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Why Bayesian 
networks?

• Lots of modeling options

• Hand-curated, developed via Monte Carlo 
methods, or both (or other)

• No black boxes

• Can determine root causes for individual 
inferences (why do you think X?)

• Can integrate with other systems at any level

• Optimizable
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Domains & Applications

• Process control

• Decision systems

• Prediction

• Classification

Building incomplete 
representations of 
the world, and 
making inferences 
and choices based 
on incomplete, 
erroneous, and 
noisy data.
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Document analysis
2

February 28, 2006

Shares Value

Natural Gas Gathering/Processing – 4.4%(1)
Energy Transfer Partners, L.P. 95,200 $ 3,400,544
Regency Energy Partners, L.P. 82,500 1,654,950

5,055,494

Natural Gas/Natural Gas Liquid Pipelines – 7.5%(1)
Enterprise Products Partners, L.P. 217,210 5,273,859
Northern Border Partners, L.P. 71,000 3,415,100

8,688,959

Propane Distribution – 0.4%(1)
Inergy, L.P. 17,365 474,759

Total Master Limited Partnerships and Related Companies (Cost $50,648,748) 50,860,146

Principal

Corporate Bonds – 10.2%(1)
Amount

Crude/Refined Products Pipeline – 6.6%(1)
SemGroup, L.P., 8.75%, 11/15/2015(4) $ 7,300,000 7,555,500
Electric Generation/Services – 1.8%(1)
NRG Energy, Inc., 7.25%, 2/1/2014 1,000,000 1,025,000
NRG Energy, Inc., 7.375%, 2/1/2016 1,000,000 1,030,000

2,055,000

Natural Gas Gathering/Processing – 1.8%(1)
Targa Resources, Inc., 8.50%, 11/1/2013(4) 2,000,000 2,120,000

Total Corporate Bonds (Cost $11,426,662) 11,730,500

Short−Term Investments – 7.6%(1)
Shares

Evergreen Institutional Money Market Fund, 4.42%(3) 5,493,142 5,493,142
Fidelity Institutional Cash Fund (CAD), 2.61%(3) 3,689,601 3,247,887

Total Short−Term Investments (Cost $8,688,040) 8,741,029

Total Investments – 116.0%(1)
(Cost $128,194,916) 133,887,901
Liabilities in Excess of Cash and Other Assets – (16.0%)(1) (18,431,060)

Total Net Assets Applicable to Common Stockholders – 100.0%(1) $ 115,456,841

CAD – Canadian Dollar
(1) Calculated as a percentage of net assets.
(2) Security distributions are paid in kind.
(3) Rate reported is the 7−day effective yield as of February 28, 2006.
(4) These securities are deemed to be restricted; see Note 8 for further disclosure.
(5) Related companies of master limited partnerships.
See Accompanying Notes to the Financial Statements.
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Document analysis

            22,500  Cooper Tire & Rubber Co.                             335,250
            36,984  Goodyear Tire & Rubber Co.
                    (The)(1)                                             529,981
             8,800  Lear Corporation                                     183,568
            15,059  TRW Automotive Holdings Corp.(1)                     385,510
                                                                 −−−−−−−−−−−−−−−
                                                                       2,363,876
                                                                 −−−−−−−−−−−−−−−
AUTOMOBILES − 0.1%
            35,190  Ford Motor Company                                   280,464
             2,600  Honda Motor Co., Ltd. ORD                            155,016
             9,200  Toyota Motor Corp. ORD                               496,846
                                                                 −−−−−−−−−−−−−−−
                                                                         932,326
                                                                 −−−−−−−−−−−−−−−
BEVERAGES − 1.2%
            22,200  Anheuser−Busch Companies, Inc.                       922,188
             4,095  Brown−Forman Corp. Cl B                              288,124
            48,761  Coca−Cola Company (The)                            2,046,500
            39,182  Coca−Cola Enterprises Inc.                           769,926
            47,950  Diageo plc ORD                                       736,901
             5,711  Molson Coors Brewing Co.                             358,365
            38,829  Pepsi Bottling Group Inc.                          1,140,019
            15,432  PepsiAmericas, Inc.                                  369,133
            24,612  PepsiCo, Inc.                                      1,454,816
             2,880  Pernod−Ricard SA ORD                                 493,118
                                                                 −−−−−−−−−−−−−−−
                                                                       8,579,090
                                                                 −−−−−−−−−−−−−−−

STRATEGIC ALLOCATION: CONSERVATIVE − SCHEDULE OF INVESTMENTS
FEBRUARY 28, 2006 (UNAUDITED)
SHARES                                                                VALUE
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
BIOTECHNOLOGY − 0.4%
             6,019  Alkermes Inc.(1)                                     152,943
            25,469  Amgen Inc.(1)                                      1,922,655
             3,835  Applera Corporation−Applied
                    Biosystems Group                                     108,415
             1,900  Genentech, Inc.(1)                                   162,811
             6,900  Genzyme Corp.(1)                                     478,446
               110  Gilead Sciences, Inc.(1)                               6,850
                                                                 −−−−−−−−−−−−−−−
                                                                       2,832,120
                                                                 −−−−−−−−−−−−−−−
BUILDING PRODUCTS − 0.2%
             5,700  Daikin Industries Ltd. ORD                           191,100
            20,700  Masco Corp.                                          645,633
             4,948  USG Corp.(1)                                         418,007
                                                                 −−−−−−−−−−−−−−−
                                                                       1,254,740
                                                                 −−−−−−−−−−−−−−−
CAPITAL MARKETS − 1.5%
             5,700  Affiliated Managers Group Inc.(1)                    561,051
            20,100  Bank of New York Co., Inc. (The)                     688,224
             4,970  Credit Suisse Group ORD                              275,385
            30,081  E*TRADE Financial Corp.(1)                           769,472
            26,230  Federated Investors Inc. Cl B                      1,020,085
             3,800  Franklin Resources, Inc.                             390,184
            13,310  Investment Technology
                    Group Inc.(1)                                        605,339
            29,100  Janus Capital Group Inc.                             638,163
             3,900  Jefferies Group, Inc.                                222,456
            23,490  Man Group plc ORD                                    952,356
             8,785  Mellon Financial Corp.                               317,051
            16,100  Merrill Lynch & Co., Inc.                          1,243,081
            24,034  Morgan Stanley                                     1,433,867
            12,412  Northern Trust Corp.                                 654,361
            10,184  Raymond James Financial, Inc.                        437,708
             3,310  State Street Corp.                                   206,809
            20,600  TD Ameritrade Holding Corp.                          448,256
             5,695  UBS AG ORD                                           604,637
                                                                 −−−−−−−−−−−−−−−
                                                                      11,468,485
                                                                 −−−−−−−−−−−−−−−
CHEMICALS − 1.3%
             6,310  BASF AG ORD                                          475,951
            11,144  Celanese Corp., Series A                             238,482
            34,800  du Pont (E.I.) de Nemours & Co.                    1,400,351
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Wet? Raining? Sprinkler? Spring? Spring + 
Rain?

T T T T T

T T T F F
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Joint probability 
distribution

world Wet? Raining? Sprinkler? Spring? P(ω)

ω1 T T T T 0.005

ω2 T T T F 0.01

..................

ωn F F F F 0.31
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JPDs don’t scale

• m^n worlds

• {spring,wet,sprinkler,rain} = 2^4 = 16

• e.g. 20 variables x 3 states:

• 3 ^ 20 = 3.486784401E9
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JPDs don’t scale

• m^n worlds

• {spring,wet,sprinkler,rain} = 2^4 = 16

• e.g. 20 variables x 3 states:

• 3 ^ 20 = 3.486784401E9

• Need a better representation
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Season

Rain

Sprinkler

Wet

Spring P(s)
T 0.25
F 0.75

Rain Sprinkler Wet P(w|r∧s)
T T T 0.07
T F T 0.18

............
F F F 0.31

Network effects
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Season

Rain

Sprinkler

Wet

Spring P(s)
T 0.25
F 0.75

Rain Sprinkler Wet P(w|r∧s)
T T T 0.07
T F T 0.18

............
F F F 0.31

Network effects
O(n logm(p))!
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Season

Rain

Sprinkler

Wet

Spring P(s)
T 0.25
F 0.75

Rain Sprinkler Wet P(w|r∧s)
T T T 0.07
T F T 0.18

............
F F F 0.31

Network effects
O(n logm(p))!

(n, m, p left as an exercise) ;-)
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Raposo

• Clojure library for Bayesian inference and 
modeling
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• Reimplementation / extraction from 
existing application
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Raposo

• Clojure library for Bayesian inference and 
modeling

• Reimplementation / extraction from 
existing application

• Clojure-idiomatic treatment of data

• Learning vehicle
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Data
[#{:rain  :wet}
  #{:rain}
  #{:sprinkler  :wet}
  #{:rain  :wet}
  #{:sprinkler}
  #{:rain  :wet}]

[{:wet  true  :rain  1.8}
  {:wet  false  :rain  0.1}
  {:sprinkler  2.0  :wet  true}
  {:sprinkler  0.1  :rain  0.2  :wet  false}
  {:sprinkler  0.5  :rain  1.1  :wet  true}]

http://snowtide.com
http://snowtide.com
http://snowtide.com


Bayesian inference and modeling in Clojure — Clojure Conj 11/11/11

An abstraction over data

http://snowtide.com
http://snowtide.com
http://snowtide.com


Bayesian inference and modeling in Clojure — Clojure Conj 11/11/11

An abstraction over data
(defprotocol  Observed
    (features  [this])
    (value  [this  feature-­‐name]))

(extend-­‐protocol  Observed
    clojure.lang.IPersistentSet
    (features  [this]  this)
    (value  [this  feature-­‐name]
        (.contains  this  feature-­‐name))

    clojure.lang.IPersistentMap
    (features  [this]  (keys  this))
    (value  [this  feature-­‐name]
        (.valAt  this  feature-­‐name)))
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An abstraction over data
(defprotocol  Observed
    (features  [this])
    (value  [this  feature-­‐name]))

(extend-­‐protocol  Observed
    clojure.lang.IPersistentSet
    (features  [this]  this)
    (value  [this  feature-­‐name]
        (.contains  this  feature-­‐name))

    clojure.lang.IPersistentMap
    (features  [this]  (keys  this))
    (value  [this  feature-­‐name]
        (.valAt  this  feature-­‐name)))

(Allows us to 
bridge existing 
feature-ful data 
types to Raposo 
without copying.)
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Modeling the world

(def  model  (create-­‐model  {:rain  #{:wet}
                                                    :spring  #{:rain  :sprinkler}
                                                    :sprinkler  #{:wet}
                                                    :wet}))

(def  populated-­‐model  (into  model  [#{:rain  :wet}
                                                                    #{:rain  :spring}
                                                                    #{:sprinkler  :wet}
                                                                    #{:rain  :wet}
                                                                    #{:sprinkler}
                                                                    #{:rain  :wet}]))
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Modeling the world
(MCMC)

(def  model  (create-­‐model  [{:wet  true  :rain  1.8  :spring  true}
                                                    {:wet  false  :rain  0.1}
                                                    {:sprinkler  2.0  :wet  true  :spring  false}
                                                    {:sprinkler  0.1  :rain  0.2  :wet  false}
                                                    {:sprinkler  0.5  :rain  1.1  :wet  true}
                                                    ...]))
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Query
=>  (probability-­‐of  :wet
          model  {:rain  0.9  :sprinkler  0.6})
0.8483736484567366
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Query
=>  (probability-­‐of  :wet
          model  {:rain  0.9  :sprinkler  0.6})
0.8483736484567366

=>  (probability-­‐of  :wet
          model  {:sprinkler  false})
0.48372656372001
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Query
=>  (probability-­‐of  :wet
          model  {:rain  0.9  :sprinkler  0.6})
0.8483736484567366

=>  (probability-­‐of  :wet
          model  {:sprinkler  false})
0.48372656372001

=>  (probability-­‐of  :rain
          model  {:wet  true  :sprinkler  0.0})
0.912384736226474
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Raposo TODO

• Release!

• Expose network learning / generation

• Optimization

• Elision of independent random variables

• Compilation

• Bayesian network => Clojure

• Integrate with core.logic
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Thank you!

snipe book

Chas Emerick
@cemerick
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