miniTUBA Tutorial

miniTUBA is a web-based modeling system that allows clinical and biomedical researchers
to perform complex medical/clinical inference and prediction using dynamic Bayesian
network analysis with temporal datasets. The software allows users to continuously update
their data and refine their results. miniTUBA can make temporal predictions to suggest
interventions based on an automated learning process pipeline using all data provided. A
detailed step-by-step walk through is provided as follows.

1. Getstarted

Point your browser to http://www.minituba.org as shown in Figure 1. To start your
own research project, click on “Research Projects”. To test all the features in miniTUBA
using our demo account, click on "Sandbox Demo™.

Differences between “Demo” & “Research Projects”: (1) “Research Projects” need
individual account. (2) “Research Projects” need approval. (3) “Demo” projects are public,
no privacy.
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Figure 1

The "Sandbox Demo™ (Figure 2) or “Research Projects” (Figure 3) web page lists many
projects publicly viewable:
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Sandbox Demo:
Welcome 10 our miniTUBA Sanabox Demo system, which allows you 1o test all the features in miniTUBA using our demo account
The: following projects currently exst in the Sandbox Demo sysbem

1 mINTUBA Dems for Clinical Dataset, by miniTUBA team at University of Michigan
2 mMINTUBA Demo No 7, by miniTUBA team at Untversity of Michigan

Currently. you are kogged in as a registered user

To log in @ Sandbox Demo account. please Log out first and hen Log in using 3 publc Demo account (user namé “demo@e a.u”
and password "gemo”). Please be advised that the Sandbox Demo site can only use up to 10 minutes of computation tme and ug
10 tWO COMPULEF SEMVES i OUr MUMI-Server System. Snce every one can access this account, the data you input will not be
private

Hawe fun. Please et us know if you have any suggestions and comments.
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Research Projects

fie have hosted 3 number of research projects

ulabon of Sepsts in Beary Obsiruclion. by Rebecca M. Minter at Universay of Michigan

InRammeation, by Devin Horton at Bosion University

Lworkin Brucelia Suis infecled Maeropnages., by Oliver He a1 Universily of Michigan

Adjustabie Gasine Banding for the Treatment of Morbid Obesity in Adolescents. by Evan P. Nadier MD at NYU
bcin.:ol ur Medicine

Py

To create and work with your own projects, please Log in your account first If you do not have an account, please Ragister for one
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Each project shown in the "Sandbox Demo" or “Research Projects” web page is described
(Figure 4). However, the project owner may decide not to show all the operations.
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Project: miniTUBA Damo for Clinical Datasat

Investigaters: miniTUBA team at University of Michigan, Created at 2007-02-07 1526 Last upaated at 2007-02-14 1554

Description:

The following represents a polential clinical scenanc and dat; which miniTUBA cousd be used 1o evaluale. An infinde number of vanables can be inciused

n e datasel. but for the purposes of this demonstration onh ily vanabies will be analyzed. This data is and has been g for the
purposes of the features in the miniTUBA system

Demonstration Stenana

A Qroup of INvesigalors ane NIeresied in gelermining Now a caane of cinical vanabies and milammalory medialors can be used 1o predict which patients in
the surgical inflenseve care unit (SICU) are iiely 10 develop Sepsis. Severe sepsis contmues 1o carmy a monaity rate approachng 50%. and many sepss
herapeute trials have failed due 1o e complex and dynamic nature of s syndrome. Thus, dynamic Bayesian analysis provioes a unique means of
analyzng mulliple INfluences which may change over tme. and how ey impact an individual SICU patent?s likeliood of developing sepsis on any given
aay

A tonort of S00 patients were followed daily i the SICU from admission o discharge. Of these patients, 122 mel erilena for sepsis. A number of clinical
VArADIES and INAAMMAONY MEMATONs Were Measunea as shown in e data entry Jemonstration Below. For the purposes of this demonstration, a two day
nterval (Markov 1ag) was Chosen 1or analysis: Meaning. the relatonships SHown would be xpected 1o OCCur with a two day 1 (1€ If a patent received a
transfusion. their WBC would be Impacted two days later). This 130 was Chosen 10 alow 10r @ penod which seemed clinkally relévant to provise information
Which wousd aliow 107 8 pOSSIDIE INtervention betore the deleterious culcome developed. Nowever. any time interval (Markov 130) ¢an be thosen for analyss.

Wt an Interval of two days selected for analysts, mIniTUBA kdentified the following mast likely ¢ausal relationships Detween variables studied and the
GEVEIOPMENT Of SEPSE a3 SHOWN In e NEtworks Deiow. Probabilty 1abies, Qraphic representation of the reationships in 2-0 and 3-0 statter piots, and
preaktions are also provided. Piease explore he many featuses of miniTUBA Using this syntnetic aataset

Status: Ap

Oparatisns:

W View Data o T delaiied analysis operalions afi only SCCessink afler Login with a e oo

Analyses: Retresh
0 v e s s o s v
1 |325|Finished n'a | Show results Yes [\
Login  Register  Acknowledgements Links  ContaciUs  Disclaimer
UNIVERSITY OF MICHIGAN
Done & e <

Figure 4
2. Register your account:

Before setting up your own research project, you need to register an account in
miniTUBA and login to our system. To register, click “Register” and fill out the form
shown in Figure 5. Once your registration is finished, you can log in and start to create your
new project.

NOTE: You don’t need to register for an account if you just want to test the features
using our “Sandbox Demo”. Instead, you can use login with user name "demo@e.d.u" and
password "demo™.
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3. Create your own project
Once logged in, you will see a page listing all of your projects if you have any. You
can create a new project as instructed (Figure 6).
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Figure 6

To create a new project, please fill out the form seen in Figure 7.
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Title of your project
Tasang propect for utceial
Institution|s)*
Unsvsrsity of Lichigan
Inverstigator(s) *
Allun xang

Grant Suppert

Description”
Please enter a Gescriplion about your project

This ks 2 es3ng project for huttrial

[ 1 you do not wish to have your project listed on miniTUBA, check here. Data will be viewable 1o you alone unless you
indicate otherwise.

How many variables are measured for each expenmental unit?”
L. genes. proteins. cylokines. chnical vanabies)

Hew many sxparimantal units are thars within your dataget?”
(L& patientsanimais)

200

On average, how many time points are measured in each experimental unit?”
20

“All the fields are reguined
G )
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Figure 7
We will review your request and contact you within a few days (Figure 8). NOTE: If
you are creating a project in “Sandbox Demo”, your project will be approved automatically.

tion of Temporal Data Using Bayesian Analysis - Mozilla Firefax

uba.orlrofects/ dataManage/ ndex.oha =| b [IG]-

Medical Inference by Metwork Integration of
...g.. TowmbuhU#BmﬂunArw*

Home  Sandbox Demo Projects FAOQS

You are a registered user | My Projects | Change Password | Update Prote | Logout

My Projects
Project Testing project for tuterial created! We will notify you by email ence your project got approved.
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Once your project is approved, you can select and open your project by click “Select/Open
project” (Figure 8).

4. Upload data.



To upload project data, click “Load/Update Data” in Figure 9.
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A form will appear and allow you to paste your data into the text box or select the data file
you wish to upload (Figure 10).
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You are 1My Projects | Change Password | Lipdate Prof

LoadiUpdate Data

Please choose one of the following two ways to enter data (A, manual copy/paste, or B. file upload):

&, Paste your data from your spreadsheet info the box below. i you transfer data from a word document. data musi be in 1ab or
comma delimted format Pleass de-identify/remave a8 ine sanaiive infarmation in your data befare enter them

Header liné i required it Should inchsde Expanmantal Unit 1D, Time Point. Treatmant and Oultome Vananies

Each of the remaining lines or rows should contain measured values cormespanding to each icentified header. Fiease make sure all
the values are numerical (i e . if a value Is yes or no. change 1o yes = 1. no = 0) i there ks a missing data point. please put HA
For example

Experimentsl_Unfl_ID Time_Point Variable_1 Variable_2 Variable_) Variable 4

1 0 Q L 0.697 0708

1 1 1 1 05475 0TS

1 2 1 1 Ha 0.3

1 3 1 1 0.856 01035

2 ] ] ] 0TS o

2 1 2 2 &

2 2 2 2 0.035

2 i 2 2 0.2535

PabentiD TimePoinl  Sepsis APACHE I Transtusion Creafni Bdirubm T ANC  Hemoglobin  Platelets THNF-a IL-ta =~
10 0 JEE0S0 IR 10500 8144 23ETEI0  1668E 7614073 1267995 696165 51025 TII06T5  BOLI0G 1IED

1 1 0 Z64770 3286 9197 7926 4072595 154563 256044433 1323996 1068585  BIS.037T 1076471 44501
12 0 246720 0904 9098 12858 10415513 IEZAS OS1SEXE  1IT4THS  BTIS04TIAINID 02615404 304 1581
13 0 10300 10408 10372.055 15406 04200943 482500 724.007 1004.040 $0% 422 $40.008 1607.017

1 4 0 18,437 5931 4271893 18270 183510311 1078620 80T TER & 8 £4 832 47D 1437.087

T 5 0 @634 5555 1350169 17344 370301164 B9D4121002152 403876 856.025247TRI54 1285

1 8 0 11,440 12811 B90.123 21 187 105380300 1405701 5 TO4T5T 1324018 419.538 178

oJ 6339 7749 12000607 7368 726 237 526572081 1270039 787 47243537322
2 0 0 5188043 13937 264525301 780097 1106643 9351601353292  T4lo218420
2 1 0 153470 2803 10253 8748 5825033 15487 259087220 B0VSUT 112845 U25.630 151887 9T2099844
2 2 0 2:2IMO0 2302 TTM TRO0 14TOTTM 15105 200904.102  6E3.198 1340.840 209024 1485.154 1MeE128  ie
< = |

B. Upload your data file - data should be organized as oullined above.

Go Back to My Progect List LoaduEﬁb
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Figure 10

5. Setting up dynamic Bayesian network analysis parameters



Once you have your data uploaded, you can click “Start DBN Analysis” (Figure 9). A
form will appear (Figure 11), where you can set up dynamic Bayesian network (DBN)
analysis parameters.
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NOTES:

e Select a Setting: All settings for each analysis will be stored in our database. You can
reload settings from any previous analysis by selecting an analysis and click "Reload
selected setting™.

e Variables to include: choose variables to include in the analysis.

e Allow parents or children: You can exclude all the relationships start from a variable by
select "Parents only", or exclude all the relationships point to a variable by select
"Children only"

e Spline Fitting: If you have missing data points for continuous data, spline fitting is
required to interpolating those missing data. Spline fitting does NOT work for nominal
data.

e Discretization Policy: If the measured values for a variable are continuous,
discretization is required. For interval discretization the data range of each bin is equal.
The number of data values in each bin varies according to the bin range. For quantile
discretization each bin receives an equal number of data values. The data range of each
bin varies according to the data values it contains. For customized binning, please enter
the cutting points separated by semicolon. 3 is the suggested number of bins.

e Must be Excluded Edges: list any relationships that should NOT be allowed.

e Must Be Present Edges: List any relationships that must be included.

e Initial Structure: include any relationships as prior knowledge.

e Searcher Choice: Simulated Annealing and Greedy approaches are two approaches for
searching networks. The Simulated Annealing approach accepts networks based on a
stochastic program implementing Metropolis-Hastings. The Greedy approach always
searches for networks with better scores. Simulated annealing is the default selection.

e Number of Instances: Number of computer nodes you wish to use.

e Markov Lags: units of time between two time points to be analyzed in this project. For
example, for a project with hourly data sets, Markov lag 1 means 1 hour, and Markov
lag 2 means 2 hours, etc.

e Maximum Query time: Depending on the number of variables, the total number of time

points, and the discretization policy you select, the maximum query time varies. The
more variables, time points or bins you have, the longer time you need to specify here.



e Note: You can put some extra note for this analysis.
After all parameters are set, click “Run Bayesian Analysis” (Figure 11).
6. Run DBN analysis

While the dynamic Bayesian nework engine is running, you can periodically check the
progress by clicking “Refresh this page” (Figure 12).
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Figure 12

7. Check DBN analysis results

After the DBN analysis is finished, you can check the results (Figure 13).
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Piease (K @ vanabie in above Network to Check its probabaty 1able and possibie sCatter plot

@ Generats Subnetwork: plesse select a subsst from available variables:

W SUB NEWONE of Selected vanables
pre than one nodes, press “Cir™ or "Shift” button in the keyboard hold it and cick on specific nodes

30 back o my project pags

Login  Regisier  Acknowledgements  Links  ContactUs  Disclaimer
UNIVERSITY OF MICHIGAN

Figure 13

Top 10 networks: show the top 10 DBN network. Click each one for network display.

Probability Table and Possible Scatter Plot: Click a variable in above network to check
its probability table and possible scatter plot. See Figure 14. For the scatter plot, if it
includes three variables, a 3-D image will appear. You can rotate the 3-D image to
explore the details.

Generate Subnetwork: Select a subset of available variables to generate a subset of the
above network.

10
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< 16.000 <4000 01854
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You can also run prediction. You will be prompted to set up the prediction parameters
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e Starting time point: It is required to set up a starting time point for future prediction.
Any time point with missing data can not be selected.

e Variable with fix values: Select variables with fixed values. The miniTUBA predictin
engine will not predict any value for these variables. This is optional.

e Number of time points to predict: select the number of time points to be predicted.

@AST:

TimePoints 0 1 2 3 4 5 86 [ 8 9 1011 121314 1516 1718 192021 2223 24 25
Original Values 26.9 NA 26.52 NA 26.52 NA NA 17.68 NA 13.28 NA 4.42 NA NA 13.26 NA 22.1 NA 26.52 NA NA 22.1 NA 22.1 NA 13.26
Time Points 10 " 12 13 14 15 18 17 18 19
Prediction Mean 15.4517 22.7503 30.0082 36.9147 41.9467 47,6961 52.0413 539169 56.0478 59.9914

Standard Error 44.5092 60.4341 72,9638 85.3491 21.3459 101.6143 107.8824 106.7796 108.5387 113.1645
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Figure 16
One example of prediction results is shown in Figure 16.

Suggestions and comments are welcome. Thank you!



