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1 InWrodXcWion  
Tropical foreVWV are biodiYerVe hoWVpoWV filled ZiWh man\ VpecieV of flora, faXna, and             
fXngi. Man\ of WheVe VpecieV in recenW \earV haYe become e[WincW, or are aW riVk of                
e[WincWion dXe Wo an inflX[ of hXman acWiYiW\ in Whe Zild. The rooW of WhiV cXrrenW maVV                 
e[WincWion lieV in iVVXeV WhaW haYe been XnreVolYed for \earV, WheVe inclXde:  

Ɣ ClimaWe Change 
Ɣ Illegal DeforeVWaWion / Logging 
Ɣ Illegal Poaching 

 
While WheVe are noW Whe onl\ problemV, Whe\ are Vome of Whe moVW Zell knoZn and afflicW                 
moVW of Whe damage Wo biodiYerViW\ in Wropical foreVW regionV. Man\ VcienWiVWV aroXnd Whe              
Zorld haYe dedicaWed WhemVelYeV Wo reVearching and collecWing informaWion on WheVe           
WopicV. From WhiV, man\ VolXWionV and modelV haYe been creaWed and aWWempW Wo remed\              
Whe predicamenW WhaW Wropical foreVWV and oWher YXlnerable areaV are in. 
 
BeWZeen all of Whe differenW VXggeVWionV made, a recenW model haV become knoZn in              
Whe biodiYerViW\ reVearch commXniW\: Whe Madingle\ model. ModelV like WhiV are XVed Wo             
generaWe a general YieZ of hXman impacW on Whe enYironmenW, bXW Whe Madingle\ model              
iV differenW. IW poVVeVVeV reYolXWionar\ capabiliWieV WhaW alloZ iW Wo VXrpaVV oWher e[iVWing             
modelV, VXch aV being able Wo repreVenW all life on EarWh. 
 
IW alVo inclXdeV Whe inWeracWionV beWZeen differenW VpecieV and Whe enYironmenW, Zhich            
can be Vpecified for each ecoV\VWem. WiWh WhiV XniqXe feaWXre, iW alloZV for changeV              
oYer Wime in Whe inWeracWionV beWZeen VpecieV, Vince iW iV noW a fi[ed concepW aV defined                
in oWher Vimilar modelV. 
 
The daWa WhaW Whe XVer inpXWV are alVo Yer\ Vpecific facWorV like Whe amoXnW of flora and                 
faXna in an ecoV\VWem. ThiV inpXWWed daWa can alVo be alWered Wo WeVW man\ of Whe                
differenW VcenarioV from cXrrenW iVVXeV. For inVWance, Whe aforemenWioned logging or           
poaching coXld be repreVenWed b\ a decreaVed inpXW of flora or faXna reVpecWiYel\.             
UVing Whe inWeracWionV in Whe Madingle\ model (Fig. 1) beloZ, iW iV clear WhaW a VignificanW                
loVV Wo an\ of Whe elemenWV ZoXld caXVe a diVrXpWion Wo Whe enWire ecoV\VWem c\cle. 
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FigXre 1.0: The Madingle\ Model InWeracWionV 
SoXrce: Madingle\ Model GiWhXb RepoViWor\1  

 
 
The oXWpXW daWa VhoZV hoZ WheVe ViWXaWionV affecW Whe region, ZheWher Whe\ do noW              
change mXch, or lead Wo Whe e[WincWion of eYen more VpecieV, Whe model iV able Wo                
predicW VXch an oXWcome and diVpla\ VimpliVWic bXW clear daWa. While Whe oXWpXW of WhiV               
model iV eaV\ Wo XnderVWand, Whe calcXlaWionV are mXch more comple[ and reqXire             
profeVVionalV in Whe field Wo gXaranWee accXraWe daWa.  
 
One VXch profeVVional iV Whe VponVor of WhiV projecW: Dr. ChriV DoXghW\, an aVViVWanW              
profeVVor and leader of Whe MegabioWa reVearch laboraWor\ aW NorWhern Ari]ona           
UniYerViW\. Dr. DoXghW\ haV focXVed hiV reVearch on Whe ecological Wopic of megafaXna,             
Zhich inclXde large animalV and Wheir roleV in ecoV\VWemV.  
 
In hiV reVearch, he haV Zorked ZiWh Whe Madingle\ model Wo rXn VeYeral VimXlaWionV              
baVed on gaWhered daWa. ThiV daWa iV WeVWed ZiWh differenW VcenarioV, and Whe oXWpXW              
alloZV VcienWiVWV like Dr. DoXghW\ Wo idenWif\ Whe oXWcomeV of Whe WeVW XVing Whe raZ               
daWaVeWV or graphing programV like NASA¶V Panopol\. ThiV anal\]ed daWa iV When XVed             
for reVearch paperV and projecWV b\ Dr. DoXghW\ and Whe MegabioWa laboraWor\. 

1 hWWpV://madingle\.giWhXb.io 
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2 Problem SWaWemenW 

2.1 CXrrenW WorkfloZ 
The NAU MegabioWa laboraWor\ iV able Wo rXn Whe Madingle\ model ZiWh differenW 
VcenarioV and daWa inpXW Wo Vee Whe effecWV WhaW ma\ occXr. The daWaVeWV WhaW are 
oXWpXWWed alloZ reVearcherV like Dr. DoXghW\ Wo e[amine and draZ reVXlWV from Whem. 
 
ThiV daWa iV When incorporaWed inWo oWher projecWV b\ Dr. DoXghW\ and Whe reVW of hiV 
laboraWor\, VXch aV VcienWific reVearch paperV or projecWV. In WheVe paperV, Whe nXmeric 
daWa iV ³WranVlaWed´ from Whe raZ daWa prodXced b\ Whe model, and WXrned inWo ZordV or 
YiVXali]aWionV for readerV. 

2.2 CXrrenW ProblemV 
IVVXeV WhaW are preVenW in Whe MegabioWa laboraWor\ reVearch proceVV can be focXVed 
aroXnd Whe WZo core WopicV: 

- DiVWribXWion of Whe daWa 
- ViVXali]aWion of Whe daWa 

 
For Whe diVWribXWion of WhiV daWa, iW iV cXrrenWl\ XVed for aiding in reVearch pXrpoVeV and 
in VcienWific paperV. ThiV doeV noW alloZ for a Zide range of aXdienceV aVide from oWher 
indiYidXalV in Whe Vame VcienWific field. The limiWaWionV on Whe diVWribXWion of WhiV daWa can 
be fXrWher narroZed doZn inWo Whe folloZing WopicV: 

- WebViWe iV a Vmall pXblic plaWform 
- WebViWe can onl\ be acceVVed from Zeb clienWV 
- ReVearch paperV W\picall\ read b\ onl\ oWher reVearcherV 
- Graphical daWa can onl\ be obWained from programV like Panopol\  

 
AV for Whe YiVXali]aWion of daWa, Whe Madingle\ model prodXceV immenVe amoXnWV of 
daWa for placeV all aroXnd Whe Zorld. AlWhoXgh Dr. DoXghW\ iV focXVed primaril\ on Whe 
Wropical foreVW regionV, jXVW Whe Wropical foreVWV hold a loW of daWa. The problemV ZiWh 
YiVXali]aWion can alVo be narroZed doZn Wo Whe folloZing WopicV: 

- TableV of raZ daWa are Xnappealing 
- CXrrenW graphicV haYe no inWeracWion ZiWh XVerV 

 
ThroXgh a combinaWion of WheVe WZo problemV, Whe daWa being prodXced b\ Whe 
Madingle\ model iV noW being properl\ inWrodXced Wo Whe pXblic aV inWended. Therefore 
WheVe iVVXeV need Wo be remedied in order for Whe daWa from Whe reYolXWionar\ model Wo 
be fXll\ XWili]ed. 
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3 SolXWion ViVion 
The general VolXWion Wo WhiV problem iV Wo creaWe an applicaWion WhaW alloZV Whe WargeW               
aXdience Wo YiVXali]e Whe reVXlWV of Whe Madingle\ model. ThiV deVcribeV Whe baVic idea              
of hoZ Wo VolYe Whe problem. In order Wo gXide Whe end-XVer WhroXgh Whe applicaWion, a                
handfXl of feaWXreV mXVW be idenWified.  

Ɣ The XVer Zill be able Wo VelecW a locaWion baVed off of Wheir oZn locaWion or baVed                 
off of a locaWion VelecWed on a map. 

Ɣ The XVer Zill be able Wo VelecW a predefined Madingle\ Model Vcenario. The e[acW              
VcenarioV for WhiV applicaWion haYe noW been idenWified b\ Whe clienW. HoZeYer,            
Vome e[ampleV inclXde: bXVhmeaW hXnWing, climaWe change, and deforeVWaWion.  

Ɣ The XVer Zill be able Wo chooVe a YiVXali]aWion VW\le Wo diVpla\ Wailored reVXlWV              
from Whe rendered Vcenario. 

Ɣ The XVer Zill be able Wo e[porW Whe rendered daWa. 
 
In order Wo alloZ Whe XVer Wo VelecW Vome locaWion, Whe applicaWion Zill need acceVV Wo Whe                 
XVer¶V GPS, or acceVV Wo an inWeracWiYe map objecW. In boWh ViWXaWionV Whe XVer Zill haYe                
VelecWed Vome locaWion of inWereVW. ThiV locaWion VelecWion Zill alloZ Whe applicaWion Wo             
hone in on Whe geographical area of inWereVW.  
 
The XVer Zill When be aVked Wo chooVe a Vcenario from a predefined liVW of VcenarioV,                
WhiV liVW coXld inclXde: climaWe change, deforeVWaWion, and bXVhmeaW hXnWing. The           
Vcenario Zill alloZ Whe applicaWion Wo narroZ doZn ZhaW daWaVeW VhoXld be conVidered.  
 
GiYen Whe VelecWion of Whe aboYe menWioned choiceV, Whe applicaWion Zill When be able Wo               
reWXrn a Vmall finiWe VeW of daWa WhaW Zill be of XVe Wo Whe end XVer. The final VWepV                   
remaining in Whe VolXWion plan inYolYe Whe XVer VelecWing ZhaW W\pe of oXWpXW Whe\ ZiVh Wo                
YieZ. ThiV opWion Zill When alloZ Whe applicaWion Wo Wailor Whe Vcenario reVXlWV Wo a               
pre-Vpecified VXb aXdience. ThiV VpecificaWion iV done Wo alloZ Whe XVer Wo qXickl\ and              
eaVil\ YieZ Whe informaWion of inWereVW raWher Whan a general oXWpXW.  
 
Once Whe XVer haV YieZed Whe rendered daWa, Whe final VWep WhaW Whe XVer Zill be                
inWereVWed in, inYolYeV e[porWing Whe informaWion. ThiV VWep Zill alloZ Whe XVer Wo VaYe Whe               
reVXlWV of a Vcenario Wo be XVed laWer aV Whe\ Vee fiW, ZheWher iW be for fXrWher anal\ViV or                   
for preVenWaWion pXrpoVeV.  

FigXre 3.0: General oXWline of oXr VolXWion.  
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4 ProjecW ReqXiremenWV 
In Whe folloZing VecWion, Ze Zill be going oYer all of Whe knoZn reqXiremenWV for oXr                
applicaWion. TheVe reqXiremenWV Zill be broken doZn inWo Whree caWegorieV: fXncWional           
reqXiremenWV, performance reqXiremenWV, and enYironmenWal conVWrainWV. The firVW of         
Zhich are Whe fXncWional reqXiremenWV Zhich are Whe operaWionV WhaW oXr applicaWion Zill             
be able Wo perform VXch aV being able Wo XWili]e Whe XVer'V GPS locaWion, or Whe abiliW\ Wo                  
Vend and reWrieYe daWa releYanW Wo Whe Madingle\ model Wo be diVpla\ed b\ Whe              
applicaWionV UI. TheVe Zill be folloZed b\ Whe performance reqXiremenWV Zhich are Whe             
characWeriVWicV WhaW aren¶W fXncWionall\ neceVVar\, bXW are needed Wo enVXre Whe           
applicaWion iV Xp Wo indXVWr\ VWandardV, and can e[ecXWe iWV fXncWionV in an efficienW and               
Vafe manner. Some of WheVe ZoXld inclXde Whe Vpeed of Whe applicaWion and iWV VecXriW\.               
LaVWl\, Ze Zill coYer Whe enYironmenWal conVWrainWV of oXr applicaWion. TheVe are Whe             
conVWrainWV WhaW haYe been pXW on b\ oXr Weam, menWor, and clienW for YarioXV reaVonV               
VXch aV Whe plaWform compaWibiliW\, or preYioXVl\ bXilW componenWV WhaW are Wo be bXilW              
inWo Whe applicaWion. All of Zhich haYe been iniWiall\ pXW WogeWher WhroXgh YarioXV             
meeWingV ZiWh oXr Weam, menWor and clienW, and haYe been fXrWher refined WhroXgh             
inWenViYe reVearch and diVcXVVionV. 

4.1 FXncWional ReqXiremenWV 
The applicaWion Zill reqXire nXmeroXV feaWXreV Wo operaWe, WhiV VecWion Zill oXWline Whe             
baVeline fXncWionV WhaW Zill be reqXired for Whe applicaWion Wo be operaWional. The             
folloZing VpecificaWionV haYe been oXWlined in a hierarchical faVhion Vpanning from moVW            
imporWanW Wo leaVW imporWanW. 
 

- DaWa SWorage 
- The abiliW\ Wo VWore relaWiYe applicaWion and XVer daWa amongVW a           

deVignaWed cloXd V\VWem 
- Graphic UVer InWerface (GUI) 

- The applicaWion Zill be YieZed in a coherenW and eaV\ Wo XnderVWand Za\. 
- The main menX of Whe applicaWion alloZ Whe XVer Wo VelecW from a handfXl              

of opWionV Wo learn more aboXW Whe projecW, WechnologieV XVed, and projecW            
VponVor(V) 

- The applicaWion Zill proYide for YarioXV biodiYerViW\ opWionV WhaW Whe XVer           
can check off, and Zill be diVpla\ed b\ Whe VimXlaWion 

- LocaWion acceVV 
- AcceVV Wo Whe XVer¶V GPS. 

- DaWa proceVVing 
- A cloXd baVed daWa proceVVing back end WhaW can inWeracW ZiWh boWh Whe             

VWored daWa and Whe clienW Vide applicaWion. 
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- ViVXali]aWion 
- The abiliW\ Wo YiVXali]e Whe reVXlWV of a giYen Vcenario in Whe form of              

heaWmapV, graphV, and informaWional WableV 
- The abiliW\ Wo Wailor Whe YiVXali]aWion Wo predefined VXbgroXpV like ³polic\           

makerV´ and ³general pXblic´. 
- DaWa E[porWaWion 

- The applicaWion Zill haYe Whe abiliW\ Wo e[porW Whe reVXlWV of a Vcenario in a               
raZ (CSV) form aV Zell aV collecWion of imageV repreVenWing WableV and            
graphV generaWed from Whe Vcenario. 

4.1.1 Graphic UVer InWerface (GUI) 
The firVW fXncWional reqXiremenW of oXr applicaWion iV a graphic XVer inWerface. ThiV Zill be               
Whe primar\ componenW connecWing Whe XVer Wo Whe YalXable daWa proYided b\ Whe             
madingle\ model. The GUI Zill be deYeloped XVing Whe Ionic frameZork Vince WhaW ZaV              
Whe frameZork of choice for deYeloping oXr ProgreVViYe Web ApplicaWion. ThiV GUI Zill             
be broken doZn inWo Whe folloZing VXb reqXiremenWV: 

- InWXiWiYe OYerall DeVign - NeZ XVer¶V VhoXld be able Wo eaVil\ naYigaWe WhroXghoXW             
Whe applicaWion, and haYe no iVVXeV acceVVing an\ of iWV primar\ feaWXreV. 

- Login Page - There mXVW be a login page in order Wo diVWingXiVh polic\ makerV YV.                
general XVerV 

- Main MenX - There mXVW be a main menX WhaW alloZV Whe XVer Wo naYigaWe               
beWZeen ke\ feaWXreV and informaWion aboXW oXr Weam and projecW. Some of Whe             
menX iWemV liVWed inclXde: 

a. RXn SimXlaWion 
b. SimXlaWion Info 
c. ProjecW Info 
d. Team Info 

- InWeracWiYe map - Upon chooVing Wo rXn a VimXlaWion, Whe XVer Zill When be              
prompWed Wo chooVe a locaWion. ThiV Zill be done a feZ differenW Za\V, Whe firVW of                
Zhich ZoXld be for him/her Wo manXall\ enWer Wheir deVired locaWion. The\ Zill alVo              
haYe Whe opWion Wo XVe Wheir deYice'V cXrrenW GPS locaWion, or VelecW iW from a               
map. ThiV iV Zhere Whe inWeracWiYe map comeV inWo pla\. UVer¶V VhoXld be able Wo               
naYigaWe WhroXghoXW Whe map and place a circle or VqXare on Wheir choVen             
locaWion repreVenWing Whe WoWal area for Zhich Whe VimXlaWion VhoXld be performed            
on. 

- InpXW OpWionV - AfWer Whe XVer VelecWV a locaWion Whe\ Zill When be able Wo check off                 
differenW opWionV Zhich Zill deWermine Whe form of oXWpXW Whe\ Zill be looking aW              
(deforeVWaWion, fXWXre predicWionV, bXVhmeaW hXnWing eWc). 
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FigXre 4.1.1 beloZ iV a Vcreen charW WhaW modelV Whe general floZ of Whe GUI Ze plan Wo 
creaWe.  
 

 
figXre 4.1.1 - ApplicaWion UI FloZ CharW 

4.1.2 HardZare AcceVV: GPS SerYiceV 
The fXndamenWal pXrpoVe of oXr app iV Wo alloZ a XVer Wo inpXW a locaWion and YarioXV                 
opWionV, and When diVpla\ a YiVXali]aWion of Whe VWaWiVWicV oXWpXW WhaW iV accXraWe             
according Wo Whe Madingle\ model. Since a locaWion inpXW iV reqXired, iW iV XVXall\              
VWandard WhaW Whe XVer haV Whe abiliW\ Wo manXall\ inpXW a locaWion, or XVe Whe deYice'V                
GPS locaWion. Therefore iW iV neceVVar\ WhaW oXr applicaWion haV Whe abiliW\ Wo XWili]e Whe               
XVer¶V GPS locaWion of Whe XVer Yia ZhaWeYer deYice Whe\ are XVing (Web BroZVer,              
Android, iOS). ThiV Zill be done XVing Ionic¶V bXilW in GPS VerYiceV package called              
GeolocaWion.  
 

4.1.3 DaWa ProceVVing 
DaWa proceVVing Zill be anoWher ke\ fXncWional reqXiremenW Vince YarioXV amoXnWV of            
daWa mXVW be VenW Wo and from Whe GUI Wo be VWored in Whe cloXd. ThiV Zill VWarW afWer Whe                    
XVer inpXWV Wheir locaWion and YarioXV VimXlaWion opWionV inWo Whe GUI on hiV/her deYice,              
iW Zill be neceVVar\ Wo Vend WhaW daWa Wo a cloXd VerYer dXe Wo facW Zhich Zill When be                   
inpXWWed inWo Whe Vpin Xp of Whe model iWVelf. Since Whe applicaWion Zill be XWili]ed from a                 
mobile deYice or Zeb broZVer, all of Whe heaY\ lifWing Zill need Wo be done b\ VerYerleVV                 
fXncWionV in Whe cloXd.  
 
The oXWpXW daWa Zill need Wo be filWered or Vhrank doZn Vince Whe daWa VeWV reWXrned b\                 
WhiV model are W\picall\ beWZeen 5 and 10 GB and noW aW all inWended Wo be diVpla\ed on                  
a mobile deYice or Zeb broZVer. ThiV Zill be done b\ VerYerleVV cloXd fXncWionV WhaW               
afWer Wheir done formaWWing and filWering Whe daWa, Zill When Vend Whe remaining neceVVar\              
daWa back Wo Whe GUI Wo be VhoZn Wo Whe XVer b\ Whe YarioXV UI diVpla\ componenWV. 
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The figXre 4.1.3 beloZ VhoZV hoZ WhiV Zill be done e[acWl\: 
 

 
figXre 4.1.3 - ApplicaWion DaWa FloZ CharW 

 
AV VhoZn aboYe, daWa Zill come from Whe XVer¶V inpXW inWo Whe UI and/or Zill be pXlled                 
XVing Whe preYioXVl\ menWioned GeolocaWion package. IW Zill When be VenW Wo one or more               
AWS Lambda FXncWionV Yia Whe API gaWeZa\, Zhere iW Zill be inpXWWed inWo a Vpin Xp of                 
Whe Madingle\ Model SimXlaWion. From Where, Whe daWa oXWpXW of Whe VimXlaWion Zill When              
be paVVed back Wo Whe applicaWion UI Zhere iW Zill be diVpla\ed XVing YarioXV charWV and                
VXch. 

4.1.4 ViVXali]aWion 
The YiVXali]aWion of daWa Zill primaril\ be XVed b\ in-bXilW jaYaVcripW graphic librarieV WhaW              
Zill alloZ for XVer inWeracWion. UVerV Zill be able Wo change WhiV YiVXali]aWion b\ VelecWing               
Vpecific areaV on a map baVed on eiWher a VelecWed locaWion or baVed Xpon Whe GPS                
locaWion of Whe XVer. The Vpecific YiVXali]aWion of daWa Zill alVo be baVed Xpon Whe daWa                
WhaW iV proYided Wo Whe applicaWion, aV leVV daWa Zill caXVe a Vmaller YiVXali]aWion of daWa,                
and Yice YerVa. 
 

4.1.5 DaWa E[porWaWion 
The e[porWaWion of daWa in Whe applicaWion Zill primaril\ be done in a feZ Za\V XVing bXilW                 
in librarieV Wo boXnce daWa beWZeen oXr AWS daWabaVeV and Whe Ionic applicaWion. One              
VXch Za\ iV b\ XVing Whe mailWo fXncWion in Ionic¶V JaYaVcripW librar\, WhiV can be primaril\                
XVed Wo reqXeVW daWa from Whe AWS daWabaVe and VenW Wo Whe XVer¶V applicaWion. ThiV               
proYideV a qXick and eaV\ meWhodolog\ Wo WranVfer daWa ZiWhoXW complicaWion, aV iW doeV              
noW haYe Wo Zorr\ aboXW daWa VecXriW\, dXe Wo Whe daWa WhaW Ze are WranVferring in WhiV                 
VecWion iV Whe daWa WhaW ZanWV Wo be VhoZn Wo people. 
 
While Whe mailWo fXncWion can VerYe aV Whe primar\ VoXrce of WranVferring daWa, iW doeV               
noW haYe man\ VecXriW\ meaVXreV againVW daWa leakV. Therefore for mXch more VecXre             
daWa WranVferV like XVer aXWhenWicaWion, Whe AWS Simple Email SerYice, abbreYiaWed aV            
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SES Zill be XVed. AWS SES alloZV for a VecXre WranVfer dXe Wo iWV man\ bXilW in VecXriW\                  
feaWXreV inclXding: 

- End-Wo-End DaWa Encr\pWion  
- AlloZV for daWa Wo be VecXre eYen if inWercepWed b\ XVing proWocolV bXilW b\              

ama]on VXch aV S/MIME or PGP Zhich caXVe Whe daWa Wo be XVeleVV if              
inWercepWed 

- VirWXal PriYaWe CloXd UVage (VPC) 
- Shared compXWing reVoXrceV creaWed b\ Ama]on for Whe Vpecific reaVon of           

WranVferring daWa beWZeen Wheir VerYiceV 
- ReceiYer AXWhenWicaWion XVing Sender Polic\ FrameZork (SPF) 

- HelpV Wo aYoid daWa leakV b\ preYenWing Whe forger\ of a Vender addreVV,             
aV iW flagV WranVferV WhaW are aWWempWing Wo XVe Whe e[pecWed addreVV, bXW             
do noW belong Wo iW 

- Sender AXWhenWicaWion XVing Domainke\V IdenWified Mail (DKIM) 
- CheckV WhaW Whe place WhaW daWa iV being WranVferred Wo maWcheV Whe correcW             

domain ke\ WhaW ZaV proYided before, Wo aYoid middle-man inWercepWionV of           
daWa 

 
ThroXgh Whe combinaWion of WheVe WZo feaWXreV of oXr VerYiceV, Ze are able Wo creaWe               
boWh efficienW and VecXre daWa WranVferV Zhen neceVVar\. AV Whe\ are boWh            
inWerchangeable ZiWh one anoWher, Whe WranVfer of non-priYaWe daWa ma\ be XVed b\ one              
or boWh of Whe Vpecified meWhodV. 
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4.2 Performance ReqXiremenWV 
ThiV VecWion oXWlineV characWeriVWicV of Whe applicaWion aV Zell aV Whe enWire V\VWem.             
TheVe characWeriVWicV are XVed Wo VWandardi]e Whe e[perience for all XVerV aV Zell aV              
enVXre Whe applicaWion remainV operaWional and fXncWional ZiWh aV feZ limiWaWionV and            
hindranceV aV poVVible.  
 

4.2.1 Global AcceVV 
AlWhoXgh Whe immediaWe WargeW aXdience iV locaWed in Whe AmericaV, Gabon, IndoneVia,            
and acroVV Whe WropicV, iW iV imporWanW noW Wo limiW Whe poVVibiliW\ of all XVerV Wo WheVe                 
regionV. The end goal of WhiV applicaWion iV Wo be XVed aroXnd Whe Zorld. GiYen WhaW goal,                 
Whe iniWial creaWion of WhiV applicaWion VhoXld reflecW WhaW goal. AV VXch componenWV             
VhoXld be hoVWed in redXndanW configXraWionV and haYe VerYerV locaWed aroXnd Whe            
global. Since Whe deYeloperV aVVociaWed ZiWh WhiV projecW are locaWed Volel\ in Whe UniWed              
SWaWeV, WhiV reqXiremenW cannoW be WeVWed, bXW iW can be aVVXmed baVed on             
docXmenWaWion proYided b\ AWS, Whe App SWore, and Pla\ SWore. 

4.2.2 ReVponViYeneVV 
ThiV applicaWion proYideV Whe WargeW aXdience ZiWh imporWanW informaWion WhaW cannoW be            
foXnd elVeZhere, aV VXch, WhiV applicaWion mXVW be able Wo handle large amoXnWV of              
Wraffic and mainWain a baVe leYel of reVponViYeneVV. There VhoXld be liWWle Wo no Vcreen               
lag beWZeen applicaWion pageV WhaW do noW rel\ on back-end componenWV. If a neZ page               
doeV rel\ on a back-end componenW Where VhoXld noW be a VignificanW (10+ Vecond) lag               
for proceVVing. In order Wo preYenW WhiV, code VhoXld remain Vimple and non-repeWiWiYe. If              
iW iV deWermined WhaW Whe VeqXenWial YariaWion of Whe code cannoW be improYed Xpon When               
Whe code baVe Zill be paralleli]ed Wo Whe beVW of iWV abiliW\. TheVe VWepV VhoXld enVXre a                 
reVponViYe applicaWion WhaW Zill be able Wo deliYer Whe neceVVar\ informaWion Wo Whe end              
XVer in order Wo preYenW dela\ in Wheir reVearch or polic\ relaWed ZorkV.  
 

4.2.3 SecXriW\ 
A W\pical deYelopmenW c\cle focXVeV on implemenWing feaWXreV aV faVW aV poVVible 
ZiWhoXW conVideraWion for Whe VecXriW\ of Whe feaWXreV. The deYelopmenW c\cle of Team 
BioVphere Zill inclXde a riVk aVVeVVmenW prior Wo Whe addiWion of an\ neZ feaWXreV. 
AlWhoXgh Whe XVer Zill noW be VWoring or inpXWWing an\ informaWion WhaW iV conVidered 
VenViWiYe, iW iV imporWanW Wo conVider Whe VecXriW\ of applicaWion Wo preYenW malicioXV 
acWorV from hijacking VeVVionV, or feeding malicioXV packeWV inWo Whe end-XVer¶V 
connecWion. In order Wo enVXre Whe VecXriW\ of Whe end-XVer, VWepV Zill be Waken Wo 
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aXWhenWicaWe and limiW Whe Wraffic and proWocolV accepWed b\ boWh Whe VerYer and clienW 
VideV. 

4.2.4 ApplicaWion CraVheV 
ApplicaWionV WhaW craVh or fail freqXenWl\ haYe a high likelihood of loVing XVerV Wo iWV lack 
of XVabiliW\. In order Wo limiW changeV of craVheV Where Whe applicaWion Zill rXn baVed on 
la]\ proceVVing. ThiV meanV WhaW Whe applicaWion Zill onl\ proceVV conWenW on a need b\ 
need baViV. ThiV can limiW Whe reVoXrceV and rXnWime aVVociaWed ZiWh Whe applicaWion. 
ThiV can be dXring Whe deYelopmenW proceVV b\ keeping Wrack of hoZ man\ WimeV Whe 
applicaWion craVheV aW each iWeraWion. If Whe nXmber of craVheV increaVeV aV Whe 
iWeraWionV increaVeV When Whe applicaWion iV flaZed aW a Yer\ loZ leYel.  
 

4.2.5 LangXage OpWionV 
A VWreWch goal aVVociaWed ZiWh WhiV projecW inYolYeV Whe abiliW\ Wo VXpporW mXlWiple 
langXageV. ThiV conVWrainW, or feaWXre alloZV Whe applicaWion Wo reach non engliVh 
VpeakerV. ThiV reqXiremenW can be WeVWed b\ cop\-paVWing Whe applicaWion We[W inWo Vome 
WranVlaWor(V) and deWermining if Whe oXWpXW reflecWV Whe inWended meVVage. 
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4.3 EnYironmenWal ReqXiremenWV 
In order Wo Wailor Whe VolXWion Wo Whe Vpecified needV of Whe clienW be\ond Whe baVic                
fXncWionaliW\ and performance reqXiremenWV, a handfXl of conVWrainWV haYe been          
impoVed b\ Whe clienW, Weam, aV Zell aV Whe VofWZare XVed. 
 

4.3.1 Programming LangXage ConVWrainWV 
AV a reVXlW of Whe VelecWed SDK, and oWher V\VWem componenWV, Ze haYe been limiWed Wo                
ZhaW programming langXageV Ze Zill be able Wo XVe Wo deYelop oXr applicaWion. ThiV              
limiWaWion caXVeV oXr applicaWion Wo be VXVcepWible Wo Whe benefiWV and piWfallV of Whe              
Vpecific langXageV choVen. The WZo langXageV WhaW are anWicipaWed Wo be XVed are             
JaYaVcripW and P\Whon. 
JaYaVcripW, Zhile Vimple and eaVil\ inWerpreWed b\ Whe Xnderl\ing V\VWem, haV a nXmber             
of XninWended conVeqXenceV WhaW mXVW be conVidered. The firVW being iWV lack of broZVer              
VXpporW. EYer\ broZVer haV iWV oZn inWerpreWaWion of jaYaVcripW and aV VXch, applicaWionV             
are VXbjecW Wo poVVible broken or miVVing feaWXreV. ThiV iV eVpeciall\ WrXe for oXWdaWed or               
leVV popXlar broZVerV like InWerneW E[plorer, Opera, GNOME Web. The oYerall effecW of             
WhiV conVWrainW iV XnknoZn Vince Ze do noW knoZ ZhaW broZVer or Wheir aVVociaWed              
YerVionV, Whe WargeW aXdience Zill be XVing. AVVXming WhaW Whe\ Zill be XVing Xp Wo daWe                
and modern broZVerV, When WhiV concern coXld be cloVe Wo non e[iVWenW. 
The primar\ back-end langXage Zill be P\Whon. P\Whon Zill be primaril\ XVed Wo handle              
Whe feWching, VimplificaWion and Vome YiVXali]aWionV of Whe applicaWion. AlWhoXgh P\Whon,           
Vimilar Wo jaYaVcripW, iV a popXlar langXage iW haV ke\ doZnfallV WhaW ma\ limiW Whe               
reVponViYeneVV of Whe applicaWion. ThiV VWemV from Whe facW WhaW P\Whon iV an inWerpreWed              
langXage raWher Whan a compiled or machine leYel WranVlaWed langXage. The limiWaWionV            
of an inWerpreWed langXage can be leVVened b\ XVing baVic paralleli]aWion WechniqXeV            
like mXlWiproceVVing or mXlWiWhreading. ThaW being Vaid, Whe limiWaWionV of P\Whon VhoXld            
alVo be limiWed in Whe MVP VWageV. The limiWaWionV of inWerpreWed langXageV coXld haYe              
an effecW on Whe reVponViYeneVV of Vome of Whe VWreWch goalV, namel\ Whe abiliW\ for Whe                
end XVer Wo make XVe of a Wo\ YariaWion of Whe Madingle\. TheVe limiWaWionV VhoXld be                
conVidered giYen WhaW Whe Madingle\ model iV compXWaWionall\ e[penViYe, regardleVV of           
hoZ Vimple Whe model ma\ become. 
 

4.3.2 Web and Mobile ApplicaWion 
In order Wo reach Whe largeVW nXmber of people ZiWh oXr applicaWion, Whe clienW haV               
reqXeVWed WhaW WhiV applicaWion rXn on aW leaVW WZo mobile plaWformV aV Zell aV a Zeb                
plaWform. In order Wo accompliVh WhiV ZiWhoXW Whe need for dXplicaWion or reVWrXcWXring of              
code, iW ZaV deWermined WhaW Whe beVW VolXWion Wo WhiV conVWrainW ZoXld be Wo deYelop a                
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progreVViYe Zeb applicaWion (PWA). ThiV Zill for Whe deYelopmenW of boWh an iOS and              
android mobile applicaWion aV Zell aV a Zeb broZVer YarianW WhaW can be XVed b\ Whe                
broZVer. HoZeYer, WhiV conVWrainW limiWV Whe Vcope of Whe VolXWion Wo Zeb baVed             
componenWV and mobile baVed componenWV. DXe Wo Whe hardZare limiWaWionV and           
dependencieV of boWh mobile and Zeb baVed componenWV, Whe amoXnW of compXWaWion            
done on an end XVer¶V deYice mXVW be limiWed Wo Whe capabiliWieV and componenWV WhaW               
are bXilW-in Wo Whe deYice. 
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5 PoWenWial RiVk 
GiYen WhaW WhiV projecW relieV on V\VWem componenWV WhaW are diVVimilar from each oWher 
Where iV room for riVkV, aV VXch, WheVe riVkV VhoXld be managed. A failXre WhaW occXrV aW 
a crXcial locaWion coXld Vpell diVaVWer for Vome or all of Whe connecWed elemenWV. In order 
Wo miWigaWe and properl\ aVVeVV Whe riVkV an each componenW and iWV dependencieV 
VhoXld be conVidered and Vingle poinWV of failXre (SPoF) VhoXld be aYoided ZheneYer 
poVVible.  
 

5.1 S\VWem calcXlaWion error 
Likelihood ：E[Wremel\-loZ 
SeYeUiW\： High 
There doeV noW e[iVW an\ applicaWion WhaW haV abVolXWe preciVion, WhiV applicaWion iV no 
e[cepWion. ThiV applicaWion relieV heaYil\ on calcXlaWionV done ZiWhin Whe Madingle\ 
Model aV Zell aV iWV inWerpreWaWion for YiVXali]aWion. ThiV calcXlaWion error coXld occXr 
becaXVe Whe Madingle\ Model iV ZriWWen in C#, Whe applicaWion back-end iV in p\Whon and 
YiVXali]ed Wo Whe end XVer in JaYaVcripW. AV a reVXlW of Wheir Yar\ing leYelV of floaWing 
poinW preciVion Whe reVXlWV of a giYen Vcenario coXld be premaWXrel\ roXnded. The 
oYerall preciVion can range from 29 digiWV Wo 5 digiWV depending on Whe daWaW\peV XVed aW 
each VWage. PremaWXre roXnding on WhiV Vcale meanV WhaW an\ digiW leVV Whan 0.00001 
cannoW be compleWel\ WrXVWed. 
 

5.2 AWS SerYice DiVrXpWion 
Likelihood ：E[Wremel\-loZ 
SeYeUiW\： High 
GiYen WhaW all back-end fileV and fXncWionV Zill be VWored in Vome form of AWS cloXd 
VerYice, iW iV imporWanW Wo make noWe of Whe likelihood of WheVe reVoXrceV being 
inacceVVible. According Wo AWS¶V inWernal VWaWXV checker, Where haV onl\ been a Vingle 
large Vcale oXWage in AWS¶V hiVWor\. ThaW being Vaid, aboXW 50 XVerV a da\ reporW Vome 
VorW of doZn AWS reVoXrce. ThiV iV e[Wremel\ Win\ in compariVon Wo Whe WoWal nXmber of 
XVerV and reVoXrceV. If Whe AWS VerYiceV aVVociaWed ZiWh WhiV applicaWion e[perience a 
diVrXpWion, WhiV ZoXld caXVe Whe applicaWion Wo VWop Zorking XnWil VerYice iV reVWored.  
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5.3 SecXriW\ 
Likelihood ：UnknoZn 
SeYeUiW\： High 
There are nXmeroXV aWWack YecWorV Vince WhiV applicaWion relieV on VeYeral moYing parWV. 
GiYen Whe large aWWack VXrface Where iV a high likelihood for Vome leYel of aWWack, 
hoZeYer giYen WhaW all reVoXrceV are managed b\ WrXVWed e[Wernal parWieV Whe likelihood 
iV loZ. HoZeYer, if Whe aWWack VXrface haV a common YXlnerabiliW\ or VeYere e[ploiW When 
boWneWV and VcraperV aroXnd Whe Zorld coXld accidenWall\ VWXmble Xpon WhiV applicaWion 
and caXVe major VecXriW\ iVVXeV. GiYen Whe aboYe facWorV iW iV noW poVVible Wo deWermine 
Whe e[acW leYel of riVk aVVociaWed ZiWh WhiV applicaWion. Once Whe aWWack VXrface iV 
anal\]ed and proper VWepV are Waken Wo preYenW inWrXVionV, injecWion, or hijacking When 
Whe likelihood of a VecXriW\ WhreaW WhaW coXld compromiVe Whe WargeW aXdience, 
VWakeholder, or deYeloperV can be minimi]ed.  
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6 ProjecW Plan 
OXr Weam haV accompliVhed a loW Vince Ze originall\ VWarWed WhiV projecW. AV Veen              

in figXre 6.0.1., one of Whe main WhingV Ze haYe accompliVhed Vo far iV refining oXr MVP.                 
In addiWion Wo WhaW WaVk, Ze alVo creaWed a roXgh model of Whe applicaWion, deYeloped a                
beWWer XnderVWanding of Whe Madingle\ Model, and reVearched poVVible VerYiceV WhaW Ze            
coXld XVe for oXr VolXWion.  

FigXre 6.0.1: GanWW charW repreVenWing Whe Fall 2020 VemeVWer. The orange WaVkV repreVenW coXrVe-baVed 
aVVignmenWV. The green WaVkV repreVenW oXr Weam driYen WaVkV. 

 
AV Whe firVW parW of oXr projecW comeV Wo a cloVe, Ze are opWimiVWicall\ looking               

WoZard Whe Vecond half of oXr projecW. ThiV VWage Zill VWarW dXring oXr ZinWer break. OYer                
ZinWer break, Ze are planning on gaining more e[perience ZiWh Ionic and AWS. AW Whe               
conclXVion of break, Ze Zill be read\ Wo compleWe Whe ne[W VWepV of oXr projecW. The firVW                 
VWep oXr Weam iV looking forZard Wo iV Whe deYelopmenW of Whe fronW end inWerface. The                
main reqXiremenW WhaW Ze Zill be adding firVW Zill be Whe implemenWaWion of a baVic               
Graphic UVer InWerface. B\ doing WhiV, Ze Zill haYe a Zorking applicaWion for Android,              
iOS, and Whe Zeb.  

Then, Ze Zill implemenW Whe code needed for daWa proceVVing and locaWion            
acceVV. ThiV Zill reqXire Whe XVe of daWabaVeV, aV Veen in figXre 6.0.2. OXr Weam Zill                
alVo implemenW Whe Madingle\ Model VimXlaWionV, Vo WhaW Whe XVer haV a beWWer Za\ Wo               
YiVXali]e Whe daWa. We Zon¶W haYe Wo creaWe Whe VimXlaWionV. InVWead, Ze Zill creaWe a               
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beWWer Za\ Wo YiVXali]e Whe daWa from Whe VimXlaWionV. In WhiV YerVion, Ze Zill alVo               
implemenW Whe abiliW\ for Whe XVer Wo VelecW an area on Zhich Whe\ ZanW Wo rXn Whe                 
VimXlaWionV. ThiV ZaV one of Whe main reqXiremenWV emphaVi]ed b\ Whe clienW, Vo iW Zill               
be YiWal for XV Wo implemenW WhiV aW WhiV parW of Whe deYelopmenW proceVV. Ne[W, Ze Zill                 
add Whe back end of Whe program. The back end Zill giYe XV Whe abiliW\ Wo proceVV                 
informaWion from boWh Whe XVer and Whe VWored daWa.  

Finall\, Ze Zill creaWe a fXll proWoW\pe WhaW Zill haYe all Whe feaWXreV Ze decided on                
for Whe MVP. If Wime permiWV, Ze Zill alVo Wr\ Wo inclXde a coXple of Whe VWreWch goalV inWo                   
WhiV proWoW\pe. The firVW VWreWch goal WhaW Ze plan on implemenWing iV a mXlWiple langXage               
feaWXre. The XVer ZoXld be able Wo XVe oXr prodXcW from a Vmall groXp of langXageV. If                 
Ze geW WhaW implemenWed, Whe ne[W feaWXre Ze hope Wo add iV proYiding Whe XVer ZiWh Whe                 
abiliW\ Wo e[porW Whe oXWpXW. ThiV ZoXld alloZ Whe XVer Wo VaYe informaWion and eliminaWe               
Whe need for Whem Wo rerXn Whe program eYer\ Wime Whe\ ZanW Wo YiVXali]e Whe Vame daWa.                 
HoZeYer, before Ze can implemenW WhoVe feaWXreV, Ze Zill haYe Wo make VXre WhaW all               
Whe feaWXreV of Whe MVP Zork almoVW perfecWl\. There mighW be a feZ areaV of Whe code                 
WhaW need Wo be perfecWed, bXW 90% of Whe projecW Zill be compleWed once Ze haYe                
finiVhed Whe fXll proWoW\pe. LaVWl\, Ze Zill fine WXne and pXW Whe finiVhing adjXVWmenWV on               
oXr proWoW\pe, Vo WhaW Ze can deliYer Whe final prodXcW Wo oXr clienW. 

FigXre 6.0.2: GanWW charW repreVenWing Whe Spring 2021 VemeVWer. The dark blXe WaVkV repreVenW 
coXrVe-baVed aVVignmenWV. The lighW blXe WaVkV repreVenW oXr Weam driYen WaVkV. 
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7 ConclXVion 
The goal of WhiV projecW iV Wo proYide informaWion deriYed from Madingle\ Model             
VcenarioV. The Madingle\ model iV an ecological model WhaW haV Whe abiliW\ Wo model              
biodiYerViW\ for Whe enWire planeW. IW ZaV deWermined WhaW oXr WargeW aXdience inclXdeV Whe              
general pXblic, Vpecificall\ WhoVe inWereVWed in Whe decline and VWaWXV of biodiYerViW\ on             
Whe planeW; aV Zell aV polic\ makerV. Polic\ makerV are inWereVWed in WhiV informaWion in               
order Wo make more enYironmenWall\ conVcioXV deciVionV for Whe planeW.  
In order Wo accompliVh WhiV goal ZiWh aV liWWle hindereraceV aV poVVible, a progreVViYe              
Zeb applicaWion (PWA) Zill be creaWed in order Wo reach indiYidXalV on boWh iOS,              
android, and perVonal compXWer broZVerV. ThiV Zill preYenW oXr WargeW aXdience from            
being inherenWl\ hindered dXe Wo a lack of plaWform VXpporW. 
ThiV docXmenW oXWlineV Vome of Whe ke\ fXncWionaliWieV and conVideraWionV Waken Wo            
enVXre a VecXre and poViWiYe e[perience for Whe end XVer. Some of WheVe fXncWionaliWieV              
inclXde: 

- A VecXriW\ and reVponVe-Wime baVed deYelopmenW VWraWeg\. 
- Word Zide acceVV Wo Whe applicaWion, aVVXming Whe WargeW aXdience haV inWerneW            

acceVV.  
- The abiliW\ Wo chooVe a locaWion of inWereVW eiWher b\ XVe of Whe XVer¶V GPS or b\                 

pinpoinWing a locaWion on a map. 
- The abiliW\ Wo Wailor Whe oXWpXW Wo Wheir predefined preferenceV. 
- The abiliW\ Wo e[porW Whe daWa in boWh a YiVXali]ed and raZ form. 

 
While WhiV docXmenW doeV VerYe aV a pVeXdo-formal conWracW beWZeen boWh Whe clienW             
and deYelopmenW Weam aV Wo ZhaW e[pecWaWionV and deVign choiceV are boWh realiVWic             
and neceVVar\ for Whe VXcceVV of WhiV projecW. IWV Vecondar\ pXrpoVe iV Wo indicaWe WhaW               
oXr Weam iV prepared Wo Wackle Whe oncoming challengeV ZiWh a plan WhaW Whe deYeloperV               
and projecW VWakeholderV are VaWiVfied ZiWh. The ne[W VWep iV Wo Wake WhiV plan and WXrn iW                 
inWo a reliabiliW\. 
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