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— 1002

A method for implementing workflows. At a first device comprising one or more
processors, memory storing one or more programs for execution by the one or more
processors, a controller, a communications interface, a power supply, and one or
more peripheral devices, the one or more programs singularly or collectively
executing a method.

_______________________________________________ =11

-
IThe first device communicates with at least one external web server or external :
|database server. :

________________________________________________ P
! The first device saves data describing data of the executed instructions :
e e [
l 1008
Obtain a first plurality of organic engineering targets
______________________________________________ _~—[toto
} Each organic engineering target in the first plurality of organic engineering :
| targets is a plurality of reagents of nucleic acid components. :
e _e—o12
' Each organic engineering target in the first plurality of organic engineering :
1 targets is an assembly of nucleic acid components. :
i 1014

Assign the first plurality of organic engineering targets to a first uncompiled
workflow.

The first uncompiled workflow is configured to produce the first plurality of organic
engineering targets, and the first uncompiled workflow is associated with a first
subset of process modules in a plurality of process modules. Each respective
process module in the plurality of process modules is associated with a different
subset of unit operation definitions in a plurality of unit operation definitions, and
each respective unit operation definition in the plurality of unit operation definitions
is independently associated with a corresponding time interval as well as each
respective unit operation definition in the plurality of unit operations is independently
associated with a first subset of instruments in a plurality of instruments.

FIG. 3A
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/r—1014conﬁnued

:The first uncompiled workflow is selected from the group consisting of: cloning, :
:evolutionary organic engineering, genome organic engineering, genotyping, :
:Iibrary screening, pathway construction, and protein organic engineering |

The plurality of process modules comprises two or more process modules
selected from the set: cell culture, DNA assembly, DNA purification, DNA
quantification, normalization, polymerase chain reaction (PCR), protein
extraction, sample analysis, sample preparation, sampling, and

|

|

|

|

|

|

|

: transformation. [/_1__
| - |
: : The plurality of process modules comprises three or more process

: : modules selected from the above set of process modules.

|

—_—— e —— o — —

[
The plurality of unit operation definitions comprises two or more unit operation :
definitions from the set: centrifugation, chilled incubation, chromatography, [
colony selection, colony separation, dispensing, electrophoresis, :
electroporation, heated incubation, labelling, magnetic separation, mass :
spectrometry, peeling, pipetting, plate reading, sealing, shaking incubation, :

spectrophotometry, and thermo-cycling. /_,_.——
gl |

The plurality of unit operation definitions comprises three or more
unit operation definitions selected from the above set of unit

i
I
I
: operation definitions.

: The plurality of instruments comprise two or more instruments from the set: a :
: liquid handling robot, a temperature controlled block, a microplate reader, a :
I chilled incubator, a heated incubator, a shaking incubator, a reagent :
: dispenser, a plate centrifuge, a storage carousel, a de-lidding station, a blow- |
: dryer, a plate sealer, a label printer, a pipetting device, a shaker, a light box, :
: and a camera. |
|
[
[
|
|
|
[

I i
: The plurality of instruments comprises three or more instruments :
I selected from the above set of instruments. :
I

—1016
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/—10 14 continued
] 1030
: The first device is in electronic communication with at least one transport :
: path coupled to the plurality of instruments for receiving a sample from the :
I plurality of instruments and returning the sample to the plurality of :
| instruments. /‘T—'1032
| Fom T — - I
: The transport path comprises at least one transporter configured to :
|
|

i

[

: move about the transport path, and a physical storage medium :
I disposed on the at least one transporter. _‘/’__:__’_,__.1034

——————————————————————————————————— i | |

The at least one transporter comprises a robotic arm, a :
ground vehicle, a drone, a conveyor belt, a transfer :
|

|

I

station, a lift, a crane, an elevator or a combination
thereof.

——————————————————————————————————— ‘——/—l’)—‘——-'_ r1036
__________________________________ ___I

robot |

FIG. 3C
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— 1038

Translate, for each respective organic engineering target in the first plurality|
of organic engineering targets, the first uncompiled workflow into a
corresponding instance of a compiled first workflow for the respective
organic engineering target.

__________________________________________ T 1040

' | Each respective compiled workflow in the plurality of instances of the :
l compiled first workflow is a scheme to synthesize and express a pair of |
I TALEN in a single transcript format by a P2A self-cleavage sequence.

— 1042

|
| At least 400 pairs of TALENSs are expressed in a 24-hour time : :
| interval. [

|

— 1044

__________________________________________ .(1_
I Convert a first organic engineering target in the first plurality of organic |
: engineering targets into one or more first inputs for the first uncompiled :

| workflow. __—t 1046
r----"-"-"-"""-"""-""-"-"-""-"=-"~"-""=-"—¥/”"¥”"¥"“=-"¥"="¥"¥"=-—"¥"=—"¥"= ¥ ‘“"¥"="-"¥—-—-—"¥"\"="-—""=-—""”"”-"="-"—"—-- - |

The first organic engineering target is synthesis of a first -i
nucleic acid and the one or more first inputs for the first |
uncompiled workflow are a set of nucleic acid bases for |
L synthesizing the first nucleic acid. !

__________________________________________ 1 1048

|
I The first uncompiled workflow includes a branch condition, a loop :
: condition, or a nest condition. The translating resolves the branch :
: condition, loop condition or nest condition in order to form the linear :
I temporal order of the first plurality of unit operations. :

|

FI1G. 3D
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/—
Each respective instrument in the first subset of instruments includes an
address of the respective instrument and one or more execution
instructions for the respective instrument. |
| — _é:_
: The address of the respective instrument comprises Cartesian :
: coordinates, polar coordinates, spherical coordinates, joint coordinates, :
| or tool coordinates of the respective instrument. :
.
___________________________________________ e~ |
:The address of the respective instrument comprises a physical location :
: of the respective instrument. :
gy
:The address of the respective instrument comprises a unique electronic :
: address of the respective instrument. :
<l I
: The corresponding instance of the respective compiled workflow further :
: comprises an operating condition for the respective instruction. :

FIG. 3E
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—
The first plurality of unit operations is temporally organized into a linear
temporal order, and each respective unit operation in the first plurality of
unit operations is characterized by the time interval of the corresponding
unit operation definition, thereby forming a plurality of instances of the
compiled first workflow.
g 447’—
: Enable the user of the first device, via a graphical user interface, to |
: adjust the linear temporal order of the first plurality of unit operations. :
____________________________________________ 4
P e ~ |
: Each organic engineering target in the first plurality of organic :
: engineering targets is an input into a corresponding instance of a :
| compiled first workflow in the plurality of instances of the compiled first
| workflow. :
____________________________________________ 4
P e
: Each organic engineering target in the first plurality of organic :
I engineering targets is an output into a corresponding instance of a :
: compiled first workflow in the plurality of instances of the compiled [
| first workflow. :
____________________________________________ J
o _(I'
: Cause the first device to export the output of a corresponding I
! instance of a compiled first workflow to a second device. :
____________________________________________ J

1
I The second plurality of organic engineering targets are determined :
, from outputs of the plurality of instances of the compiled first workflow. :

|

FIG. 3F
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— 1074

Assign the second plurality of organic engineering targets to a second
uncompiled workflow.

The second uncompiled workflow is configured to produce the second
plurality organic engineering targets, and the second uncompiled workflow
is associated with a second subset of process modules in the plurality of
process modules.

l — 1076

Translate, for each respective organic engineering target in the second
plurality of organic engineering targets, the second uncompiled workflow
into a corresponding instance of a compiled second workflow for the
respective organic engineering target. —T 1078

|
I Two or more instances of the compiled first workflow are

| executing at a time when the translate is executed.
[

l — 1080

Each respective instrument in the second subset of instruments includes an
address of the respective instrument and one or more execution
instructions for the respective instrument.

l — 1082

The second plurality of unit operations is temporally organized into a
linear temporal order, each respective unit operation in the second
plurality of unit operations is characterized by the time interval of the
corresponding unit operation definition.

FIG. 3G
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Concurrently executing two or more of the plurality of instances of the I
compiled first workflow and two or more of the plurality of instances of the :
compiled second workflow. I

i

I

I

I

I

' [
[

: I The first subset of instruments comprises two or more instruments, : :
i | the second subset of instruments comprises two or more P
I | instruments, and at least one instrument in the first subset of I :
| Linstruments is in the second subset of instruments. Loy
|

L

1
: Concurrently execute three or more of the plurality of instances of the :
: compiled first workflow and three or more of the plurality of instances of :
i the compiled second workflow. The first subset of instruments comprises
I three or more instruments, the second subset of instruments comprises I
| three or more instruments, and at least two instruments in the first subset |
: of instruments is in the second subset of instruments. :
| I

FIG. 3H
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1090

: Validate the second plurality of unit operations according to a

: predetermined validation list. The predetermined validation list comprises

I one or more criteria of the compiled second workflow.

o
)
\S}

The one or more criteria of the compiled second workflow
comprises a priority of each unit operation in the second plurality of
unit operations, a weight of each unit operation in the second
plurality of unit operations, a time of completion for the second
plurality of unit operations, a compatibility of the second plurality of
unit operations to a different plurality of unit operations, a property
of each unit operation in the second plurality of unit operations, and
one or more constraints of the second plurality of unit operations.

U |

1094
I ______________________________________ = I

The property of each unit operation in the second plurality of
unit operations is selected from the set: a viscosity value, a
purity value, a composition value, a temperature value, a
weight value, a mass value, and a volume value.

1
Concurrently executing one or more instances of the compiled first :
workflow and one or more instances of the compiled second workflow. |

: Concurrently executing two or more instances of the compiled first :
I workflow and three or more instances of the compiled second :
: workflow :

: Concurrently executing three or more instances of the compiled
I first workflow and three or more instances of the compiled second
: workflow

FIG. 31
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|
At each respective time step in a recurring series of time steps, simulating :
a remainder of each of the one or more instances of the compiled first :
workflow thereby forming one or more first simulations, simulating a I
remainder of each of the one or more instances of the compiled second :
workflow thereby forming one or more second simulations, and firing an :
interlocking condition error handler associated with a first unit operation in |
an instance of the cne or more instances of the compiled first workflow :
that forms an interlocking condition with a second unit operation in an :
instance of the one or more instances of the compiled second workflow. :

[

Firing the interlocking condition error handler adjusts one or more i
time intervals of one or more unit operations in an instance of the I
compiled first workflow or an instance of the compiled second :
workflow that have not been executed. :

I Firing the interlocking condition error handler adjusts a weight one

I or more unit operations in an instance of the compiled first workflow
: or an instance of the compiled second workflow that have not been
I executed as a function of a priority assigned to the compiled first

I workflow versus a priority assigned to the compiled second

| workflow.

Firing the interlocking condition error handler adjusts one or more
time intervals of one or more unit operations in an instance of the
compiled first workflow or an instance of the compiled second
workflow that have not been executed as a function of a priority
assigned to the compiled first workflow versus a priority assigned to
the compiled second workflow.

Firing the interlocking condition error handler aborts an instance of : :
the compiled first workflow or an instance of the compiled second : I
workflow. ! |

|
| The interlocking condition error handler is a mutual exclusion error ! !
I handler. |

|
: Firing the interlocking condition error handler suspends an instance
| of the compiled first workflow or an instance of the compiled

| second workflow.

FIG. 3J
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—_—_——e—eee— e, e — — —_———_——

o e 1116
: Each time step in the recurring series of time steps occurs on a : :
| periodic basis. i
—+—T1— 1118
A 1oy
| : Each time step in the recurring series of time steps occurs : : :
|1 every five minutes. Lo
| |
I
1120
_________________________________________ 0

Each time step in the recurring series of time steps occurs
responsive to an occurrence of event in a plurality of event classes.

The event class is an instrument error, a power failure, a
sample dropping, or an interlocking condition.

|
The first subset of instruments comprises two or more different instrument |
classes, and the second subset of instruments comprises two or more I
different instrument classes. :

| |
: A first instrument class and a second instrument class is used by :
: both the plurality of instances of the compiled first workflow and the :
| plurality of instances of the compiled second workflow. The first |
: instrument class has a first multiplex value, the second instrument :
: class has a second multiplex value, other than the first multiplex :
| value. The non-transitory computer readable storage medium |
: stores instructions for enacting a scheduler that maximizes (i) a :
: number of instances of the plurality of instances of the compiled :
| first workflow, (ii) a number of instances of the plurality of instances |
: of the compiled second workflow, or {iii) a number of instances of a :
: combination of instances of the compiled first workflow and the :
I compiled second workflow that can concurrently use instruments of |
: the first instrument class and instruments of the second instrument :
: class given the first multiplex value and the second multiplex value. :
| |

FIG. 3K
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1124 continued
:"_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_‘_'_‘_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'f_'_‘ : —1—1128
: : The scheduler maximizes, at least in part, by invoking a first
I : number of instances of the first instrument class as a function of the
: | first multiplex value of the first instrument class and invoking a
! | second number of instances of the second instrument class as a
| : function of the second multiplex value of the second instrument
: | class to be run concurrently support concurrently running instances
| : of the compiled first workflow and the compiled second workflow.

r-r—-—--——-——-""""--"""-""-"=-"=--"—-"—-"—-"-"-"-"-"-"-"-"=-"=-—"=-"-""-"""-"-"-"=-="=-"="="="="=—"=""=-=-"—- |
|

| The scheduler maximizes, at least in part, by concurrently running | :
I a first number of instances of the first compiled workflow and a : I
: second number of instances of the second compiled workflow. : :

[

: The scheduler maximizes, at least in part, by adjusting, by an :
I amount, a time interval of a respective unit operation in the first |
: plurality of unit operations of an instance of the first compiled :
: workflow from the time interval of the corresponding unit operation :
I definition or by adjusting, by an amount, a time interval of a |
: respective unit operation in the second plurality of unit operations of :
: an instance of the second compiled workflow from the time interval :
: of the corresponding unit operation definition. :

FIG. 3L
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