
CORMAC TOHER 
STEFANO CURTAROLO 

Materials Science - Duke University 
Frisco Rose, Eric Gossett, Harvey Shi, Ichiro Takeuchi, Alexey 

Kolmogorov, Kesong Yang, Gus Hart, Robert Hanson, 
Natalio Mingo, Arrigo Calzolari, Amir Natan, Stefano 
Sanvito, Marco Fornari, Marco Buongiorno Nardelli  

AFLOWLIB	
  Data	
  Repository	
  



2 

AFLOWLIB	
  Data	
  Repository	
  

 !

AFLOWLIB Web Portal!



AFLOWLIB.org:	
  web	
  portal	
  

A RESTful API for exchanging Data in AFLOWLIB, Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 

http://aflowlib.org 

> 1.2 million 
entries Advanced 

Search 
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AFLOWLIB.org:	
  MendeLIB	
  advanced	
  search	
  

aflowlib.org/advanced.php Property 
search 
filters 

Element 
search 
filters 

A RESTful API for exchanging Data in AFLOWLIB, Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 4 



AFLOWLIB	
  Online	
  Applica@ons	
  

•  Interac(ve	
  online	
  applica(ons	
  for	
  data	
  analysis	
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AFLOWLIB	
  Search-­‐API	
  

Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 

 !

Machine Searchable 
Materials Data!
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•  Aim:	
  Programa(cally	
  expose	
  the	
  same	
  func(onality	
  as	
  our	
  web	
  search	
  
interface	
  at	
  h=p://aflowlib.org/advanced.php	
  

	
  

 

AFLOWLIB	
  Search-­‐API	
  

An#entry#in#detail:#mul/0layer#system#

4 

aaa"

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW/AgCoMn_pv/T0002.A2BC!
auid=aflow:AgCoMn_pv/T0002.A2BC:PAW_PBE!
aapi=1.0!
keywords=aurl,auid,aflow_api_version,code,compound,prototype,nspecies,...!
aflowlib_entry_date=20140130_20:34:00_GMT-5!
aflowlib_entry_version=30794!
aflow_version=aflow30293!
calculation_cores=1!
calculation_memory=539!
calculation_time=18347.2!
corresponding=Stefano_Sanvito_sanvitos@tcd.ie!
loop=thermodynamics,bands,magnetic!
node_CPU_Cores=12!
node_CPU_MHz=2661!
node_CPU_Model=Intel(R)_Xeon(R)_CPU_X5650_@_2.67GHz!
node_RAM_GB=24!
code=vasp.4.6.35!
composition=2,1,1!
compound=Ag2Co1Mn1!
density=8.94193!
eentropy=0!
eentropy_atom=0!
Egap=0!
energy=-20.4051!
energy_atom=-5.10128!
enthalpy=-20.4051!
enthalpy_atom=-5.10128!
enthalpy_formation=1.51248!
enthalpy_formation_atom=0.378121!
entropic_temperature=-4220.27!
files=AgCoMn_pv.T0002.A2BC.cif,AgCoMn_pv.T0002.A2BC.png,..!
forces=0,0,0;0,0,0;0,0,0;0,0,0!
geometry=4.42361,4.42361,4.42361,60,60,60!
!
!

lattice_system_orig=cubic!
lattice_system_relax=cubic!
lattice_variation_orig=FCC!
lattice_variation_relax=FCC!
natoms=4!
nbondxx=1.0911,1.0911,1.0911,1.7818,1.0911,1.7818!
nspecies=3!
Pearson_symbol_orig=cF16!
Pearson_symbol_relax=cF16!
positions=0,0,0;4.691,4.691,4.691;3.127,3.127,3.127;1.563,1.563,1.5!
pp_type=PAW_PBE!
pressure=0!
prototype=T0002.A2BC!
PV=0!
PV_atom=0!
sg=F-43m#216,F-43m#216,F-43m#216!
sg2=F-43m#216,F-43m#216,F-43m#216!
spacegroup_orig=216!
spacegroup_relax=216!
species=Ag,Co,Mn!
species_pp=Ag,Co,Mn_pv!
species_pp_version=Ag:06Sep2000,Co:06Sep2000,Mn_pv:07Sep2000!
spin=5.17619!
spin_atom=1.29405!
spinD=0.035,-0.010,1.498,3.635!
spinF=0.618302!
stoichiometry=0.5,0.25,0.25!
type=metal!
valence_iupac=20!
valence_std=38!
volume=61.209!
volume_atom=15.3023! Example of aflowlib_entry.out!

for the “calculation-layer” !

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW/AgCoMn_pv!
auid=aflow:AgCoMn_pv:PAW_PBE!
aapi=1.0!
keywords=aurl,auid,aflowlib_entries_number,aflowlib_entries,keywords,aapi !
aflowlib_entries_number=9  
aflowlib_entries=T0001.A2BC,T0001.AB2C,T0001.ABC2,T0002.A2BC,T0002.AB2C,T0002.ABC2,..!
 
!
!

Example of aflowlib_entry.out!
for the “set-layer” !

b) 

c) 

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW!
auid=aflow:LIB_RAW3!
aapi=1.0!
keywords=aurl,auid,aflowlib_entries_number,aflowlib_entries,keywords,aapi !
aflowlib_entries_number=26333   
aflowlib_entries=AgAlAs,AgAlAu,AgAlB_h,AgAlBa_sv,AgAlBe_sv,AgAlBi_d,AgAlBr,AgAlCa_sv,AgAlCd,!
                 AlHg,AgAlIn_d,AgAlIr,AgAlK_sv,AgAlLa,AgAlLi_sv,AgAlMg_pv,AgAlMn_pv,AgAlMo_pv,!
                 AgAlRu_pv,AgAlSb,AgAlSc_sv,AgAlSe,AgAlSi,AgAlSn,AgAlSr_sv,AgAlTa_pv,AgAlTc_pv,!
                 AgAsBe_sv,AgAsBi_d,AgAsBr,AgAsCa_sv,AgAsCd,AgAsCl,AgAsCo,AgAsCr_pv,AgAsCu_pv,!
                 AgAsMg_pv,AgAsMn_pv,AgAsMo_pv,AgAsNa_sv,AgAsNb_sv,AgAsNi_pv,AgAsOs_pv,AgAsP,...!

Example of aflowlib_entry.out!
for the “project-layer”!

a) 

AFLOWLIB.org,

University, University/rver+

ICSD, Alloys, Magne;c,

AgCo, CoMn,

entry,i" entry,j"

Control+Keywords+
(reproducibility)+

Servers 

Projects 

Systems/
sets 

Entries 

Informa;on,

A
P

I l
ay

er
s 

“Project-layer” (Fig. 3a)!
aflowlib_entry.out!

Content+Keywords+
(materials)+

2D,world,

“Set-layer” (Fig. 3b)!
aflowlib_entry.out!

“Calculation-layer” (Fig. 3c)!
aflowlib_entry.out!

Database searches  
“zero-layer” (Fig. 2)!

AgCoMn,

Laboratory,

AlCu_pvMn_pv.T0001.A2BC (FCC)
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mandatory  
keywords 

optional  
control  

keywords 

optional  
materials  

keywords 

6 api! Comp. Mat. Sci. 93, 178-192 (2014).  

4/13/2016 index.html

file:///home/frose/Downloads/index.html 1/2

Summons-­Lucifer:

Summons-Lucifer
         ::= Matchbook Directive

no  references

Matchbook:

Matchbook
         ::= Unary-Not? ( Unary-Mute? Datum-string '(' Match ')' | '(' Matchbook ')' )
           | Matchbook Binal Matchbook

referenced  by:

Matchbook
Summons-­Lucifer

Match:

Match    ::= Unary-Not? ( Unary-Loose? ( Datum-string | Datum-number ) Unary-Loose? | '(' Match ')' )
           | Match Binal Match

referenced  by:

Match
Matchbook

Directive:

Directive
         ::= ( Binal Unary-Mute? Datum-string '(' ( Datum-string | Datum-number ) ( Binal ( Datum-string | Datum-number ) )* ')' )*

referenced  by:

Logical 
operator 

Lucifer 
syntax 

<block> “(” and “)” 

<AND> “,” 

<OR> “:” 

<NOT> “!” 

<loose> “*” 

<string> “’” 

<mute> “$” 
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•  Want	
  to	
  use	
  URL	
  for	
  communica(on	
  layer,	
  like	
  in	
  our	
  data	
  API:
h=p://aflowlib.duke.edu/AFLOWDATA/ICSD_WEB/ORCC/
Ag1As1Na2_ICSD_49007/	
  

	
  
•  Standard	
  API	
  interfaces	
  in	
  URL’s	
  suffer	
  from	
  lack	
  of	
  rela(onships	
  

•  We	
  created	
  a	
  new	
  language	
  called	
  Lucifer	
  to	
  overcome	
  that	
  
limita(on	
  

•  Captures	
  some	
  of	
  the	
  nice(es	
  of	
  Structured	
  Query	
  Language	
  without	
  
the	
  burden	
  of	
  knowing	
  SQL	
  or	
  the	
  DB	
  schema.	
  

•  Fits	
  neatly	
  into	
  the	
  query	
  por(on	
  of	
  a	
  URL,	
  but	
  does	
  not	
  interfere	
  
with	
  exis(ng	
  ?key=value#	
  nomenclature.	
  

AFLOWLIB	
  Search-­‐API:	
  A	
  match	
  is	
  found	
  

8 



•  We	
  have	
  many	
  proper(es	
  and	
  more	
  are	
  added	
  all	
  the	
  (me,	
  so	
  
Lucifer	
  is	
  automa(c	
  in	
  its	
  property	
  inspec(on.	
  	
  

•  Simple	
  example	
  search	
  for	
  compounds	
  containing	
  potassium,	
  
chlorine	
  and	
  oxygen:
h=p://aflowlib.duke.edu/search/API/?species(K,Cl,O)	
  

	
  
•  Returns	
  list	
  of	
  compounds	
  in	
  aflowlib.org	
  containing	
  these	
  

elements	
  

•  Default	
  format	
  is	
  an	
  array	
  of	
  JSON	
  objects,	
  shown	
  40	
  at	
  a	
  (me;	
  
which	
  set	
  is	
  returned	
  is	
  controlled	
  by	
  “paging()”	
  command	
  

AFLOWLIB	
  Search-­‐API:	
  Lucifer	
  Ignites	
  

9 



AFLOWLIB	
  Search-­‐API:	
  Search	
  Results	
  

•  Array	
  of	
  40	
  JSON	
  objects	
  returned	
  for	
  search:
h=p://aflowlib.duke.edu/search/API/?species(K,Cl,O)	
  

 10 



AFLOWLIB	
  Search-­‐API:	
  Lucifer	
  Operators	
  

•  Lucifer	
  supports	
  use	
  of	
  several	
  logical	
  operators	
  

•  Operator	
  scope	
  can	
  be	
  inter-­‐property	
  and/or	
  intra-­‐property	
  

Logical operator Lucifer syntax Operator scope 
<block> “(” and “)” Intra- and inter-property 
<AND> “,” Intra- and inter-property 
<OR> “:” Intra- and inter-property 
<NOT> “!” Intra-property 
<loose> “*” Intra-property 
<string> “’” Inter-property 
<mute> “$” Intra-property 

11 



AFLOWLIB	
  Search-­‐API:	
  Lucifer	
  Examples	
  
•  aflowlib.duke.edu/search/API/?species 	
   	
   	
  Show	
  default	
  DB	
  selec(on	
  

	
   	
   	
   	
   	
   	
   	
  with	
  the	
  species	
  property	
  

•  aflowlib.duke.edu/search/API/?species((Na:K),Cl)	
   	
   	
  Show	
  entries	
  that	
  have	
  
	
   	
   	
   	
   	
   	
   	
  NaCl	
  or	
  KCl	
  

•  aflowlib.duke.edu/search/API/?species((Na:K),Cl),$nspecies(2)	
   	
  Show	
  entries	
  that	
  have	
  
	
   	
   	
   	
   	
   	
   	
  NaCl	
  or	
  KCl	
  only	
  

	
  
•  aflowlib.duke.edu/search/API/?species,catalog(icsd:lib2)	
   	
  Show	
  from	
  both	
  ICSD	
  and	
  

	
   	
   	
   	
   	
   	
   	
  Lib2	
  databases	
  

•  aflowlib.duke.edu/search/API/?Egap(1*,*1.6) 	
   	
  Show	
  gaps	
  between	
  1	
  and	
  
	
   	
   	
   	
   	
   	
   	
  1.6	
  eV	
  (inclusive)	
  

•  aflowlib.duke.edu/search/API/?Egap(1*),energy_atom	
   	
  Show	
  entries	
  with	
  gap	
  >=	
  1	
  
	
   	
   	
   	
   	
   	
   	
  along	
  with	
  energy	
  per	
  atom	
  
	
   	
   	
   	
   	
   	
   	
  values	
  	
  

•  aflowlib.duke.edu/search/API/?Egap(1*),paging(2)	
   	
   	
  Show	
  entries	
  with	
  gap	
  >=	
  1,	
  
	
   	
   	
   	
   	
   	
   	
  second	
  set	
  of	
  40	
  entries	
  

12 



AFLOWLIB	
  Future	
  Developments	
  

•  Standalone	
  GUI	
  applica(on	
  for	
  searching	
  AFLOWLIB	
  using	
  search-­‐API	
  
13 



AFLOWLIB	
  Data	
  Repository	
  

 !

AFLOWLIB REST-API!

A RESTful API for exchanging Data in AFLOWLIB, Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 14 



AFLOWLIB	
  like	
  POSIX:	
  mul@-­‐layer	
  system	
  

A RESTful API for exchanging Data in AFLOWLIB, Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 

•  SQL	
  database	
  with	
  distributed	
  mul(layered	
  structure:	
  

Server	
  Layer	
   Project	
  Layer	
   Set	
  Layer	
   Entry	
  Layer	
  

•  $aurl=server:AFLOWDATA/project/set/entry/	
  

•  $aurl=aflowlib.duke.edu:AFLOWDATA/LIB2_RAW/AgTi_sv/66/	
  

Server	
   Project	
  
layer	
  

Set	
  
layer	
  

Entry	
  

•  HTTP	
  access:	
  h=p://server/AFLOWDATA/project/set/entry	
  	
  
•  h=p://aflowlib.duke.edu/AFLOWDATA/LIB2_RAW/AgTi_sv/66/	
  

15 



An	
  entry	
  in	
  detail:	
  mul@-­‐layer	
  system	
  

4 

aaa"

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW/AgCoMn_pv/T0002.A2BC!
auid=aflow:AgCoMn_pv/T0002.A2BC:PAW_PBE!
aapi=1.0!
keywords=aurl,auid,aflow_api_version,code,compound,prototype,nspecies,...!
aflowlib_entry_date=20140130_20:34:00_GMT-5!
aflowlib_entry_version=30794!
aflow_version=aflow30293!
calculation_cores=1!
calculation_memory=539!
calculation_time=18347.2!
corresponding=Stefano_Sanvito_sanvitos@tcd.ie!
loop=thermodynamics,bands,magnetic!
node_CPU_Cores=12!
node_CPU_MHz=2661!
node_CPU_Model=Intel(R)_Xeon(R)_CPU_X5650_@_2.67GHz!
node_RAM_GB=24!
code=vasp.4.6.35!
composition=2,1,1!
compound=Ag2Co1Mn1!
density=8.94193!
eentropy=0!
eentropy_atom=0!
Egap=0!
energy=-20.4051!
energy_atom=-5.10128!
enthalpy=-20.4051!
enthalpy_atom=-5.10128!
enthalpy_formation=1.51248!
enthalpy_formation_atom=0.378121!
entropic_temperature=-4220.27!
files=AgCoMn_pv.T0002.A2BC.cif,AgCoMn_pv.T0002.A2BC.png,..!
forces=0,0,0;0,0,0;0,0,0;0,0,0!
geometry=4.42361,4.42361,4.42361,60,60,60!
!
!

lattice_system_orig=cubic!
lattice_system_relax=cubic!
lattice_variation_orig=FCC!
lattice_variation_relax=FCC!
natoms=4!
nbondxx=1.0911,1.0911,1.0911,1.7818,1.0911,1.7818!
nspecies=3!
Pearson_symbol_orig=cF16!
Pearson_symbol_relax=cF16!
positions=0,0,0;4.691,4.691,4.691;3.127,3.127,3.127;1.563,1.563,1.5!
pp_type=PAW_PBE!
pressure=0!
prototype=T0002.A2BC!
PV=0!
PV_atom=0!
sg=F-43m#216,F-43m#216,F-43m#216!
sg2=F-43m#216,F-43m#216,F-43m#216!
spacegroup_orig=216!
spacegroup_relax=216!
species=Ag,Co,Mn!
species_pp=Ag,Co,Mn_pv!
species_pp_version=Ag:06Sep2000,Co:06Sep2000,Mn_pv:07Sep2000!
spin=5.17619!
spin_atom=1.29405!
spinD=0.035,-0.010,1.498,3.635!
spinF=0.618302!
stoichiometry=0.5,0.25,0.25!
type=metal!
valence_iupac=20!
valence_std=38!
volume=61.209!
volume_atom=15.3023! Example of aflowlib_entry.out!

for the “calculation-layer” !

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW/AgCoMn_pv!
auid=aflow:AgCoMn_pv:PAW_PBE!
aapi=1.0!
keywords=aurl,auid,aflowlib_entries_number,aflowlib_entries,keywords,aapi !
aflowlib_entries_number=9  
aflowlib_entries=T0001.A2BC,T0001.AB2C,T0001.ABC2,T0002.A2BC,T0002.AB2C,T0002.ABC2,..!
 
!
!

Example of aflowlib_entry.out!
for the “set-layer” !

b) 

c) 

aurl=aflowlib.duke.edu:AFLOWDATA/LIB3_RAW!
auid=aflow:LIB_RAW3!
aapi=1.0!
keywords=aurl,auid,aflowlib_entries_number,aflowlib_entries,keywords,aapi !
aflowlib_entries_number=26333   
aflowlib_entries=AgAlAs,AgAlAu,AgAlB_h,AgAlBa_sv,AgAlBe_sv,AgAlBi_d,AgAlBr,AgAlCa_sv,AgAlCd,!
                 AlHg,AgAlIn_d,AgAlIr,AgAlK_sv,AgAlLa,AgAlLi_sv,AgAlMg_pv,AgAlMn_pv,AgAlMo_pv,!
                 AgAlRu_pv,AgAlSb,AgAlSc_sv,AgAlSe,AgAlSi,AgAlSn,AgAlSr_sv,AgAlTa_pv,AgAlTc_pv,!
                 AgAsBe_sv,AgAsBi_d,AgAsBr,AgAsCa_sv,AgAsCd,AgAsCl,AgAsCo,AgAsCr_pv,AgAsCu_pv,!
                 AgAsMg_pv,AgAsMn_pv,AgAsMo_pv,AgAsNa_sv,AgAsNb_sv,AgAsNi_pv,AgAsOs_pv,AgAsP,...!

Example of aflowlib_entry.out!
for the “project-layer”!

a) 

AFLOWLIB.org,

University, University/rver+

ICSD, Alloys, Magne;c,

AgCo, CoMn,

entry,i" entry,j"

Control+Keywords+
(reproducibility)+

Servers 

Projects 

Systems/
sets 

Entries 

Informa;on,

A
P

I l
ay

er
s 

“Project-layer” (Fig. 3a)!
aflowlib_entry.out!

Content+Keywords+
(materials)+

2D,world,

“Set-layer” (Fig. 3b)!
aflowlib_entry.out!

“Calculation-layer” (Fig. 3c)!
aflowlib_entry.out!

Database searches  
“zero-layer” (Fig. 2)!

AgCoMn,

Laboratory,

AlCu_pvMn_pv.T0001.A2BC (FCC)
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optional  
materials  

keywords 

A RESTful API for exchanging Data in AFLOWLIB, Comp. Mat. Sci. 93, 178-192 (2014); DOI=10.1016/j.commatsci.2014.05.014 16 
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AFLOW Standardization!

AFLOW	
  Standardiza@on	
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AFLOW	
  Standardiza@on	
  

18 



Calderon et al., The AFLOW Standard. Comp. Mat. Sci. 108(A), 238 (2015) 

AFLOW	
  Standardiza@on	
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AFLOWLIB	
  Band	
  Structure	
  Standard	
  
an	
  apparently	
  simple	
  problem	
  requiring	
  a	
  complex	
  solu4on	
  

1.  Work	
  out	
  all	
  the	
  prototype	
  defini4ons/symmetries:	
  
2.  Define	
  standards	
  in	
  reciprocal	
  space	
  (on-­‐line):	
  	
  
3.  Standard	
  needs	
  to	
  be	
  quick.	
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