A SUPPLEMENT

Algorithm [3] shows the details of how to sample a mini-
batch using k-DPP [19] which is used for the DM-SGD and
DM-SVI algorithm in the paper.

Algorithm 3 Mini-batch Sampling
Input: Mini-batch size k, eigendecomposition
{(vn, An) }Y_, of similarity matrix L.
Compute the elementary symmetric polynomials
ej«+ 1Vne{0,1,2,...,N}
ey < 1Vl e {1,2,....k}
for/=1,2,....kdo
forn=1,2,....Ndo
‘ e} 6?7] + lne;’:f
end

end
for t=1 to Number of subset samples to generate do
Sampling k eigenvectors V with indices J
J<0
Ik
for n=N,...,2,1do
if / = 0 then
| break;
end

if u~U0,1] <A,

J+—Ju{n}
l+1—-1

en— 1
L then

end

end

Sample k data points indexed by Y using V.

V< {vities

Y0

while |V|>0do
Select i with Pr(i) = |71‘ Yoev (v e;)?
Y < YUiV < V|, an orthonormal basis for the
subspace of V orthogonal to e;

end
Output: Y

end

Table 2] and 3] show the top words using K = 30 for LDA us-
ing traditional SVI and our proposed DM-SVI respectively.
We can see that the topics that are learned by DM-SVI are
more diverse and rare topics such as grain (colored in blue)
are captured.

Figure[I0]shows the synthetic data that are used in the LDA
experiment. Each row represents a document and each
column represents a word.

The sampling time in seconds for the R8 dataset is listed
in Table [d] There are 5485 training documents. The first
row in the table shows the sampling time for different mini-
batch sizes k and different versions of k-DPP sampling. In
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Table 2: Top 10 words for each topics learned from LDA with

traditional SVI.
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Table 3: Top 10 words for each topics learned from LDA with
DM-SVL

Figure 10: Synthetic data used to train the LDA model in the main
paper. Each row presents a document and each column represents a
word. Documents share topics with highly imbalanced proportions.

Size k=10 k=30 k=50 k=80

Fastk-DPP  0.001 0.0139 0.0541 0.2199
k-DPP 0.0098 0.1468 0.6438 2.6698
LDA 0.8777 1.2530 1.6414 22312

Table 4: Sampling time (in sec) for LDA on the R8 dataset with
different mini-batch sizes.

practice, we use the original implementation from [23] with
M = 100. To compare with the traditional k-DPP, we listed
the elapsed time with [[19]. The last row shows the running
time per local LDA update, excluding sampling.

The computational time for training a neural network highly
depends on the network structure and implementation de-
tails. For example, when using only one softmax layer as
in the flower experiment, the cost per gradient step is in the
milliseconds. In this setup, k-DPP is not effective from a
runtime perspective, but still results in better final classifi-
cation accuracies. However, the cost for each gradient step
for a simple 5 layer NN as in the MNIST experiment with
K =100 is 1.294 seconds. In the latter case, this time is
comparable to k-DPP sampling (0.7941 sec) see Table [5
We thus expect our methods to benefit expensive models
and imbalanced training datasets more.

Figure [[T] shows the bar plots of the frequency of images in
each class for Oxford Flower dataset using the number of
classes as the mini-batch size. With this setting, we can see
that when w = 1, DM-SGD is equivalent to StS.

Size k=10 k=100 k=200
Fastk-DPP  0.0012 0.7941  5.4216
NN cost 0.166948 1.29452 2.64811

Table 5: Five Layer NN trained on MNIST with different mini-
batch sizes. Top row: sampling time (in sec) using the fast k-DPP
approach. Bottom row: run time for each update step (excluding
mini-batch sampling).
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Figure 11: The frequency of images in each class for Oxford
Flower dataset, with k = 102.



