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•



Problem Definition



•
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•
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•
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Bayesian Network •



Bayesian Network • •



•



Joint probability distribution Directed acyclic graph (DAG)



Applications • •



Network scale is large in some applications Real time constraints in some applications



A gene regulation network with 200 nodes; Bayesian network techniques can be used to explore the causal relationship among those genes 3



Bayesian Network (2)



Conditional Probability Table (CPT)



r: number of states of random variables In this example, r=2 (True, False)



Each CPT has: r rows rin-edge columns
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Bayesian Network (3) •



Inference in Bayesian Network • • •



Given evidence variables (observations) E, output the posterior probabilities of query variables P(Q|E) exact inference & approximate inference Exact inference is NP hard



Evidence propagation based on Bayes’ rule can not be applied directly to non-singly connected networks i.e., Bayesian networks with loops, as it would yield erroneous results •



Therefore, junction trees are used to implement inference
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Junction Tree •



Junction Tree • • •



•



Tree of cliques Clique  a set of r.v. from Bayesian Network Edge  shared r.v.



3,2,1



Ψe(3) 5,3,4 Ψ(5,3,4)



Potential Table ΨV • • •



On clique and edge Describe joint distribution rw entries where r is clique width



Ψ(3,2,1)



Ψe(3,5)



Ψe(4)



Ψ(7,3,5) 7,3,5



6,4,5



Ψe(7) Ψ(8,7) Ψe(8) Ψ(9,8)



9.8



Ψe(5,6)



Ψ(6,4,5)



11,5,6



Ψ(11,5,6)



8,7



Ψe(7) 10,7



Ψ(10,7)
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Exact Inference in Junction Tree •



General problem definition “Given an arbitrary junction tree and evidence, compute the posterior probability of query variables”



•



Our focus



Parallelization of evidence propagation on the Cell BE processor



•Key step of exact inference •Propagates evidence throughout the junction tree
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Cell BE Architecture
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Challenges •



Cores are heterogeneous



•



SPE organization: program control, SIMD, mailbox, signal



•



Size of local store is limited (256KB)



•



DMA transfer requires alignment of data



•



Amount of parallelism in junction tree may be limited
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Related Work •



Existing parallel exact inference techniques • • • •



•



Network structure dependent methods Pointer jumping based methods Rerooting techniques Node level primitives



Drawbacks • • • •



Cannot be applied to arbitrary Bayesian networks Constraints on the number and location of evidence cliques Assume homogeneous machine model Do not take memory size into account



10



Approach •



Given an arbitrary junction tree and evidence • • • •



•



Construct task dependency graph using junction tree Partition large tasks at runtime Schedule tasks to SPEs dynamically Process tasks using efficient primitives



Advantages • • •



Efficient dynamic scheduler Optimization of data layout for data transfer Efficient primitives and computation kernels
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Node Level Primitives •



Definition of node level primitives •



Basic operations on potential tables for propagating evidence



Clique potential table (large) and/or separator potential table (small)



•



Type of primitives •



Marginalization • Generate a separator potential table from a given clique potential table



•



Extension • Generate a clique potential table from a given separator potential table



•



Multiplication • Element wise multiplication between two potential tables



•



Division • Element wise division between two potential tables
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Node Level Primitives •



Example: Table Extension •



Input • A separator S and its potential table Ψ(S); a clique C, where S ⊆ C.



•



Output • Clique potential tableΨ(C)



•



Consistency requirement • Entry values inΨ(C) and Ψ(S) must be equal if random variables in C and S have the same states in the entries



•



Approach • Each entry of Ψ(C) is created by duplicating the entry in Ψ(S) where both random variable sets C and S have the same states



E.g. Assuming S={b, c} and C={a, b, c, d, e}, we have Ψ({a=*, b=0, c=0, d=*, e=*}) = Ψ({b=0, c=0}) Ψ({a=*, b=0, c=1, d=*, e=*}) = Ψ({b=0, c=1}) …… where * denotes an arbitrary value
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Computations at a Node Node level primitives propagate evidence and update potential tables



separator



ch 2
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h1



(C



)



Sc



S



•
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Task Definition •



A task is the computation to update a (partial) clique potential table using the input separators and then generate the output separators



•



Each clique is related to two tasks
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Task Partitioning •



Decompose a task into subtasks • •



•



Regular task •



•



Explore fine granularity parallelism Fit in the local store (LS) of SPEs



A task involving complete potential tables



Partition regular tasks into type-a and type-b tasks • •



Chop a potential table into k chunks to fit in LS Create two subtasks (type-a & type-b) for each chunk • type-a task marginalizes a chunk • type-b task updates a chunk
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Task Partitioning (2) •



Illustration of task partitioning • •



Regular task → large potential table Ψc Subtask → a chunk of Ψc



Regular task Subtasks
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Task Dependency Graph •



Create task dependency graph using junction trees • •



•



Upper portion → evidence collection Lower portion → evidence distribution



Dynamical modification due to partitioning
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Dynamic Scheduler •



Centralized scheduler on PPE



•



Partitioning for fine granularity parallelism •



Small SI results in idle SPEs



Dependency degree



SPE T1



n1



Tj+2 nj+2 Successors



Issue



Tj+1 nj+1



PPE



Fetch II



Fetch I



Partition



Task ID



SPE



T’1 T’2



TN nj+1



SPE T’n SL



SI
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Data layout for Cell Optimization Clique data package



Sc



C )



Consist of clique and child separator potential tables Stored in contiguous locations Aligned for data transfer and computation Minimize the overhead of DMAs



) (C



h1



ch 2(



• • • •



S



•



Clique data package 20



Potential Table Organization •



Basic terms for potential table organization • •



•



Variable vector State string



Conversion between state string and table index •



potential value ↔ state string ↔ table index
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Efficient Node Level Primitives •



Improve the performance of primitives •



•



Relationship between entries from two potential tables ↔ indices decoding



Develop computation kernels • •



Optimize collection & distribution Vectorize computation for primitives



Example : Implementation of marginalization by vectorized accumulation
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Experiments •



Cell BE system •



IBM Blade Center QS20 • 3.2 GHz Cell BE processors • 512 KB Level 2 cache • 1 GB main memory



• •



•



Fedora Core 7 Operating System Cell BE SDK 3.0 Developer package



Parameters of input junction trees • • • • •



Junction tree with 512 and 1024 cliques Various clique widths from 5 to 10 Various number of states for random variables from 2 to 4 Various clique degrees ranging from 2 to 4 Single precision floating point data for potential table entries
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Experimental Results (1) •



Normalized execution time for exact inference on the Cell
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Experimental Results (2) •



Speedup for various junction trees



The average number of children for cliques (k) is 2
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Experimental Results (3) •



Speedup for various junction trees



The average number of children for cliques (k) is 4
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Experimental Results (4) •



Efficiency of the scheduler for various junction trees



N: number of cliques w: clique width r: number of states of random variables



Scheduling is hidden because of double buffering
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Experimental Results (5) •



Load balancing for exact inference on the Cell
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Experimental Results (6) •



Various platforms for comparison •



Intel Xeon (x86 64, E5335) • 2.0 GHz, Dual quad-core with Streaming SIMD Extensions (SSE) • Peak Flops: 32 GFlops (64 GFlops for dual quad-core) • 8 concurrent threads created by Pthreads



•



AMD Opteron (x86 64, 2347) • 1.9 GHz, Dual quad-core with SSE • Peak Flops: 30.4 GFlops (60.8 GFlops for dual quad-core) • 8 concurrent threads created by Pthreads



•



Intel Pentium 4 • 3.0 GHz, 16 KB L1, 2 MB L2 • Single thread with O3 level optimization



•



IBM Power 4 (P655) • 1.5 GHz, 128 KB + 64 KB L1, L2 1.4 MB L2, 32 MB L3 • Single thread with O3 level optimization



•



Input junction trees •



512 and 1024 cliques, clique width are 8 and 10, number of states is 2, clique degree is 4 29



Experimental Results (7) •



Execution time on various processors •



Speedups of 2, 4, 2 and 6 over Opteron, Pentium 4, Xeon and Power 4
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Concluding Remarks •



Contributions • • • •



•



Future work • • •



•



Task dependency graph construction Partition large tasks at runtime Dynamic scheduling scheme Efficient primitives and computation kernels



Investigation of efficient algorithms for the issuer Task merge and partition for load balancing Minimizing critical path of the exact inference



Websites • •



http://ceng.usc.edu/~prasanna/ http://pgroup.usc.edu/jtree/
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Questions?



http://pgroup.usc.edu/jtree/



























[image: Parallel exact inference on the Cell Broadband Engine ...]
Parallel exact inference on the Cell Broadband Engine ...












[image: Parallel Exact Inference on the Cell Broadband Engine Processor]
Parallel Exact Inference on the Cell Broadband Engine Processor












[image: Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar]
Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar












[image: Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar]
Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar












[image: Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar]
Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar












[image: Junction Tree Decomposition for Parallel Exact Inference]
Junction Tree Decomposition for Parallel Exact Inference












[image: On The Synergistic Use of Parallel Exact Solvers And ...]
On The Synergistic Use of Parallel Exact Solvers And ...












[image: Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar]
Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar












[image: Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar]
Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar












[image: Node Level Primitives for Exact Inference using GPGPU]
Node Level Primitives for Exact Inference using GPGPU












[image: pdf-1444\digital-korea-convergence-of-broadband-internet-3g-cell ...]
pdf-1444\digital-korea-convergence-of-broadband-internet-3g-cell ...












[image: Inducing Value Sparsity for Parallel Inference in Tree ...]
Inducing Value Sparsity for Parallel Inference in Tree ...












[image: Inducing Value Sparsity for Parallel Inference in ... - Semantic Scholar]
Inducing Value Sparsity for Parallel Inference in ... - Semantic Scholar












[image: IMa2p – parallel MCMC and inference of ancient ...]
IMa2p – parallel MCMC and inference of ancient ...












[image: The Multifaceted Effect of Broadband Internet on ...]
The Multifaceted Effect of Broadband Internet on ...












[image: A Language and an Inference Engine for Twitter ...]
A Language and an Inference Engine for Twitter ...












[image: A Language and an Inference Engine for Twitter ...]
A Language and an Inference Engine for Twitter ...












[image: Computational Precision of Mental Inference as Critical ... - Cell Press]
Computational Precision of Mental Inference as Critical ... - Cell Press












[image: Computational Precision of Mental Inference as Critical ... - Cell Press]
Computational Precision of Mental Inference as Critical ... - Cell Press












[image: Computational Precision of Mental Inference as Critical ... - Cell Press]
Computational Precision of Mental Inference as Critical ... - Cell Press












[image: A Language and an Inference Engine for Twitter ...]
A Language and an Inference Engine for Twitter ...












[image: Computational Precision of Mental Inference as Critical ... - Cell Press]
Computational Precision of Mental Inference as Critical ... - Cell Press















Parallel Exact Inference on the Cell Broadband Engine ...






Parallel Exact Inference on the. Cell Broadband Engine Processor. Yinglong Xia and Viktor K. Prasanna. {yinglonx, prasanna}@usc.edu. University of Southern California http://ceng.usc.edu/~prasanna/. SC '08 ... 






 Download PDF 



















 2MB Sizes
 2 Downloads
 218 Views








 Report























Recommend Documents







[image: alt]





Parallel exact inference on the Cell Broadband Engine ... 

Feb 6, 2010 - a Computer Science Department, University of Southern California, ...... on task T. If ËœT is dependent upon T, and the dependency degree of ËœT.














[image: alt]





Parallel Exact Inference on the Cell Broadband Engine Processor 

The Cell Broadband Engine (Cell BE) processor, jointly developed by IBM, Sony and Toshiba, is a heterogeneous chip with one PowerPC control element (PPE) coupled with eight independent synergistic processing elements (SPE). The. Cell BE processor has














[image: alt]





Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar 

data representation can be ported to other parallel computing systems for the online scheduling of directed acyclic graph ..... or save all data. However, note that ...














[image: alt]





Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar 

A developer must understand both the algorithmic and archi- tectural aspects to propose efficient algorithms. Some recent research provides insight to parallel algorithms design for the. Cell [9], [10]. However, to the best of our knowledge, no exact














[image: alt]





Parallel Exact Inference on the Cell Broadband ... - Semantic Scholar 

Yinglong Xia. Computer Science Department ..... Buehrer discussed scientific computing using .... Each task in SL has a property called the dependency degree,.














[image: alt]





Junction Tree Decomposition for Parallel Exact Inference 

system can be used for inference. ... inference and solve large scale inference problems, we need to ...... each node is connected to a GPFS (parallel file system).














[image: alt]





On The Synergistic Use of Parallel Exact Solvers And ... 

using massively parallel computers, however, an exact technique requires, in the ... algorithm of course terminates when each slave is idle and the master list is.














[image: alt]





Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar 

Jul 26, 2012 - The MAP configuration q under the marginal Pr(q) (a.k.a the marginal-map ... By sorting the vector Î±, the MAP problem can be solved in.














[image: alt]





Exact Lifted Inference with Distinct Soft Evidence ... - Semantic Scholar 

Exact Lifted Inference with. Distinct Soft Evidence on Every. Object. Hung Hai Bui, Tuyen N. Huynh, Rodrigo de Salvo Braz. Artificial Intelligence Center. SRI International. Menlo Park, CA, USA. July 26, 2012. AAAI 2012. 1/18 ...














[image: alt]





Node Level Primitives for Exact Inference using GPGPU 

Abstractâ€”Exact inference is a key problem in exploring prob- abilistic graphical models in a variety of multimedia applications. In performing exact inference, a series of computations known as node level primitives are performed between the potent














[image: alt]





pdf-1444\digital-korea-convergence-of-broadband-internet-3g-cell ... 

... apps below to open or edit this item. pdf-1444\digital-korea-convergence-of-broadband-internet ... g-digital-tv-virtual-reality-electronic-cash-telemat.pdf.














[image: alt]





Inducing Value Sparsity for Parallel Inference in Tree ... 

In International Semantic Web Conference, pages 640â€“653,. 2006. [2] Fuchun Peng and Andrew McCallum. Information extraction from research papers using ...














[image: alt]





Inducing Value Sparsity for Parallel Inference in ... - Semantic Scholar 

observe the marginal of each latent variable in the model, and as soon as the probability of the max- marginal value crosses a ..... entity names in text. Bioinformatics, 21(14):3191â€“3192, 2005. [4] Yan Liu, Jaime G. Carbonell, Peter Weigele, and V














[image: alt]





IMa2p – parallel MCMC and inference of ancient ... 

Center for Computational Genetics and Genomics, Department of Biology, Temple University, Philadelphia, PA 19102, USA ... Molecular Ecology Resources (2015) ..... and Applied Mathematics (IMACS'91) (eds Vichnevetsky R, Miller JJH),.














[image: alt]





The Multifaceted Effect of Broadband Internet on ... 

... Conference on the Economics of Intellectual Property, Software and the ... net services could only be offered in municipalities connected to high-order telecommuni- ..... explained above, represents a key determinant of the cost of supplying ...














[image: alt]





A Language and an Inference Engine for Twitter ... 

Oct 15, 2016 - People use online social networks to share huge amount of information: maybe too much? ... Twitter Filtering Rules. October 15th, 2016. 5 / 15 ...














[image: alt]





A Language and an Inference Engine for Twitter ... 

Oct 15, 2016 - People use online social networks to share huge amount of information: .... Data: from a large (â‰¥ 2 Â· 106) set of tweets, after cleaning.














[image: alt]





Computational Precision of Mental Inference as Critical ... - Cell Press 

In both (A) and (B) error bars indicate s.e.m., and the black curve indicates the theoretical ..... shown for each variability type for the combination of biases that best fitted the subjects' behavior. ...... SciPy: Open source scientific tools for 














[image: alt]





Computational Precision of Mental Inference as Critical ... - Cell Press 

Dec 1, 2016 - This experimental framework revealed that in contrast to current views, the ...... Kaufman, M.T., and Churchland, A.K. (2013). Cognitive ...














[image: alt]





Computational Precision of Mental Inference as Critical ... - Cell Press 

2.9 Model fitting, fit validation, and number of parameters . . . . . . . . . . . . . . . . . . . . . . 33 ...... k=l var (fk(Î¸nt) âˆ’ fl(Î¸nt) + Îµk âˆ’ Îµl) to equal 2Ïƒ2 inf , where each Îµk is an ...














[image: alt]





A Language and an Inference Engine for Twitter ... 

proposal experimentally on a real Twitter dataset and the results are highly promising. I. INTRODUCTION. Filtering of short text messages is becoming more and ...














[image: alt]





Computational Precision of Mental Inference as Critical ... - Cell Press 

Dec 1, 2016 - ability beyond what can be explained by the provided evidence and are thus ...... study. Drawing few samples results in noisy posterior distribu-.


























×
Report Parallel Exact Inference on the Cell Broadband Engine ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















