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Objective

* Miniaturized, automated programmable (bio-)chemistry
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Outline

e Digital Microfluidic Biochip (DMFB) Technology



Electrowetting on Dielectric (EWoD)
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Active Matrix Control
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(2012) 2:353-369, Fig. 1

M+N inputs independently control MxN electrodes

16x16 device fabricated and tested 2 weeks ago by Dr. Philip D. Rack’s group at
the University of Tennessee, Knoxville, and Oakridge National Laboratory




Active Matrix Addressing in Action
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“Blob” Motion




“Oblong Blob” Motion




CPS Challenges

(@)

DMFBs are “dumb”

— Microcontroller sends
signals to electrodes

— Limited feedback from
sensors

— Physical state of the
system is unclear
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e Static DMFB Compilation



Fundam

:I— -'=
|
L )

Transporting

Splitting

L

ental Operations

| -.
(N 4

mE

_I.I_

+ External components
— Heaters, detectors, sensors, etc.
— Placed at pre-specified locations on the DMFB

— Route droplet(s) to the location
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Static DFMB Compilation
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Schedule assay operations and select module types
(e.g., mixer dimensions)

Place assay operations on the DMFB
Route droplets to their destinations
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Linear State Machine Control Model

Two droplets brought together and merged.

x"dﬂg/ @Jﬂ; @\W

--’

\-"_"i* ] h 7 Two droplets

stored

* Timed state transitions (e.g., wait 10ms)
* Feedback-driven transitions (e.g., by capacitive sensing)




Variability in the Linear Model

* Limitations
— No control flow
— Variable-latency operations

— Error detection and recovery
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2: Dynamic Recompilation

3: Dynamically update the state e
machine and resume execution




Outline

* Dynamic DMEFB Interpretation



Virtual Architecture
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 Dynamically execute the assay in an on-line fashion



Dynamic Interpretation
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* Update the schedule on-the-fly

e Dynamically bind operations to work chambers
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e 2D mesh layout simplifies routing

* Naturally scalable to larger active matrix arrays
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Outline

* Experiments



Open Source Synthesis Framework

Draw Re|eaSe |S

Annotated

GraphViz Graph (DAG) next week!

Scheduled
Assay Internal I/O Assay Internal I/O

Bypass Bypass

(DAG) S Place-
WPl Scheduling ctoe_- Placement to- Routing
DMEB Place Route

Assay

Arch
__— Compact || Cyclic
Routes Routes
C++

Draw Draw Draw Draw
Compact Compact Cyclic Cyclic
Simulation Routes Routes Simulation

Draw 3D Draw 2D

Placement

Placement

Java
D. Grissom et al., VLSI-SoC (2012)



Compiler Implementation
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Computation Time

4000 79,554 f
Static Compiler 2 340
B Interpreter

s

ge)

-

O 2000

O

% Experiments performed on a single- 1439

threaded Intel Atom™ Processor
520
0 3<1 17 <1 149<1 <1 <1 <1 <1

PCR In-vitro 1 In-vitro2 In-vitro3 In-vitro4 In-vitro5

Protein



Outline

e Conclusion



Conclusion for the CPS Community

e Assume high variability and uncertainty in physical processes
e Take an online, rather than an offline, approach!

e Life does become easier if the “cyber” folks can influence the
design of the physical part of the system
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