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e \Which one Is the albatross? We propose an algebra of visual primitives: We model the function f5(e) as a set of composition Simple Binary Expressions:
Albatrosses are birds with hooked beak and large iive s Concene oo s Concene functions by decomposing expressions in simple terms Tﬂ""el'E‘“’”ﬂ“"gk;”‘”“’”%%i‘ii?i?Ei’ﬁ?%i%i?’"j”;‘m pK th%;éﬁﬁi?ifﬁi;f%{i; E
. . Large wingspan (Iw) A = Iw AND hb Albatross (A) ] ] | nown EXp. nknown EXp. nown Exp. nknown Exp.
wingspan. (hooked beak AND large wingspan) o ] (5n and evaluating them recursively. Chance 970 5000 500 | 4080 000 500 | 455 500 500 | 459 500 500
e Which ones is the frigatebird? bl e Som o3 2o | soss w28 3610 | o3 1o e | 116 7800 29
) ) _ _ Neural /\ Neural Alg. Classifiers | 70.10 7736 2944 | 71.18 77.76 29.04 | 23.09 81.54 26.36 | 23.87 81.98 25.85
Frlga‘tEblrdS Seem bIaCk albatrOsseS Wlth Whlte Or red T g9 (wa’7 wb) — Neural Network(wa, wb) Table 2. Evaluating known/unknown disjunctive and conjunctive expressions on the AwA?2 dataset.

- Disjunctive Expressions Conjunctive Expressions
pouch. (albatross AND (white pouch OR red pouch) — Known Exp. Unknown Exp. Known Exp. Unlimown Exp.
g w —_— w Metrics MAP AUC EER | MAP AUC EER | MAP AUC EER | MAP AUC EER
Chance 53.19 50.0 50.0 | 53.04 50.0 500 | 1877 50.0 50.0 | 21.17 500 50.0
\/ ( ) — ( /\ ( — ( ) — ( ) ) ) Supervised 9747 9720 8.13 - - - 9490 98.53 6.00 - - -
U U — U U Independent 9728 97.12 870 | 97.86 97.58 6.77 | 93.95 98.13 6.80 | 93.90 97.87 7.36
g a s b g g g a ? g b Neural Alg. Classifiers | 98.84 98.67 5.84 | 99.05 9891 5.24 | 95.95 98.79 5.29 | 96.50 98.81 5.34

¢ Visual primitives (p): known simple visual concepts, e These composition functions are autoregressive Complex Unknown Expressions: (p, Vv g, ) A
e.g., hooked beak (hb) and large wingspan (lw). models. (P, Vg, ) A ... A (p_.V q.)
e Composition rules: (A, AND) conjunction, (V, OR) e The negation is defined analytically. o7 tome | T wiEsEEcastaze=caes
“The human recognition system is fundamentall At - L . . IR e el B % iersn
compositional, so tr?e unsee3r,1 complex concepts )e;re disjunction, and (=, NOT) negation. ® The disjunction is defined according to the De WIS i iEsaacasesasaacei B s
POSI ’ comp . _p ® Expressions (e): visual concepts expressed as Morgan's Laws fafh o Qe B L P
recognized from the composition of simple visual i) " £ it 9 " | e _ S| B R T e S S G
primitives according to well-defined rules.” multiple composlitions of primitives and composition ® The conjunction is a multilayer perceptron (MLP). ST ke M s s s S MR
rules, e.qg., albatrosses = hb AND Iw.
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We aim to develop a learning framework to synthesize We propose to learn a parameterized function (w, = f5(e)) that maps the space of expressions to the space of binary A = - * e et
classitiers tor arbitrary compositions ot visual primitives. classifiers using a relative small subset of training expressions and relying on the classifier similarity to generalize for S emwen T T ey T ey
contribUtionS: unknown expreSSIOnS' Qualltatlve EvalurEEnlﬁgngzAnmuﬂnumnnwm]
. .. . . Neural Algebra of Classifiers (- =Ly R —
e Learning framework for composition of classifiers. Expression (e) : : ﬁ +HISHEF] AR NS %
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e Compositional neural network based model which
minimizes the classification error of a subset of visual = Mg \ o2
compositions and generalizes for unseen “Primiives Iﬁ
compositions. "Blue or Red Socks without Holes"

® The proposed framework can recognize unseen -
classes, subclasses and specific instances of objects Posiiiv”;fgesN(:; ty)e S
without additional annotation effort. } “
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‘Baselines:
— - . Supervised: SVMs trained to
discriminate images according to training
expressions.

¢ Independent Classifiers:

o P(a AND b) = P(a) x P(b)
o P(a OR b) = P(a) + P(b) - P(a AND b)
o P(NOTa) =1- P(a)
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Minimize: :
A(s, y) + O.5\|f@(e)|\2+ R(©O, ©)
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Forward Backprop
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