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DANE 2.0 Purpose

DANE 2.0 was developed at the Design Intelligence Lab at the Georgia Institute of Technology. One of the primary
research threads at the Design Intelligence Lab is analogical design. DANEesigimebyAnalogy toNature

Engine, was conceived of as a tool to facilitate particular kinds of analogical design activity, as well as to facilitate
research into the cognitive underpinnings of analogical design. DANE 2.0 has four primary functions:

Facilitate Biologically Ins pired Design Activity

As the name implies, DANE is intended to be an engine for design. In particular, DANE is intended to facilitate
biologically inspired design. Two major challenges of biologically inspired design are (1) finding biological systems
that are relevant in a dégn context, and (2) understanding those systems so that one can extract and transfer the
appropriate working principles. DANE 2.0 provides designers with two principle design tools: the ability to create
and maintain structured descriptions of biologisgktems, and the ability to quickly access descriptions useful to a
designer's projectThe main purpose of this document is to show users how to do each.

Cognitive Research Platform

In addition to the very pragmatic goal of providing a community of desgwith a tool for storing and retrieving
information relevant to their design context, DANE 2.0 is designed todogjpitive scientistbetter understand
the role of structured representation in the context of analogical design. By altering the caridfdr behavior of
the design tool and observing designers under these different conditions, we hope to learn more about the
influence of structured representations on the process of analogical design. The insight garnered from this
research, will informlzanges that enable greater facilitation of the activity listed in the first goal.

Augmented Intelligence Platform

Although DANE 2.0 is not (yet) capable of "intelligent behavior", such as analyzing designs or making
recommendations, it is the goal of thégstem to provide a mixethitiative design experience, with the

computational tool acting as a (limited) collaborative partner in the design process. The SBF models used in DANE
2.0 were selected particularly because several systems have already bétarsing them to accomplistiesign

analysis and recommendation.

Structured Representation Development

Structured representations used by DANE are based directly on the StriBhaviorFunction ontology,

developed by the Design Intelligence Lab overdberse of many years. These representations can be used to
explicitly represent biological systems in DANE in a format readable by both humans and machines. As causal
explanation models, we have some evidence that these representations facilitate deameaf biological

system working principles. We believe they will also assist in the transfer of those principles into the design
domain. Furthermore, the organizational framework implied by the SBF ontology, for instance hierarchical
decomposition alondunctional lines, is used as an organizing principle for DANES2\eral online instructional
videos are available for the SBF modeling ontology.



DANE 2.0Browsing

Initial Screen
When the application opens, you will see a functiandel list to theleft, and a blank panel to the right. You can

resize the left window pane, as well as the application pane, as described in the following figure.

Drag this bar to resize the
o right side pane horizontally. B

All Function Models.

Name Subject verb
Osmosis Osmotic Sys... Transport -

ATP Hydrolysis ATP Produce
Xylem trans... Xylem Transport
Root Absorb... Roats Absory
[ranspiration  Vascular Plants Transfer

Kidney remo... Kidney Filter

Nephron Fit... Nephrons Filter

Decrease su... Pipe Diamet... decrease
Intestinal Pe.... Smoath Mus... Transport
Faciitated Di... Carrier Protein Transport
Co-Transport Carrier Protein faciitates
Diffusion Difference ... Transport
Active Trans... Chemical En... Transport

et Using the (middle)
T maximize button will
< maximize the application to

your screen size.

Bl 0@ =]7]8]]

Use the lower right corner
of the window to manually

resize the application
window




Function Model List

One of the key values DANE provides to the design community is the ability to baovadlection of biological

models for discovery and inspiration in the design process. The primary ordering and indexing method for finding
are two main tools to find systems by function. The first is the
function table, shown in Figure 1Clicking on a function will bring that pull that function model up in the model
view pane (which starts off empty) to the right of the function model list. It will also enable the fuAtdigigation
window below the functiormodel list. NOTE: it can take a few seconds to recall the complete function model from

these systems is indexing by FUNCTION. There

the database; they can be quite complex.

Click on Name, Subject or
Verb to sort

Osmosis

ATP Hydrolysis

Xylem transports water
Root Absorbs Water

ofirface area to vol...
inajfPeristalsis
Diffusion

man Small Intestine Absor...
testinal Villi Absorb Lipids I...
Increase Surface Area to Vol...
Pressure Difference causes fi..

Subject Verb
Osmotic System Transport -
ATP Produce
Xylem Transport
Roots Absorb
.. Kidney Filter
Nephrons Filter
Pipe Diameter Differential decrease
Smooth Musdes Transport
Carrier Protein Transport
Carrier Protein facilitates
Difference In Concentration ~ Transport
Chemical Energy Transport
Human Small Intestine Absorb
Intestinal Villi Absorb
Pipe Diameter Differential Increase
. pressure gradient Cause
Absorb >

Intestinal Villi Absorb Water ... Intestinal Vill

Clicking on the function
name will bring the system-
function model up in the
right side panel

Use the scroll bar to see
additional system-function
models




Function Navigation Window

When you select a function model, two things will appear. First you will see a fua@iagaton window appear

below the function model list. This function navigation window will show all of the functions related to the
function you have just selecte@he function you selected will be shown in Yellow (nephron filters blood in the
screen shot beloy If the functionyou selectechas supeifunctions(i.e. functions that utilizéhe selected

function), these will appear as boxes abovdfithe function has sutunctions (i.e. functions which the selected
function utilizes) these will appear as boxedow it. Note the horizontal scroll bar. In many instances; aod
superfunctions will appear ofscreen; you have to use the scroll bar to see them all. Clicking on any of these sub
or superfunctions will pull up that function as though you hselected it in the function model list window. This
provides a handy way to navigate through related-sad supef functions.

Clicking on any function here
will select it as though you
clicked on it in the function

model list

Nephron Filters Blood is related to these other functions.
Double-dlick on a function name to navigate to that functiger

Note some sub-functions
here appear off-screen. Use
/ the scroll bar at the bottom

to navigate to them.

Kidney removes waste from blood

Nephron Filters Blood

N

s
Co- Transport Osmosis ATP Hydrolysis Active Transpt

<4 m »

You can also drag and drop these functions

around as you like within this sub-window,

to get a better view, but your changes will

be lost as soon as you navigate away from
this function.




Function Model z Description Tab

The function model description window provides an interface to allow you to browsaitiation

model. It defaults to the description tab view, shown here. This view allows you to see images of the
function, a list of objects, and a text description. Double click on an image to show a slightly larger view
of that image. Note, some image®y be offscreen. Use the scroll bar to navigate to them. Likewise,
double click on an object to bring up an Object Description Window. Clicking on the Model View Tab
will bring you to the Function Model View window.

These tabs allow you to select
Double clicking on a between Description View (shown
picture will provide a here) and Model View.
better view of the
image. et
mages: Associated Objects
\ S - Afferent Arteriole »
\ -y Blood
] 1] . owman's le
g § golle:mql:c:f:d

Z| Distal Tubule
Efferent Artericle
Glomerulus
Loop of Henle
Nephrons

1)

-

H

N L: : Peritubular capillary
\ \l T Proximal Tubule
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Description

Use the Scro” ba r to hrons are the basic units of kidney that perform all the purification and
see if additiona| jration performed by the kidney.

images are present,
but off-screen. \

This is a list of all the
objects associated with
the function model.
Double click on any
object in the list to
bring up an object
description window for
that object.

This area provides a
text description of
the function,




Function Model z Model View Tab
The function model view shows several sets of information, including: the Function Name; Verb
associated with the function; Subject of the function (i.e. system performing the function); Object(s) of
the function (those things which the system is perforgithe function on/to); Prepositions related to
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bring up and object view window further describing that object.
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Additionally there is a button leading to the Behavior Model, and a button leading to the Structure
Model, clicking on either wiplull upwith a behavior or structure modelindow, respectivéy.

[ Description Model View

Name of the Function

of the Verb:

Object(s) of the Verb:

Preposition condition(s):

Adverb condition(s):

Behavior:

Structure:

* |Nephron Filters Blood

bon: | Filter

* |Nephrons

: Blood

m. | » Myl »

m | »

Behavior Model [ =] —
(o = K X =]
X
Structure j Emodel! ! \\

©
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Double clicking on
the subject or an
object will bring up
an object view
window with a
further description.

Click on behavior
model, for the
behavior model view

Click on structure
model, for the
structure model
view

l.j



Behavior Model Window z Description Tab

The behavior model window has two taa description tab and a diagram tab. The description tab has
an image portion providing images of the behavior, and a text description portion. As before, double
click on an image to see a larger view, and use the scroll bar (not present in this example) to see images
not present in the current viewClick the OK button at the bottom of the window to close it.

These tabs allow you to select
between Description View (shown
here) and Diagram View.

| -] Behavior model edito

Description

15 5 COULIAN WAL DI $ £2gUE, 214 A5 AT 1 U Gl A scroll bar here would

‘between the arteriole creates a 50 mm Hg pressure increase in the glomd

icki i £25 mm He, and colloid osmot f1smmH R H A
Double clicking on a o e ot e mdcsted emesc e ot en - ndlicate additional images are
p | Ctu re Wi I I p rov | d e a s porous to small molecules, and because of the pressure, small molecule] p rese nt, b ut Off'sc ree n .
. he substance known as filtrate. Jon levels are high in the filtrate, and urea|
better view of the , ,
s also connected to the efferent arteriole, the larger molecules which cans
olutes, and blood cells -- pass out of the glomerulus through the efferent arteriole. From there as a result of the continued pressure, the large particles

| m a ge = to the peritubular capillaries.

Description | Diagram

EpEE

Alter bemg collected m the Bowman's capsule, the filtrate moves into the proxgnal tubule, to which the Bowman’s capsule is linked. At this point a number of low-level
biological processes, including active transport, co-transport, osmosis, facilitatedl diffusion, and diffusion take place to remove all of the glucose and amino acids from the
filtrate and as much as 66% of the ions and water. About half of the urea is removed as well, all of which is removed to the peritubular capillaries to be returned to the
bloodstream. As a result of the large amount of water - S— 50%. This concentrated filtrate is then passed along to

the Loop of Henle.

The function of the Loop of Henle results in the remo . . ing the urea concentration in the filtrate by 50 times
what it was s e Bovwatat's capee The xaced | 1S AFEA PrOVIAES @ o s now iy concentaed frse s moved o

text description of
the Behavior




Behavior Window z Diagram Tab

The diagram tab of thbehavior window brings up an SBF state transition diagFeanmore on what

these state transition diagrams mean, please see the SBF online training on Behaviors. Briefly, behaviors

provide causal explanations. This is done through a series of statesplathations; states are the
boxes, transitions the arrows between them. Within each state is a set of (object:property:value)
triples. These indicate the properties and values of one or more objects at a given point in time.

Arrows, representing traritsons between states are annotated with causal explanations. These are of
several types: [stim] for external stimulus, [str_con] for structural connection, [pr] for principle, [fn] for

function, [tran] for transition. To further explore a state, cligko (i K S
GAYR2 8
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will bring up a new State Window, the layout and use of which should be obvious to the user by now.

Click theOK button at the bottom of the widow to close it.

/

|2/ Behavior model editor

Desaiption | Disgram
Explore State

Initial State
Water : Volume : Large
Glucose : Status : present
Vitamins : Status : present
Potassium lon [K+]: Level - high
Blood Cells : Status : present
Urea : Stalus : present

Protein - Status : present

To further explore a
state, select a state
by clicking on it,
then click on explore
state, just under the
tabs

Organic solute : Status : present
amino acids : Status - present
Sodium lon [Na+]. Level : high
Inorganic Solute : Status : present
cloring ion : Level - high

Blaod : Location - Aferent Arteriole

/

STIM) Hesrt crasfes prassurs
[FN] Pressuls PRt 2 A raovermert

4

—

Blood moves into Glomerulus
Blood : Location : Glomerulus

[PR] Afferent Efferent size dferenee causes pressure increase

[PR] Osmotic pressureresistance
[PR] Poiseuille’s Law
L

A state contains a set of
(object:property:value)
triples.

Annotations
between states are
transitions; these
are causal
explanations for why
states change.

won’t fit on one

10

scroll bars to

Behaviors usually
screen, so use the

investigate all of it!




Structure Window z Description Tab

This window is identical to the behavior window, description tab, but with images and descriptions
related to the structure of the systemhgain, click on the diagratab to see a diagrammatic view, or
click the OK button at the bottom to close the window

These tabs allow you to select
between Description View (shown
here) and Diagram View.

Desg

ntains an afferent arteriole through which the blood enters the glomeru] A Sc ro I I ba r i n d icates
. - hrteriole and the Glomerulous are contained in a structure called Bowm:
Double clicking on @ frsuns s s s v ] adldlitional images are present,
picture will provide a but off-screen.
better view of the
image.

This area provides a
text description of
the Structure
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Structure Window z Diagram Tab

The structure diagram window shows the set of objects related to the system, and their relationships as
of the initial state of thesystem. Objects are represented as boxes, relationships between objects as
arrows with annotations representing the kind of connection relationship. Unlike behavior transition
annotation, there is no taxonomy for object relationships; they are simply tiegt annotations. Again,

use the scroll bars to navigate around the model. To further investigate an object, click on the object,
YR GKSy Ot A01 2y G9ELX 2NB hoaSOGé t20FG§SR i

=] Structure model editor

— Annotations
st between states are
transitions; these
are causal
explanations for why

states change.

To further explore an
object, select a
object by clickingon | ... . s B e
it, then click on
explore object, just
under the tabs

A object is represented
= by a box, with the object
name in it. There may or
may not be pictures of
the object in the box too.

12
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Object Window z Description View

By now, this should be familiar territory. Clickable Images at the top; text description at the bottom; a
tab to switch between views. This time tab will take you to an overview tab providing categorization
and property information abouthe object.

These tabs allow you to select
between Description View (shown
here) and Overview View.

[Cx2)

Description

A portion of the nsghron’s duct that leads into the loop of Henle from Bowman's capsule. The epithelial
h microvilli which are presumed to aid their resorptive function.

Click save or cancel to close the
window. Don’t worry, you can’t
make changes, so nothing will be
saved ©

\

| Save || Cancel ]
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Object Window z Overview View

In the overview we see the categorization information for an object; this information will be different

for technological versus biological systemBis is general purpose information, but is currently notduse

by DANE. Furthermore, this is where the properties of the object can be found. These are the properties
laa20Al GSR gAUGK (GUKS 202S00a Ay GKS adldasSa F2dz/R
GOKAf RéE KASNI NOKA Oobperty Nierfdtande Az yld ikharitdall of thefpdperiieg &  LINJ
the parent (shown on the lower left). It may also have its own unigue properties (shown on the lower
right).
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