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1.1 ä¡£çŤĺåL’ èĺ åőŽ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
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1.6 ãĄİãĄőäżŰãĄőæl’§èČ¡ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

i



ii



Exabyte.ioä¡£çŤĺãČd̄ãČŃãČěãĆćãČń, Release 1.0
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CHAPTER 1

éăĚçŻő

1.1 ä¡£çŤĺåL’ èĺ åőŽ

Exabyte.ioãĆŠä¡£çŤĺãĄŹãĆŃäÿŁãĄğãĄőèĺ åőŽãĄńãĄd’ãĄĎãĄęèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

1.1.1 Exabyte.ioãĆćãĆńãĆęãČşãČĹä¡IJæĹŘæŰźæşŢ

Exabyte.ioãĄőãĆćãĆńãĆęãČşãČĹãĆŠä¡IJæĹŘãĄŹãĆŃæŰźæşŢãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

1 EXABYTE.IO çŹżéŇšãČŽãČijãĆÿãĄÿãĆćãĆŕãĆżãĆźãĂĂâĘŘãĆŕãČłãČČãĆŕ

2 ãČąãČijãČńãĆćãČL’ãČňãĆźãĆŠåĚěåŁŻãĄŮãĂĄIâĂŹm not robotãĄńãČĄãĆğãČČãĆŕãĆŠåĚěãĆŇãĄęèşłåŢŔãĄńèğčç ŤãĂĆãĄİãĄőå¿ŇãĂĄsend
verification codeãĆŠãĆŕãČłãČČãĆŕ

3

https://platform.exabyte.io/register
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4 èĞłèžńãĄőæČĚåăśãĆŠèĺŸåĚěãĂĄèĺŸåĚěå¿ŇãĂŇRegister ->ãĂ ãĆŠãĆŕãČłãČČãĆŕ
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Exabyte.ioä¡£çŤĺãČd̄ãČŃãČěãĆćãČń, Release 1.0
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ãĄŞãĄŞãĄğãĄŕãĂĄExabyte.ioãĄńãČĄãČčãČijãĆÿãĄŮãĄ§éą ãĄŃãĆL’ãĂĄèĺĹçőŮéą ãĆŠåL’šãĆŁãĄţãĆŃæŰźæşŢãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

ãČĄãČčãČijãĆÿæőŃéńŸãĄŃãĆL’èĺĹçőŮãĄőBalanceãĄńè£¡åŁăãĄŹãĆŃåăt’åŘĹãĄŕãĂĄãĂŇBilling &
PaymentsãĂ ãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ

ãĂŇPayment Method-
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CreditãĂ ãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ

ãČĄãČčãČijãĆÿãĄŮãĄ§ãĄĎéą ãĆŠéĄÿæŁd̄ãĄŮãĂĄãĂŇAdd
CreditãĂ ãĄğæŇĞåőŽãĄŮãĄ§éą ãĄŇè£¡åŁăãĄŢãĆŇãĄ¿ãĄŹãĂĆ
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EXabyte.ioãĄőãČłãČşãĆŕåĚĹ

EXabyte.ioãĄőäžŃä¿ŃéŻĘ

1.1.3 ãĆźãČĹãČňãČijãĆÿéĞŔãĆŠè£¡åŁăãĄŹãĆŃåăt’åŘĹ

ãĄŞãĄŞãĄğãĄŕãĂĄExabyte.ioãĄńãČĄãČčãČijãĆÿãĄŮãĄ§éą ãĄŃãĆL’ãĂĄãĆźãČĹãČňãČijãĆÿãĆŠåćŮãĆĎãĄŹæŰźæşŢãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

æőŃãĆŁæőŃéńŸãĄŃãĆL’ãĂĄãĆźãČĹãČňãČijãĆÿãĆŠåćŮãĆĎãĄŹåăt’åŘĹãĂĄBalanceãĄőæĺłãĄńãĄĆãĆŃãĂŇAdd
StorageãĂ ãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ
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1.1.4 çţĎçźŤãĆćãĆńãĆęãČşãČĹãĄńãČęãČijãĆűè£¡åŁă
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Exabyte.ioä¡£çŤĺãČd̄ãČŃãČěãĆćãČń, Release 1.0
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1.2 çňňäÿĂåŐ§çŘĘèĺĹçőŮGUIãĄĺãĆŕãČl’ãĆęãČL’èĺĹçőŮ

1.2.1 ãČćãČĞãČńä¡IJæĹŘ
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24 Chapter 1. éăĚçŻő
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éăĚçŻő èl’şçt’ř
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EXabyte.ioãĄőäžŃä¿ŃéŻĘ

çţĎãĄ£åŘĹãĆŔãĄŻãČćãČĞãČńãĄőä¡IJæĹŘ

ãĄŞãĄŞãĄğãĄŕ‘EXabyte.io <https://exabyte.io/>‘_ ãĄőæl’§èČ¡ãĄőâĂİCombinatorial
SetâĂİãĄőçţĎãĄ£åŘĹãĆŔãĄŻãČćãČĞãČńä¡IJæĹŘæŰźæşŢãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

ãĄ¿ãĄŽåĹİãĆĄãĄńãĂĄMaterialsãĄőéăĚçŻőãĆŠéĄÿæŁd̄ãĄŮãĂĄéİŠãĄĎïijŃãČIJãĆ£ãČşãĆŠæŁijãĄŮãĄ¿ãĄŹãĂĆ

çţĎãĄ£åŘĹãĆŔãĄŻãČćãČĞãČńãĆŠä¡IJæĹŘãĄŮãĄ§ãĄĎçţŘæŹűæğŃéĂăãĆŠãĆd’ãČşãČİãČijãČĹãĄŮãĄ§å¿ŇãĂĄãĂŇADVANCEDãĂ ãĄőãĂŇCombinatorial
SetãĂ ãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ

EXabyte.ioãĄőãČłãČşãĆŕåĚĹ

1.2.2 ãČŕãČijãĆŕãČŢãČ ãČijä¡IJæĹŘ
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ãČŕãČijãĆŕãČŢãČ ãČijãĄőãĆşãČŤãČij
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workflowåŘ èl’şçt’ř
Total Energy ãĆĺãČ ãČńãĆőãČijèĺĹçőŮ
Fixed-cell Relaxation æğŃéĂăæIJĂéĄl’åŇŰ
Variable-cell Relaxation ãĆżãČńæIJĂéĄl’åŇŰ
Band Structure ãČŘãČşãČL’æğŃéĂă
Band Structure - HSE ãČŘãČşãČL’æğŃéĂăãĂĂHSE
Band Gap ãČŘãČşãČL’ãĆőãČčãČČãČŮ
Band Gap + DoS - HSE ãČŘãČşãČL’ãĆőãČčãČČãČŮãĂĄçŁűæĚŃåŕĘåžęãĂĄHSE
Plasmon-Pole GW Band Structure + Band Gap Plasmon-Poleè£ŚäijijãĂĂGWãĂĂãĄőãČŘãČşãČL’æğŃéĂăãĂĄãČŘãČşãČL’ãĆőãČčãČČãČŮ
Full Frequency GW Band Structure + Band Gap GWãĂĂãĄőãČŘãČşãČL’æğŃéĂăãĂĄãČŘãČşãČL’ãĆőãČčãČČãČŮ
Density of States çŁűæĚŃåŕĘåžęãĂĂDOS
Band Structure + Density of States ãČŘãČşãČL’æğŃéĂăãĄĺDOS
Electronic Density Mesh éŻżå ŘåŕĘåžęåŻş
Phonon Density of States ãČŢãĆl’ãČŐãČşçŁűæĚŃåŕĘåžę
Phonon Density of States + Dispersions ãČŢãĆl’ãČŐãČşçŁűæĚŃåŕĘåžęãĄĺåĹĘæŢč
Zero Point Energy ãĆijãČ çĆźãĆĺãČ ãČńãĆőãČij
Surface Energy èąĺéİćãĆĺãČ ãČńãĆőãČij
Effective Screening Medium (ESM) ESMæşŢãĄğãĄő1çĆźèĺĹçőŮ
Effective Screening Medium (ESM) Relax ESMæşŢäÿŃãĄğãĄőæğŃéĂăæIJĂéĄl’åŇŰ
Nudged Elastic Band (NEB) åŔ å£IJçţŇèůŕèĺĹçőŮãĂĂNEBèĺĹçőŮ
ML: Train Model æl’§æćřå ęç£ŠãČćãČĞãČńä¡IJæĹŘ

ãČŕãČijãĆŕãČŢãČ ãČijãĄőä¡IJæĹŘ

ãĄŞãĄŞãĄğãĄŕçŃňèĞłãĄğworkflowãĆŠä¡IJæĹŘãĄŹãĆŃæŰźæşŢãĆŠçt’źäżŃãĄŮãĄ¿ãĄŹãĂĆ

1.2.3 çňňäÿĂåŐ§çŘĘèĺĹçőŮ (QuantumESPRESSO)

æŞňãČİãČĘãČşãĆůãČčãČńãĄőè£¡åŁă
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workflowåŘ èl’şçt’ř
Element åĚČçt’ă
Approximation GGAãĂĄLDAãĂĄOtherãĄŃãĆL’éĄÿæŁd̄
Functional PBEãĂĄPBESOLãĂĄPW91ãĂĄOtherãĄŃãĆL’éĄÿæŁd̄
Method/Type PAWãĂĄNCãĂĄUSãĄŃãĆL’éĄÿæŁd̄
Application Quntum ESPRESSOãĂĄVASPãĄŃãĆL’éĄÿæŁd̄

ä¿ŃãĄĹãĄřãĂĄSiåŐ§å ŘãĄőãČŐãČńãČăä£İå Ÿåd̄ŃãĄőæŞňãČİãČĘãČşãĆůãČčãČńãĆŠãĆćãČČãČŮãČ ãČijãČL’ãĄŹãĆŃåăt’åŘĹãĄŕäÿŃèĺŸãĄőãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹãĂĆèĺ åőŽãĄŇçţĆäžĘãĄŮãĄ§ãĆL’SaveãČIJãĆ£ãČşãĆŠæŁijãĄŮãĄ¿ãĄŹãĂĆ

ãĆćãČČãČŮãČ ãČijãČL’ãĄŮãĄ§æŞňãČİãČĘãČşãĆůãČčãČńãĄŇãČłãĆźãČĹãČIJãČČãĆŕãĆźãĄńè£¡åŁăãĄŢãĆŇãĄ¿ãĄŹãĂĆ
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WorkflowãĄŃãĆL’æŞňãČİãČĘãČşãĆůãČčãČńãĆŠè£¡åŁă

Workflowä¡IJæĹŘçŤżéİćãĄŃãĆL’Exabyte.ioãĄńèĺ åőŽãĄŢãĆŇãĄęãĄĎãĄłãĄĎæŞňãČİãČĘãČşãĆůãČčãČńãĆŠè£¡åŁăãĄŹãĆŃæŰźæşŢãĄńãĄd’ãĄĎãĄęèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ
ãĄŞãĄŞãĄğãĄŕãĂĄTotal EnergyãĄőãČŕãČijãĆŕãČŢãČ ãČijãĄńãĂĄSi.pw-mt_fhi.UPFãĂĂãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹãĂĆ
ãĄ¿ãĄŽåĹİãĆĄãĄńãĂĄTotal EnergyãĄőãČŕãČijãĆŕãČŢãČ ãČijãĆŠãĆşãČŤãČijãĄŮãĄ¿ãĄŹãĂĆ
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density qpproximationãĂ ãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ
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FunctionalãĆŠpwãĄńèĺ åőŽãĄŮãĄ¿ãĄŹãĂĆ

SubtypeãĆŠncãĄńèĺ åőŽãĄŮãĄ¿ãĄŹãĂĆ

48 Chapter 1. éăĚçŻő
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ãĆćãČČãČŮãČ ãČijãČL’ãĄńæĹŘåŁ§ãĄŹãĆŃãĄĺãĂĄæŞňãČİãČĘãČşãĆůãČčãČńãĄőãČłãĆźãČĹãČIJãČČãĆŕãĆźãĄńè£¡åŁăãĄŢãĆŇãĄ¿ãĄŹãĂĆ

éĄÿæŁd̄ãĄŹãĆŃéŽŻãĂĄèęŃãĆĎãĄŹãĄŔãĄŹãĆŃãĄ§ãĆĄãĄńãĆ£ãĆřäżŸãĄŚãĄŮãĄ¿ãĄŹãĂĆTagsãĄńLDAãĄĺåĚěåŁŻãĄŮãĄęãĄŁãĄ ãĄ¿ãĄŹãĂĆ
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èĺĹçőŮæŞ ä¡IJèłňæŸŐ

Exabyte.ioäÿŁãĄğçňňäÿĂåŐ§çŘĘèĺĹçőŮãĆ¡ãČŢãČĹQuantum ESPRESO(QE)ãĆŠä¡£ãĄčãĄ§èĺĹçőŮãĄńãĄd’ãĄĎãĄęçt’źäżŃãĄŮãĄ¿ãĄŹãĂĆ

ãČĹãČijãĆ£ãČńãĆĺãČ ãČńãĆőãČijãĄőèĺĹçőŮ

ãĄŞãĄŞãĄğãĄŕQuantum ESPRESSO ãĆŠä¡£çŤĺãĄŮãĄęãČĹãČijãĆ£ãČńãĆĺãČ ãČńãĆőãČijãĆŠèĺĹçőŮæŰźæşŢãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆ

ãČĹãČijãĆ£ãČńãĆĺãČ ãČńãĆőãČijãĄőèĺĹçőŮãĄńãĄŕãĂĄWorkFlowãĄőâĂİTotal
EnergyâĂİãĆŠçŤĺãĄĎãĄ¿ãĄŹãĂĆ
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Create JobãĄŃãĆL’ãĆÿãČğãČŰãĆŠä¡IJæĹŘãĄŮãĄ¿ãĄŹãĂĆ
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æňąãĄńSelect workflowãĄŃãĆL’ãČĂãĆęãČşãČ ãČijãČL’ãĄŮãĄ§âĂİTotal
EnergyâĂİãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹãĂĆ
ãČĞãČŢãĆl’ãČńãČĹãĄŇâĂİTotal
EnergyâĂİãĄńãĄłãĄčãĄęãĄĎãĆŃåăt’åŘĹãĄńãĄŕçIJĄçŢěãĄŮãĄęãĄŔãĄăãĄŢãĄĎãĂĆ
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Exabyte.ioä¡£çŤĺãČd̄ãČŃãČěãĆćãČń, Release 1.0
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èąĺéİćãĆĺãČ ãČńãĆőãČijãĄőèĺĹçőŮ
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88 Chapter 1. éăĚçŻő
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ãČżèłŸéŻżçŐĞèŹŽéČĺ

ãČżåŔ åřĎçŐĞ
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ãČŢãĆąãĆd’ãČńåŘ èłňæŸŐ
spectrum.csv åŘÿåŔŐãĆźãČŽãĆŕãČĹãČńåĞžåŁŻãČŢãĆąãĆd’ãČń(csvå¡ćåijŔ)
spectrum_eV.png åŘÿåŔŐãĆźãČŽãĆŕãČĹãČń(eVå Ÿä¡ )ãĄőåŻşãČŢãĆąãĆd’ãČń
spectrum_nm.png åŘÿåŔŐãĆźãČŽãĆŕãČĹãČń(nmå Ÿä¡ )ãĄőåŻşãČŢãĆąãĆd’ãČń
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IRãĂĄRamanãĆźãČŽãĆŕãČĹãČńãĄőèĺĹçőŮ
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èĺĹçőŮãČćãČĞãČńãĄńãĄŕSiO2(stishovite)ãĆŠçŤĺãĄĎãĄęèłňæŸŐãĄŮãĄ¿ãĄŹãĂĆImport
MaterialsçŤżéİćãĄğçL’l’èşłåŘ -
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IRãĂĄRamanãĆźãČŽãĆŕãČĹãČńãĄőèĺĹçőŮãĄńãĄŕãĂĄWorkFlowãĄőâĂİIR-
Raman_spectrumâĂİãĆŠçŤĺãĄĎãĄ¿ãĄŹãĂĆ
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ãČŢãĆąãĆd’ãČńåŘ èłňæŸŐ
spectra_data.csv ãĆźãČŽãĆŕãČĹãČńåĞžåŁŻãČŢãĆąãĆd’ãČń(csvå¡ćåijŔ)
IR_spectrum.png IRãĆźãČŽãĆŕãČĹãČńãĄőåŻşãČŢãĆąãĆd’ãČń
Raman_spectrum.png RamanãĆźãČŽãĆŕãČĹãČńãĄőåŻşãČŢãĆąãĆd’ãČń
spectrum_peak.dat åŘÿåŔŐãČŤãČijãĆŕãĄőæČĚåăśåĞžåŁŻ
dynmat.axsf å§žæžŰæŇŕåŃŢèğčæd̄ŘçţŘæd̄IJ(XcrysdenãĄğåŔŕèęŰåŇŰåŔŕèČ¡)

åŻşãČŢãĆąãĆd’ãČńãĆŠãĆŕãČłãČČãĆŕãĄŹãĆŃãĄĺåŘĎãĆźãČŽãĆŕãČĹãČńãĄőãĆřãČl’ãČŢãĄŇåŔŕèęŰåŇŰãĄŢãĆŇãĄ¿ãĄŹãĂĆ
ãČżIRãĆźãČŽãĆŕãČĹãČń

ãČżRamanãĆźãČŽãĆŕãČĹãČń
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FileâĞŠOpen StructureâĞŠOpen AXSF(Animation XCrySDen Structure File)ãĄőéăĘãĄńéĄÿæŁd̄ãĄŮãĂĄFile
BrowserãĄŃãĆL’èl’šå¡ŞãĄőèĺĹçőŮãČĞãĆčãČňãĆŕãČĹãČłãĄÿçğżåŃŢãĄŮãĂĄdynmat.axsfãČŢãĆąãĆd’ãČńãĆŠéĄÿæŁd̄ãĄŮãĄęOKãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹãĂĆ
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SettingsãĆĹãĆŁLength Factor(ãČŹãĆŕãČĹãČńéŢů)ãĆĎVector thickness
factor(ãČŹãĆŕãČĹãČńãĄőåd’łãĄŢ)ãĆŠèł£æŢt’ãĄŮUpdateãČIJãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹãĂĆ
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Animation Control Center(ModifyâĞŠAnimation
Controls)ãĄőç§ćå řãČIJãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęãĂĄCurrent SlideãĆŠspec-
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EXabyte.ioãĄőãČłãČşãĆŕåĚĹ

EXabyte.ioãĄőäžŃä¿ŃéŻĘ

1.2.4 çňňäÿĂåŐ§çŘĘèĺĹçőŮ (VASP)

èĺĹçőŮæŞ ä¡IJèłňæŸŐ
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ä¡IJæĹŘäÿ

1.3 åd’ŰéČĺGUIéĂčæŘž
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1.6.3 SSH/SCPãĄőæŐěçűŽèĺ åőŽ
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âĂż çţĎçźŤãĆćãĆńãČşãČĹãĄőåăt’åŘĹãĂĄOwneræĺl’éŹŘãĄőãĄĆãĆŃãČęãČijãĆűãĄőãĄ£èĺ åőŽåŔŕèČ¡ãĂĆ

EXabyte.ioãĄőãČłãČşãĆŕåĚĹ

EXabyte.ioãĄőäžŃä¿ŃéŻĘ
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