkjOSOvYN3Djq7hxoYhbt+58G9PLQlt/CHz855wk5/cjwTU4zreVWlpeWV1Lr2c2Nre2d+zdvaoOY0VZhYYiVHWfaCa4ZBXgIFg9UowEvmA1v385rtfumNI8lLcwjFgrIF3JO5wSMJZnHzeBDSApq1Fu4En8gO89eYqb1+aGNvH6BoPY6594dtbJOxPhRXBnkEUzlT37q9kOaRwwCVQQrRuuE0ErIQo4FWyUacaaRYT2SZc1DEoSMN1KJvuM8JFx2rgTKnMk4In7eyIhgdbDwDedAYGenq+Nzf9qjRg6F62EyygGJun0oU4sMIR4HA5uc8UoiKEBQhU3f8W0RxShYCLMmBDc+ZUXoVrIu2f5wk0xWyrO4kijA3SIcshF56iErlAZVRBFj+gZvaI368l6sd6tj2lryprN7KM/sj5/AHaAm5g=</latexit>

Pr(µk|�,⇤k, xn)
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Other Details in the Paper
• Compositional MCMC
• Gibbs, Metropolis Hastings, Hamiltonian

• Speculative Execution
• Speculate past rejected samples

• Accuracy – Performance Tradeoffs
• Bloom Filters; Precision

• Generating IBM-CAPI based DMA Engine
• Little’s Law



Implementation

Accelerator Clock Domain
(400 MHz)

PCIe/PSL Clock Domain
(250 MHz)

PC
Ie

 / 
IB

M
 P

SL

C
on

tr
ol

le
r

…
+

NoC

SE 1
… D

R
A

M

ACMC2 Generated Template Based

D
M

A
/

M
M

IO

NoC

SE 2

NoC

SE n

C
on

tr
ol

le
r

NoC

SE 1
… D

R
A

M

NoC

SE 2

NoC

SE n

To Host

C
oherence Bus

CAPP PCIe

Core

AFU

PSL

IBM POWER8
FPGA

6-core IBM POWER8 CAPI attached
Virtex 7 FPGA N x M sampling elements

N = 4 (4 DRAM channels on FPGA board)
M = max that can be fit on FPGA

Sampling Element (SE) = RNGs + k-coloring controller



Evaluation: AcMC2 in Real World Models
Epilepsy/Neurosicnece: Identifying epilepsy 
affected brain regions [Varatharajah, 
NeurIPS17]

Security: Preempting advanced persistent 
threats using host/network IDSs [Cao, 
HOTSOS15]



Evaluation: AcMC2 in Real World Models
Epilepsy/Neurosicnece: Identifying epilepsy 
affected brain regions [Varatharajah, 
NeurIPS17]

Security: Preempting advanced persistent 
threats using host/network IDSs [Cao, 
HOTSOS15]

Embedded Medical Devices Datacenter network monitoring tools



Evaluation: AcMC2 in Real World Models
Epilepsy/Neurosicnece: Identifying epilepsy 
affected brain regions [Varatharajah, 
NeurIPS17]

Security: Preempting advanced persistent 
threats using host/network IDSs [Cao, 
HOTSOS15]

Embedded Medical Devices Datacenter network monitoring tools

FFT K-
Means AcMC2

iEEG electrode Healthy electrodes?



Evaluation: AcMC2 in Real World Models
Epilepsy/Neurosicnece: Identifying epilepsy 
affected brain regions [Varatharajah, 
NeurIPS17]

Security: Preempting advanced persistent 
threats using host/network IDSs [Cao, 
HOTSOS15]

Embedded Medical Devices Datacenter network monitoring tools

FFT K-
Means AcMC2

Protocol 
Parser + 

Flow state
AcMC2

iEEG electrode Healthy electrodes?

10GbE 
Data 
Stream

Alerts



Evaluation: AcMC2 in Real World Models
Epilepsy/Neurosicnece: Identifying epilepsy 
affected brain regions [Varatharajah, 
NeurIPS17]

Security: Preempting advanced persistent 
threats using host/network IDSs [Cao, 
HOTSOS15]

Embedded Medical Devices Datacenter network monitoring tools

FFT K-
Means AcMC2

Protocol 
Parser + 

Flow state
AcMC2

iEEG electrode Healthy electrodes?

10GbE 
Data 
Stream

Alerts
Inference accounts for >90% of the latency
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Significantly better results at much simpler code complexity
LoC AcMC2 – 183 for C1 & 146 for C2

LoC OpenCL – 961 for C1 & 4861 for C2
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Conclusion
• AcMC2: A High Level Synthesis Compiler for Probabilistic Programs

• Code is open-source and available at 
https://gitlab.engr.Illinois.edu/DEPEND/AcMC2

• Looking forward
• How does these models fit in the context of Deep Learning? – Bayesian Deep 

Learning

https://gitlab.engr.illinois.edu/DEPEND/AcMC2

