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TABLE I: Distortions produced by MDS and SANJAY on 10 randomly chosen data points from 5 flow cytometry benchmarks. We
considered a total of 30 datasets and found that, on average, the
maximum distortion produced by SANJAY was 2.14 times less than
that produced by MDS.

Abstract—Polychromatic flow cytometry is a widely used technique
for gathering and analyzing cellular data. The data generated is highdimensional, and therefore notoriously difficult to visualize by a human
expert. The traditional method of plotting every pair of observables of the
original high-dimensional data leads to a combinatorial explosion in the
number of visualizations. The usual solution is to project the data into a
lower-dimensional space while approximately preserving key properties and
relationships among data points. The lower dimensional data can then be
easily analyzed with the help of specialized data visualization software.
We introduce SANJAY, a new method for automatically generating
visualizations of high-dimensional flow cytometry datasets. Our technique
uses symbolic decision procedures to algorithmically synthesize 2D and 3D
projections of the (original) high-dimensional data, with minimal distortion.
We compare our approach to the popular MDS algorithm on a
representative set of flow cytometry benchmarks, and show that the
projections synthesized by SANJAY have distortions that are, on average,
about two times smaller than those produced by MDS.
Index Terms—decision procedures; visualization; flow cytometry; automated synthesis.
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Polychromatic flow cytometry is a revolutionary technique for
analyzing biological samples by identifying multiple phenotypic
properties of individual cells, including DNA content, RNA, and cellsurface proteins [1]. Besides applications in translational research,
flow cytometry is routinely used to gain a deeper understanding
into the fundamental biology of cellular processes. Unlike traditional
methods that only compute statistical summaries of large populations
of cells (e.g., the average concentration of a protein in a cell sample),
flow cytometry allows measuring various phenotypic properties of
each cell in a sample, thereby providing more detailed subject
data [2].
This extensive data allows experts to identify even small groups
of cells that are different from others (often signifying a clinical
abnormality) whose presence could not have been detected by simply
studying average phenotypic properties. There remain, however, two
long-standing barriers to more widespread adoption of flow cytometry
for diagnosing diseases:
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Cognitive processing studies have shown that our data analysis
capacity is limited to about four dimensions. Therefore, flow
cytometry techniques that often produce high-dimensional data
(often up to 50 dimensions) cannot be easily visualized.
In addition, flow cytometry produces very large datasets, typically with millions of data points per sample, which is well
beyond our cognitive memory limits [3]. Hence, statistical
summarization of this data that causes the loss of small, but
potentially biologically significant details, has been considered
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a necessary evil. This often leads to an inability to detect rare
events, risking significant harm to the subject.
To address these problems we have designed SANJAY, a new
approach for synthesizing low dimensional visualizations of flow
cytometry data. We highlight the main features of SANJAY:
• It is a new algorithmic technique for automatically synthesizing
2D and 3D visualizations of high-dimensional flow cytometry
data, by using symbolic decision procedures [4] to search for
low-dimensional projections of the original dataset.
• SANJAY avoids statistical summarization and stochastic search
and provides a deterministic method for complete visualization
of massive datasets with minimal loss of information.
• Table I shows results of our experiments comparing SANJAY to
the multidimensional scaling (MDS) algorithm. It demonstrates
that our technique produced projections with distortions that
were on average 2.14 times less than those produced by MDS.
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