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mdclust Maximum Diversity Clustering

Description

Soft spherical k-means with a batch-diversity penalty, as described in Korsunsky et al. 2019 (Har-
mony, Nature Methods), Algorithm 2. Extracted here as a standalone algorithm with no dependency
on the harmony package. For more information on hyperparameters, also check the harmony docu-
mentation. Default values are chosen in accordance with harmony default options.

Usage

mdclust(
Z,
batch,
K,
Y_init = "kmeans++",
theta = 2,
sigma = 0.1,
tau = 0,
alpha = 1,
block_size = 0.05,
max_iter = 200L,
epsilon = 1e-05,
max_iter_kmeans = 10L,
epsilon_kmeans = 1e-04,
weight_power = 1,
verbose = FALSE

)

Arguments

Z Numeric matrix, d x N. Observations are columns, embedding dimensions are
rows (e.g. PCs). Does not need to be pre-normalized; Columns are L2-normalized
internally.

batch Factor, character, or integer vector of length N giving the batch label for each
element.

K Integer. Number of clusters.
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Y_init Initial centroid positions. Either ’kmeans++’, ’kmeans’ or provide an explicit
matrix that is used as initial centroids for maximum diversity clustering. Default
’kmeans++’

theta Numeric. Diversity penalty strength. 0 = plain spherical k-means (no batch
mixing enforced). Default 2.

sigma Numeric. Soft-cluster width. Larger values spread each cell across more clus-
ters. Default 0.1.

tau Numeric. Small-batch protection: batches with fewer than ~K*tau cells get a
reduced theta. 0 disables. Default 0.

alpha Numeric. Smoothing for the O/E ratio to prevent division-by-zero. Default 1.

block_size Numeric in (0, 1]. Fraction of cells updated per block. Smaller = more accurate
O/E bookkeeping, slower. Default 0.05.

max_iter Integer. Maximum clustering iterations. Default 200.

epsilon Numeric. Convergence tolerance on the objective. Default 1e-5.
max_iter_kmeans

Integer. Maximum iterations for initial kmeans refinement, if applicable.

epsilon_kmeans Numeric. Convergence tolerance for initial kmeans refinement, if applicable.

weight_power Numeric. Power law rescaling of kmeans++ weight. Default 1.0

verbose Logical. Print iteration info. Default FALSE.

Details

Maximum Diversity Clustering implements the clustering objective used in Harmony (Korsunsky
et al., 2019) independently of the Harmony integration workflow. The algorithm performs soft
spherical k-means while encouraging clusters to contain a balanced representation of user-specified
batches through a diversity penalty.

Cluster assignments are probabilistic and are returned as the matrix R. Hard assignments are ob-
tained by assigning each observation to the cluster with the highest probability.

Value

A list containing

R Soft cluster assignments (K × N).

Y Cluster centroids (d × K).

cluster Hard assignments.

objective List containing optimisation traces: total, distance, entropy, diversity.

O Observed cluster-by-batch contingency table.

E Expected cluster-by-batch contingency table.

logOE Weighted log observed/expected ratio used in the diversity penalty.

batch_levels Batch labels

converged Whether convergence criterion was met.
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Examples

set.seed(1)

Z <- matrix(rnorm(10 * 100), nrow = 10)
batch <- rep(c("A", "B"), each = 50)

fit <- mdclust(
Z,
batch,
Y_init = "kmeans++",
K = 4

)

fit
summary(fit)

head(fit$cluster)

plot(fit)

plot.mdclust Plot a mdclust object

Description

Minimal plot of the optimization trace, showing total objective as well as partial objectives for quick
visual diagnostics.

Usage

## S3 method for class 'mdclust'
plot(x, ...)

Arguments

x An object returned by mdclust.

... Unused.

Value

The input object, invisibly.
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print.mdclust Print a mdclust object

Description

Displays a concise human-readable overview of a fitted clustering model. Shows minimal informa-
tion on algorithm convergence status, object size, and how to access detailed elements.

Usage

## S3 method for class 'mdclust'
print(x, ...)

Arguments

x An object returned by mdclust.

... Unused.

Value

The input object, invisibly.

summary.mdclust Summarize a mdclust object

Description

Similar to print.mdclust. Contains more details on state of the algorithm and objective and
convergence.

Usage

## S3 method for class 'mdclust'
summary(object, ...)

Arguments

object An object returned by mdclust.

... Unused.

Value

The input object, invisibly.
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