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ABSTRACT
This paper studies the problem of learning to hash, which is
essentially a mixed integer optimization problem, contain-
ing both the binary hash code output and the (continuous)
parameters forming the hash functions. Different from ex-
isting relaxation methods in hashing, which have no the-
oretical guarantees for the error bound of the relaxations,
we propose binary optimized hashing (BOH), in which we
prove that if the loss function is Lipschitz continuous, the
binary optimization problem can be relaxed to a bound-
constrained continuous optimization problem. Then we in-
troduce a surrogate objective function, which only depends
on unbinarized hash functions and does not need the slack
variables transforming unbinarized hash functions to dis-
crete functions, to approximate the relaxed objective func-
tion. We show that the approximation error is bounded and
the bound is small when the problem is optimized. We ap-
ply the proposed approach to learn hash codes from either
handcraft feature inputs or raw image inputs. Extensive ex-
periments are carried out on three benchmarks, demonstrat-
ing that our approach outperforms state-of-the-arts with a
significant margin on search accuracies.

CCS Concepts
•Computing methodologies → Visual content-based
indexing and retrieval; Image representations; Neural
networks;
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1. INTRODUCTION
Hashing has been attracting broad attention due to the

explosive growth of various kinds of data like documents,
images and videos. It aims at encoding input data to a set
of compact binary codes, while preserving some notion of
similarity of the original data in the Hamming space. With
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the compact hash codes, one can easily realize highly effi-
cient search applications with the Hamming distance under
significantly lower storage cost.

The early exploration on hashing began with the well-
known locality sensitive hashing (LSH) [4], which imposes
random projection on data to generate hash codes. LSH is
a data-independent hashing method, so that its results are
usually not satisfying. Realizing the limitation of the data-
independent hashing methods, many recent hashing tech-
niques try to exploit various machine learning paradigms to
learn effective hash functions from a given dataset, ranging
from unsupervised to supervised or even semi-supervised set-
tings [32, 31]. Recently, as deep learning has demonstrated
strong results on many visual recognition tasks [11], sev-
eral researches also proposed to learn hash codes from in-
put images in an end-to-end manner with deep learning [34,
15], which led to significant improvements over traditional
handcraft feature based hashing methods. All these data-
dependent methods are generally called learning to hash.

Learning to hash is essentially a mixed integer nonlinear
optimization problem with binary code outputs and contin-
uous parameters for hash functions. The problem is difficult
to be solved directly due to its NP-hard nature. Various
relaxations have been introduced, such as (1) continuous re-
laxation which discards the sign function and discrete con-
straints to solve one continuous problem and then thresholds
the continuous outputs to produce hash codes; (2) two-step
schemes which inference hash-bit first and train hash func-
tions with given hash-bits [18, 17, 27]. Although some meth-
ods in this category were claimed to be optimal with the
relaxed objective functions, there are no theoretical guaran-
tees for the error-bound of the relaxations.

Inspired by the works on discrete optimization [3, 22], this
paper proposes an optimal hashing method, namely binary
optimized hashing (BOH). We relax the binary variable to a
bounded continuous variable, and show that the binary pro-
gram is equivalent to a bound-constrained continuous op-
timization problem with an additional penalty function if
the objective function satisfies certain conditions. We fur-
ther introduce a surrogate objective function with respect to
unbinarize hash functions only, to approximate the relaxed
problem. We show that the approximation error is bounded
and the bound is small when the problem is optimized. We
apply the proposed approach to learn hash codes directly
from either handcraft feature inputs or raw image inputs in
a unified learning paradigm.

Extensive experiments show that coupling with neural
networks, BOH can achieve superior performance over the



state-of-the-art methods. In details, coupling with multi-
layer perceptron (MLP), BOH gives superior results over
compared methods for handcraft feature inputs; while cou-
pling with convolutional neural networks (CNN), BOH out-
performs all state-of-the-arts with a significant margin for
raw image inputs. The main contributions of this paper are
summarized as below:

(1) We relax the binary optimization problem to a bound-
constrained continuous optimization problem. We fur-
ther prove that the two problems are equivalent if the
loss functions satisfy certain conditions. Hence we de-
rive a surrogate objective function with respect only
to hash functions, so that we can learn hash codes in
a unified framework.

(2) We prove the feasibility of using two popular loss func-
tions: triplet ranking loss and contrastive loss. We ap-
ply BOH to learn hash codes from both the handcraft
feature inputs and raw image inputs.

(3) We demonstrate superior performance of the proposed
approach on popular benchmarks. Our approach out-
performs state-of-the-art approaches on both hand-
craft feature inputs and raw image inputs with clear
margins.

This paper is organized as follows. We introduce related
works in Section 2 and present details of the BOH in Sec-
tion 3. Section 4 discusses experimental settings and results.
Conclusions are drawn in Section 5.

2. RELATED WORKS
In this section we discuss related works in the following

three aspects.
Learning to hash can be roughly divided into the fol-

lowing three categories: unsupervised, supervised and semi-
supervised. Unsupervised methods try to preserve the in-
herent properties within data. Such properties include data
distributions (e.g., spectral hashing [33], kernelized locality
sensitive hashing [13, 14]), manifold structures (e.g., graph
hashing [21]) and various similarities in feature space (e.g.,
angular quantization hashing [5], spherical hashing [8]). Al-
though unsupervised hashing methods work well to preserve
distance/similarity in the feature space, many applications
also require to preserve semantical similarity in the Ham-
ming space. For this purpose, various supervised hashing
methods are proposed, ranging from metric learning to ker-
nel learning (e.g., LDAHash [29], supervised hash with ker-
nels [20], Hamming distance metric learning [24], supervised
discrete hashing [27]). In addition, as it is very expensive
to annotate large-scale datasets, it is practically needed to
learn hash codes with both labeled and unlabeled data (e.g.,
semi-supervised hashing [30]).

Deep learning based hashing has recently shown very
strong performance improvements over the shallow learning
counterparts. Semantic Hashing [26] employs a two-stage
learning (pretraining and fine-tuning) on deep generative
models to abstract input documents to several bits. Deep
hashing [2] seeks multiple hierarchical non-linear transfor-
mations to learn hash codes. Besides, convolutional neural
networks (CNN) provides a way to learn hash codes from
raw input in an end-to-end way. Specially, deep semantic
ranking hashing [35] presents a new ranking loss, preserv-
ing the similarity relationships between multi-label images.

Convolutional neural network hashing [34] also uses a two-
step learning framework. The first stage performs semantic
similarity matrix factorization to obtain hash codes, and the
second stage trains a CNN network to obtain hash functions
from raw image inputs. Deep neural network hashing [15]
uses triplet ranking loss to model the similarity relations be-
tween images. A divide-and-encode module is employed to
map the image features to approximate hash codes.

Different relaxations are implicitly or explicitly em-
ployed in learning to hash due to the NP-hard nature of the
mixed integer optimization problem. Most aforementioned
methods discard the discrete constraints to solve one con-
tinuous problem, and then threshold the continuous outputs
to be binary codes. This simplifies the optimization greatly,
but usually yields low-quality approximated solutions. Re-
cently, some novel relaxations are proposed. The two-step
schemes first produce binary codes with some discrete opti-
mization such as binary quadratic optimization [18], graph
cuts [17], semantic matrix factorization [34], discrete cyclic
coordinate descent [27], etc. After that, certain learning
techniques are employed to learn the hash functions with
the desired hash codes. Iterative multi-step schemes are
also proposed to optimize binary codes and hash functions
alternatively [19, 27].

3. BINARY OPTIMIZED HASHING
The purpose of learning-to-hash is to seek a set of hash

functions H(x) = {h1(x), h2(x), ..., hd(x)}, which map the
feature x to the Hamming space {0, 1}d, obtaining a se-
quence of binary codes b = H(x), so that the similarity
in the Hamming space, defined from the Hamming distance
‖bi−bj‖1, is able to preserve some notion of similarity eval-
uated in the original feature space. In general, the objective
function can be written as follows,

min L(b1, b2, · · · , bN )

s.t. bi ∈ {0, 1}d

bi = H(xi), i = 1, 2, · · ·N,
(1)

where N is the number of training samples. Usually the
loss function L(·) is defined as the sum of loss functions over
cliques C = {c} with c being a set of points, L(b1, b2, · · · , bN )
=

∑
c∈C `(bi1 , . . . , bi|c|), (i1, . . . , i|c|) = c). There are vari-

ous forms to formulate the loss function. In this paper, we
will study two widely-used forms: triplet ranking loss, in
which c is a triplet (i, j, k) and contrastive loss where c is a
point pair (i, j).

The problem (1) is a mixed-integer optimization prob-
lem. Due to its NP-hard nature, the problem is solved with
various relaxations, such as continuous relaxation, two-step
schemes, and iteratively multi-step schemes as mentioned in
related works. Our solution starts from relaxing the binary
variable into a bounded continuous variable and introduc-
ing a penalty function. We first only consider the binary
variables in the problem (1) and show that the 0-1 program
is equivalent to a continuous optimization problem if the
objective function L(·) satisfies certain condition. Then we
take into consideration the hash function and relax the whole
problem into a continuous problem, which subsequently is
transformed to a surrogate objective function with respect
to only the hash functions.



3.1 Equivalent Continuous Problem
Let us consider the following generic 0-1 program,

min f(y)

s.t. y ∈ {0, 1}d,
(2)

and a transformed optimization problem,

min f(y) + λφ(y)

s.t. y ∈ [0, 1]d,
(3)

where φ(y) : Rd → R to f(y) is a penalty term and λ is the
penalty coefficient. It is shown in [3, 22] that under certain
conditions, the above two problems are equivalent.
Lemma 1: Let ‖ · ‖ be a suitably chosen norm. Suppose the
following hypotheses hold:
a) f(y) is bounded when y ∈ [0, 1]k, and there exists an
open set A ⊃ {0, 1}d and real number α, η > 0, such that
∀y1,y2 ∈ A, f(·) satisfies the following Hölder condition:

|f(y1)− f(y2)| 6 η‖y1 − y2‖α. (4)

b) It is possible to find φ : Rd → R, such that:

(1) φ is continuous on [0, 1]d;

(2) φ(y) = 0, ∀y ∈ {0, 1}k; and φ(y) > 0, ∀y ∈ (0, 1)k

(3) ∀z ∈ {0, 1}k, there exists a neighborhood S(z) of z,
and a real ε(z) > 0, such that:

φ(y) > ε(z)‖y − z‖α,∀y ∈ S(z) ∩ (0, 1)k. (5)

Then, a real value λ0 exists, such that ∀λ > λ0, the two
problems (2) and (3) are equivalent.

When α = 1, the condition (a) is also called Lipschitz
condition, and f(·) is called Lipschitz continuous.
Lemma 2: If f1(·) and f2(·) are Lipschitz continuous,
then f1(·) + f2(·) is also Lipschitz continuous.

In [22], the equivalence between (2) and (3) has been
proved for various forms of function φ. This paper considers
a simple penalty form

φ(y) = yT (e− y), (6)

where e = [1, 1, . . . , 1]T . This leads to the following equiva-
lent problem,

min f(y) + λyT (e− y)

s.t. y ∈ [0, 1]d
(7)

Lemma 3: Let f satisfy condition (a) of Lemma 1 with
α = 1, i.e. f(y) is bounded when y ∈ [0, 1]d and also Lip-
schitz continuous on an open set A ⊃ {0, 1}d. Then, there
exists λ0 ∈ R such that for every λ ≥ λ0 problems (2) and
(7) are equivalent.

We take two popular loss functions, triplet ranking loss [15,
16, 24] and contrastive loss as examples, and show that they
are Lipschitz continuous below.

3.1.1 Triplet Ranking Loss is Lipschitz Continuous
The triplet loss function is given as

f(y) = `(bi, bj , bk)

= max(0, 1− (‖bi − bk‖22 − ‖bi − bj‖22)),
(8)

where (i, k) is a similar pair and (i, j) is a dissimilar pair
and y = [bTi , b

T
j , b

T
k ]T . In the following, we show that f(y)

is Lipschitz continuous, from which the overall objective
function, the summation of Lipschitz continuous functions,
L(b1, b2, · · · , bN ) =

∑
(i,j,k)∈C `(bi, bj , bk) is obviously Lip-

schitz continuous according to Lemma 2.
Lemma 4: Any continuously differentiable function is lo-
cally Lipschitz continuous.
Lemma 5: If f1(·) and f2(·) are Lipschitz continuous, then
max(f1(·), f2(·)) is also Lipschitz continuous.
Theorem 1: The triplet ranking loss function (8) is Lips-
chitz continuous.
Proof: It is obvious that 0 6 f(y) 6 d2 + 1, i.e., f(·) is
bounded.

For the Lipschitz condition on an open set A, we separate
the max function to two functions g(y) and k(y), where
g(y) = 0, and k(y) = 1− (‖bi − bk‖22 − ‖bi − bj‖22).

Suppose the open set A to be (−1, 2)k (k = 3d). It is
obvious that function k(y) is continuously differentiable on
A. According to Lemma 4, k(y) is Lipschitz continuous on
A. On the other side, function g(y) is a constant function,
indicating that g(y) is also Lipschitz continuous on A. Then
two functions are both Lipschitz continuous.

According to Lemma 5, max(g(y), k(y)) is Lipschitz con-
tinuous. This completes the proof.

3.1.2 Contrastive Loss is Lipschitz Continuous
Contrastive loss [7] is widely used for metric learning with

only pairwise constraints. Suppose we have a pair of images
(I, Ic), and (b, bc) are the corresponding hash codes. y =
[b; bc]. The contrastive loss function f is defined as:

f(y) = lc‖b− bc‖22 + (1− lc) max(0,m− ‖b− bc‖22) (9)

where lc = 1 indicates I and Ic are similar, otherwise 0.
This loss function is indeed similar to LDAHash [29].
Theorem 2: The contrastive loss function (9) is Lipschitz
continuous.
Proof: According to Lemma 4 and previous proof, we can
easily prove the two parts u(y) = lc‖b − bc‖22 and v(y) =
(1 − lc) max(0,m − ‖b − bc‖22) are Lipschitz continuous on
the open set A = (−1, 2)k separately.

According to Lemma 2, the linear combination of u(y)
and v(y) is also Lipschitz continuous. This completes the
proof.

3.2 Surrogate Objective Function
We derive hash function h(x) ∈ {0, 1} from its unbina-

rized version h̃(x), (h̃(x) ∈ [0, 1] in this paper): h(x) =

h̃(x)+ε, where |ε| = min(h̃(x), 1− h̃(x)). The hash function
optimization is equivalent to the quantization loss problem,

min ‖h(x)− h̃(x)‖22
s.t. h(x) ∈ {0, 1}.

(10)

Considering the hash function as a constraint of the prob-
lem (1) and combining the optimization problem (10) into (1),
we have

min L(b1, · · · , bN ) + ρ

N∑
i=1

‖bi − H̃(xi)‖22

s.t. bi ∈ {0, 1}d, i = 1, 2, · · ·N,

(11)

where H̃(xi) = [h̃1(xi), h̃2(xi), . . . , h̃d(xi)]. It can be proved
that a real value ρ0 exists, such that ρ > ρ0, the problems
(11) and (1) are equivalent.
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Figure 1: Architecture of BOH-MLP, in which we adopt
MLP as hash functions, and use triplet ranking loss for train-
ing, with handcraft features as inputs.
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Figure 2: Architecture of BOH-CNN, in which we adopt
CNN as hash functions. Similar to Figure 1, triplet ranking
loss is used here, but with raw image inputs.

It is obvious that
∑N
i=1 ‖bi−H̃(xi)‖22 is Lipschitz continu-

ous. We have shown L(·) is Lipschitz continuous. Therefore,
problem (11) is relaxed to the following equivalent problem:

min L(b̃1 + ε1, · · · , b̃N + εN ) + ρ

N∑
i=1

‖εi‖22

+ λ

N∑
i=1

φ(b̃i + εi)

s.t. b̃i + εi ∈ [0, 1]d, i = 1, 2, · · ·N,

(12)

where b̃i = H̃(xi), εi = H(xi) − H̃(xi) = bi − b̃i and φ(·)
follows Equation (6).

Suppose F (b̃1, · · · , b̃N ) = L(b̃1, · · · , b̃N ) + λ
∑N
i=1 φ(b̃i).

As both L(·) and φ(·) are Lipschitz continuous, according to
Lemma 1, we have

|F (b1, · · · , bN )− F (b̃1, · · · , b̃N )|

= |F (b̃1 + ε1, · · · , b̃N + εN )− F (b̃1, · · · , b̃N )|

6 η

N∑
i=1

‖εi‖1.

(13)

This means the approximation error |F (B)−F (B̃)| is bounded,
where B = [b1, . . . , bN ]. Therefore, we could transform
problem (12) to an approximate problem

min L(b̃1, · · · , b̃N ) + ρ
N∑
i=1

‖εi‖22 + λ
N∑
i=1

φ(b̃i)

s.t. b̃i ∈ [0, 1]d, i = 1, 2, · · ·N.

(14)

which can be approximately optimized with two subsequent
problems. First, we optimize unbinarized hash codes b̃i with

min L(b̃1, · · · , b̃N ) + λ

N∑
i=1

φ(b̃i),

s.t. b̃i ∈ [0, 1]d.

(15)

Then we optimize εi with

min ρ
∑N

i=1
‖εi‖22

s.t. b̃i + εi ∈ {0, 1}d, i = 1, 2, · · ·N.
(16)

The second sub-problem is very simple with solution εij =

−b̃ij if b̃ij ≤ 0.5 and otherwise εij = 1− b̃ij , from which we
can easily obtain the binarized hash codes bi. Equation (13)

proves that b̃i is a good approximation of bi with bounded
error. Along with the optimization, b̃i becomes closer and
closer to bi. We will verify this point in experiments (ref.
Section 4.2.3).

Considering the second term in the final objective func-
tion (15), we have (drop the subscript i for clarity)

φ(b̃) = b̃T (1− b̃)

> (min(b̃, 1− b̃))2

= ‖ε‖22,

(17)

which indicates that ‖ε‖22 is small when B̃ reaches the op-
timal solution of the problem (15) and we choose an un-
binarized hash fucntion whose range is [0, 1] implying ε is
small. This means that the error bound in Equation (13) is
small. In other words, the solution of the problem (14) is an
accurate approximation of that of the problem (12).

Finally, the surrogate objective function of learning the
hash functions is rewritten as follow,

min L(H̃(x)) + λH̃(x)T (e− H̃(x)),

s.t. H̃(x) ∈ [0, 1]d.
(18)

3.3 Model Details

3.3.1 Hash Functions
We formulate the unbinarized hash function b̃ = h̃(x) us-

ing a neural network with the output based on a sigmoid
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1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH 0.6775 0.7675 0.7791 0.7807

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.8092 0.8092 0.8087 0.8079 0.8068 0.8060 0.8054 0.8051 0.8048 0.8045

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH 0.5376 0.6453 0.6563 0.6657

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

KSH 0.354 0.433 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH 0.8509 0.8415 0.8238 0.8186 0.8145 0.8086 0.803 0.7975 0.7884 0.7795 0.7707 0.7611 0.7507 0.7396 0.731 0.7230 0.7129 0.703 0.6871 0.6716 0.6529 0.6277 0.587 0.5376 0.4544 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.418 0.405 0.386 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209

M
AP

 —
 M

LP

0.36

0.38

0.4

0.42

0.44

0.46

0.48

M
AP

 —
 V

G
G

0.7

0.72

0.74

0.76

0.78

0.8

0.82

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

M
AP

 —
 M

LP

0.11

0.12

0.13

0.14

0.15

0.16

0.17

M
AP

 —
 V

G
G

0.6

0.61

0.62

0.63

0.64

0.65

0.66

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246
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0
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Code Values
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Code Values

0 0.5 1

�1

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH 0.6775 0.7675 0.7791 0.7807

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.8092 0.8092 0.8087 0.8079 0.8068 0.8060 0.8054 0.8051 0.8048 0.8045

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH 0.5376 0.6453 0.6563 0.6657

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

KSH 0.354 0.433 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH 0.8509 0.8415 0.8238 0.8186 0.8145 0.8086 0.803 0.7975 0.7884 0.7795 0.7707 0.7611 0.7507 0.7396 0.731 0.7230 0.7129 0.703 0.6871 0.6716 0.6529 0.6277 0.587 0.5376 0.4544 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.418 0.405 0.386 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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Figure 3: Histogram of output values by CNN trained with
only the triplet ranking loss and the unified BOH loss. The
vertical axis represents the frequency ratio of samples falling
to certain intervals in the range [0,1]. Left: triplet ranking
loss. Right: unified BOH loss.

Table 1: Result comparison on the effectiveness of the uni-
fied BOH loss, using 48 bits output and triplet ranking loss.
The table above shows the results of mAP, and the table
below shows the results of P@R62.

Method
mAP

CIFAR-10 SVHN NUS-WIDE

MLP 0.400 0.799 0.602
MLP+Regularization 0.352 0.800 0.603

BOH-MLP 0.420 0.818 0.623

CNN 0.627 0.914 0.831
CNN+Regularization 0.521 0.908 0.801

BOH-CNN 0.657 0.927 0.855

Method
P@R62

CIFAR-10 SVHN NUS-WIDE

MLP 0.421 0.774 0.600
MLP+Regularization 0.424 0.795 0.601

BOH-MLP 0.434 0.823 0.615

CNN 0.563 0.918 0.796
CNN+Regularization 0.220 0.710 0.327

BOH-CNN 0.666 0.924 0.839

function s(t) = 1
1+e−t (∈ [0, 1]), which ensures that the er-

ror bound given in the Equation (13) is not large, as well as
that the output satisfies the border constraint [0, 1]. The in-
put of the neural network could be either handcraft features
or raw images, which leads to different architectures.

For the handcraft feature inputs, we take multi-layer per-
ceptron (MLP) as hash functions, denoted as BOH-MLP.
Figure 1 illustrates an architecture example with triplet rank-
ing BOH loss. The inputs of BOH-MLP are dimension-
fixed handcraft feature vectors, followed by several fully-
connection (FC) layers, where the last FC layer is of size d,
indicating the number of output hash bits. A sigmoid layer
is connected to the last FC layer, ensuring the output values
are in the range [0, 1].

For the raw image inputs, we take CNN as hash func-
tions, and learn hash codes in an end-to-end manner, de-
noted as BOH-CNN. Figure 2 illustrates an architecture ex-
ample also with triplet ranking BOH loss. We do not train
CNN hash functions from scratch, but take parameters from
the pre-trained CNN models (i.e. on ImageNet etc), and
fine-tune the network parameters with stochastic gradient
descent (SGD).

As it is trivial to get gradient from triplet ranking loss
and contrastive loss, we omit the derivations here.

Table 2: The mAP (table above) and P@R62 (table below)
of BOH with contrastive loss (contra. in short) and triplet
ranking loss, using 48 bits output.

mAP
Method CIFAR-10 SVHN NUS-WIDE

BOH-MLP Contra. 0.383 0.799 0.599
BOH-MLP Triplet 0.420 0.818 0.623
BOH-CNN Contra. 0.608 0.892 0.651
BOH-CNN Triplet 0.657 0.927 0.855

P@R62
Method CIFAR-10 SVHN NUS-WIDE

BOH-MLP Contra. 0.422 0.779 0.591
BOH-MLP Triplet 0.434 0.823 0.615
BOH-CNN Contra. 0.370 0.893 0.349
BOH-CNN Triplet 0.666 0.924 0.839

3.3.2 Additional Regularization Term
In addition to the aforementioned two kinds of losses, we

introduce one regularization term

ψ(y) = ‖b+ b− − e‖22, (19)

where y = [b; b−], b and b− are hash codes of dissimilar
images, and e is a vector with all elements being 1. The
motivation behind this term is that dissimilar images should
have opposite hash codes, i.e., they should have a larger
Hamming distance.

It is easy to prove that ψ(y) is Lipschitz continuous. We
therefore define a unified loss by combining triplet ranking
loss or contrastive loss f(·) with the regularization term

f(y) + λyT (e− y) + βψ(y), (20)

where β is a hyper parameter, which controls the strength
of regularization.

According to Lemma 2, the unified BOH loss is also Lips-
chitz continuous. We optimize problem (18) with this unified
loss function.

3.3.3 Complexity Analysis
The training complexity of BOH-MLP is the same as MLP

based hashing method, such as HDML [24]. Besides, BOH-
CNN also has the same training complexity as the CNN
baseline like DNNH [15]. For the testing part, the computa-
tion complexity of two-layer BOH-MLP is O((di+do)×dh),
while di, dh and do are the dimension of input features,
hidden neuron node size, and number of output hash bits.
The testing complexity of BOH-CNN depends on the CNN
structure used. However, it is generally with same order as
DNNH [15].

4. EXPERIMENTS

4.1 Datasets and Experimental Settings
We conduct comprehensive experiments on three datasets,

CIFAR-10 [10], SVHN [23] and NUS-WIDE [1], and compare
our proposed method with several state-of-the-art hashing
methods.

CIFAR-10 consists of 60K images of size 32× 32, which
are categorized into 10 classes, with 6K images per class.
Each image has a unique label. We follow the settings of
[34, 15], if there are no additional explanations. 1K images
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Figure 4: Average error bound vs. number of
iterations. Here the triplet ranking loss function
is used, with 48 bits hash codes.

Fast hash NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 0.6365 0.5868 0.6449 0.5977 0.6022 0.6152 0.6219 0.6264

32bit 0.5960 0.5745 0.5762 0.5570 0.5538 0.5742 0.5826 0.5864

24bit 0.5681 0.5424 0.5427 0.5305 0.5507 0.5255 0.5406 0.5519

12bit 0.4963 0.4343 0.4343 0.4264 0.4394 0.4964 0.4923 0.4703

SDH NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 0.5821 0.5606 0.6163 0.5934 0.5914 0.5894 0.5877 0.5861

32bit 0.5358 0.5449 0.5454 0.5500 0.5459 0.5433 0.5413 0.5403

24bit 0.5462 0.5265 0.5265 0.5501 0.5492 0.5500 0.5501 0.5505

12bit 0.5298 0.4807 0.4807 0.5363 0.5108 0.5234 0.5307 0.5312

Fast hash CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.3970 0.1145 0.9014 0.4920 0.4985 0.5012 0.5007 0.4988

48bit, 59000train 0.4887 0.1721 0.9589 0.5654 0.5620 0.5594 0.5573 0.5553

48bit 0.3911 0.1938 0.8428 0.4857 0.4916 0.4950 0.4950 0.4933

32bit 0.3651 0.3547 0.5351 0.4552 0.4608 0.4638 0.4645 0.4636

24bit 0.3451 0.4294 0.4391 0.4398 0.4437 0.4465 0.4479 0.4476

12bit 0.2934 0.3477 0.3477 0.3745 0.3772 0.3802 0.3819 0.3825

SDH CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.3609 0.3687 0.4871 0.4383 0.4383 0.4391 0.4401 0.4398

48bit, 59000train 0.4068 0.4615 0.4936 0.4845 0.4862 0.4873 0.4879 0.4877

48bit 0.3512 0.4161 0.4436 0.4319 0.4330 0.4330 0.4329 0.4323

32bit 0.3536 0.4305 0.4318 0.4332 0.4341 0.4331 0.4338 0.4337

24bit 0.3395 0.4081 0.4081 0.4213 0.4193 0.4192 0.4189 0.4181

12bit 0.2031 0.2146 0.2146 0.2312 0.2291 0.2300 0.2296 0.2291

Triplet MLP NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.6024 0.5903 0.6198 0.6135 0.6112 0.6099 0.6089 0.6078

0.6189 0.6012 0.6335 0.6208 0.6205 0.6194 0.6195 0.6191

48bit 0.6021 0.6007 0.6074 0.6088 0.6075 0.6067 0.6053 0.6045

0.6230 0.6151 0.6186 0.6198 0.6191 0.6197 0.6198 0.6203

0.6038 0.6014 0.6092 0.6094 0.6094 0.6085 0.6079 0.6072

32bit 0.5995 0.5958 0.5961 0.5969 0.5992 0.5982 0.5982 0.5992

0.6126 0.6048 0.6054 0.6043 0.6084 0.6106 0.6099 0.6105

24bit 0.5908 0.5853 0.5853 0.5881 0.5906 0.5928 0.5913 0.5915

0.6054 0.5973 0.5973 0.6012 0.6044 0.6046 0.6057 0.6048

12bit 0.5676 0.5417 0.5417 0.5561 0.5613 0.5712 0.5737 0.5746

0.5742 0.5553 0.5553 0.5402 0.5562 0.5493 0.5653 0.5661

Contrastive loss

NUS-WIDE, MLP MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Original 0.5734 0.5675 0.5675 0.5683 0.5720 0.5738 0.5746 0.5732

BOH 0.5989 0.5911 0.5914 0.5938 0.5952 0.5969 0.5959 0.5968

CIFAR, 48bit, MLP

Original 0.372 0.373 0.373 0.416 0.418 0.419 0.420 0.419

BOH 0.3827 0.4219 0.4244 0.4406 0.4415 0.4405 0.4395 0.4407

NUS-WIDE, VGG

Original 0.7808 0.7455

BOH 0.8052 0.7893

CIFAR, 48bit, VGG

Original 0.5768 0.5128

BOH 0.607 0.6157

Triplet MLP CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 59000 0.5203 0.5348 0.5479 0.5505 0.5533 0.5558 0.5564 0.5574

64bit 0.3963 0.4235 0.4260 0.4358 0.4376 0.4394 0.4416 0.4425

0.4212 0.4310 0.4773 0.4601 0.4639 0.4685 0.4721 0.4741

48bit 0.4003 0.4214 0.4269 0.4440 0.4462 0.4480 0.4491 0.4497

0.4200 0.4338 0.4495 0.4596 0.4640 0.4672 0.4684 0.4708

0.3522 0.4301 0.4452 0.4486 0.4504 0.4485 0.4467 0.4451

32bit 0.3964 0.4202 0.4215 0.4354 0.4361 0.4384 0.4399 0.4406

0.408 0.4282 0.4299 0.4484 0.4510 0.4528 0.4544 0.4557

24bit 0.3908 0.4097 0.4097 0.4293 0.4313 0.4343 0.4357 0.4361

0.3980 0.4119 0.4128 0.4345 0.4391 0.4414 0.4429 0.4437

12bit 0.3566 0.3098 0.3098 0.3886 0.3910 0.3927 0.3925 0.3934

0.3674 0.3631 0.3631 0.4057 0.4095 0.4081 0.4089 0.4088

VGG vs. Alex (New test sample)

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.8799 0.8563 0.8563 0.8796 0.8822 0.8815 0.8814 0.8807

Alex BOH 0.8947 0.8595 0.9209 0.8964 0.8968 0.8958 0.8950 0.8951

impact of balance term (New test sample)

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.8486 0.6383 0.9426 0.8747 0.8703 0.8664 0.8630 0.8604

Alex, BOH 0.8947 0.8595 0.9209 0.8964 0.8968 0.8958 0.8950 0.8951

VGG, only Balance term 0.8562 0.3347 0.9273 0.8884 0.8827 0.8782 0.8743 0.8708

VGG, BOH 0.9102 0.8979 0.9247 0.9181 0.9166 0.9143 0.9137 0.9132

VGG Whole NUS-WIDE (New test sample)

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.8856 0.8515 0.8515 0.8828 0.8853 0.8868 0.8883 0.8876

0.8+0.6 0.9213 0.8729 0.9463 0.9281 0.9268 0.9258 0.9250 0.9244

48bit, 0.8854 0.8484 0.8489 0.8817 0.8877 0.8871 0.8876 0.8874

0.8+0.6 0.9102 0.8979 0.9247 0.9181 0.9166 0.9143 0.9137 0.9132

32bit, margin=0.8 0.8734 0.8246 0.8246 0.8731 0.8709 0.8737 0.8744 0.8747

margin=0.8, 0.7+0.6 0.8934 0.8944 0.8961 0.9010 0.9003 0.8987 0.8973 0.8964

24bit, margin=0.8 0.8806 0.8250 0.8250 0.8757 0.8762 0.8810 0.8817 0.8820

margin=0.8, 0.6+0.6 0.8920 0.8848 0.8848 0.8990 0.8995 0.8978 0.8960 0.8944

12bit, margin=0.5 0.8293 0.6671 0.6671 0.8125 0.8157 0.8260 0.8308 0.8313

margin=0.5, 0.8+0.6 0.8493 0.8093 0.8093 0.8529 0.8490 0.8520 0.8543 0.8529

margin=0.5, 0.6+0.6

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit,

0.8+0.6

48bit, 0.8308 0.7955

0.8+0.6 0.8552 0.8393

balance Only 0.8012 0.3270

32bit, margin=0.8

margin=0.8, 0.7+0.6

24bit, margin=0.8

margin=0.8, 0.6+0.6

12bit, margin=0.5

margin=0.5, 0.8+0.6

margin=0.5, 0.6+0.6

 1

mAP P@R<=2 mAP P@R<=2

Contrastive MLP 0.372 0.373 0.5734 0.5675

Contrastive BOH-
MLP

0.3827 0.4219 0.5989 0.5911

Triplet MLP 0.4003 0.4214 0.6021 0.6007

Triplet BOH-MLP 0.4200 0.4338 0.6230 0.6151

Contrastive CNN 0.5768 0.5128 0.7808 0.7455

Contrastive BOH-
CNN

0.607 0.6157 0.8052 0.7893

Triplet CNN 0.6268 0.5628 0.8308 0.7955

Triplet BOH-CNN 0.6570 0.6657 0.8552 0.8393
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12 24 32 48 64

12 24 32 48 64

BOH-MLP BOH-MLP 0.3674 0.3980 0.408 0.4200 0.4212

FastHash FastHash 0.2934 0.3451 0.3651 0.3911 0.3970

SDH SDH 0.2031 0.3395 0.3536 0.3512 0.3609

KSH KSH 0.303 0.337 0.346 0.356 0.361

CCA-ITQ CCA-ITQ 0.264 0.282 0.288 0.295

BRE BRE 0.159 0.181 0.193 0.196

SH SH 0.131 0.135 0.133 0.130

LSH LSH 0.121 0.126 0.120 0.120

12 24 32 48

BOH-MLP BOH-MLP 0.3631 0.4119 0.4282 0.4338

FastHash FastHash 0.3477 0.4194 0.3547 0.1938

SDH SDH 0.2146 0.4081 0.4205 0.4161

KSH KSH 0.354 0.422 0.391 0.273

CCA-ITQ CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE BRE 0.202 0.2976 0.228 0.028

SH SH 0.1725 0.2745 0.0909 0.0059

LSH LSH 0.119 0.153 0.162 0.168
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Fast hash NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 0.6365 0.5868 0.6449 0.5977 0.6022 0.6152 0.6219 0.6264

32bit 0.5960 0.5745 0.5762 0.5570 0.5538 0.5742 0.5826 0.5864

24bit 0.5681 0.5424 0.5427 0.5305 0.5507 0.5255 0.5406 0.5519

12bit 0.4963 0.4343 0.4343 0.4264 0.4394 0.4964 0.4923 0.4703

SDH NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 0.5821 0.5606 0.6163 0.5934 0.5914 0.5894 0.5877 0.5861

32bit 0.5358 0.5449 0.5454 0.5500 0.5459 0.5433 0.5413 0.5403

24bit 0.5462 0.5265 0.5265 0.5501 0.5492 0.5500 0.5501 0.5505

12bit 0.5298 0.4807 0.4807 0.5363 0.5108 0.5234 0.5307 0.5312

Fast hash CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.3970 0.1145 0.9014 0.4920 0.4985 0.5012 0.5007 0.4988

48bit, 59000train 0.4887 0.1721 0.9589 0.5654 0.5620 0.5594 0.5573 0.5553

48bit 0.3911 0.1938 0.8428 0.4857 0.4916 0.4950 0.4950 0.4933

32bit 0.3651 0.3547 0.5351 0.4552 0.4608 0.4638 0.4645 0.4636

24bit 0.3451 0.4294 0.4391 0.4398 0.4437 0.4465 0.4479 0.4476

12bit 0.2934 0.3477 0.3477 0.3745 0.3772 0.3802 0.3819 0.3825

SDH CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.3609 0.3687 0.4871 0.4383 0.4383 0.4391 0.4401 0.4398

48bit, 59000train 0.4786 0.5133 0.5443 0.5378 0.5398 0.5403 0.5422 0.5434

48bit 0.3512 0.4161 0.4436 0.4319 0.4330 0.4330 0.4329 0.4323

32bit 0.3536 0.4305 0.4318 0.4332 0.4341 0.4331 0.4338 0.4337

24bit 0.3395 0.4081 0.4081 0.4213 0.4193 0.4192 0.4189 0.4181

12bit 0.2031 0.2146 0.2146 0.2312 0.2291 0.2300 0.2296 0.2291

Triplet MLP NUS

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.6024 0.5903 0.6198 0.6135 0.6112 0.6099 0.6089 0.6078

0.6189 0.6012 0.6335 0.6208 0.6205 0.6194 0.6195 0.6191

48bit 0.6021 0.6007 0.6074 0.6088 0.6075 0.6067 0.6053 0.6045

0.6230 0.6151 0.6186 0.6198 0.6191 0.6197 0.6198 0.6203

0.6038 0.6014 0.6092 0.6094 0.6094 0.6085 0.6079 0.6072

32bit 0.5995 0.5958 0.5961 0.5969 0.5992 0.5982 0.5982 0.5992

0.6126 0.6048 0.6054 0.6043 0.6084 0.6106 0.6099 0.6105

24bit 0.5908 0.5853 0.5853 0.5881 0.5906 0.5928 0.5913 0.5915

0.6054 0.5973 0.5973 0.6012 0.6044 0.6046 0.6057 0.6048

12bit 0.5676 0.5417 0.5417 0.5561 0.5613 0.5712 0.5737 0.5746

0.5742 0.5553 0.5553 0.5402 0.5562 0.5493 0.5653 0.5661

Contrastive loss

NUS-WIDE, MLP MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Original 0.5734 0.5675 0.5675 0.5683 0.5720 0.5738 0.5746 0.5732

BOH 0.5989 0.5911 0.5914 0.5938 0.5952 0.5969 0.5959 0.5968

CIFAR, 48bit, MLP

Original 0.372 0.373 0.373 0.416 0.418 0.419 0.420 0.419

BOH 0.3827 0.4219 0.4244 0.4406 0.4415 0.4405 0.4395 0.4407

NUS-WIDE, VGG

Original 0.7014 0.5301

BOH 0.7258 0.5693

CIFAR, 48bit, VGG

Original 0.587 0.3290

BOH 0.608 0.3699

Triplet MLP CIFAR

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

48bit 59000 0.5203 0.5348 0.5479 0.5505 0.5533 0.5558 0.5564 0.5574

64bit 0.3963 0.4235 0.4260 0.4358 0.4376 0.4394 0.4416 0.4425

0.4212 0.4310 0.4773 0.4601 0.4639 0.4685 0.4721 0.4741

48bit 0.4003 0.4214 0.4269 0.4440 0.4462 0.4480 0.4491 0.4497

0.4200 0.4338 0.4495 0.4596 0.4640 0.4672 0.4684 0.4708

0.3522 0.4301 0.4452 0.4486 0.4504 0.4485 0.4467 0.4451

32bit 0.3964 0.4202 0.4215 0.4354 0.4361 0.4384 0.4399 0.4406

0.408 0.4282 0.4299 0.4484 0.4510 0.4528 0.4544 0.4557

24bit 0.3908 0.4097 0.4097 0.4293 0.4313 0.4343 0.4357 0.4361

0.3980 0.4119 0.4128 0.4345 0.4391 0.4414 0.4429 0.4437

12bit 0.3566 0.3098 0.3098 0.3886 0.3910 0.3927 0.3925 0.3934

0.3674 0.3631 0.3631 0.4057 0.4095 0.4081 0.4089 0.4088

VGG vs. Alex (New test sample)

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.8799 0.8563 0.8563 0.8796 0.8822 0.8815 0.8814 0.8807

Alex BOH 0.8947 0.8595 0.9209 0.8964 0.8968 0.8958 0.8950 0.8951

impact of balance term (New test sample)

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.8486 0.6383 0.9426 0.8747 0.8703 0.8664 0.8630 0.8604

Alex, BOH 0.8947 0.8595 0.9209 0.8964 0.8968 0.8958 0.8950 0.8951

VGG, only Balance term 0.8562 0.3347 0.9273 0.8884 0.8827 0.8782 0.8743 0.8708

VGG, BOH 0.9102 0.8979 0.9247 0.9181 0.9166 0.9143 0.9137 0.9132

VGG Whole NUS-WIDE (New test sample)

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.8856 0.8515 0.8515 0.8828 0.8853 0.8868 0.8883 0.8876

0.8+0.6 0.9213 0.8729 0.9463 0.9281 0.9268 0.9258 0.9250 0.9244

48bit, 0.8854 0.8484 0.8489 0.8817 0.8877 0.8871 0.8876 0.8874

0.8+0.6 0.9102 0.8979 0.9247 0.9181 0.9166 0.9143 0.9137 0.9132

32bit, margin=0.8 0.8734 0.8246 0.8246 0.8731 0.8709 0.8737 0.8744 0.8747

margin=0.8, 0.7+0.6 0.8934 0.8944 0.8961 0.9010 0.9003 0.8987 0.8973 0.8964

24bit, margin=0.8 0.8806 0.8250 0.8250 0.8757 0.8762 0.8810 0.8817 0.8820

margin=0.8, 0.6+0.6 0.8920 0.8848 0.8848 0.8990 0.8995 0.8978 0.8960 0.8944

12bit, margin=0.5 0.8293 0.6671 0.6671 0.8125 0.8157 0.8260 0.8308 0.8313

margin=0.5, 0.8+0.6 0.8493 0.8093 0.8093 0.8529 0.8490 0.8520 0.8543 0.8529

margin=0.5, 0.6+0.6

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit,

0.8+0.6

48bit, 0.8308 0.7955

0.8+0.6 0.8552 0.8393

balance Only 0.8012 0.3270

32bit, margin=0.8 0.8178 0.7711

margin=0.8, 0.7+0.6 0.8367 0.8368

24bit, margin=0.8 0.8224 0.7667

margin=0.8, 0.6+0.6 0.8339 0.8262

12bit, margin=0.5 0.7695 0.6068

margin=0.5, 0.8+0.6 0.7863 0.7434

margin=0.5, 0.6+0.6

 1

mAP P@R<=2 mAP P@R<=2

Contrastive MLP 0.372 0.373 0.5734 0.5675

Contrastive BOH-
MLP

0.3827 0.4219 0.5989 0.5911

Triplet MLP 0.4003 0.4214 0.6021 0.6007

Triplet BOH-MLP 0.4200 0.4338 0.6230 0.6151

Contrastive CNN 0.587 0.3290 0.7014 0.5301

Contrastive BOH-
CNN

0.608 0.3699 0.7258 0.5693

Triplet CNN 0.6268 0.5628 0.8308 0.7955

Triplet BOH-CNN 0.6570 0.6657 0.8552 0.8393
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12 24 32 48

12 24 32 48

BOH-MLP BOH-MLP 0.3674 0.3980 0.408 0.4200

FastHash FastHash 0.2934 0.3451 0.3651 0.3911

SDH SDH 0.2031 0.3395 0.3536 0.3512

KSH KSH 0.303 0.337 0.346 0.356

CCA-ITQ CCA-ITQ 0.264 0.282 0.288 0.295

BRE BRE 0.159 0.181 0.193 0.196

SH SH 0.131 0.135 0.133 0.130

LSH LSH 0.121 0.126 0.120 0.120

12 24 32 48

BOH-MLP BOH-MLP 0.3631 0.4119 0.4282 0.4338

FastHash FastHash 0.3477 0.4194 0.3547 0.1938

SDH SDH 0.2146 0.4081 0.4205 0.4161

KSH KSH 0.354 0.422 0.391 0.273

CCA-ITQ CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE BRE 0.202 0.2976 0.228 0.028

SH SH 0.1725 0.2745 0.0909 0.0059

LSH LSH 0.119 0.153 0.162 0.168
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Figure 5: The mAP (right) and P@R62 (left) of the compared methods on
CIFAR-10 with the number of hash bits ranging from 12 to 48. The number
of used training samples is 5,000.

(100 images per class) are randomly sampled to form the
test query set. For the unsupervised methods, the training
set contains the rest 59K images, while for the supervised
methods, we randomly sample 5K images (500 images per
class) for training. One exception is that in Sec. 4.3, we add
one more additional training setting.

SVHN is a real-world image dataset which contains over
600K small 32 × 32 digits images. These images are split
into three subset, named train set, test set and extra set.
Following the settings in [15], we randomly select 1K images
(100 images per class) from the whole set as test queries.
For the unsupervised methods, rest of the images form the
training set, while for the supervised methods, we randomly
sample 5K images (500 images per class) for training. When
testing, we use all the remaining images (over 600K) as query
database.

NUS-WIDE contains about 270K Flickr images associ-
ated with 81 tags. Unlike CIFAR-10 and SVHN, each image
in NUS-WIDE may have multiple tags. We follow the set-
tings of [21, 15]. We only use 21 most frequent tags, where
each tag has at least 5K images. We randomly sample 2,100
images (100 images per tag) to form the test query set. For
the unsupervised methods, all the remaining images are used
as training data. For the supervised methods, we randomly
sample 10,500 images (500 per tag) for training.

For BOH-MLP, we use 512-dimensional GIST feature [25]
for CIFAR-10/SVHN, and the provided 500-dimensional bag-
of-words feature for NUS-WIDE. We design BOH-MLP with
two hidden FC layers for all our experiments. The number of
hidden neurons are 250 and 100 for the two layers, respec-
tively. For BOH-CNN, we use raw image inputs directly.
Different network structures are used for different datasets.
For NUS-WIDE and CIFAR-10, we take the VGG-16 model
[28] as our network structure. For SVHN, a smaller net-
work structure is used, which contains three convolutional
layers and two FC layers. The optimal values for hyper pa-
rameters β and λ in Equation (20) are determined on the
training set in a cross-validation manner. Both BOH-MLP
and BOH-CNN are implemented using Caffe [9].

We adopt the following four widely used metrics to eval-
uate the results: (1) mean average precision (mAP), (2)
mean precision within Hamming radius 2 (in short P@R62),
(3) precision-recall curves, and (4) precision of top returned
neighbors. In particular, on NUS-WIDE, we compute the

mAP on top-5000 returned results. For P@R62, if a query
has no neighbors within radius 2, we treat the query with
zero precision.

4.2 Design Evaluations
In this section we evaluate several design factors which

affect the performance of our method.

4.2.1 Effectiveness of the Unified BOH Loss
One may be interested in knowing how much the unified

BOH loss can contribute to the performance. To answer
this question, we carry out experiments for the triplet rank-
ing loss with the following three kinds of settings: 1) MLP
or CNN trained with triplet ranking loss; 2) MLP or CNN
trained with triplet ranking loss plus the regularization term
from Equation 19; 3) MLP or CNN trained with the unified
BOH loss (triplet ranking loss under BOH relaxation) from
Equation 20. We set the number of hash bits d = 48.

Table 1 lists the comparison results. On CIFAR-10, the
unified BOH loss reaches 2% and 3% gains on mAP with
MLP and CNN hash function respectively. On SVHN, the
performance gains are 1.9% and 1.3% for MLP and CNN
respectively. And on NUS-WIDE, 2.1% and 2.4% improve-
ments are observed. This shows that the improvements
are consistently large over both CNN (strong) and MLP
(weak) baseline. It is interesting to note that pure MLP or
CNN with regularization term even yields noticeable accu-
racy drops to the counter part with the same settings. For
instance, the mAP drops 5% and 10% on CIFAR-10 from
the model trained with triplet ranking loss only. In terms of
P@R62 metric, the accuracy drops are even larger. This is
due to the fact that MLP or CNN training with triplet loss
does not guarantee optimal hash value outputs. We further
present a visual illustration in Figure 3, which shows the
histogram distribution of the hash values by CNN trained
with triplet loss and unified BOH loss. It is obvious that
BOH produces values mostly closer to 0 and 1, indicating
the optimization nature of the method.

The results indicate that merely using regularization term
does not bring performance improvement. On the contrary,
it even hurts the performance seriously. Therefore, we con-
clude that the unified BOH loss as a whole is the most ef-
fective way for learning hash codes.



Table 3: The mAP (table above) and P@R62 (table below)
of HDML and BOH-HDML, with 48 bits output.

mAP
Method CIFAR-10 SVHN NUS-WIDE

HDML 0.273 0.679 0.544
BOH-HDML 0.306 0.714 0.582

P@R62
Method CIFAR-10 SVHN NUS-WIDE

HDML 0.348 0.798 0.523
BOH-HDML 0.369 0.807 0.575

4.2.2 Triplet Ranking Loss vs. Contrastive Loss
In this experiment, we compare the performance of triplet

ranking loss and contrastive loss under the unified BOH
framework. Both BOH-MLP and BOH-CNN are evaluated,
with the number of output hash bits d = 48.

Table 2 lists the comparison results on the three datasets.
It shows that triplet ranking loss performs much better than
contrastive loss on all metrics for these datasets. Specially,
triplet ranking loss yields 1.9∼20.4% performance gain over
contrastive loss on the mAP metric. For the P@R62 metric
on CNN based solutions, the differences are 29.6%, 49% and
3.5% on CIFAR-10, NUS-WIDE and SVHN respectively,
where the results are much lower on the former two datasets.
The reasons are two-fold. First, contrastive loss yields quite
a few query cases that have no returned results within Ham-
ming distance radius 2, and we treat these as zero precision
so the P@R62 accuracy is much lower. Second, the triplet
ranking loss is naturally good for ranking so it has better
top-ranked retrieval results. Based on these results, we use
the triplet ranking loss in the following studies.

4.2.3 Convergence of BOH
It has been shown in Sec. 3.2 that we get an approximate

problem (14) by optimizing the surrogate objective function.
The approximation error is bounded by ‖ε‖1, as in (13). The
optimization will yield the approximation error converged
to a small value. In order to verify such approximation, we
evaluate the error bound in this experiment.

Figure 4 illustrates the average error bound vs. number
of iterations. Suppose the hash code is d bits, the average
error bound is defined as ‖ε‖1/d over all evaluating samples.
We use triplet ranking loss here, and set the number of hash
bits d = 48. We compute the average error bound every 250
iterations. It could be observed that the average error bound
decreases gradually when training is performed. The error
bound becomes stable and keeps at a low value after certain
number of iterations, revealing that the obtained solution
is very close to the optimal binarized solution. Besides, it
also demonstrates that BOH-CNN could achieve much lower
error bound than BOH-MLP.

4.2.4 Generalization to Existing Hashing Methods
The proposed BOH loss is fairly generic. It could be ap-

plied to some existing hashing methods, especially for those
with triplet ranking loss. Here, we consider extending our
BOH loss to HDML [24], which defines the loss as

L(w) =
∑

ltriplet(b(x;w), b(x+;w), b(x−;w)) +
λ

2
‖w‖22,

where {x+,x,x−} is a triplet, b(x;w) is the hash func-

Table 4: mAP and P@R62 of various methods on CIFAR-
10 with 48 bits codes. The “# training” column indicates
the number of training samples used.

Method # training mAP P@R62

LSH 5000 0.120 0.168
SH 5000 0.130 0.017
BRE 5000 0.196 0.028

CCA-ITQ 5000 0.295 0.370
KSH 5000 0.356 0.273

FastHash 5000 0.391 0.194
SDH 5000 0.351 0.416

BOH-MLP 5000 0.420 0.434

FastHash 59000 0.581 0.162
SDH 59000 0.509 0.529

BOH-MLP 59000 0.626 0.598

tion with parameter w, and ltriplet(·) is triplet ranking loss.
HDML adopts perceptrons as hash functions, and optimizes
it with triplet ranking loss plus one matrix norm regulariza-
tion term. In this study, we replace the regularized triplet
ranking loss with the proposed BOH loss, and use one-layer
perceptron with sigmoid activation as hash functions. We
evaluate the performance on three datasets with 48 hash
bits. The results are shown in Table 3. It could be observed
that we gain substantial improvement with BOH loss, which
demonstrates the generalization capability of the proposed
method.

4.3 Result Comparison on Handcraft Features
We first compare BOH-MLP with existing state-of-the-art

methods, including LSH [4], SH [33], BRE [12], CCA-ITQ
[6], KSH [20], FastHash [17] and SDH [27]. We conduct
experiments on CIFAR-10. Besides the regular 5K training
samples, we also use one additional 59K training samples for
SDH, FastHash and the proposed BOH-MLP. Note that for
fair comparison, we use handcraft features as inputs for all
the methods.

Table 4 shows the mAP and P@R62 results with 48 bits
output. We see that BOH-MLP achieves promising results
on both training settings. For instance, when the number
of training samples is 5K, the mAP of BOH-MLP exceeds
FastHash by 2.9% and SDH by 6.9%. In addition, it is not
surprising that when we use more training samples (59K),
the performance of all the methods becomes better. In par-
ticular, BOH-MLP achieves the best performance on mAP
(0.626) and P@R62 (0.598), with improvements of 20.6%
and 16.4% respectively over 5K training set. FastHash also
achieves substantial improvement on mAP (19% improve-
ment). However, its performance on P@R62 is very poor
(0.162). The poor P@R62 of FastHash is consistent with
the observations in [27]. Besides, SDH obtains approxi-
mately 16% improvement on mAP and 11% improvement
on P@R62. Moreover, by observing Table 1 and 4 (5K
training samples), we can see that MLP achieves similar
performance to FastHash (40% vs. 39.1%). The high-bar
baseline of MLP (without BOH loss) is majorly due to the
triplet ranking loss we used. However, when BOH loss is
applied, the BOH-MLP achieves even better performance
(42%). This improvement is substantial and verifies the su-
periority of the proposed method.

Figure 5 further shows the performance over different out-
put hash bits. BOH-MLP shows stable improvements on
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Figure 6: Top returned neighbors of BOH-CNN, FastHash, SDH and KSH, with 48 bits on NUS-WIDE. The images surrounded
by red bounding boxes are negative neighbors.

Table 5: The mAP of BOH and state-of-the-art methods on CIFAR-10 and NUS-WIDE. For NUS-WIDE, we compute mAP
on top-5000 returned samples. To ensure a fair comparison, we use 5K training samples for CIFAR-10.

Method CIFAR-10 SVHN NUS-WIDE
12 bits 24 bits 32 bits 48 bits 12 bits 24 bits 32 bits 48 bits 12 bits 24 bits 32 bits 48 bits

LSH [4] 0.121 0.126 0.120 0.120 0.110 0.122 0.120 0.128 0.403 0.421 0.426 0.441
SH [33] 0.131 0.135 0.133 0.130 0.140 0.138 0.141 0.140 0.433 0.426 0.426 0.423
BRE [12] 0.159 0.181 0.193 0.196 0.165 0.206 0.230 0.237 0.485 0.525 0.530 0.544

CCA-ITQ [6] 0.264 0.282 0.288 0.295 0.428 0.488 0.489 0.509 0.435 0.435 0.435 0.435
KSH [20] 0.303 0.337 0.346 0.356 0.469 0.539 0.563 0.581 0.556 0.572 0.581 0.588
SDH [27] 0.203 0.340 0.354 0.351 0.317 0.746 0.761 0.781 0.530 0.546 0.536 0.582

FastHash [17] 0.293 0.345 0.365 0.391 0.689 0.768 0.783 0.802 0.496 0.568 0.596 0.613
BOH-MLP 0.367 0.398 0.408 0.420 0.791 0.803 0.806 0.818 0.574 0.605 0.613 0.623

CNNH [34] 0.465 0.521 0.521 0.532 0.897 0.903 0.904 0.896 0.623 0.630 0.629 0.625
DNNH [15] 0.552 0.566 0.558 0.581 0.899 0.914 0.925 0.923 0.674 0.697 0.713 0.715
BOH-CNN 0.620 0.633 0.644 0.657 0.904 0.923 0.926 0.927 0.786 0.834 0.837 0.855

both mAP metric and P@R62 metric, while some other
methods even show accuracy drops on the P@R62 metric
when the number of output bits surpass a threshold.

4.4 Result Comparison on Raw Image Inputs
We then compare BOH to state-of-the-art methods on raw

image inputs, which are usually based on end-to-end deep
learning framework. The compared methods are CNNH [34]
and DNNH [15].

Table 5 shows the comparison results of mAP on the three
datasets. The bottom part of the table lists the results with
raw image inputs, while the top part of the table still keeps
some results with the handcraft features. The results clearly
show the power of end-to-end deep learning over shallow
learning. Figure 7 further illustrates P@R62 over different
hash bits, precision-recall curve and precision of top returned
images at 48 bits. Besides, Figure 6 shows some retrieval
results of several methods, with 48 bits on NUS-WIDE.

Our method produces very promising results. Compared
with the deep learning based method DNNH, BOH-CNN

achieves a fairly significant improvement. For instance, BOH-
CNN gains an increase of 7.6%, 0.4% and 14% in terms
of mAP at 48-bit outputs on CIFAR-10, SVHN and NUS-
WIDE, respectively. Note that DNNH is also based on
triplet ranking loss under the same CNN framework. As
CNN does not explicitly generate binary codes, DNNH then
presents a divide-and-encode module to approximate hash
codes from the CNN outputs. The approximation is much
weaker than our theoretical guaranteed solution, which is
the reason that it produces much worse results.

5. CONCLUSION
This paper proposes binary optimized hashing (BOH), in

which we prove that if the loss function is Lipschitz con-
tinuous, the mixed integral hashing learning problem can
be relaxed to a bound-constrained continuous optimization
problem. We introduce a surrogate objective function to ap-
proximate the relaxed objective function. We show that the
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VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1
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last 2 layer lr: 
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last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313
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MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234
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CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
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Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.8092 0.8092 0.8087 0.8079 0.8068 0.8060 0.8054 0.8051 0.8048 0.8045

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060

NUS-WIDE

P@
R<

=2

0.5

0.6

0.7

0.8

m
AP

0.7

0.74

0.78

0.82

12 24 32 48 64

mAP / BOH
mAP / Original
P@R<=2 / BOH
P@R<=2 / Original

CIFAR-10
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�1

(a)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5972 0.5977 0.5994 0.6022 0.6091 0.6152 0.6192 0.6219 0.6249 0.6264

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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BOH-CNN
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CNNH
FastHash
SDH
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CCA-ITQ
BRE
SH
LSH

impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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VGG Original
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0.61

0.62
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0.66

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060

NUS-WIDE
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mAP / BOH
mAP / Original
P@R<=2 / BOH
P@R<=2 / Original

CIFAR-10
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0.37

0.47

0.57

0.67
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AP

0.6
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0.64

0.66

12 24 32 48 64

mAP / BOH
mAP / Original
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Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257

SVHN
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12 24 36 48

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001
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0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219
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�2

(b)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5545 0.5674

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5960 0.5970 0.5968 0.5920 0.5862 0.5935 0.5965 0.5995 0.6034 0.6067

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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# Bits

12 24 36 48

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
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# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6775 0.6752 0.6692 0.6673 0.6662 0.6636 0.6620 0.6608 0.6596 0.6576 0.6481 0.6372 0.6279 0.6193 0.6058 0.5918 0.5760 0.5581 0.5385 0.5174 0.4938 0.4687 0.4418 0.4139 0.3839 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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SH
LSH

impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209

M
AP

 —
 M

LP

0.36

0.38

0.4

0.42

0.44

0.46

0.48

M
AP

 —
 V

G
G

0.7

0.72

0.74

0.76

0.78

0.8

0.82

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

M
AP

 —
 M

LP

0.11

0.12

0.13

0.14

0.15

0.16

0.17

M
AP

 —
 V

G
G

0.6

0.61

0.62

0.63

0.64

0.65

0.66

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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CIFAR-10

P@
R

<=
2

0.37

0.47

0.57

0.67

m
AP

0.6

0.62

0.64

0.66

12 24 32 48 64

mAP / BOH
mAP / Original
P@R<=2 / BOH
P@R<=2 / Original

NUS-WIDE

Pr
ec

is
io

n

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Recall

0 0.2 0.4 0.6 0.8 1

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257
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BOH-CNN
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DNNH
CNNH
FastHash
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SH
LSH

Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001
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0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219
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�2

(c)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.8092 0.8092 0.8087 0.8079 0.8068 0.8060 0.8054 0.8051 0.8048 0.8045

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

NUS-WIDE
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BOH
DNNH
CNNH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram
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BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060

NUS-WIDE
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CIFAR-10
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(d)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5972 0.5977 0.5994 0.6022 0.6091 0.6152 0.6192 0.6219 0.6249 0.6264

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209

M
AP

 —
 M

LP

0.36

0.38

0.4

0.42

0.44

0.46

0.48

M
AP

 —
 V

GG

0.7

0.72

0.74

0.76

0.78

0.8

0.82

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

M
AP

 —
 M

LP

0.11

0.12

0.13

0.14

0.15

0.16

0.17

M
AP

 —
 V

GG

0.6

0.61

0.62

0.63

0.64

0.65

0.66

# Bits
12 24 32 48 64

VGG BOH
VGG Original
MLP BOH
MLP Original

code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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LSH

Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257

SVHN

Pr
ec

isi
on

 @
 R

<=
2

0

0.25

0.5

0.75

1

# Bits

12 24 36 48

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001

SVHN
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BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

 4

0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857

Pe
rc

en
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ge

0

0.1

0.2

0.3

0.4

0.5

Code Values
[0, 0.1) [0.1, 0.2) [0.2, 0.3) [0.3, 0.4) [0.4, 0.5) [0.5, 0.6) [0.6, 0.7) [0.7, 0.8) [0.8, 0.9) [0.9, 1]

MLP
BONH-MLP
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CNN
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Code Values

BONH-CNN
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MT-BONH-CNN
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0 0.5 1 0 0.5 1

0 0.5 1

SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219

SVHN
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# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

�2

(e)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5545 0.5674

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5960 0.5970 0.5968 0.5920 0.5862 0.5935 0.5965 0.5995 0.6034 0.6067

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6775 0.6752 0.6692 0.6673 0.6662 0.6636 0.6620 0.6608 0.6596 0.6576 0.6481 0.6372 0.6279 0.6193 0.6058 0.5918 0.5760 0.5581 0.5385 0.5174 0.4938 0.4687 0.4418 0.4139 0.3839 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257
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Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001

SVHN
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0.8

1

Recall

0 0.2 0.4 0.6 0.8 1

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

 4

0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857

Pe
rc

en
ta

ge

0

0.1

0.2

0.3

0.4

0.5

Code Values
[0, 0.1) [0.1, 0.2) [0.2, 0.3) [0.3, 0.4) [0.4, 0.5) [0.5, 0.6) [0.6, 0.7) [0.7, 0.8) [0.8, 0.9) [0.9, 1]

MLP
BONH-MLP
MT-BONH-MLP

CNN
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0.4

0.5

Code Values

BONH-CNN
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Code Values

MT-BONH-CNN
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0
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0.2

0.3

0.4

0.5

Code Values

0 0.5 1 0 0.5 1

0 0.5 1

SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219

SVHN

Pr
ec

is
io

n

0.2

0.4

0.6

0.8

1

# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

�2

(f)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5972 0.5977 0.5994 0.6022 0.6091 0.6152 0.6192 0.6219 0.6249 0.6264

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257
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Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001

SVHN
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BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

 4

0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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0 0.5 1

SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219

SVHN
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# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

�2

(g)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5745 0.5868

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5972 0.5977 0.5994 0.6022 0.6091 0.6152 0.6192 0.6219 0.6249 0.6264

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6998 0.6964 0.6917 0.6901 0.6887 0.6865 0.6842 0.6836 0.6788 0.6675 0.6587 0.6518 0.6414 0.6294 0.6168 0.6012 0.5844 0.5652 0.5443 0.5218 0.4974 0.4714 0.4445 0.416 0.3848 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857
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 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257
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Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001

LSH 0.182 0.174 0.162 0.158 0.153 0.151 0.142 0.137 0.133 0.129 0.1274 0.126 0.125 0.1237 0.122 0.117 0.112 0.108 0.1093 0.1078 0.106 0.1047 0.103 0.1014 0.1001

SVHN
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Recall

0 0.2 0.4 0.6 0.8 1

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

 4

0.1 0.2-0.3 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857

Pe
rc

en
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ge

0

0.1

0.2

0.3

0.4

0.5

Code Values
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MLP
BONH-MLP
MT-BONH-MLP

CNN
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0.5

Code Values

BONH-CNN
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Code Values

MT-BONH-CNN
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Code Values

0 0.5 1 0 0.5 1

0 0.5 1

SVHN top return

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.9223 0.9223 0.9233 0.9233 0.9238 0.9238 0.9246 0.9246 0.9254 0.9254

BOH-MLP 0.8106 0.8106 0.8095 0.8095 0.809 0.809 0.8107 0.8107 0.8107 0.8107

DNNH 0.919 0.919 0.9189 0.9189 0.9188 0.9188 0.9188 0.9188 0.9188 0.9188

CNNH 0.9042 0.9042 0.9042 0.9042 0.9041 0.9041 0.904 0.904 0.9039 0.9039

FastHash 0.842 0.842 0.843 0.843 0.844 0.844 0.845 0.845 0.845 0.845

SDH 0.810 0.810 0.811 0.811 0.811 0.811 0.810 0.810 0.810 0.810

KSH 0.732 0.732 0.7319 0.7319 0.7318 0.7318 0.7318 0.7318 0.7318 0.7318

CCA-ITQ 0.684 0.684 0.6839 0.6839 0.6839 0.6839 0.6839 0.6839 0.6838 0.6838

BRE 0.458 0.443 0.434 0.425 0.419 0.414 0.411 0.411 0.409 0.409

SH 0.352 0.341 0.331 0.323 0.318 0.313 0.308 0.303 0.299 0.296

LSH 0.258 0.248 0.242 0.235 0.233 0.23 0.227 0.224 0.221 0.219

SVHN
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# Top returned images
100 200 300 400 500 600 700 800 900 1000

BOH-CNN
BOH-MLP
DNNH
CNNH
FastHash
SDH
KSH
CCA-ITQ
BRE
SH
LSH

�2

(h)

 1

MAP

Alex_FC7_svm 0.4314

Iter_50000_prob 0.4244

Iter_50000_FC7_svm 0.4620

Iter_30000_prob 0.4249

Iter_10000_prob 0.4283

prob

Iter_30w 0.4484 0.4115

Iter_18w 0.4106

Iter_9w 0.4465 0.4005

Iter_6w 0.4073

Iter_3w 0.4194

v2_5000 0.4197

v2_10000 0.4223

v2_15000 0.4228

v2_20000 0.4162

v2_25000 0.4057

v2_30000

NUS-WIDE Triplet

MAP Prec_Dist_2

1w Iter 0.6865 0.6320

5w Iter 0.7278 0.6684

8w Iter 0.7278

Relax 0.7273 0.6608

8w5_largeLR 0.7136 0.4631

NUS-WIDE Triplet Identity

MAP Prec_Dist_2

1w Iter 0.7441 0.6991

5w Iter 0.7674 0.7244

10w Iter 0.7674 0.7244

1w Iter_low weight 0.7037 0.6513

5w Iter_low weight 0.7438 0.6878

10w Iter_low weight 0.7438 0.6878

3 loss 5w 0.7666 0.7226

NUS-WIDE Triplet Simi

MAP Prec_Dist_2

5w, simi_0.5 0.7192 0.6533

5w, simi_0

trans 0.7239 0.6667

(len-t1)^2+t2^2 0.6684 0.6159

balan 0.6593 0.1796

1+1+0.5(balan) 0.6574 0.1252

1+1+1(balan) 0.6863 0.1560

1+1+1.5(balan) 0.7364 0.6856

1+1.2+1.5 0.7349 0.4944

1+1.5+1.5 0.6956 0.1358

1+1+1.4 0.7418 0.6596

1+1.2+1.7 0.7368 0.5887

1+1.5+2.0 0.7212 0.5384

1+1.3+2.0 0.7267 0.6265

1+0.6+1 0.7166 0.6642

1+0.3+0.7 0.6926 0.6031

1+0.2+0.6 0.6807 0.5883

1+0.6+0.9 0.7243 0.6805

1+0.6+0.8 0.7355 0.6882

NUS-WIDE 21 Triplet

MAP Prec_Dist_2

Triplet 0.7526 0.7248

1+1+1.5 0.7670 0.6749

1+1+1.4 0.77 0.6518

12bit

triplet 0.7003 0.6044

1+1+0.8 0.6967 0.6498

1+1+0.9 0.6996 0.6547

1+0.6+0.5 0.7025 0.6602

1+0.6+0.6 0.7075 0.6596

1+0.6+0.7 0.7030 0.6566

24bit

triplet 0.7427 0.7153

1+0.6+0.6 0.7400 0.7306

1+0.6+0.7 0.7390 0.7219

1+1+0.9 0.7320 0.7230

margin 0.8 0.7381 0.7089

margin 0.8 
1+0.6+0.7

0.7381 0.7260

margin 0.8 
1+0.6+0.6

0.7443 0.7354

margin 0.6 0.7411 0.6890

margin 0.6 
1+0.6+0.7

0.7455 0.7334

margin 0.6 
1+0.6+0.6

0.7470 0.7389

32bit

triplet 0.7559 0.7341

1+0.6+0.8 0.7475 0.7364

1+0.6+0.7 0.7550 0.7448

1+0.6+0.6 0.7509 0.7470

margin 0.8 0.7494 0.7164

margin 0.8 
1+0.6+0.8

0.7537 0.7439

margin 0.8 
1+0.6+0.7

0.7589 0.7479

margin 0.8 
1+0.6+0.6

0.7568 0.7501

margin 0.6 
1+0.6+0.7

0.7585 0.7487

48bit

triplet 0.7588 0.7323

1+1+1.5 0.7449 0.7259

1+1+1.4 0.7419 0.7256

1+0.6+0.7 0.7725 0.7204

1+0.6+0.8 0.7752 0.7279

1+0.6+0.9 0.7735 0.7382

margin 0.8

triplet 0.7512 0.7119

1+0.6+0.8 0.7741 0.7204

1+0.6+0.7 0.7775 0.7040

1+1+1.4 0.7574 0.7177

LDAHash 21

MAP Prec_Dist_2

Original 0.3880 3964

w1,w2=1+1, 
margin=2

0.3908 0.3951

w1,w2=1+3, 
margin=2

0.3943 0.4001

w2=2 0.3888 0.3965

balan w1,w2=1+1

0+0.1 0.3825 0.3900

0+0.2 0.3842 0.3919

0+0.3 0.3810 0.3912

0+0.4 0.3831 0.3911

0+0.5 0.3861 0.3925

0+0.6 0.3838 0.3917

0.4+0.6 0.3925 0.3981

0.5+0.6 0.3926 0.3979

0.6+0.6 0.3939 0.3925

0.7+0.6 0.3717 0.3617

0.8+0.6 0.3419 0.3200

0.9+0.6 0.3157 0.2966

1+0.6 0.3042 0.2755

0.1+0.0 0.3832 0.3929

0.2+0.0 0.3907 0.3920

0.3+0.0 0.3825 0.3768

0.4+0.0 0.3495 0.3149

0.6+0.0 0.3007 0.2819

0.6+0.3 0.3564 0.3326

0.6+0.5 0.3712 0.3625

0.6+0.7 0.3897 0.3947

1+1 0.3799 0.3727

1+1.5 0.3924 0.3951

0+1.5 0.3833 0.3920

1+2 0.3863 0.3944

1.5+2 0.3892 0.3956

w2=2, 3+1.5 0.3541 0.2927

w2=3, 3+1.5 0.3569 0.3126

margin=3, w2=3, 
6+1.5

0.3826 0.3747

margin=3, w2=3, 
5+1.5

0.3843 0.3788

margin=3, w2=3, 
4+1.5

0.3898 0.3871

margin=3, w2=3, 
3+1.5

0.3918 0.3899

margin=3, w2=3, 
3+1.0

0.3914 0.3887

margin=3, w2=3, 
3+0.5

0.3864 0.3843

margin=3, w2=3, 
6+4

0.3921 0.3887

margin=3, w2=1, 
6+4

0.3553 0.3294

margin=3, w2=1, 
3+1.5

0.3662 0.3459

margin=3, w2=2, 
3+1.5

0.3891 0.3842

margin=3, w2=4, 
3+1.5

0.3928 0.3971

margin=3, 
w1w2=0.3+1, 1+0.5

0.3679 0.3642

margin=4, w2=3, 
3+1.5

0.3903 0.3923

m=4, w2=1, 20+0 0.3644 0.3416

m=4, w2=10, 20+0 0.3871 0.3794

VGG

MAP Prec_Dist_2

Triplet_fine tune 
last 2 FC

0.6399 0.4803

Triplet_fine tune 
last 1 FC

0.7764 0.7365

last 4 layer lr: 
0.1+0.2+0.5+1

0.7707 0.7452

last 3 layer lr: 
0.2+0.5+1

0.7755 0.7470

last 2 layer lr: 
0.5+1

0.7814 0.7511

last 2 layer lr: 
0.1+1

0.7776 0.7445

last 2 layer lr: 
0.01+1

0.7769 0.7373

last 2 layer lr: 
0.001+1

0.7763 0.7385

last 1 FC,
1+0.6+0.8

0.7986 0.7775

0.8010 0.7812

0.7500 0.7338

Whole set

MAP Prec_Dist_2

48 bit, 1+0.6+0.8 0.7698 0.7195

Handcraft features 2-layer, whole set NUS-WIDE

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

triplet 64bit 0.4304 0.4273 0.4273 0.4279 0.4300 0.4299 0.4293 0.4296

0.4483 0.4393 0.4437 0.4438 0.4457 0.4442 0.4449 0.4461

triplet 48bit 0.4273 0.4218 0.4218 0.4232 0.4270 0.4270 0.4274 0.4267

0.4448 0.4371 0.4377 0.4389 0.4413 0.4427 0.4421 0.4431

triplet 32bit 0.4050 0.4039 0.4039 0.3622 0.4049 0.3918 0.3868 0.3964

0.4280 0.4142 0.4142 0.4147 0.4088 0.4194 0.4236 0.4298

triplet 24bit 0.4122 0.4014 0.4014 0.3983 0.4100 0.3984 0.4081 0.4090

0.4243 0.4139 0.4139 0.4116 0.4109 0.4214 0.4238 0.4275

triplet 12bit 0.3933 0.3145 0.3145 0.3507 0.3973 0.3955 0.3773 0.3688

0.3983 0.3865 0.3865 0.3558 0.3747 0.3926 0.3961 0.3809

VGG Whole NUS-WIDE

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit, 0.7742 0.7435 0.7438 0.7727 0.7746 0.7766 0.7779 0.7774

0.8+0.6 0.8157 0.7522 0.8809 0.8250 0.8240 0.8227 0.8217 0.8205

48bit, 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

0.8+0.6 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

48bit _iden_BOH 0.8010 0.7733

32bit, margin=0.8 0.7621 0.7175 0.7175 0.7604 0.7605 0.7633 0.7634 0.7637

margin=0.8, 0.7+0.6 0.7800 0.7791 0.7840 0.7885 0.7880 0.7869 0.7856 0.7842

24bit, margin=0.8 0.7642 0.7085 0.7085 0.7571 0.7602 0.7649 0.7648 0.7663

margin=0.8, 0.6+0.6 0.7758 0.7675 0.7675 0.7836 0.7839 0.7823 0.7800 0.7785

12bit, margin=0.5 0.7098 0.5464 0.5464 0.6989 0.6986 0.7068 0.7124 0.7118

margin=0.5, 0.8+0.6 0.7232 0.6775 0.6775 0.7285 0.7237 0.7269 0.7275 0.7263

margin=0.5, 0.6+0.6 0.7278 0.6824 0.6824 0.7297 0.7268 0.7333 0.7312 0.7313

Another balance term

MAP Prec_Dist_2

0.8+0+0.3 0.6376 0.4893

0.8+0+0.2 0.6707 0.5691

0.8+0.3+0.2 0.6862 0.6234

0.8+0.6+0.2 0.7651 0.7398

CIFAR10 test

MAP Prec_Dist_2 Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64 0.6284 0.6075

64 balan 0.6289 0.6561

64v2 margin=0.8 0.6077 0.4826

64 balan v2 0.6350 0.6576

64 balan v3 
margin=1.2

0.6361 0.6647

48 0.6184 0.5670

48balan 0.6369 0.6543

newset 64 0.6375 0.6534

64bit margin=1 0.6304 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

margin=1.2, 0.7+0.6 0.6458 0.6699 0.6956 0.6877 0.6894 0.6910 0.6915 0.6920

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

48bit margin=0.9 0.6222 0.5391 0.5391 0.6635 0.6626 0.6623 0.6622 0.6620

margin=1.2, 0.8+0.6 0.6391 0.6426 0.6543 0.6755 0.6790 0.6813 0.6838 0.6842

margin=1.2, 0.7+0.6 0.6489 0.6653 0.6838 0.6841 0.6854 0.6865 0.6872 0.6888

margin=1.2, 0.6+0.6 0.6496 0.6643 0.6884 0.6855 0.6888 0.6910 0.6921 0.6937

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

32bit margin=0.9 0.6159 0.5283 0.5283 0.6593 0.6579 0.6582 0.6588 0.6592

32bit margin=0.8 0.6134 0.4485 0.4485 0.6533 0.6548 0.6552 0.6561 0.6567

margin=1, 0.7+0.6 0.6332 0.6391 0.6436 0.6667 0.6713 0.6738 0.6765 0.6772

margin=1, 0.6+0.6 0.6433 0.6633 0.6686 0.6821 0.6842 0.6860 0.6872 0.6876

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=1

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=1, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.6+0.6 0.6314 0.6341 0.6366 0.6630 0.6666 0.6693 0.6723 0.6738

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.6+0.6

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607

Handcraft CIFAR10

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit 0.1209 0.1 0.1 0.1275 0.1283 0.1280 0.1282 0.1283

0.1569 0.1853 0.1853 0.1985 0.1943 0.1910 0.1891 0.1871

48bit 0.1298 0.1001 0.1001 0.1341 0.1332 0.1341 0.1342 0.1334

0.1504 0.1588 0.1588 0.1875 0.1854 0.1847 0.1835 0.1823

32bit 0.1294 0.1 0.1 0.1292 0.1282 0.1293 0.1290 0.1294

0.1545 0.1747 0.1747 0.1911 0.1893 0.1879 0.1865 0.1852

24bit 0.1363 0.1120 0.1120 0.1501 0.1486 0.1489 0.1484 0.1479

0.1480 0.1522 0.1522 0.1777 0.1739 0.1725 0.1709 0.1696

12bit 0.1305 0.1018 0.1018 0.1320 0.1316 0.1322 0.1316 0.1317

0.1493 0.1366 0.1366 0.1530 0.1531 0.1537 0.1526 0.1528

Other methods results on NUS-WIDE, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.7434 0.8262 0.8368 0.8393

BOH-MLP 0.5553 0.5973 0.6048 0.6151

DNNH 0.623 0.6865 0.71 0.7146

CNNH 0.583 0.642 0.6375 0.728

FastHash 0.4343 0.5424 0.5545 0.5674

SDH 0.4807 0.5265 0.5449 0.5606

KSH 0.542 0.568 0.5555 0.468

CCA-ITQ 0.456 0.456 0.4559 0.4558

BRE 0.4792 0.533 0.496 0.2615

SH 0.435 0.4758 0.4005 0.0525

LSH 0.407 0.4305 0.1228 0.0447

Other methods results on NUS-WIDE top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.8636 0.864 0.863 0.8622 0.861 0.860 0.8597 0.8594 0.8591 0.8589

BOH-MLP 0.6196 0.6198 0.6197 0.6191 0.6192 0.6197 0.6196 0.6198 0.620 0.6203

DNNH 0.7205 0.7210 0.7205 0.7205 0.7203 0.7203 0.7202 0.7202 0.7201 0.7201

CNNH 0.684 0.6887 0.6881 0.6875 0.6878 0.6878 0.6878 0.6878 0.6878 0.6878

FastHash 0.5960 0.5970 0.5968 0.5920 0.5862 0.5935 0.5965 0.5995 0.6034 0.6067

SDH 0.594 0.5934 0.5927 0.5914 0.5911 0.5894 0.5885 0.5877 0.5869 0.5861

KSH 0.583 0.5845 0.5845 0.5862 0.5869 0.587 0.587 0.5871 0.5866 0.5865

CCA-ITQ 0.2447 0.2326 0.279 0.333 0.3654 0.3485 0.3342 0.346 0.3583 0.3865

BRE 0.5516 0.55 0.5505 0.5490 0.5490 0.5482 0.5482 0.5482 0.54752 0.5475

SH 0.473 0.47 0.4623 0.4595 0.4563 0.4547 0.4533 0.4519 0.4505 0.449

LSH 0.4563 0.4545 0.4536 0.4522 0.4517 0.4512 0.4507 0.4502 0.4497 0.449

0.9180 0.9181 0.9173 0.9166 0.9153 0.9143 0.914 0.9137 0.9133 0.9132

Other methods results on CIFAR, prec_dis_2 vs. bits

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.5376 0.6453 0.6563 0.6657

BOH-MLP 0.3631 0.4119 0.4282 0.4338

DNNH 0.5265 0.615 0.6015 0.624

CNNH 0.529 0.533 0.5253 0.53

FastHash 0.3477 0.4194 0.3547 0.1938

SDH 0.2146 0.4081 0.4205 0.4161

KSH 0.354 0.422 0.391 0.273

CCA-ITQ 0.2977 0.3702 0.382 0.3702

BRE 0.202 0.2976 0.228 0.028

SH 0.1725 0.2745 0.0909 0.0059

LSH 0.119 0.153 0.162 0.168

Other methods results on CIFAR top

Prec_w.r.t._top returned samples

100 200 300 400 500 600 700 800 900 1000

100 200 300 400 500 600 700 800 900 1000

BOH-CNN 0.6922 0.6937 0.6947 0.6962 0.6972 0.6986 0.7003 0.7017 0.7026 0.7036

BOH-MLP 0.4576 0.4596 0.462 0.4640 0.4655 0.4672 0.4678 0.4684 0.4695 0.4708

DNNH 0.624 0.629 0.632 0.635 0.6375 0.6387 0.6395 0.6403 0.6410 0.6410

CNNH 0.5414 0.5462 0.5434 0.5434 0.5404 0.5403 0.5425 0.5434 0.5449 0.5441

FastHash 0.4857 0.4857 0.489 0.4916 0.493 0.4950 0.4950 0.4950 0.4943 0.4933

SDH 0.4319 0.4319 0.4330 0.4330 0.4330 0.4330 0.4329 0.4329 0.4327 0.4323

KSH 0.4547 0.4553 0.4547 0.4547 0.453 0.4532 0.4524 0.4519 0.4509 0.45

CCA-ITQ 0.397 0.3935 0.392 0.39 0.389 0.3877 0.3857 0.3847 0.3827 0.381

BRE 0.322 0.3117 0.3049 0.2978 0.2926 0.289 0.285 0.281 0.2782 0.275

SH 0.248 0.2308 0.222 0.2132 0.2075 0.2027 0.1987 0.1952 0.1917 0.1897

LSH 0.1775 0.1695 0.1638 0.16 0.1587 0.1563 0.1542 0.1528 0.1512 0.150

Other methods results on CIFAR pr

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8017 0.7885 0.7688 0.7653 0.7642 0.7627 0.7610 0.7601 0.7588 0.7576 0.7558 0.7537 0.7509 0.7471 0.7419 0.7347 0.7247 0.7107 0.6909 0.6649 0.6274 0.5662 0.4730 0.3281 0.1

BOH-MLP 0.6014 0.5811 0.5577 0.5535 0.5526 0.5511 0.5483 0.5479 0.547 0.5453 0.5432 0.5388 0.5327 0.525 0.5146 0.5026 0.4827 0.4558 0.4214 0.3794 0.3213 0.263 0.2079 0.1561 0.1

DNNH 0.862 0.854 0.84 0.813 0.786 0.757 0.725 0.681 0.635 0.59 0.54 0.491 0.44 0.392 0.34 0.286 0.243 0.198 0.156 0.1

CNNH 0.638 0.584 0.532 0.47 0.41 0.338 0.252 0.196 0.17 0.14 0.118 0.109 0.1

FastHash 0.5967 0.5695 0.5518 0.5503 0.5495 0.5489 0.5477 0.5404 0.5289 0.5163 0.5029 0.4882 0.4723 0.455 0.4360 0.4148 0.3919 0.3672 0.3397 0.3092 0.2757 0.2394 0.2 0.1559 0.1

SDH 0.5511 0.5181 0.4843 0.4801 0.4779 0.4738 0.4689 0.4646 0.4604 0.4556 0.4484 0.4395 0.4284 0.4156 0.4006 0.383 0.3635 0.3412 0.3172 0.2907 0.2617 0.2291 0.1915 0.1526 0.1

KSH 0.835 0.832 0.808 0.786 0.77 0.723 0.627 0.56 0.51 0.461 0.411 0.37 0.3375 0.306 0.284 0.262 0.24 0.2202 0.204 0.183 0.163 0.137 0.116 0.107 0.1

CCA-ITQ 0.74 0.71 0.635 0.602 0.581 0.538 0.464 0.41 0.372 0.34 0.31 0.288 0.272 0.257 0.242 0.227 0.212 0.196 0.183 0.167 0.149 0.130 0.11 0.103 0.1

BRE 0.8 0.5 0.415 0.37 0.349 0.321 0.2835 0.25 0.23 0.216 0.203 0.19 0.182 0.175 0.167 0.161 0.155 0.148 0.143 0.135 0.127 0.118 0.112 0.11 0.1

SH 1 0.24 0.219 0.204 0.194 0.178 0.157 0.15 0.141 0.135 0.132 0.128 0.124 0.1215 0.119 0.1166 0.1136 0.111 0.109 0.107 0.105 0.104 0.103 0.102 0.1

LSH 0.157 0.1545 0.146 0.142 0.139 0.1355 0.13 0.126 0.1243 0.1227 0.121 0.1175 0.114 0.1124 0.1115 0.1106 0.109 0.1078 0.1065 0.1052 0.104 0.1035 0.103 0.102 0.1

VGG CIFAR10

LR: last 2, 0.1+1 MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

64bit margin=1 0.6284 0.6060 0.6060 0.6616 0.6661 0.6674 0.6694 0.6711

margin=1.2, 0.5+0.6 0.6492 0.6506 0.7237 0.6948 0.6960 0.6975 0.6982 0.6986

48bit margin=1 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

margin=1.2, 0.5+0.6 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

48bit _iden_BOH 0.6740 0.6693

32bit margin=1 0.6148 0.5340 0.5340 0.6574 0.6603 0.6590 0.6588 0.6588

margin=1, 0.5+0.6 0.6442 0.6563 0.6634 0.6808 0.6831 0.6852 0.6853 0.6853

24bit margin=0.8 0.6086 0.4650 0.4650 0.6597 0.6610 0.6623 0.6607 0.6614

margin=0.8, 0.5+0.6 0.6331 0.6453 0.6486 0.6707 0.6748 0.6766 0.6762 0.6767

12bit margin=0.8 0.6067 0.3718 0.3718 0.6481 0.6522 0.6520 0.6510 0.6515

margin=0.8, 0.5+0.6 0.6204 0.5376 0.5376 0.6528 0.6568 0.6582 0.6588 0.6607
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Other methods results on NUS-WIDE pr

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.053 0.07 0.104 0.15 0.2 0.25 0.3 0.35 0.40 0.45 0.5 0.549 0.60 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.8962 0.8887 0.8737 0.8690 0.8654 0.8603 0.855 0.8498 0.8411 0.8326 0.8244 0.8157 0.8062 0.7962 0.7871 0.7778 0.7667 0.7546 0.7383 0.7205 0.6989 0.6702 0.6277 0.5701 0.4770 0.361

BOH-MLP 0.6797 0.6725 0.6628 0.66 0.6585 0.6559 0.654 0.6513 0.6453 0.637 0.6275 0.6164 0.6041 0.5898 0.5738 0.5558 0.5362 0.5153 0.4943 0.4738 0.454 0.4348 0.4157 0.3957 0.3759 0.361

DNNH 0.895 0.891 0.882 0.872 0.866 0.857 0.85 0.84 0.83 0.816 0.799 0.78 0.764 0.745 0.723 0.701 0.677 0.652 0.625 0.59 0.556 0.52 0.483 0.446 0.407 0.361

CNNH 0.857 0.84 0.833 0.823 0.810 0.801 0.794 0.79 0.785 0.777 0.77 0.757 0.731 0.705 0.677 0.629 0.574 0.522 0.4835 0.445 0.405 0.361

FastHash 0.6775 0.6752 0.6692 0.6673 0.6662 0.6636 0.6620 0.6608 0.6596 0.6576 0.6481 0.6372 0.6279 0.6193 0.6058 0.5918 0.5760 0.5581 0.5385 0.5174 0.4938 0.4687 0.4418 0.4139 0.3839 0.361

SDH 0.6343 0.6231 0.6021 0.5952 0.5902 0.5829 0.576 0.5696 0.5585 0.5485 0.5388 0.5293 0.5197 0.51 0.50 0.4899 0.4794 0.4684 0.4568 0.4445 0.4313 0.4171 0.4019 0.3855 0.3713 0.361

KSH 0.935 0.934 0.925 0.913 0.9035 0.88 0.864 0.838 0.79 0.751 0.710 0.673 0.64 0.605 0.575 0.551 0.524 0.502 0.485 0.465 0.443 0.43 0.412 0.395 0.376 0.361

CCA-ITQ 0.458 0.443 0.429 0.416 0.405 0.394 0.384 0.372 0.361

BRE 0.93 0.92 0.90 0.87 0.85 0.80 0.77 0.73 0.68 0.631 0.597 0.570 0.546 0.52 0.493 0.475 0.463 0.45 0.437 0.425 0.413 0.402 0.393 0.383 0.372 0.361

SH 0.94 0.60 0.44 0.43 0.415 0.401 0.3975 0.39 0.384 0.3803 0.3776 0.374 0.3726 0.3713 0.3695 0.3690 0.3689 0.368 0.3667 0.3654 0.3642 0.363 0.3624 0.3617 0.361 0.361

LSH 0.90 0.803 0.68 0.58 0.54 0.47 0.45 0.43 0.42 0.407 0.397 0.388 0.3842 0.3805 0.3777 0.3752 0.3726 0.37 0.3685 0.367 0.3655 0.364 0.363 0.362 0.362 0.361
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impact of balance term

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 (exclude) Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

Alex, only Balance term 0.7190 0.4890 0.8487 0.7464 0.7411 0.7375 0.7342 0.7313

Alex, BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

VGG, only Balance term 0.7462 0.3192 0.8660 0.7804 0.7742 0.7692 0.7647 0.7608

VGG, BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

CIFAR

VGG, only Balance term 0.5208 0.2203 0.8605 0.6790 0.6735 0.6685 0.6639 0.6592

VGG, BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

BOH on triplet and contrastive loss

NUS, have all bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

NUS, have all bits

VGG Triplet orignal

VGG Triplet BOH

Handcraft orignal

Handcraft BOH

VGG vs. Alex

NUS, 48 bits

MAP Prec_Dist_2 (all) Prec_Dist_2 
(exclude)

Pec_Top_200 Pec_Top_400 Pec_Top_600 Pec_Top_800 Pec_Top_1000

VGG orignal 0.7762 0.7426 0.7429 0.7746 0.7807 0.7791 0.7793 0.7791

VGG BOH 0.8002 0.7807 0.8318 0.8092 0.8079 0.8060 0.8051 0.8045

Alex orignal 0.7530 0.7275 0.7324 0.7508 0.7545 0.7537 0.7540 0.7537

Alex BOH 0.7698 0.7195 0.8106 0.7700 0.7708 0.7701 0.7698 0.7699

CIFAR

VGG orignal 0.6268 0.5628 0.5628 0.6654 0.6692 0.6702 0.6716 0.6720

VGG BOH 0.6570 0.6657 0.6985 0.6937 0.6962 0.6986 0.7017 0.7036

Alex orignal 0.6817 0.6729 0.6729 0.7203 0.7237 0.7233 0.7244 0.7264

Alex BOH 0.7035 0.7012 0.7236 0.7302 0.7338 0.7370 0.7394 0.7409

 2

NUS-WIDE 12 24 32 48 64

12 24 32 48 64

CIFAR10

12 24 32 48 64

BOH NUS-WIDE 0.3983 0.4243 0.4280 0.4448 0.4483 0.3865 0.4139 0.4142 0.4371 0.4393

NUS-WIDE 0.3933 0.4122 0.408 0.4273 0.4284 0.3145 0.4014 0.4039 0.4218 0.4273

BOH CIFAR10 0.1493 0.1480 0.1545 0.1504 0.1569

CIFAR10 0.1305 0.1363 0.1294 0.1298 0.1209

12 24 32 48 64

NUS-WIDE BOH 0.7232 0.7758 0.7800 0.8002 0.8157 0.6775 0.7675 0.7791 0.7807 0.7522

NUS-WIDE 0.7098 0.7642 0.7621 0.7762 0.7742 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR-10 BOH 0.6204 0.6331 0.6442 0.6570 0.6511

CIFAR-10 0.6067 0.6086 0.6148 0.6268 0.6254

0.6086

12 24 32 48 64

VGG BOH 0.7232 0.7758 0.7800 0.8002 0.8157

VGG Original 0.7098 0.7642 0.7621 0.7762 0.7742

MLP BOH 0.3983 0.4243 0.4280 0.4448 0.4483

MLP Original 0.3933 0.4122 0.408 0.4273 0.4284

VGG BOH 0.6204 0.6331 0.6442 0.6570 0.6511

VGG Original 0.6067 0.6086 0.6148 0.6268 0.6254

MLP BOH 0.1493 0.1480 0.1545 0.1504 0.1569

MLP Original 0.1305 0.1363 0.1294 0.1298 0.1209
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code distribution histogram

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1

BOH 0.3884 0.0431 0.0297 0.0263 0.0237 0.0211 0.0205 0.0281 0.0415 0.3776

With Relaxation 0.1014 0.1245 0.1089 0.0691 0.0401 0.0437 0.0794 0.1467 0.1616 0.1246

CNN 0.1303 0.1454 0.1876 0.0936 0.0262 0.0192 0.0529 0.1050 0.1038 0.1360

BOH-CNN 0.3627 0.0608 0.0393 0.0291 0.0257 0.0247 0.0297 0.0352 0.0504 0.3424

MT-BOH-CNN 0.3841 0.0455 0.0295 0.0209 0.0210 0.0198 0.0226 0.0271 0.0438 0.3857

P
er

ce
nt

ag
e

0

0.1

0.2

0.3

0.4

0.5

Code Values

0 0.5 1

P
er

ce
nt

ag
e

0

0.1

0.2

0.3

0.4

0.5

Code Values

0 0.5 1

 3

NUS 12 24 32 48 64

mAP / BOH 0.7232 0.7758 0.7800 0.8002 0.8157

mAP / Original 0.7098 0.7642 0.7621 0.7762 0.7742

P@R<=2 / BOH 0.6775 0.7675 0.7791 0.7807 0.7522

P@R<=2 / Original 0.5464 0.7085 0.7175 0.7426 0.7435

CIFAR

mAP / BOH 0.6204 0.6331 0.6442 0.6570 0.6511

mAP / Original 0.6067 0.6086 0.6148 0.6268 0.6254

P@R<=2 / BOH 0.5376 0.6453 0.6563 0.6657 0.6506

P@R<=2 / Original 0.3718 0.4650 0.5340 0.5628 0.6060
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Other methods results on SVHN, pr@r<=2

Prec_Dist_2 w.r.t. Number of bits

12 24 32 48

12 24 32 48

BOH-CNN 0.875 0.9232 0.925 0.9243

BOH-MLP 0.7691 0.8108 0.8155 0.8231

DNNH 0.889 0.905 0.907 0.908

CNNH 0.871 0.898 0.903 0.908

FastHash 0.7333 0.8211 0.8071 0.6974

SDH 0.3241 0.7879 0.8012 0.8152

KSH 0.551 0.691 0.712 0.613

CCA-ITQ 0.511 0.637 0.641 0.649

BRE 0.221 0.363 0.412 0.178

SH 0.194 0.312 0.232 0.046

LSH 0.112 0.143 0.147 0.257
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Other methods results on CIFAR pr-1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

0.0005 0.001 0.01 0.02 0.03 0.05 0.1 0.149 0.2 0.25 0.3 0.346 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

BOH-CNN 0.961 0.961 0.9596 0.9594 0.9593 0.9593 0.9592 0.959 0.959 0.9589 0.9588 0.9586 0.9584 0.9581 0.9575 0.9568 0.9560 0.9548 0.9528 0.95 0.9448 0.9354 0.9128 0.7528 0.1001

BOH-MLP 0.886 0.8858 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8853 0.8851 0.8848 0.8848 0.8847 0.8845 0.8844 0.8836 0.8807 0.8716 0.8482 0.7715 0.5012 0.1001

DNNH 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.968 0.965 0.96 0.948 0.923 0.882 0.612 0.1001

CNNH 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.885 0.342 0.1001

FastHash 0.885 0.8834 0.8811 0.8807 0.8804 0.8802 0.8799 0.8799 0.8797 0.8795 0.8790 0.8781 0.8766 0.8744 0.8709 0.8662 0.8598 0.8505 0.8369 0.8166 0.7856 0.7365 0.6527 0.4924 0.1001

SDH 0.8701 0.8669 0.8605 0.8594 0.8587 0.8579 0.8568 0.8564 0.8562 0.856 0.8559 0.8557 0.8554 0.8547 0.8535 0.8509 0.8466 0.8397 0.829 0.8118 0.7836 0.7377 0.6555 0.4893 0.1001

KSH 1 0.99 0.98 0.97 0.965 0.96 0.932 0.901 0.872 0.832 0.792 0.748 0.695 0.654 0.613 0.559 0.508 0.463 0.412 0.362 0.313 0.260 0.203 0.1515 0.1001

CCA-ITQ 0.94 0.937 0.922 0.903 0.8721 0.847 0.792 0.742 0.688 0.640 0.596 0.558 0.513 0.468 0.427 0.389 0.348 0.309 0.269 0.234 0.203 0.18 0.16 0.133 0.1001

BRE 0.911 0.693 0.623 0.587 0.524 0.457 0.387 0.343 0.308 0.273 0.247 0.232 0.221 0.21 0.202 0.194 0.186 0.175 0.164 0.157 0.151 0.1413 0.134 0.117 0.1001

SH 0.76 0.325 0.29 0.235 0.218 0.201 0.182 0.164 0.159 0.154 0.149 0.145 0.142 0.136 0.13 0.125 0.119 0.116 0.113 0.1097 0.107 0.105 0.1033 0.1015 0.1001
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Figure 7: First row: P@R62 over different numbers of bits. Second row: precision-recall curves with 48 bits. Third row:
precision of top returned images. First column: on CIFAR-10. Second column: on SVHN. Third column: on NUS-WIDE.

approximation error is bounded, and bound is small when
the problem is optimized.

The proposed approach is applied to learn hash codes from
either handcraft feature inputs or raw image inputs in an
end-to-end manner. Experiments are carried out on three
benchmarks, which clearly demonstrate that our approach
outperforms the state-of-the-arts (both traditional hashing
techniques and deep learning based hashing techniques) with
a significant margin on search accuracies. Future works are
on the extension of the proposed BOH framework to other
loss functions and different learning to hash problems like
unsupervised hashing.
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