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ABSTRACT

The lack of standardization in the specification and representation
of microfluidic designs and their corresponding architectures is one
of the largest hurdles faced by the developers of Microfluidic De-
sign Automation (MDA) tools. In this paper, we introduce MINT, a
Microfluidic Hardware Description Language (MHDL) for defining
components and devices in a human readable manner, and Parch-
Mint, an MDA interchange format and associated benchmark suite
that can be used to compare the performance of different physical
design algorithms. We further demonstrate how the introduction of
MINT and ParchMint into the engineering workflow can bridge the
gaps from the specification to the fabrication of microfluidic devices.
While recent efforts to democratize microfluidics have been recog-
nized by the community, there is an unfortunate lack of open source
tools, design languages, and standards. Consequently, microfluidic
designs shared on open platforms such as Metafluidics[15] leave
conceptual gaps in terms of missing design information that are
necessary to realize the “creative process flows" (Reproduce, Remix,
and Test multiple systems). MINT and ParchMint are open source
projects, which allows the community to contribute and extend
their functionality to enable advanced algorithmic methodologies
and new commercialization possibilities that differ from the verti-
cally integrated industries we see today.
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1 INTRODUCTION

The potential to integrate Laboratory-on-a-chip (LoC) devices to in-
crease the throughput and repeatability of laboratory experiments
has spurred research efforts toward Microfluidic Design Automa-
tion (MDA) [2]; while algorithmic progress has been reported, there
has been an abject failure at the community level to integrate these
algorithms into practical tools that are usable by microfluidic de-
signers. One major impediment is the lack of standardized design
specification systems and interface formats that describe a suffi-
cient set of physical parameters to facilitate direct and unbiased
comparison among academic MDA software artifacts, coupled with
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Figure 1: The four levels of abstraction in the continuous
flow microfluidic physical design generation process that is
captured by MINT and ParchMint. MINT captures the design
of a microfluidic device in the TECHNOLOGY and ARCHI-
TECTURE levels in a human-readable format that encapsu-
lates the designer’s perspective. The ParchMint standard in-
terchange format allows for the design captured in MINT
to be converted into a machine-readable format appropriate
for PHYSICAL DESIGN algorithms, and artwork generation
algorithms at the FABRICATION level.

a path to fabrication to allow for experimental validation of these
designs in a laboratory setting.
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To address these limitations, this paper introduces MINT', a
Hardware Description Language (HDL) that describes a microflu-
idic device as a netlist comprising a collection of tunable para-
metric components in a human readable format, and ParchMintZ,
an MDA interchange format and associated comprehensive mi-
crofluidic benchmark suite that is intended for use by the design
automation community. MINT and ParchMint are open standards
that aim to reduce the barriers for integrating research in MDA, fos-
tering collaborations, innovation and to help facilitate non-experts
to create designs for different applications.

2 FRAGMENTED RESEARCH WORKFLOWS

Ongoing research efforts in MDA employ a small collection of
microfluidic architectural netlists, summarized in Table 1, which
are used as a basis for algorithmic comparison. These benchmarks
have been generated either by converting bioassay specifications
into a microfluidic netlist capable of executing the specified assay or
by hand-converting published microfluidic chips into netlists based
on manual inspection of published device images. To date, there
has been little to no consistency among research teams in terms of
these efforts, making it difficult to perform direct comparisons.

The most popular benchmark sets that are or were publicly avail-
able are two suites of bioassay specifications for electrowetting-
based digital microfluidics, one released by DTU Compute in Den-
mark [1] and another by Duke University in the United States 3
Over the years, these have become the de-facto “standard” bench-
mark suites for continuous-flow based microfluidics and constitute
approximately half of benchmarks in literature today. Several pa-
pers have introduced algorithms to convert these bioassay speci-
fications into continuous flow netlists [14, 18, 25, 32], which can
then be used for studies in physical design. However, the netlists
generated by these tools have not been shared, and are likely incon-
sistent in terms of underlying assumptions, for example, regarding
component geometries. Further, to the best of our knowledge, no
continuous flow device based on any of these netlists has been
validated in a wet laboratory setting by an experimentalist.

Even when there is a desire to use the same benchmarks across
groups, there is no publicly available set of architectural netlists
or agreed upon file format for specifying them. For example, Mc-
Daniel et al. uses Synthetic 1-5 (10-50) when reporting results for a
simulated annealing based placement method [23], Wang et al. [37]
builds on this work by introducing a negotiation based router and
a placement adjustment system and compares against McDaniel
et al.[23]. However, when making the comparison Wang et al.[37]
used the Duke University benchmark to generate the netlist, rather
than the DTU Compute benchmark set used by McDaniel et al.[23],
making a direct comparison of the two methods impossible. Com-
pounding this issue is the lack of specific information given for each
benchmark. McDaniel et al.[23] gives no additional information on
the benchmarks used, and Wang et al.[37] only provides the num-
ber of components that each benchmark contains. It is impossible
to discern whether the improvements reported in the latter paper

! https://github.com/CIDARLAB/MINT/wiki

? parchmint.org

*Benchmarks for digital microfluidic biochip design and synthesis - F. Su and K.
Chakrabarty. 2006. (URL no longer active)
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Table 1: Comparison of the benchmarks used for the evalu-
ation of different physical design algorithms in literature

g2 |B|F|=|e
SIZ g8 |B|F |2
S| |R |38 3
12| 5|5|8|%
Benchmark SIS |5|&|8|8
EA [25]* v
PCR [24, 31]* |V v v
IVD [24] v
CPA [24]° v
Synthetic 1(10) [24]* AR AR v
Synthetic 2(20) [24]" a4 v
Synthetic 3(30) [24]* IV v
Synthetic 4(40) [24]* I/ v
Synthetic 5(50) [24]* v v
ProteinSplit-1 [31]* v v
ProteinSplit-2 [31]* v v
InVitro-1 [31]* v v
InVitro-2 [31]* v v
InVitro-3 [31]* v v
Kinase act. [8] v
Acid proc. [11] v
mRNA iso [19] v
Gradient Generator [29] v
HIV1 [17] v
ChIP (4IP) [39] v
ChIP (10IP) v
Chip1 v
Chip2 v
Cell free Bio Net [26] v
AquaFlex-3b v
AquaFlex-5a v
*interpreted from a bioassay application
YProprietary designs from Microfluidic Innovations LLC
PCR is listed in the DTU and Duke benchmark suites

are due to improvements in physical design algorithms, differences
in the netlists, or a combination of both factors.

The literature on microfluidics typically presents devices that
were designed manually, e.g., using software such as AutoCAD,
fabricated, and then used to perform a variety of biological assays.
Some of these publications provide chip photos or schematic lay-
outs with nominally sufficient detail to allow MDA researchers to
derive netlists through visual inspection; however, this obscures the
engineering that goes into the design and validation of ‘realistic’,
‘working’ microfluidic devices. Moreover, there is a high amount of
variability in interpretation: many MDA systems represent compo-
nents using a bounding box, there can be substantial variations in
the measured size of the component as obtained from the source
material. Additionally, the decomposition of a “flattened" network
of valves and channels into a netlist of components also varies, as
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there exists no deterministic algorithm to select which valves and
routes should be combined to create one component. Finally, there
are also differences in the way group represent their components.
For example, Grimmer et al.[9] assumes each component has four
terminals located at each corner, while others assume that terminals
can be located at other locations on a component’s perimeter, as il-
lustrated in Figure 3. The granularity of the device specification can
also affect algorithmic performance and the efficacy of algorithms
that aim to generate “working designs”.

3 MINT

HDL-based design methodologies have been a critical driver in the
world of electronics. By allowing different designs to be captured
in a standardized format, HDLs formally capture specifications
while allowing designers to track changes and employ automated
toolchains to generate physical designs, validate against design
rules and rapidly iterate through variations to get functional de-
signs. HDLs also abstract some of the complexity associated with
the design specification and help to reduce the effort required to
engineer a semiconductor device. Similar design methodologies
and abstractions could benefit the MDA research community.

Fluigi [12], an end-to-end design framework that generates mi-
crofluidic devices from a netlist specification, first introduced MINT
as a netlist standard. Motivated by MHDL [20], which was a purely
structural specification, MINT separated the structural and behav-
ioral aspects of the design. This allowed researchers to specify
generic designs that are not tied to a specific assay or netlist. Ad-
ditionally MINT captured the geometric properties of microfluidic
components (Figure 3) that constitute the design. This allowed
microfluidic designers to perturb the physical properties of compo-
nents to optimize and tune the performance of microfluidic designs
without modifying the netlist.

3.1 Parametric Component Library

The heart of MINT is a parametric component library that abstracts
the functional units of a microfluidic netlist into components that
can be used across microfluidic applications. Each component de-
scribed by MINT can have an arbitrary number of input and output
ports at any position on the component perimeter. This enables ab-
straction of components and netlists that incorporate both flow and
control elements and the specification of components defined by
adjustable geometric parameters that define its size, performance,
and functional characteristics.

3.2 Logical Layers

Today, most MDA tools target continuous flow microfluidic devices
fabricated using soft-lithography, which creates molds that are
used to imprint channel structures onto a flexible PDMS substrate
via molds [28]. Multi-layer soft lithography [35] enables the cre-
ation of valves at intersection points between channels on adjacent
layers, along with other control-related infrastructure; separate
PDMS molds are used to create the FLOW and CONTROL layers.
Monolithic membrane valves [10] are an alternative design that
sandwiches a an PDMS membrane between two rigid substrates
(e.g., glass) into which flow and control channels have been etched
using standard microfabrication techniques; the key advantage here
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is the elimination of the need to create expensive molds to imprint
patterns in PDMS. More recently, low-cost rapid prototyping tech-
nologies have emerged [16, 36] which can carve channels into rigid
substrates without the need for more expensive microfabrication
equipment; monolithic membrane valves can easily be constructed
using rapid prototyping technologies as well. However advent of
newer manufacturing processes requires any HDL describing mi-
crofluidics to be agnostic to them and allow for a standardized way
of describing microfluidic devices.

The user constructs a device using MINT by specifying separate
FLOW and CONTROL logical layers without explicitly specifying
the order and relationships between them. For example, the device
shown in Figure 2 A. has one FLOW and one CONTROL layer;
this example shows how MINT’s syntax permits the user to de-
clare a new logical layer by using the “LAYER (FLOW|CONTROL)”
and “END LAYER” blocks. The “Logical Layers” abstraction allows
MINT to be agnostic to technology choices and their manufactur-
ing requirements. The underlying software can easily generate the
design output for each ‘Manufacturing Layer’ (a 2D or 3D design
file) which is used to manufacture the microfluidic chip [30].

3.3 Device Descriptions using MINT

Microfluidic designers specify the structure of their chips in terms
of components and connections using MINT. For example, Figure 2
A. depicts a simple design that incorporates a MIXER component
with an input valve that regulates the flow of the fluid that enters the
mixer. The design specification begins with a ‘DEVICE’ statement,
followed by the descriptions of each logical layer, ‘FLOW’ and
‘CONTROL'’ in this case. In Figure 2 A., the specification includes
components in lines 5 — 6 and 16 — 17 along with interconnections
(using the ’CHANNEL’ statement) in lines 9 — 10 and 18. MINT also
provides syntactic constructs for constraints, relationships between
components (e.g., valve v1 is placed on channel c1 using the ‘on’
keyword) and parameters (camel-cased with values following the
component/connection definition) for each of the components in
the design description. Detailed tutorials and additional examples
are available on the MINT wiki'.

3.4 Extensibility

MINT enables specification of microfluidic device architectures
with layout constraints in a manner that can easily be interpreted
by physical design software. To compile a MINT file, the designer
initializes a database of Technology Files which describes MINT’s
component library and provides the MINT compiler with sufficient
information to generate the physical design of the device. The MINT
format is designed to be readable by any physical design tool and
is not tied to any specific algorithmic choices or strategies.

More information on constraints, syntax, component Technology
File formats are available on the MINT wiki'. To facilitate extensi-
bility and portability, the MINT compiler’s grammar was specified
using ANTLR[27], which automatically generates the lexer and
parser; this reduces the effort required to extend or contribute
to the standard. A Java implementation of the MINT compiler is
available on Github .
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A

DEVICE simplemixer

@

LAYER FLOW
MINT

PORT pl, p2 r=700;
H MIXER m numBends=5 bendLength=2460
channelWidth=800 bendSpacing=1230;

CHANNEL c1 from pl to m 1 w=800;
CHANNEL c2 from p2 to m 2 w=800;

END LAYER
LAYER CONTROL

PORT cpl r=700;
VALVE v1 on c1 ;

18 CHANNEL cc1 from vl to cpl w=300;
19
20 END LAYER

Sanka, et al.

B. LAYOUT CONSTRAINTS IN @ MINT

GRID

GRID <name> of 4, 4 <type> <params>;

(ARRAY)

S
-

e+
FEE]

BANK (ArrAY)
BANK <name> of 4 <type> <params>;
TREE (span)

TREE <name> 1 to 8 <type> <params>;

NODE (orTHOGONAL)

NODE <namel> ;

NODE <name2> ;

CHANNEL <name> from <namel> to <name2>;

Figure 2: MINT is a hardware description language used to define microfluidic architectures and their corresponding layout
constraints using the built-in grammar. A. shows an example of ‘simplemixer’, where a MIXER connected to two PORTS using
a VALVE is defined using MINT. MINT not only describes the connectivity but also the geometric properties of each of the
components that would dictate the complexity of the component and whether the components and connections belong in
the FLOW/CONTROL layers. B. shows examples how different syntaxes used to describe the structure of the microfluidic
automatically generate layout constraints that can be utilized by the physical design generation algorithms to capture better
the designer’s intent and expertise in creating the final design layouts.

3.5 Conversion to ParchMint

MINT was primarily designed to be a human readable component
and device description language. This means the format was not de-
signed to contain intermediate placement and routing information
utilized by MDA systems. Without this ability the MINT standard
itself cannot facilitate work across separate teams and tools nor can
it allow for direct comparison between different designs. Because
of this, the MINT compiler converts the MINT description to a
ParchMint file for use by physical design software that generates
the final layout, encoding the necessary information from MINT
into the proper ParchMint fields as described in Section 4.1.

4 PARCHMINT
4.1 Standard Interchange Format

ParchMint is a standard interchange format that describes the ar-
chitectural netlist of continuous flow microfluidic devices. Stan-
dardizing the interchange format will allow research groups that
independently develop their own devices to share their netlists, in-
creasing collaboration and enabling unbiased comparison of physi-
cal design algorithms. ParchMint netlists are specified as JavaScript
Object Notation (JSON) files, which itself is a standard format for
structured data, which can easily be parsed in any programming
language. The ParchMint benchmarks, which are described later
in Section 4.2, include a publicly described JSON-Schema file” that
specifies the requisite fields; new netlists contributed by others can
be verified against the schema for correctness.

The ParchMint architecture netlist is specified by three top-level
object lists: layers, components, and connections. Each object within
the system has a name and a unique ID field: the name field is
human readable, while the ID field is referenced by other objects.
The layers top-level object list can contain any number of layer
JSON objects. The majority of fabricated microfluidic devices today
have at most two layers, one for fluid flow and the other for control.

Each component JSON object contains an entity field that en-
codes the specific MINT component that it represents, a layer list
that specified which layers comprise it, x- and y-span field that
specify a 2D bounding box surrounding the component’s internal
geometry, and a list of ports. Each port includes an (x, y) location
value that represents its location on the perimeter of the component
bounding box, along with a label which uniquely identifies it within
that particular component.

Connection JSON objects, which represent fluid channels, con-
tain a layer list along with a single source and a list of one or more
sinks. Each source and sink contains a field that references the
ID of a component connected to a channel, and, if needed, the ID
of the connecting port. Multi-sink connection objects can specify
channels that provide direct fluidic connections between multiple
components.

The ParchMint standard includes optional geometric informa-
tion that can specify the physical layout of a microfluidic netlist
after placement and routing; this serves to facilitate external evalu-
ation and validation. Research groups that study physical design
algorithms can publish placed-and-routed netlists in the ParchMint
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Figure 3: The figure shows how the component representations in Microfluidic Design Automation (MDA) literature is inade-
quate for the practical use and how the component representation in ParchMintcan bridge that gap for practical usage. The
panel on the left shows how MDA systems represent the components that are used for placement and routing in varying ways.
Different systems assume fixed positions for terminals where the channels can connect (red) on the components’ boundary
(blue). (a-b) Four terminals may be assumed either at the corners of the bounding box or at the center of each bounding box
wall [9, 22, 37] (c-d) Two terminals are assumed for each component existing at the center of two opposing bounding box edges,
with the latter including a single terminal at the component’s center [7, 34]. These variations in the basic component models
induce variability in the layouts generated by the algorithms. The panel in the center shows how the realistic components
used in microfluidic design cannot be approximated to the common abstractions used in literature. The panel on the right
shows how the component representation in ParchMint can allow for variation in the number/position of terminals, size and
allows for design rules such as component spacing,.

format to enable direct and unbiased comparisons between differ- 4.2 Comprehensive Benchmark Suite
ent physical design algorithms. The features object list at the top
level specifies the concrete placement and routing information of
components and connections to support design-rule checking and
evaluation of algorithmic post-processing steps. This list contains
two types of objects, component features and connection features.
Each component can have at most one component feature which
specifies the location where it is placed; connection features contain
begin and endpoints for each straight-line segment of each connec-
tions, and allows multiple straight-line segments to constitute a
single connection object in the connection list.

Using JSON allows researchers to extend the ParchMint format
with additional information in the form of custom and params fields
as seen in Figure 4. For example, these fields could be used to en-
capsulate information such as emerging layout constraints, custom
design rules [12], specific component/connection physical design

The ParchMint benchmarks® are a set of publicly released planar
undirected multigraphs that are agnostic to existing physical design
algorithms while being representative of real-world microfluidic
designs used to conduct biological experiments. Most benchmarks
currently being used to evaluate academically-developed physical
design algorithms consist of no more than 100 components. A pri-
mary claim of Microfluidic Very Large Scale Integration (mVLSI) is
that one can fit thousands of valves onto a single device [3]. The
ParchMint benchmarks are based on real-world devices that have
been scaled up to more than 400 components (refer Table 2; with
community assistance, we hope to introduce even larger represen-
tative benchmarks in the future.

information, and protocol/assay descriptions [38, 40] that may be Assay Inspired Benchmarks. These netlists were created by exam-
needed to support specific biological applications. Further, the cus- ining images of microfluidic devices that were published in peer-
tom and params fields can encode any additional values needed reviewed literature. While these devices can execute an end-to-end
to ensure correct post-processing or netlist validation of a netlist. biological assay, it was not always possible to derive the actual
Any design algorithms that require external values to generate a assay specification from the publication. We manually translated
specific result netlist should encode those values within the params each image to a planar netlist in the ParchMint format. We manually
field so that future designers can easily reuse and validate results. inferred components by identifying repeated patterns in the phys-

ical layout, and applied a general set of component descriptions
across the entire architecture.
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Figure 4: ParchMint can be used to examine the limits of physical design algorithms. The above figure shows one such work-
flow where algorithm designers can construct benchmark spaces using the data captured by designs following the Parch-
Mintspecification and understand the performances of physical design algorithms on benchmarks located in different re-
gions of the benchmark spaces. This allows researchers to identify the shortcomings of algorithms and approaches applied to

generate the physical design of the microfluidic device.

Application-converted Benchmarks. These netlists, synthetic_N (1-
7), were derived from a set of bioassay specifications originally
released by DTU Compute [24]. These assays were originally de-
signed for electrowetting-based digital microfluidics, and were con-
verted to netlists using an architectural synthesis heuristic [25].
Some of the netlists that were generated using this method were
non-planar; we manually planarized these netlists by manually
removing valves and channels until the netlist became planar.

Biologically Inspired Benchmarks. These netlists manually designed
using the published device images used in synthetic biology ex-
periments surveyed by Huang and Densmore [12, 13]. The designs
were originally defined using MINT, which subsequently converted
ParchMint files.

Grid Benchmarks. These netlists include designs grid_N (2-16)
which contain generic N X N grids of cell-traps with valves that
allow for the selection of either horizontal or vertical rows.

4.3 Benchmarking Case Study

We synthesized the flow layers of the ParchMint benchmarks using
physical design systems developed independently by two research
groups. The discussion that follows highlights the issues that were
uncovered during this process, which illustrate the need for a com-
prehensive microfluidic benchmark suite that includes scale and
feature variance; otherwise, it will not be possible to properly eval-
uate and compare different physical design automation algorithms.

Both systems were able to automatically generate valid place-
ments for all benchmarks; however, valid routing results could not
always be obtained. For example, a simulated annealing placer that
used Hadlock’s Algorithms for channel routing [12] could not find

routable layouts for the Assay Inspired and Application-converted
benchmarks.

The Planar Embedding and Network-Flow algorithm[21] success-
fully placed and routed all in the Biologically Inspired Benchmarks
except for net_mux, which contains two components with very
high connectivity: 19 connections in each case. The presence of a
large number of connections to a single component created areas of
high routing density, which became difficult to resolve. Placement
via planar graph embedding exacerbates the situation since it does
not consider the possibility to rotate the orientation of components
during placement. One of the high-connectivity components has
a majority of ports on one of its sides: if that component’s ports
face away from the majority of its neighboring components, then
it becomes increasingly difficult to obtain a legal routing result.

The Planar Embedding and Network-Flow method was only able
to route grid_2 in the Grid Benchmarks suite. The problem is that
the placements, which were otherwise legal, were not well-attuned
to creation of a grid-like routing structure. This is a byproduct of
the Chrobak-Payne planar embedding algorithm [4], which creates
an initial placement. This method employs triangulation to place
initial points, which are later expanded to 2D components, within a
2D plane. The general tendendency is to place components within
sub-triangles along the diagonal of the plane. This arrangement
leads to high congestion and a high rate of routing failure along
the diagonal.

The Planar Embedding and Network-Flow algorithm success-
fully placed and routed all of the Assay Inspired and Application
Converted benchmarks; however, simulated annealing placement
coupled with Hadlock’s routing algorithm were less successful. The
simulated annealing placer minimizes a cost function based on to-
tal connection length and total chip area: after extensive testing,
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Table 2: Benchmarking failures for Planar Embedding & Network-flow and Simulated Annealing & Hadlocks Algorithms

Layout Algorithms Planar Embedding and Network-Flow Simulated Annealing and Hadlocks
Coverage 6/6 7/7 9/10 1/16 0/6 0/7 10/10 12/16
Placement Failure ° °
Failure | High Density Component [
Modes Poor Embedding ®
Memory Limit [ )
Collection AssAay Synthetic B1010g1cdly Grid AssAay Synthetic B1010g1cally Grid
Inspired Inspired Inspired Inspired
. . # Components [min, max] [13, 33] [12, 62] [4, 61] [14,414]
Design Complexity # Connections [min, max] [12,38] | [11,64] [3,87] | [14,566]

we observed that this strategy led to compact layouts which were
non-planar and difficult to route. These issues were exacerbated by:
1) small component sizes, 2) sparse connectivity, and 3) the lack of
consideration for routability in the objective function.

Another observable difference arises from the amount of buffer
space that is reserved around components and connections for
routing. For example the simple and flow_focus benchmarks from
the Biologically Inspired Benchmarks set exhibit a relatively large
amount of buffer space surrounding relatively small component
sizes, which wastes space when Hadlock’s algorithm is used to
route channels. In contrast, the Network-Flow router reserves far
less buffer space, but aggressively rips up, re-orders, and re-routes
for multiple iteration before it finds a valid routing solution. The
amount of buffer space that was allocated was independently hard-
coded in the independently-developed physical design tools; an
ideal comparison would be performed either using the same amount
of buffer space, or repeatedly varying the buffer space for each al-
gorithm until a valid routing solution can be found. This issue high-
lights difficulties that may occur when research teams exchange
code and benchmarks, even when using a standard interchange
format between physical design step. This type of variability be-
tween methods necessitates that inclusion of the params field in
the standard interchange format.

Both flow-layer routers evaluated here are grid-based. Fine-
granularity routing can therefore stress the memory capacity of a
modern computer for benchmarks of non-trivial size. Benchmarks
exhibiting sparse placements that entail a substantial allocation of
whitespace required more memory than was available to allocate
a full routing grid. To compensate, both Hadlock’s router and the
Network-Flow router employ a variable precision routing grid (e.g.,
1pm, 10pm, or 100um) using a pre-processing method that scales
down the entire netlist geometry by a factor prior to placement step.
Although scaling decreases the accuracy of the results by a small
amount, it allows us to place and route much larger benchmarks.
Many of the benchmarks presented here were processed with a
10pum routing grid, and are annotated in Table 2.

The two routers that were compared used different methods to
determine the start and ending point of each channel. While some
components have ports that are functionally interchangeable, oth-
ers require specific fluid channels to be routed to specific ports. The
Network-flow Algorithm assumes the ability to freely assign ports
to routed channels, while Hadlock’s router requires all ports to be
pre-assigned prior to routing. To eliminate this discrepency, we

pre-assigned ports to all connections in the benchmark netlist spec-
ification, even in cases where components do not require specific
port assignments.

5 CONCLUSION

We hope that the MINT and ParchMint file formats and bench-
marks spur subsequent standardization efforts to the benefit of
the MDA research community. As a specification language, MINT
effectively captures microfluidic device architectures in a format
that is both human and machine readable, while ParchMint encom-
passes information relevant to physical design. Members of the
MDA community can contribute to both MINT and ParchMint stan-
dards via their respective Github Repositorieslz, Our evaluation of
two independently-developed physical design software packages
was non-exhaustive, but uncovered many non-obvious challenges
that must be overcome to enable direct and unbiased comparisons
between design algorithms in the future and demonstrates the need
for the MDA community to communicate and collaborate effec-
tively.

We hope that future microfluidic designers would be able to
specify their designs using MINT to capture the design parameters
that are necessary to ensure functionality, that researchers who
develop new MDA algorithms will evaluate them using ParchMint
and that widespread adoption of these standards will reduce the
barrier to reporting algorithmic developments and being able to
generate functional device designs.
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