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}  1st - Thousand years ago:  
  science was empirical 
   describing natural phenomena 
 w/ some models, generalizations 

 
 

}  2nd - Last few hundred years:  
  theoretical branch 
   using models, generalizations 
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}  One scientist 
}  One location 
}  One discipline 
}  One phenomenon 

}  One pencil (… carver …) 
}  One paper (… stone …) 
}  Street announcements, e.g., Εύρηκα! 



}  3rd - Last few decades:  
  a computational branch 
   simulating complex phenomena 
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}  One small group of scientists 
}  One location 
}  One discipline 
}  One phenomenon 

}  One file system 
}  One local disk with custom files 
}  Publications at refereed forums 



}  4th - Today:  
  data exploration (eScience) 
   unify theory, experiment, and simulation 
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}  Many/large teams of scientists 
}  Many locations 
}  Many disciplines 
}  Many phenomena  

}  Many data management systems  
}  Many data forms 
}  Web uploads for publications, data, processes, 

… 



 
“… computationally-intensive science that is carried 
out in highly distributed network environments, 
 
or 
 
science that uses immense data sets that require 
computing.” 

d 



As the amount, variety, and complexity of data increases, it 
becomes more and more apparent that the construction of well 

articulated information technology is needed for scientific discovery  
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}  Early times: scientist at all stages 

}  Current times: 
   Specializations at certain stages 

◦  Data collection (2) and Result dissemination (6) 

Scientist at scientific stages 

◦  Conception and study (1) and Data interpretation (5) 
Scientist at data management stages (often) 

◦  Data organization (3) and Data analysis (4) 



 
Science Data 
& Questions 

Scientists 

Database 
to Store Data & 
Execute Queries 

Plumbers 

Data Mining 
Algorithms 

Miners 

Visualization 
Curation 

Digitization 
 

Tools 
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Database 
and 

Information 
Systems  Human-

Computer 
Interaction 

Scientific 
Systems  

Personalization 
& Social 

Networks 

Electronic 
Infrastructures 

Applications 

•  Search 
•  Query Optimization 
•  Cloud Computing 
•  Heterogeneous Systems 
•  Intelligent Databases 
•  Data mining / Discovery 
•  Data curation 

•  Database User 
Interfaces 

•  Complex Data 
Visualization 

•  Scientific Experiment Management  
•  Scientific Databases 
•  Workflow Management 
•  Distributed Systems 

•  Physical Sciences 
•  Cultural Heritage 
•  e-Health 

•  User Modeling 
•  User Profiling 
•  Adaptivity  

•  Digital Libraries 
•  Data Repositories 
•  Interoperability 
•  Information Integration  

and Access 
•  Grid-Services 



}  ESPAS: Near-earth Space 

}  D4Science II: Environmental Monitoring 

}  iMarine: Fisheries and Marine Life 

}  EarthServer: Earth Sciences 

}  Interact: Arctic Environment 

}  EFG2: European Film Gateway 

}  CHESS: Museum Storytelling 

}  BMRB: Bio-magnetic Resonance (NMR) 

}  OpenAIRE/OpenAIREplus: Publication Monitoring 
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" Space weather 
" Space climate 
" Ionosphere 
" Magnetosphere 
" Lithosphere-Ionosphere 

Coupling 
" Thermosphere 

Industrial users and communities 

}  Space communications 
}  Satellite Operation 
}  Navigation and Surveillance 

Disparate interrelated scientific communities 



}  Near-Earth space domain is yet to be established 

◦  Diverse organizations with different (or no) data policies 

◦  No formal data conceptualization 

◦  Different scopes, different use by researchers 

}  Complexity of data/metadata 
◦  Rich set of distributed and moving sensors 

◦  In-situ & active/passive remote sensing 
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ESPAS e-
services 
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}  Data modeling 
◦  Diverse communities 

}  Data policies  
◦  Nothing exists 

}  Infrastructure to provide access to instrumentation 
◦  Different policies, different views 

}  Infrastructure experiment monitoring 
◦  Dynamic scientific workflows   
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}  European Space Agency, FAO, World Fish Center, … 

}  Global environmental issues: marine environment, 
forest ecosystem, air quality 

}  Sensor data analysis, integration and correlation of 
data sources; reasoning, information/knowledge mgnt 

}  Large amount of information (→ 1TB), added-value 
applications and services 

}  Seamless workflow definition & on-demand data 
processing 



}  Fishery@FAO, Unesco, … 

}  Worldwide researchers from many disciplines (biologists, 
climatologists, socio-economists, fishery managers, …) 

}  Sustainable environmental management 

}  Climate change mitigation, marine biodiversity loss 
containment, poverty alleviation, disaster risk reduction 

}  Use of global fishery ecosystem and aquaculture, e.g., 
species, aquatic resources, hydrological changes 

}  Extreme data diversity 



}  European Space Agency 

}  Atmospheric, oceanography, geology, and general 
earth observation communities 

}  Open access and ad-hoc analytics on Earth Science 

}  RASDAMAN raster data management system 

}  Queries on cross-domain data of 20+ Tbytes 



 

}  Application-specific software of limited long 
term value 

}  Absence of consistent informatics 
perspective for data management 

}  Discipline-specific solutions: science re-builds 
rather than re-uses software 

}  No set of common requirements 
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}  Managing and processing exponentially-growing 
volumes of non co-located data 

}  Dealing with time-sensitive stream data from arrays 
of sensors and instruments or simulations 

}  Significantly reducing data analysis cycles so that 
researchers can make timely decisions 

}  “Data cleaning” is much harder than data loading 
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}  Specialized storage and data structures 

}  Filtering and fusion 

}  Efficient querying and distribution 
}  Parallelism 
}  Very few predefined query patterns 
◦  Everything goes…. 
◦  Rapidly extract small subsets of large data sets 
◦  Geospatial everywhere 
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}  Open-source data management and analytics software 
specifically data-intensive scientific problems 

}  Main characteristics 
◦  scalability up to petabytes and beyond and down to megabytes 

(consistent interface) 

◦  built-in support for provenance (lineage), workflows, uncertainty 

◦  support for "external" data objects 

◦  optimizing query language 

◦  use of Open Standards 

}  SciDB (Stonebraker@MIT et al.), Rasdaman 
(Baumann@Jakobs U.), MonetDB/SciLense 
(Kersten@CWI) 
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Assembly

PK DB_Assembly_ID

 Number_of_components
 Organic_ligands
 Metal_ions
 Non_standard_bonds
 Ambiguous_chem_comp_sites
 Paramagnetic
 Thiol_state
 Molecular_mass
 Enzyme_commission_number

Assembly_systematic_name

PK,FK1 DB_Assembly_ID
PK Naming_system

 Name

Assembly_type

PK,FK1 DB_Assembly_ID
PK Assembly_class

Assembly_chem_comp

PK,FK1 DB_Assembly_chem_comp_ID

 DB_Assembly_entity_ID
 DB_Entity_chem_comp_ID
 LCL_Assembly_chem_comp_num

Mol_interaction

PK,FK1 GRP_Assembly_ID
PK DB_Assembly_chem_comp_ID_1
PK DB_Assembly_chem_comp_ID_2

Assembly_atom

PK DB_Assembly_atom_ID

 DB_Assembly_entity_ID
 DB_Entity_chem_comp_ID
 DB_Chem_comp_atom_ID
 LCL_Assembly_atom_num

Assembly_bond

PK DB_Assembly_bond_ID

FK1 DB_Assembly_atom_ID_1
FK2 DB_Assembly_atom_ID_2
 Name
 Type
 Value_order
 Length

Assembly_deleted_atom

PK,FK2 DB_Assembly_entity_ID
PK DB_Entity_chem_comp_ID
PK DB_Chem_comp_atom_ID

Assembly_angle

PK DB_Assembly_angle_ID

 DB_Assembly_atom_ID_1
 DB_Assembly_atom_ID_2
 DB_Assembly_atom_ID_3

Torsion_angle

PK DB_Assembly_torsion_angle_ID

FK2 DB_Assembly_atom_ID_1
FK3 DB_Assembly_atom_ID_2
FK4 DB_Assembly_atom_ID_3
FK5 DB_Assembly_atom_ID_4
 Torsion_angle_name

Assembly_segment

PK,FK1 GRP_Assembly_segment_ID
PK GRP_Assembly_ID

 Code
 Description

Assembly_segment_unit

PK,FK1,FK2 GRP_Assembly_segment_ID

 Category
 DB_Unit_ID

Assembly_data_link

PK,FK1 DB_Assembly_ID
PK Database_code
PK EXT_Accession_code

 Mol_code
 Mol_name
 Experimental_method
 Structure_resolution
 Relation_type

Assembly_keyword

PK,FK1 GRP_Assembly_ID
PK Keyword

Assembly_biological_function

PK,FK1 DB_Assembly_ID
PK Biological_function

Assembly (07/16/08)
Assembly_entry_link

PK GRP_Assembly_ID

FK1 DB_Assembly_ID
 Name
 Ambiguous_conformational_states
 Molecules_in_chemical_exchange
 Details

Assembly_entry_information

PK,FK2 GRP_Assembly_ID
PK,FK1 DB_Assembly_entity_ID

 Entity_assembly_name
 Experimental_data_reported
 Physical_state
 Conformational_isomer
 Chemical_exchange_state
 Details

Assembly_entity

PK DB_Assembly_entity_ID

FK1,FK2 DB_Assembly_ID
FK3 DB_Entity_ID
 LCL_Assembly_entity_num
 Magnetic_equivalence_group_code
 Role

Author_supplied_data_link

PK,FK1 GRP_Assembly_ID
PK Database_code
PK EXT_accession_code

 Mol_name
 Experimental_method
 Structure_resolution
 Relation_type
 Details

Database_query_date

PK,FK1 DB_Assembly_ID
PK Database_code

 Query_date_DB
 Revised_last_date_DB

Assembly_synonym

PK,FK1 GRP_Assembly_ID
PK Name

 Name_form

Assembly_component_interaction

PK DB_Assembly_entity_ID_1
PK DB_Assembly_entity_ID_2
PK Mol_interaction_type

Atom_type

PK DB_Atom_ID

 Symbol
 Atomic_number
 Oxidation_number
 Paramagnetic
 Electron_configuration
 Unpaired_electron_number
 Atomic_mass
 Van_der_Vaals_radii

Common_molecule

PK DB_Common_mol_ID

 Name

Author_atom_designation

PK DB_Auth_atom_designation_ID

 Auth_assembly_entity_code
 Auth_entity_chem_comp_code
 Auth_chem_comp_name
 Auth_chem_comp_atom_name
 Auth_asym_code

Deposited_data_files

PK GRP_Deposited_data_files_ID

FK1 DB_Entry_ID
 Atomic_coordinate_file_name
 Atomic_coordinate_file_syntax
 Constraint_file_name
 Constraint_file_syntax
 Precheck_flag?
 Validate_flag?

Upload_data

PK,FK2 GRP_Deposited_data_files_ID
PK LCL_Data_file_ID

 Data_file_name
 Data_file_syntax
 Data_file_Sf_category

Study_characteristic

PK DB_Study_ID

 Name
 Type
 Details

Study_keyword

PK,FK1 DB_Study_ID
PK Keyword

Study_entry_list

PK,FK1 DB_Study_ID
PK DB_BMRB_accession_code

 BMRB_entry_description
 Details

Entry_author

PK,FK1 DB_Entry_ID
PK Ordinal

FK2 DB_Name_ID

Entry_source

PK,FK2 DB_Entry_ID
PK,FK1 DB_Organization_ID

FK3 DB_project_ID

Data_sets

PK,FK1 DB_Entry_ID
PK Type

 Count

Datum_count

PK,FK1 DB_Entry_ID
PK Type

 Count

Release

PK,FK1 DB_Entry_ID
PK Number

 Date
 Submission_date
 Type
 Author
 Detail

Related_entries

PK,FK1 DB_Entry_ID
PK DB_Database_accession_code
PK Database_name

 Relationship

Contact_person

PK,FK1 DB_Entry_ID
PK,FK2 DB_Contact_person_ID

 Role

Unique_organizations

PK DB_Organization_ID

 Organization_full_name
 Organization_initials

Study_list

PK GRP_Study_list_ID

FK1 DB_Entry_ID

Entry_information

PK DB_Entry_ID

 DB_Doc_ID
 Sf_framecode
 Title
 Version_type
 Submission_date
 Accession_date
 Last_release_date
 Original_release_date
 Origination
 NMR_STAR_version
 Original_NMR_STAR_version
 Experimental_method
 Experimental_method_subtype
 Dep_release_code_coordinates
 Dep_release_code_nmr_constraints
 Dep_release_code_sequence
 CASP_target
 Special_processing_instructions
 Update_BMRB_accession_code
 Replace_BMRB_accession_code
 Update_PDB_accession_code
 Replace_PDB_accession_code
 BMRB_update_details
 PDB_update_details
 Release_request
 Release_date_request
 Release_date_justification
 Status_code
 Recvd_deposit_form
 Date_deposition_form
 Recvd_coordinates
 Date_coordinates
 Recvd_nmr_constraints
 Date_nmr_constraints
 Recvd_manuscript
 Date_manuscript
 Recvd_author_approval
 Date_author_approval
 Recvd_initial_deposition_date
 PDB_date_submitted
 Author_release_status_code
 Date_of_PDB_release
 Date_hold_coordinates
 Date_hold_nmr_constraints
 PDB_deposit_site
 PDB_process_site
 BMRB_deposit_site
 BMRB_process_site
 RCSB_annotator
 Author_approval_type
 Assigned_BMRB_ID
 Assigned_BMRB_deposition_code
 Assigned_PDB_ID
 Assigned_PDB_deposition_code
 Assigned_restart_ID

Study

PK,FK2 GRP_Study_list_ID
PK,FK1 DB_Study_ID

Entry (02/15/08)

Study (02/15/08)
Deposited data files (02/15/08)

Unique_projects

PK DB_project_ID

 Project_name
 Type

Structure_keywords

PK,FK1 DB_entry_ID
PK Keywords

 Text

Entity1

PK DB_Entity_ID

 Name
 Type
 Polymer_common_type
 Polymer_type
 Polymer_type_details
 Polymer_seq_one_letter_code_can
 Polymer_seq_one_letter_code
 Target_identifier
 Ambiguous_conformational_states
 Ambiguous_chem_comp_sites
 Nstd_monomer
 Nstd_chirality
 Nstd_linkage
 Nonpolymer_chem_comp_ID
 Number_of_chem_comps
 Number_of_nonpolymer_components
 Paramagnetic
 Thiol_state
 Src_method
 Parent_entity_ID
 Fragment
 Mutation
 EC_number
 Calc_isoelectric_point
 Formula_weight
 Formula_weight_exptl
 Formula_weight_exptl_meth

Entity_synonym

PK,FK1 DB_Entity_ID
PK Name

 Name_form

Entity_systematic_names

PK,FK1 DB_Entity_ID
PK Naming_system

 Name

Entity_keyword

PK,FK1 DB_Entity_ID
PK keyword

Entity_biological_function

PK,FK1 DB_Entity_ID
PK Biological_function

Entity_chem_comp

PK DB_Entity_chem_comp_ID

FK1 DB_Entity_ID
 LCL_Entity_Chem_comp_num
 DB_Chem_comp_ID

Author_assigned_entity_db_link

PK,FK1 DB_Entity_ID
PK EXT_Database_code
PK EXT_Database_accession_code

Entity_db_link

PK,FK1 DB_Entity_ID
PK Database_code
PK EXT_Accession_code

 Mol_code
 Mol_name
 Experimental_method
 Structure_resolution
 Relation_type
 Details
 Chimera_segment
 Seq_query_to_submitted_percent
 Seq_subject_length
 Seq_identity
 Seq_positive
 Seq_homology_expectation_val
 Seq_align_begin
 Seq_align_end
 Seq_difference_details
 Seq_alignment_details

Molecular entity (07/11/08-2)

Entity_entry_link

PK DB_Entry_ID
PK,FK1 DB_Entity_ID

 Polymer_author_defined_seq
 Polymer_author_seq_details
 Details
 Name
 Sf_framecode

Chimera_segment

PK,FK1 DB_Entity_chem_comp_ID_begin
PK DB_Entity_chem_comp_ID_end

 Name
 LCL_Chimera_segment_num

Alternate_component_sequence_numbering

PK DB_Entry_ID
PK,FK1 DB_Entity_chem_comp_ID

 Auth_chem_comp_code

Entity_bond

PK,FK1 DB_Entity_bond_ID

 Name
 DB_Entity_atom_ID_1
 DB_Entity_atom_ID_2
 Type
 Value_order

Entity_atom

PK DB_Entity_atom_ID

FK1 DB_Entity_chem_comp_ID
 DB_Chem_comp_atom_ID
 LCL_Entity_atom_num

Entity_deleted_atom

PK,FK1 DB_Entity_chem_comp_ID
PK DB_Chem_comp_atom_ID

Entity_angle

PK DB_Entity_angle_ID

 Name
FK1 DB_Entity_atom_ID_1
 DB_Entity_atom_ID_2
 DB_Entity_atom_ID_3

Entity_torsion_angle

PK DB_Entity_torsion_angle_ID

 Name
FK1 DB_Entity_atom_ID_1
 DB_Entity_atom_ID_2
 DB_Entity_atom_ID_3
 DB_Entity_atom_ID_4

Entity_database_query_date

PK,FK1 DB_Entity_ID
PK Database_code

 Last_query_date
 Last_revised_date

Chem_comp_entry_link

PK,FK1 DB_Chem_comp_ID
PK DB_Entry_ID

 Sf_framecode
 Image_file_name
 Image_file_format
 Topo_file_name
 Topo_file_format
 Struct_file_name
 Struct_file_format
 Stereochem_param_file_name
 Stereochem_param_file_format

Chem_comp_synonym

PK,FK1 DB_Chem_comp_ID
PK Name

 Name_form

Author_assigned_chem_comp_db_link

PK,FK1 DB_Chem_comp_ID
PK,FK1 DB_Entry_ID
PK Database_code
PK EXT_Accession_code

 Details

Chem_comp_keyword

PK,FK1 DB_Chem_comp_ID
PK,FK1 DB_Entry_ID
PK Keyword

Chem_comp_atom

PK DB_Chem_comp_atom_ID

FK1 DB_Chem_comp_ID
 DB_Atom_ID
 LCL_Chem_comp_atom_num
 EXT_PDB_atom_ID
 Chirality
 Charge
 Partial_charge
 Oxidation_number
 Unpaired_electron_number
 PDBX_aromatic_flag
 PDBX_leaving_atom_flag
 Substruct_code
 Ionizable

Chem_comp_atom_name

PK,FK1 DB_Chem_comp_atom_ID
PK Naming_system

 Atom_name

Chem_comp_bond

PK DB_Chem_comp_bond_ID

 DB_Chem_comp_atom_ID_1
FK1,FK2 DB_Chem_comp_atom_ID_2
 Name
 Type
 Value_order
 Length

Chem_comp_torsion_angle

PK DB_Chem_comp_torsion_angle_ID

FK1,FK2 DB_Chem_comp_atom_ID_1
 DB_Chem_comp_atom_ID_2
 DB_Chem_comp_atom_ID_3
 DB_Chem_comp_atom_ID_4
 Name
 Value

Chem_comp_angle

PK DB_Chem_comp_angle_ID

 DB_Chem_comp_atom_ID_1
FK2,FK3 DB_Chem_comp_atom_ID_2
 DB_Chem_comp_atom_ID_3
 Name
 Value

Chem_comp_db_link

PK,FK1 DB_Chem_comp_ID
PK Database_code
PK EXT_Accession_code

 Accession_code_type
 Mol_code
 Mol_name
 Experimental_method
 Relation_type
 Details

Chemical component (07/10/08)
Chem_comp

PK DB_Chem_comp_ID

 Name
 Chem_comp_type
 PDB_code
 PDBX_type
 PDBX_ambiguous_flag
 PubChem_code
 InCHi_code
 PDB_NSTD_flag
 Std_deriv_one_letter_code
 Std_deriv_three_letter_code
 Std_deriv_BMRB_code
 Std_deriv_PDB_code
 Std_deriv_chem_comp_name
 Formal_charge
 Paramagnetic
 Aromatic
 Empirical_formula
 Formula_weight
 Formula_mono_iso_wt_nat
 Formula_mono_iso_wt_13C
 Formula_mono_iso_wt_15N
 Formula_mono_iso_wt_13C_15N
 Canonical_image_file_name
 Canonical_image_file_format
 Canonical_topo_file_name
 Canonical_topo_file_format
 Canonical_struct_file_name
 Canonical_struct_file_format
 Canonical_stereochem_param_file_name
 Canonical_stereochem_param_file_format
 Details

Chem_comp_descriptor

PK,FK1 DB_Chem_comp_ID
PK DB_Software_ID
PK Description_class

 Ordinal
 Descriptor

Chem_comp_identifier

PK,FK1 DB_Chem_comp_ID
PK DB_Software_ID
PK Identifier_class

 Ordinal
 Identifier

Chem_comp_vendor

PK,FK1 DB_Chem_comp_ID
PK DB_Vendor_ID
PK Vendor_product_code

Chem_comp_database_query_date

PK,FK1 DB_Chem_comp_ID
PK Database_code

 Last_query_date
 Last_revised_date

Chem_comp_atom_characteristic

PK,FK1 DB_Chem_comp_atom_ID
PK Characteristic_name

 Val
 Val_err
 Experimental_source
 DB_Doc_ID

Chem_comp_chem_group_characteristic

PK,FK1 DB_chem_comp_group_ID
PK Characteristic_name

 Val
 Val_err
 Experimental_source
 DB_Doc_ID

Chem_comp_group

PK DB_Chem_comp_group_ID

FK1 DB_Chem_group_ID
FK2 DB_Chem_comp_atom_ID

Chem_group

PK DB_Chem_group_ID

 Name

Document

PK DB_Doc_ID

 EXT_CAS_abstract_code
 EXT_MEDLINE_UI_code
 EXT_DOI
 EXT_PubMed_ID
 Title
 Class
 Status
 WWW_URL
 Page_first
 Page_last
 Year

Document_author

PK,FK1 DB_Doc_ID
PK Ordinal

FK2 DB_Name_ID

Citation_keyword

PK,FK2 DB_Entry_ID
PK,FK1 DB_Doc_ID
PK Keyword

Document_editor

PK,FK1 DB_Doc_ID
PK Ordinal

FK2 DB_Name_ID

Citation and document (07/16/08)
Journal

PK,FK1 DB_Doc_ID

FK2 DB_Journal_ID
 Volume
 Issue

Conference_abstract

PK,FK1 DB_Doc_ID

FK2 DB_Conference_inst_ID
 Title
 Abstract_number

Thesis

PK,FK1 DB_Doc_ID

FK2 DB_Affiliation_ID

Conference_instance

PK DB_Conference_inst_ID

FK1 Conference_ID
FK2 DB_City-site_ID
 Start_date
 End_date
 Conference_number

Conference

PK Conference_ID

 Title

Book

PK Book_chapter_ID

 Chapter_title
 Book_title
 Volume
 Series
 Publisher
 DB_City-Site_ID
 EXT_ISBN

Journal_name

PK DB_Journal_ID

 Abbreviation
 Name_full
 EXT_ASTM
 EXT_ISSN
 EXT_CSD

Book_subchapter

PK,FK1 DB_Doc_ID

FK2 Book_Chapter_ID

Entry_citation

PK,FK2 DB_Entry_ID
PK,FK1 DB_Doc_ID

Person name

PK DB_Name_ID

 Name_salutation
 Given_name
 Family_name
 First_initial
 Middle_initials
 Family_title

Personal_info

PK DB_Contact_person_ID

FK1 DB_Name_ID
FK2 DB_Affiliation_ID
 Email_address
 Mailing_address_ext
 Phone_number
 Cell_phone_number
 FAX_number
 URL

People (07/10/08)
Affiliation

PK DB_Affiliation_ID

FK1 DB_Institution_ID
 Name
 Field
 Address_1
 Address_2
 Address_3
 Address_4
 Postal_code
FK2 DB_City-Site_ID
 Organization_type

City-Site

PK DB_City-Site_ID

 Name
 State
FK1 DB_Country_ID

Country

PK DB_Country_ID

 Name

Institution

PK DB_Institution_ID

 Name

Method (07/11/08-2)

Method

PK DB_Method_ID

 Name
 Class
 Type
 Filename
 File_format
 Text
 Details

Method_flow

PK,FK1 DB_Method_ID
PK,FK2 DB_From_method_ID
PK,FK3 DB_To_method_ID

 Details

Method_software

PK,FK1 DB_Method_ID
PK,FK2 DB_Software_ID

 File_name
 File_format
 Text

Method_citation

PK,FK1 DB_Method_ID
PK,FK2 DB_Doc_ID

Software

PK GRP_Software_ID

FK1 DB_Software_ID
 Details

Software_vendor

PK,FK1 DB_Software_ID
PK,FK2 DB_vendor_ID

Software_task

PK,FK1 DB_Software_ID
PK,FK2 DB_task_ID

DB_software

PK DB_Software_ID

 Name
 Version

Software (07/16/08)

Task

PK DB_Task_ID

 Task

Vendor

PK DB_vendor_ID

 Name
 Address
 Electronic_address

Software_usage

PK GRP_category
PK GRP_ID
PK,FK2 GRP_Software_ID

FK1 DB_Method_ID

Sample

PK GRP_Sample_ID

 Name
 Type
 Sub_type
 Aggregate_sample_number
 Solvent_system
 Preparation_date
 Preparation_expiration_date
 Storage_DB_method_ID
 Details

Sample_component

PK GRP_Sample_component_ID
PK,FK1 GRP_Sample_ID

 GRP_Category
 DB_Unit_ID
FK2 DB_Product_ID
 Isotopic_labeling
 Concentration_val_range
 Concentration_val_units
 Concentration_val_err

Samples (07/13/08)

Product

PK DB_Product_ID

 DB_Entity_ID
 Mol_common_name
 Mol_common_type
 DB_Vendor_ID
 Vendor_product_name
 Vendor_product_code

Isotopic_labeling

PK,FK1 GRP_Sample_component_ID
PK DB_Unit_atom_ID

 Isotope_number
 Label_pct
 DB_Auth_atom_designation_ID

Solid_sample

PK,FK1 GRP_Sample_ID

 Polycrystallation_DB_method_ID
 Single_crystal_DB_method_ID
 Crystal_grow_DB_method_ID
 Crystal_grow_apparatus
 Crystal_grow_atmosphere
 Crystal_grow_pH
 Crystal_grow_details

Sample_component_purity

PK,FK1 GRP_Sample_component_ID
PK,FK1 GRP_Sample_ID

 Val
 Val_units
 Measurement_technique
 Details

NMR_standard_spectrometer_experiment

PK DB_NMR_spect_expt_ID

 Name
 Type
 Number_of_spectral_dimensions

Experiment

PK GRP_Experiment_ID

FK1 DB_NMR_spect_expt_ID
 GRP_Sample_ID
 GRP_Sample_condition_ID
 GRP_NMR_spectrometer_ID
 GRP_NMR_spectrometer_probe_ID
 GRP_NMR_spectral_processing_ID
 Raw_data_flag
 Sample_volume
 Sample_volume_units
 Sample_spinning_rate
 Sample_angle
 NMR_tube_type
 Carrier_freq_switch_time
 Details

Spectral_acq_param

PK INS_Spectral_acq_param_ID

FK1 GRP_Experiment_ID
 Acquisition_dimension_num
 Name
 Val

Experiment (07/14/08)

Experiment_file

PK,FK1 GRP_Experiment_ID
PK File_name

 Type
 Details

NMR_expt_systematic_name

PK,FK1 DB_NMR_spect_expt_ID
PK Systematic_naming_system

 Systematic_name

Spectral_processing_param

PK INS_Processing_param_ID

FK1 GRP_Experiment_ID
 Processing_dimension_num
 Name
 Val

Recoupling_pulse_sequence

PK,FK1 GRP_Experiment_ID

 DB_Atom_ID
 Name
 Type
 Time_period

Decoupling_pulse_sequence

PK,FK1 GRP_Experiment_ID

 Name
 Time_period

Sample_condition_parameter

PK GRP_Sample_condition_param_ID
PK Type

 Val
 Val_err
 Val_units

Sample conditions 
(07/13/08)

Sample_condition

PK GRP_Sample_condition_ID

FK1 GRP_Sample_condition_param_ID
 Sample_state
 Details

NMR_spectrometers

PK GRP_NMR_spectrometer_ID

FK1 DB_NMR_spectrometer_ID
 Serial_number
 Details

DB_NMR_spectrometers

PK DB_NMR_spectrometer_ID

 DB_Doc_ID
 DB_Vendor_ID
 Model
 Field_strength

NMR spectrometer (07/16/08)
NMR_spectrometer_probes

PK GRP_NMR_spectrometer_probe_ID

FK1 DB_NMR_probe_ID
 Details
 Serial_number
 Rotor_length
 Rotor_composition
 Internal_volume
 Spacer_present

DB_NMR_spectrometer_probes

PK DB_NMR_probe_ID

 DB_Vendor_ID
 Type
 Model
 Diameter

NMR spectrometer probe 
(07/16/08)

Chem_shift_reference

PK GRP_Chem_shift_reference_ID

FK1 DB_Chem_shift_reference_ID
 Rank
 Concentration_val
 Concentration_units
 Ref_correction_type
 Correction_val
 Details

Chem_shift_reference_standard

PK DB_Chem_shift_reference_ID

FK1 DB_Atom_ID
 Atom_isotope_number
 Mol_common_name
 Atom_group
 Solvent
 Chem_shift_units
 Chem_shift_val
 Ref_method
 Ref_type
 Indirect_shift_ratio
 External_ref_loc
 External_ref_sample_geometry
 External_ref_axis

Chemical shift reference (07/16/08)

Organism

PK DB_Organism_ID

 Organism_name_common
 Organism_acronym
 EXT_ICTVdb_decimal_code
 EXT_NCBI_taxonomy_ID
 EXT_ATCC_number
 Superkingdom
 Kingdom
 Genus
 Species
 Strain
 Variant
 Subvariant

Location_in_source

PK DB_source_location_ID

 Organ
 Tissue
 Cell_line
 Cell_type
 Organelle
 Fraction
 Secretion
 Plasmid
 Gene_mnemonic
 Organism_development_stage

Experimental_source

PK,FK5 DB_Entry_ID
PK,FK4 DB_Entity_ID
PK Production_DB_method_ID

FK3 DB_Doc_ID
FK1 Host_DB_Organism_ID
FK2 Host_DB_Source_location_ID
 Vector_type
 Vector_name
 Vector_details
 Vendor_name
 Details
FK6 DB_Method_ID

Entity natural source (07/10/08)Entity experimental 
source (07/16/08)

Natural_source_DB_link

PK,FK1 DB_Natural_src_ID
PK Database_code
PK EXT_Entry_code

 Database_type
 Entry_type
 ORF_code
 Gene_locus_code
 Gene_cDNA_code

Natural_source

PK DB_Natural_src_ID

 DB_Entity_ID
FK1 DB_Organism_ID
FK2 DB_Source_location_ID
 DB_Doc_ID
 LCL_Chimera_segment_ID

Data derivation tables (07/14/08)
Data_item_group

PK Data_set_ID
PK Table_name
PK INS_Data_item_ID

Data_item_derivation

PK,FK1 Data_input_set_ID
PK Data_output_set_ID

 DB_method_ID

Spectral_peak_list

PK GRP_Spectral_peak_list_ID

 GRP_Sample_ID
FK1 GRP_Sample_condition_ID
 GRP_Experiment_ID
 GRP_Resonance_linker_ID
 Details

Peak_general_char

PK,FK1 INS_Peak_ID
PK Measurement_type

 Intensity_val
 Intensity_val_err

Peak

PK INS_Peak_ID

FK1 GRP_Spectral_peak_list_ID
 Figure_of_merit
 Details

Peak_char

PK,FK1 INS_Peak_ID
PK LCL_Spectral_dim_num

 Chem_shift_val
 Chem_shift_val_err
 Line_width_val
 Line_width_val_err
 Phase_val
 Phase_val_err
 Decay_rate_val
 Decay_rate_val_err
 Coupling_pattern
 Bounding_box_upper_val
 Bounding_box_lower_val
 Bounding_box_range_val
 Details

Assigned_peak

PK,FK1 INS_Peak_ID
PK,FK1 LCL_Spectral_dim_num
PK LCL_Contribution_num

 GRP_Assigned_chem_shift_list_ID
 INS_Atom_chem_shift_ID
 INS_Resonance_ID
 LCL_Set_num
 LCL_Magnetization_linkage_num
 Contribution_fraction
 Figure_of_merit
 Details

Spectral peak lists (07/14/08)

Spectral_transition

PK INS_Spectral_transition_ID

FK1 GRP_Spectral_peak_list_ID
 Figure_of_merit
 Details

Spectral_transition_general_char

PK,FK1 INS_Spectral_transition_ID
PK Measurement_type

 Intensity_val
 Intensity_val_err
 Details

Spectral_transition_char

PK,FK1 INS_Spectral_transition_ID
PK LCL_Spectral_dim_num

 Chem_shift_val
 Chem_shift_val_err
 Line_width_val
 Line_width_val_err
 Phase_val
 Phase_val_err
 Decay_rate_val
 Decay_rate_val_err
 Bounding_box_upper_val
 Bounding_box_lower_val
 Bounding_box_width_val
 Details

Assigned_spectral_transition

PK,FK1 INS_Spectral_transition_ID
PK,FK1 LCL_Spectral_dim_num
PK LCL_Contribution_num

 GRP_Assigned_chem_shift_list_ID
 INS_Atom_chem_shfit_ID
 INS_Resonance_ID
FK2 INS_Peak_ID
 LCL_Set_num
 LCL_Magnetization_linkage_num
 Contribution_fraction
 Figure_of_merit
 Details

Assigned_chem_shift_list

PK GRP_Assigned_chem_shift_list_ID

FK3 GRP_Chem_shift_reference_ID
FK1 GRP_Sample_condition_ID
 Error_derivation_DB_method_ID
 Chem_shift_1H_err
 Chem_shift_13C_err
 Chem_shift_15N_err
 Chem_shift_31P_err
 Chem_shift_2H_err
 Chem_shift_19F_err
 Details

Atom_chem_shift

PK INS_Atom_chem_shift_ID

FK1 GRP_Assigned_chem_shift_list_ID
FK3 DB_Assembly_atom_ID
 Atom_isotope_number
FK4 DB_Auth_atom_designation_ID
FK2 INS_Resonance_ID
 Val
 Val_err
 Figure_of_merit
 Ambiguity_code
 Occupancy
 Details

Assigned chemical shifts (07/14/08)

Systematic_chem_shift_offset

PK,FK1 GRP_Assigned_chem_shift_list_ID
PK Atom_type
PK Atom_isotope_number

 Type
 Val
 Val_err

Ambiguous_atom_chem_shift

PK LCL_Ambiguous_shift_set_num
PK,FK1 INS_Atom_chem_shift_ID

Coupling_constant_list

PK GRP_Coupling_constant_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Details

Coupling_constant

PK INS_Coupling_constant_ID

FK1 GRP_Coupling_constant_list_ID
 Coupling_constant_code
FK2 DB_Assembly_atom_ID_1
 Atom_isotope_number_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 Ambiguity_code_1
FK3 DB_Assembly_atom_ID_2
 Atom_isotope_number_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Ambiguity_code_2
 Val
 Val_min
 Val_max
 Val_err
 Details

Coupling constants 
(07/14/08)

Chemical shift isotope effect
(07/14/08)

Chem_shift_isotope_effect_list

PK GRP_Chem_shift_isotope_effect_list_ID

FK1 GRP_Sample_condition_ID
 Isotope_effect_type
 Isotope_effect_val_units
 Details

Isotope_effect

PK INS_Isotope_effect_ID

FK1 GRP_Chem_shift_isotope_effect_list_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 INS_Resonance_ID_1
 GRP_Sample_ID_1
 Label_1_ID_chem_shift_val
 Label_1_ID_chem_shift_val_err
 GRP_Sample_ID_2
 Label_2_ID_chem_shift_val
 Label_2_ID_chem_shift_val_err
 Chem_shift_val
 Chem_shift_val_err
 Details

Dipolar coupling list 
(07/14/08)

Dipolar_coupling_list

PK GRP_Dipolar_coupling_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Scaling_factor
 Fitting_procedure
 Details

Dipolar_coupling

PK INS_Dipolar_coupling_ID

FK1 GRP_Dipolar_coupling_list_ID
 Dipolar_coupling_code
FK2 DB_Assembly_atom_ID_1
 Atom_isotope_number_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 Ambiguity_code_1
FK3 DB_Assembly_atom_ID_2
 Atom_isotope_number_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Ambiguity_code_2
 Val
 Val_min
 Val_max
 Val_err
 Principal_Euler_angle_alpha_val
 Principal_Euler_angle_beta_val
 Principal_Euler_angle_gamma_val
 Details

Molecular interaction chemical shift 
difference (07/14/08)
Mol_interaction_chem_shift_list

PK GRP_Mol_interaction_chem_shift_diff_ID

FK1 GRP_Sample_condition_ID
 GRP_Assigned_chem_shift_list_ID
 Details

Mol_interaction_chem_shift

PK INS_Mol_interaction_chem_shift_ID

FK1 GRP_Mol_interaction_chem_shift_diff_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 INS_Atom_chem_shift_ID
 Chem_shift_val
 Chem_shift_val_err
 Chem_shift_diff_val
 Chem_shift_diff_val_err
 Details

Residual dipolar couplings 
experimental (07/14/08)

RDC_list

PK GRP_RDC_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Details

RDC

PK INS_RDC_ID

FK1 GRP_RDC_list_ID
 RDC_code
FK2 DB_Assembly_atom_ID_1
 Atom_isotope_number_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 Ambiguity_code_1
FK3 DB_Assembly_atom_ID_2
 Atom_isotope_number_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Ambiguity_code_2
 Val
 Val_min
 Val_max
 Val_err
 Details

Other kinds of data 
(07/14/08)
Other_data_type_list

PK GRP_Other_data_type_list_ID

FK1 GRP_Sample_condition_ID
 Name
 Definition
 Details

Other_data

PK INS_Other_data_ID

FK1 GRP_Other_data_type_list_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Val
 Val_err
 Details

Text_data

PK GRP_Category
PK GRP_ID

 File_name
 Text_data
 Text_data_format

Miscellaneous tables (07/13/08)
Citation_link

PK GRP_Category
PK GRP_ID
PK DB_Doc_ID

 Topic

Depositor_doc_keyword

PK,FK1 GRP_Category
PK,FK1 GRP_ID
PK,FK1 DB_Doc_ID
PK Keyword

Group_derivation

PK GRP_Category
PK GRP_ID
PK GRP_Category_from
PK GRP_From_ID

Entry_GRP_match

PK GRP_Category
PK GRP_ID

 DB_Entry_ID
 Sf_framecode

Chemical shift theoretical calculations (07/14/08)

Shielding_calc_type

PK GRP_Shielding_calc_type_ID

FK1 GRP_Modeled_sample_cond_ID
 GRP_Chem_shift_reference_ID
 Chem_shift_nucleus
 Calculation_level
 Quantum_mechanical_method
 Quantum_mechanical_theory_level
 Quantum_mechanical_basis_set
 Details

Shielding_tensor_list

PK GRP_Shielding_tensor_list_ID
PK,FK1 GRP_Shielding_calc_type_ID

 Details

Shielding_tensor

PK INS_Shielding_tensor_ID

FK1 GRP_Shielding_tensor_list_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 Isotropic_comp_1_1_val
 Isotropic_comp_2_2_val
 Isotropic_comp_3_3_val
 Anti_sym_comp_1_2_val
 Anti_sym_comp_1_3_val
 Anti_sym_comp_2_3_val
 Sym_traceless_comp_1_1_val
 Sym_traceless_comp_1_2_val
 Sym_traceless_comp_1_3_val
 Sym_traceless_comp_2_2_val
 Sym_traceless_comp_2_3_val
 Reduceable_matrix_1_1_val
 Reduceable_matrix_1_2_val
 Reduceable_matrix_1_3_val
 Reduceable_matrix_2_1_val
 Reduceable_matrix_2_2_val
 Reduceable_matrix_2_3_val
 Reduceable_matrix_3_1_val
 Reduceable_matrix_3_2_val
 Reduceable_matrix_3_3_val
 Details

Theoretical_chem_shift_list

PK GRP_Theoretical_chem_shift_list_ID

 GRP_Model_atomic_coordinates_ID
FK1 GRP_Shielding_tensor_list_ID
FK1 GRP_Shielding_calc_type_ID
 Fermi_contact_spin_density_units
 Chem_shift_1H_err
 Chem_shift_2H_err
 Chem_shift_13C_err
 Chem_shift_15N_err
 Chem_shift_19F_err
 Chem_shift_31P_err
 Details

Theoretical_chem_shift

PK INS_Theoretical_chem_shift_ID

FK1 GRP_Theoretical_chem_shift_list_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 Fermi_contact_spin_density
 Val
 Val_err
 Details

Computer

PK GRP_Computer_ID

FK1 DB_Computer_ID
FK2 DB_OS_ID
 Details
 Hardware_code
 Serial_number

DB_computer

PK DB_Computer_ID

FK1 DB_Vendor_ID
 Model

Operating_system

PK DB_OS_ID

 Name
 Version

Computer (07/16/08)

Resonance_list

PK GRP_Resonance_list_ID

 Details

Resonance list 
(07/14/08)

Resonance

PK INS_Resonance_ID

FK2 GRP_Resonance_list_ID
FK1 INS_Spin_system_ID

Resonance_covalent_link

PK INS_Resonance_ID_1
PK,FK1 INS_Resonance_ID_2

Resonance_atom_link

PK,FK1 INS_Resonance_ID
PK,FK2 DB_Assembly_atom_ID

Spin_system

PK INS_Spin_system_ID

FK1 GRP_Resonance_list_ID
 DB_Assembly_chem_comp_ID

Spin_system_link

PK INS_From_spin_system_ID
PK INS_To_spin_system_ID

 Offset
 Type
 Selected

Heteronuclear T1s 
(07/14/08)

Heteronucl_T1_list

PK GRP_Heteronucl_T1_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 T1_coherence_type
 T1_val_units
 Details

T1

PK INS_T1_ID

FK1 GRP_Heteronucl_T1_list_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Val
 Val_err
 Details

Heteronuclear 
T1rho data 
(07/14/08)

Heteronucl_T1rho_list

PK GRP_Heteronucl_T1rho_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 T1rho_coherence_type
 T1rho_val_units
 Rex_units
 Details

T1rho

PK INS_T1rho_ID

FK1 GRP_Heteronucl_T1rho_list_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 T1rho_val
 T1rho_val_err
 Rex_val
 Rex_val_err
 Details

Heteronuclear T2 
data (07/14/08)

Heteronucl_T2_list

PK GRP_Heteronucl_T2_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 T2_coherence_type
 T2_val_units
 Rex_units
 Details

T2

PK INS_T2_ID

FK1 GRP_Heteronucl_T2_list_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 T2_val
 T2_val_err
 Rex_val
 Rex_val_err
 Details

Heteronuclear NOEs 
(07/14/08)

Heteronucl_NOE_list

PK GRP_Heteronucl_NOE_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Neteronuclear_NOE_val_type
 NOE_ref_val
 NOE_ref_description
 Details

Heteronucl_NOE

PK INS_Heteronucl_NOE_ID

FK1 GRP_Heteronucl_NOE_list_ID
FK4 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
FK2 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Val
 Val_err
 Details

Order parameter 
(07/14/08)

Order_parameter_list

PK GRP_Order_parameter_list_ID

FK1 GRP_Sample_condition_ID
 Tau_e_val_units
 Tau_s_val_units
 Details

Order_parameter

PK INS_Order_param_ID

FK1 GRP_Order_parameter_list_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Order_param_val
 Order_param_val_fit_err
 Tau_e_val
 Tau_e_val_fit_err
 Rex_val
 Rex_val_fit_err
 Model_free_sum_squared_errs
 Model_fit
 Sf2_val
 Sf2_val_fit_err
 Ss2_val
 Ss2_val_fit_err
 Tau_s_val
 Tau_s_val_fit_err
 SH2_val
 SH2_val_fit_err
 SN2_val
 SN2_val_fit_err
 Details

Homonuclear NOEs 
(07/14/08)
Homonucl_NOE_list

PK GRP_Homonucl_NOE_list_ID

FK1 GRP_Sample_condition_ID
 Homonuclear_NOE_val_type
 NOE_ref_val
 NOE_ref_description
 Details

Homonucl_NOE

PK INS_Homonucl_NOE_ID

FK1 GRP_Homonucl_NOE_list_ID
FK3 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
FK2 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Val
 Val_err
 Details

Chemical shift 
anisotropy 
(07/14/08)

Chem_shift_anisotropy_list

PK GRP_Chem_shift_anisotropy_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Val_units
 Details

CS_anisotropy

PK INS_CS_anisotropy_ID

FK1 GRP_Chem_shift_anisotropy_list_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Val
 Val_err
 Principal_value_sigma_11_val
 Principal_value_sigma_22_val
 Principal_value_sigma_22_val
 Principal_Euler_angle_alpha_val
 Principal_Euler_angle_beta_val
 Principal_Euler_angle_gamma_val
 Details

Cross correlation 
dipole CSA (07/14/08)

Cross_correlation_D_CSA_list

PK GRP_Cross_correlation_D_CSA_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Val_units
 Details

Cross_correlation_D_CSA

PK INS_Cross_correlation_D_CSA_ID

FK1 GRP_Cross_correlation_D_CSA_list_ID
FK5 Dipole_DB_Assembly_atom_ID_1
 Dipole_DB_Auth_atom_designation_ID_1
 Dipole_INS_resonance_ID_1
FK4 Dipole_DB_Assembly_atom_ID_2
 Dipole_DB_Auth_atom_designation_ID_2
 Dipole_INS_resonance_ID_2
FK3 CSA_DB_Assembly_atom_ID_1
 CSA_DB_Auth_assembly_atom_ID_1
 CSA_INS_resonance_ID_1
FK2 CSA_DB_Assembly_atom_ID_2
 CSA_DB_Auth_assembly_atom_ID_2
 CSA_INS_resonance_ID_2
 Val
 Val_err
 Details

Cross correlation 
dipole-dipole 

(07/14/08)
Cross_correlation_DD_list

PK GRP_Cross_correlation_DD_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Val_units
 Details

Cross_correlation_DD

PK INS_Cross_correlation_DD_ID

FK1 GRP_Cross_correlation_DD_list_ID
FK4 Dipole_1_DB_Assembly_atom_ID_1
 Dipole_1_DB_Auth_atom_designation_ID_1
FK3 Dipole_1_DB_Assembly_atom_ID_2
 Dipole_1_DB_Auth_atom_designation_ID_2
FK2 Dipole_2_DB_Assembly_atom_ID_3
 Dipole_2_DB_Auth_atom_designation_ID_1
FK5 Dipole_2_DB_Assembly_atom_ID_4
 Dipole_2_DB_Auth_atom_designation_ID_2
 INS_Resonance_ID
 Val
 Val_err
 Details

Dipole dipole 
relaxation 
(07/14/08) 

Dipole_dipole_relax_list

PK GRP_Dipole_dipole_relax_list_ID

FK1 GRP_Sample_condition_ID
 Spectrometer_frequency_1H
 Val_units
 Details

Dipole_dipole_relax

PK INS_Dipole_dipole_relax_ID

FK1 GRP_Dipole_dipole_relax_list_ID
FK3 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
FK2 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Val
 Val_err
 Details

Spectral density data 
(07/14/08)

Spectral_density_list

PK GRP_Spectral_density_list_ID

FK1 GRP_Sample_condition_ID
 Details

Spectral_density

PK INS_Spectral_density_ID

FK1 GRP_Spectral_density_list_ID
FK2 DB_Assembly_atom_ID
 Atom_isotope_number
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 W_zero_val
 W_zero_val_err
 W_1H_val
 W_1H_val_err
 W_13C_val
 W_13C_val_err
 W_15N_val
 W_15N_val_err
 Details

pH titration (07/14/08)
PH_titration_list

PK GRP_PH_titration_list_ID

 GRP_Sample_condition_ID
 Expt_observed_param
 Details

PH_titr_result

PK INS_PH_titr_result_ID

FK1 GRP_PH_titration_list_ID
 DB_Atm_obs_assembly_atom_ID
 Atm_obs_DB_Auth_atom_designation_ID
 INS_Obs_resonance_ID
 DB_Atm_titr_assembly_atom_ID
 Atm_titr_DB_Auth_atom_designation_ID
 Hill_coeff_val
 Hill_coeff_val_fit_err
 High_PH_param_fit_val
 High_PH_param_fit_val_err
 Low_PH_param_fit_val
 Low_PH_param_fit_val_err
 PKa_val
 PKa_val_fit_err
 PHmid_val
 PHmid_val_fit_err
 Details

PH_param_list

PK GRP_PH_param_list_ID

FK1 INS_PH_titr_result_ID
 Observed_NMR_param
 Details

PH_param

PK INS_PH_param_ID

FK1 GRP_PH_param_list_ID
 INS_PH_titr_result_ID
 PH_val
 PH_val_err
 Observed_NMR_param_val
 Observed_NMR_param_val_err
 Details

H exchange rates 
(07/14/08)
H_exch_rate_list

PK GRP_H_exch_rate_list_ID

 GRP_Sample_condition_ID
 Val_units
 Details

H_exch_rate

PK INS_H_exch_rate_ID

FK1 GRP_H_exch_rate_list_ID
 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Val
 Val_min
 Val_max
 Val_err
 Details

H exchange protection 
factors (07/14/08)

H_exch_protection_factor_list

PK GRP_H_exch_protection_factor_list_ID

 GRP_Sample_condition_ID
 Std_values_source_DB_doc_ID
 Details

H_exch_protection_factor

PK INS_H_exch_protection_factor_ID

FK1 GRP_H_exch_protection_factor_list_ID
 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Calculated_intrinsic_rate
 Val
 Val_err
 Details

D/H fractionation 
factors 

(07/14/08)
D_H_fractionation_factor_list

PK GRP_D_H_fractionation_factor_list_ID

 GRP_Sample_condition_ID
 Details

D_H_fractionation_factor

PK INS_D_H_fractionation_factor_ID

FK1 GRP_D_H_fractionation_factor_list_ID
 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Val
 Val_err
 Details

Deduced Hydrogen 
bonds (07/13/08)

Deduced_H_bond_list

PK GRP_Deduced_H_bond_list_ID

 GRP_Sample_condition_ID
 Details

Deduced_H_bond

PK LCL_Deduced_H_bond_num
PK,FK1 GRP_Deduced_H_bond_list_ID

 Donor_atom_DB_assembly_atom_ID
 Heavy_atom_DB_assembly_atom_ID_1
 Heavy_atom_DB_assembly_atom_ID_2
 H_atom_DB_assembly_atom_ID
 Heavy_atom_DB_Auth_atom_designation_ID_1
 Heavy_atom_DB_Auth_atom_designation_ID_2
 H_atom_DB_Auth_atom_designation_ID
 Figure_of_merit
 Details

Deduced secondary 
structures (07/13/08)

Deduced_secd_struct_list

PK GRP_Deduced_secd_struct_list_ID

 GRP_Sample_condition_ID
 Residue_struct_value_details
 Details

Deduced_secd_struct_exptl

PK LCL_Deduced_secd_struct_exptl_num
PK,FK1 GRP_Deduced_secd_struct_list_ID

 DB_Assembly_entity_ID
 LCL_Comp_index_ID_start
 LCL_Comp_index_ID_end
 Auth_seq_ID_start
 Auth_seq_ID_end
 Name
 Code
 Static_field_orientation_angle
 Selection_DB_methoe_ID
 Details

Deduced_secd_struct_feature

PK LCL_Deduced_secd_struct_feature_ID
PK,FK1 GRP_Deduced_secd_struct_list_ID

 DB_Assembly_atom_ID
 DB_Auth_atom_designation_num
 Chem_comp_struct_val
 Chem_comp_struct_element_type
 Figure_of_merit
 LCL_Spin_system_ID
 Details

Constraints statistics (07/14/08)
Constraint_stat_list

PK GRP_Constraint_stat_list_ID

 Details

Constraint_stats

PK,FK1 GRP_Constraint_stat_list_ID
PK Stat_name

 Stat_value

Constraint_stat_list_ens

PK,FK1 GRP_Constraint_stat_list_ID
PK Stat_name

 Stat_value

Constraint_stat_list_rep

PK,FK1 GRP_Constraint_stat_list_ID
PK Stat_name

 Stat_value

Constraint_stats_constr_list

PK,FK1 GRP_Constraint_stat_list_ID

 Constraint_GRP_category
 Constraint_GRP_ID

Constraint_file

PK INS_Constraint_file_ID

FK1 GRP_Constraint_stat_list_ID
 DB_Software_ID
 Constraint_filename
 Constraint_type
 Constraint_subtype
 Constraint_subsubtype
 Constraint_count

Distance constraints (07/14/08)
Distance_constraint_list

PK GRP_Distance_constraint_list_ID

 Data_file_name
 Constraint_type
 Constraint_file_ID
 Block_ID
 Details

Dist_constr_software_setting

PK,FK1 GRP_Distance_constraint_list_ID
PK DB_Software_ID

 Type
 Value
 Range

Dist_constraint_tree

PK,FK1 GRP_Distance_constraint_list_ID
PK Constraint_ID
PK Node_ID

 Down_node_ID
 Right_node_ID
 Logic_operation

Dist_constraint

PK,FK1 GRP_Distance_constraint_list_ID
PK Tree_node_member_constraint_ID
PK Tree_node_member_node_ID

 Contribution_fractional_val
 Constraint_tree_node_member_ID
 DB_Assembly_atom_ID
 INS_Resonance_ID
 DB_Auth_atom_designation_ID
FK1 Constraint_ID
FK1 Node_ID

Dist_constraint_value

PK LCL_Constraint_ID
PK LCL_Tree_node_ID
PK,FK1 GRP_Distance_constraint_list_ID

 LCL_Source_experiment_ID
 LCL_Spectral_peak_ID
 Intensity_val
 Intensity_lower_val_err
 Intensity_upper_val_err
 Distance_val
 Distance_lower_bound_val
 Distance_upper_bound_val
FK1 Constraint_ID
FK1 Node_ID

Dist_constraint_comment

PK,FK1 GRP_Distance_constraint_list_ID
PK LCL_Dist_constraint_comment_org_ID

 Comment_text
 Comment_begin_line
 Comment_begin_column
 Comment_end_line
 Comment_end_column

Dist_constraint_parse_err

PK,FK1 GRP_Distance_constraint_list_ID
PK LCL_Dist_constraint_parse_err_ID

 Content
 Begin_line
 Begin_column
 End_line
 End_column

Dist_constraint_parse_file

PK,FK1 GRP_Distance_constraint_list_ID
PK LCL_Dist_constraint_parse_file_ID

 Name

Dist_constraint_conv_err

PK,FK1 GRP_Distance_constraint_list_ID
PK LCL_Dist_constraint_conv_err_ID

 LCL_Dist_constraint_parse_file_ID
 LCL_Parse_file_constraint_ID
 Conv_error_type
 Conv_error_note

Torsion angle constraints (07/14/08)
Torsion_angle_constraint_list

PK GRP_Torsion_angle_constraint_list_ID

 LCL_Constraint_file_ID
 Data_file_name
 Details

Karplus_equation

PK Torsion_angle_code
PK DB_Doc_ID
PK,FK1 GRP_Torsion_angle_constraint_list_ID

Torsion_angle_constraint

PK INS_Torsion_angle_constraint_ID

FK1 GRP_Torsion_angle_constraint_list_ID
 Torsion_angle_code
 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 DB_Assembly_atom_ID_3
 DB_Auth_atom_designation_ID_3
 INS_Resonance_ID_3
 DB_Assembly_atom_ID_4
 DB_Auth_atom_designation_ID_4
 INS_Resonance_ID_4
 Angle_lower_bound_val
 Angle_upper_bound_val
 Details

TA_constraint_comment_org

PK LCL_TA_constraint_comment_org_num
PK,FK1 GRP_Torsion_angle_constraint_list_ID

 Comment_text
 Comment_begin_line
 Comment_begin_column
 Comment_end_line
 Comment_end_column

TA_constraint_parse_err

PK LCL_TA_constraint_parse_err_num
PK,FK1 GRP_Torsion_angle_constraint_list_ID

 Content
 Begin_line
 Begin_column
 End_line
 End_column

TA_constraint_parse_file

PK LCL_TA_constraint_parse_file_num
PK,FK1 GRP_Torsion_angle_constraint_list_ID

 Name

TA_constraint_conv_err

PK LCL_TA_constraint_conv_err_num
PK,FK1 LCL_TA_constraint_parse_file_num
PK,FK1 GRP_Torsion_angle_constraint_list_ID

 LCL_Parse_file_constraint_ID
 Conv_error_type
 Conv_error_note

RDC constraints (07/14/08)
RDC_constraint_list

PK GRP_RDC_constraint_list_ID

 Data_file_name
 LCL_Constraint_file_ID
 Dipolar_constraint_calib_DB_method_ID
 Mol_align_tensor_axial_sym_mol
 Mol_align_tensor_rhombic_mol
 General_order_aram_int_motions
 Assumed_H_N_bond_length
 Assumed_H_C_bond_length
 Assumed_C_N_bond_length
 Details

RDC_constraint

PK INS_RDC_constraint_ID

FK1 GRP_RDC_constraint_list_ID
 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 RDC_val
 RDC_lower_bound
 RDC_upper_bound
 RDC_val_err
 RDC_val_scale_factor
 Details

RDC_constraint_comment_org

PK LCL_RDC_constraint_comment_org_num
PK,FK1 GRP_RDC_constraint_list_ID

 Comment_text
 Comment_begin_line
 Comment_begin_column
 Comment_end_ling
 Comment_end_column

RDC_constraint_parse_err

PK LCL_RDC_constraint_parse_err_num
PK,FK1 GRP_RDC_constraint_list_ID

 Content
 Begin_line
 Begin_column
 End_line
 End_column

RDC_constraint_parse_file

PK LCL_RDC_constraint_parse_file_num
PK,FK1 GRP_RDC_constraint_list_ID

 Name

RDC_constraint_conv_err

PK LCL_RDC_constraint_conv_err_num
PK,FK1 LCL_RDC_constraint_parse_file_num
PK,FK1 GRP_RDC_constraint_list_ID

 LCL_Parse_file_constraint_num
 Conv_error_type
 Conv_error_note

CA/CB chemical shift 
constraints (07/14/08)

CA_CB_constraint_list

PK GRP_CA_CB_constraint_list_ID

 LCL_Constraint_file_ID
 Units
 Details

CA_CB_constraint

PK LCL_CA_CB_constraint_num
PK,FK1 GRP_CA_CB_constraint_list_ID

 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 DB_Assembly_atom_ID_3
 DB_Auth_atom_designation_ID_3
 INS_Resonance_ID_3
 DB_Assembly_atom_ID_4
 DB_Auth_atom_designation_ID_4
 INS_Resonance_ID_4
 DB_Assembly_atom_ID_5
 DB_Auth_atom_designation_ID_5
 INS_Resonance_ID_5
 CA_chem_shift_val
 CA_chem_shift_val_err
 CB_chem_shift_val
 CB_chem_shift_val_err
 Details

H chemical shift constraints 
(07/14/08)

H_chem_shift_constraint_list

PK GRP_H_chem_shift_constraint_list_ID

 LCL_Constraint_file_ID
 Units
 Details

H_chem_shift_constraint

PK,FK1 GRP_H_chem_shift_constraint_list_ID
PK LCL_H_chem_shift_constraint_ID

 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 INS_Resonance_ID
 Chem_shift_val
 Chem_shift_val_err
 Details

J three bond constraints 
(07/14/08)

J_three_bond_constraint_list

PK GRP_J_three_bond_constraint_list_ID

 LCL_Constraint_file_ID
 Details

J_three_bond_constraint

PK LCL_J_three_bond_constraint_ID
PK,FK1 GRP_J_three_bond_constraint_list_ID

 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 DB_Assembly_atom_ID_3
 DB_Auth_atom_designation_ID_3
 INS_Resonance_ID_3
 DB_Assembly_atom_ID_4
 DB_Auth_atom_designation_ID_4
 INS_Resonance_ID_4
 Coupling_constant_val
 Coupling_constant_lower_bound
 Coupling_constant_upper_bound
 Coupling_constant_err
 Details

Other constraints (07/13/08)
Other_constraint_list

PK GRP_Other_constraint_list_ID

 LCL_Constraint_file_ID
 DB_Assembly_entity_ID
 Type
 Subtype
 Details

Org_constr_file_comment

PK GRP_Org_constr_file_comment_ID

 Comment
 Details

Original constraint file 
general comments

(07/13/08)

Conformer statistics (07/18/08)

Conformer_stat_list

PK GRP_Conformer_stat_list_ID

FK1 GRP_Conformer_family_coord_set_ID
FK2 GRP_Representative_conformer_ID
 Conformer_ensemble_only
 Both_ensemble_and_rep_conformer
 Representative_conformer_only
 Original_conformer_stats_file_ID
 Conformer_calculated_total_num
 Conformer_submitted_total_num
 Conformer_selection_criteria
 Representative_conformer
 Rep_conformer_selection_criteria
 Statistical_struct_param_details
 Details

Conformer_stat_list_ens

PK Stat_name
PK,FK1 GRP_Conformer_stat_list_ID

 Stat_value

Conformer_stat_list_rep

PK Stat_name
PK,FK1 GRP_Conformer_stat_list_ID

 Stat_value

Conformer family coordinate set (07/18/08)
Conformer_family_coord_set

PK GRP_Conformer_family_coord_set_ID

 Constraints_PDB_file_ID
 PDB_accession_code
FK1 GRP_Sample_condition_ID
 Atom_site_uncertainty_desc
 Details

Conformer_family_refinement

PK Refine_method
PK,FK1 GRP_Conformer_family_coord_set_ID

 Refine_details

Energetic_penalty_function

PK Function
PK,FK1 GRP_Conformer_family_coord_set_ID

 Description

Conf_family_coord_set_constr_list

PK Constraint_list_category
PK Constraint_list_ID
PK,FK1 GRP_Conformer_family_coord_set_ID

Struct_image

PK File_name
PK,FK1 GRP_Conformer_family_coord_set_ID

 File_format
 Details

Local_structure_quality

PK LCL_Local_sstructure_quality_ID
PK,FK1 GRP_Conformer_family_coord_set_ID

 Type
 LCL_Entity_assembly_ID
 LCL_Comp_index_ID_begin
 LCL_Comp_index_ID_end

Model_type

PK LCL_Atom_site_model_ID
PK,FK1 GRP_Conformer_family_coord_set_ID

 Type

Atom_site

PK INS_Atom_site_ID

FK1,FK2 GRP_Conformer_family_coord_set_ID
 LCL_Model_ID
 Model_site_ID
FK3 DB_Assembly_atom_ID
 Cartn_x
 Cartn_y
 Cartn_z
 Cartn_x_esd
 Cartn_y_esd
 Cartn_z_esd
 Occupancy
 Occupancy_esd
 Uncertainty
 Ordered_flag
FK2 LCL_Footnote_ID
 PDBX_label_asym_ID
 PDBX_label_seq_ID
 PDBX_label_comp_ID
 PDBX_label_atom_ID
 PDBX_label_entity_ID
 PDB_atom_serial_num
 PDB_atom_name
 PDB_ins_code
 PDB_model_num
 PDB_residue_name
 PDB_residue_no
 PDB_strand_ID
 Auth_asym_ID
 Auth_entity_assembly_ID
 Auth_chain_ID
 Auth_seq_ID
 Auth_comp_ID
 Auth_atom_ID
 Auth_atom_name
 Details

Atom_sites_footnote

PK LCL_Footnote_ID
PK GRP_Conformer_family_coord_set_ID

 Text

Floating chirality (02/20/08)

Floating_chirality_assign

PK GRP_Floating_chirality_assign_ID

 Data_file_name
 Stereo_count
 Stereo_assigned_count
 Details

Floating_chirality

PK LCL_Floating_chirality_ID
PK,FK1 GRP_Floating_chirality_assign_ID

 DB_Assembly_atom_ID_1
 DB_Auth_atom_designation_ID_1
 INS_Resonance_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_2
 INS_Resonance_ID_2
 Stereospecific_assignment_code

Force_constant_list

PK GRP_Force_constant_list_ID

 Data_file_name
 Default_software_values_used
 Details

Force_constant

PK LCL_Force_constant_ID
PK,FK1 GRP_Force_constant_list_ID

 Term
 Units
 Val

Other structure features 
(07/18/08)

Other_structure_feature_list

PK GRP_Other_struct_feature_list_ID

 Struct_feature_name
 Struct_feature_definition
 Selection_method
 Details

Other_structure_feature

PK LCL_Other_struct_feature_ID
PK,FK1 GRP_Other_struct_feature_list_ID

 LCL_Entity_assembly_ID
 Auth_seq_ID
 Code

Representative_conformer

PK GRP_Representative_conformer_ID

FK1 GRP_Conformer_family_coord_set_ID
 Type
 Rep_conformer_derivation
 Atom_pos_uncertainty_derivation
 Rep_conformer_file_name
 Rep_conformer_original_file
 PDB_accession_code
 Details

Representative conformer 
(07/18/08)

Rep_conf_refinement

PK Refine_method
PK,FK1 GRP_Representative_conformer_ID

 Refine_details

Terminal_residue

PK GRP_Entity_ID
PK,FK1 GRP_Representative_conformer_ID

 LCL_Comp_index_ID
 Auth_seq_ID
 Auth_comp_ID

Rep_conf

PK INS_Atom_coordinate_ID

FK3 GRP_Representative_conformer_ID
FK2 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 LCL_Rep_conf_atom_site_ID
FK1 LCL_Footnote_ID
 Atom_cartn_x
 Atom_cartn_y
 Atom_cartn_z
 Atom_cartn_x_esd
 Atom_cartn_y_esd
 Atom_cartn_z_esd
 Atom_position_uncertainty
  

Rep_coordinate_details

PK LCL_Footnote_ID
PK GRP_Representative_conformer_ID

 Footnote

Structure interaction list 
(07/18/08)

Structure_interaction_list

PK GRP_Structure_interaction_list_ID

 Details

Structure_interaction

PK LCL_Structure_interaction_ID
PK,FK1 GRP_Structure_interaction_list_ID

 Type
 Selection_method_ID
 DB_Assembly_atom_ID_1
 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_1
 DB_Auth_atom_designation_ID_2
 Details

Observed_conformer

PK,FK1 LCL_Structure_interaction_ID
PK GRP_Conformer_family_coord_set_ID
PK LCL_Atom_site_model_ID
PK,FK1 GRP_Structure_interaction_list_ID

Secondary structure 
(07/18/08)

Secondary_struct_list

PK GRP_Secondary_struct_list_ID

 GRP_Representative_conformer_ID
 Details

Secondary_struct_sel

PK DB_Method_ID
PK,FK1 GRP_Secondary_struct_list_ID

Secondary_struct

PK LCL_Secondary_struct_num
PK,FK1 GRP_Secondary_struct_list_ID

 Name
 Code
FK2 GRP_Conformer_family_coord_set_ID
 DB_Assembly_entity_ID
 LCL_Comp_index_ID_start
 LCL_Comp_index_ID_end
 Auth_seq_ID_start
 Auth_seq_ID_end
 Details

Tertiary structure elements 
(07/18/08)

Tertiary_struct_element_list

PK GRP_Tertiary_struct_element_list_ID

 Details

Tertiary_struct_element_sel

PK DB_Method_ID
PK,FK1 GRP_Tertiary_struct_element_list_ID

Tertiary_struct

PK LCL_Tertiary_struct_ID
PK,FK1 GRP_Tertiary_struct_element_list_ID

 Tertiary_struct_code
 Tertiary_struct_name
 DB_Assembly_entity_ID
 DB_Assembly_Chem_comp_ID
 DB_Assembly_atom_ID
 DB_Auth_atom_designation_ID
 Details

Angular order parameters (07/12/08)

Angular_order_parameter_list11

PK GRP_Angular_order_parameter_list_ID

FK1 GRP_Conformer_family_coord_set_ID
 Details

Angular_order_param

PK LCL_Angular_order_param_num
PK,FK1 GRP_Angular_order_parameter_list_ID

 DB_Assembly_entity_ID
 DB_Entity_chem_comp_ID
 Phi_S_angle_val
 Psi_S_angle_val
 Chi_1_S_angle_val
 Chi_2_S_angle_val

Bond annotation (07/12/08)
Bond_annotation_list

PK GRP_Bond_annotation_list_ID

 Details

Bond_annotation

PK LCL_Bond_annotation_num
PK,FK1 GRP_Bond_annotation_list_ID

 Bond_type
 Bond_order
 Bond_selection_DB_method_ID
FK2 DB_Assembly_atom_ID_1
FK3 DB_Assembly_atom_ID_2
 DB_Auth_atom_designation_ID_1
 DB_Auth_atom_designation_ID_2
 Details

Bond_observed_conformer

PK,FK1 LCL_Bond_annotation_num
PK,FK1 GRP_Bond_annotation_list_ID
PK LCL_Atom_site_model_num
PK GRP_Conformer_family_coord_set_ID

Task used will 
depend on 

entry

Entry_software_task

PK,FK2 GRP_Software_ID
PK,FK1 DB_Task_ID

GRP_category and 
GRP_ID are foreign keys

There seems like there may 
be something redundant or 

circurlar between the 
Software and Method links

Structure annotation

Need to think 
about this 

table!!

Chemical metadata
Peaks

Atomic coordinates and structure annotation

Force constants (02/19/08)

Derived relaxation parameters

Atom_isotopes

PK,FK1 DB_Atom_ID
PK Isotope_number

Atom_oxidation_number

PK,FK1 DB_Atom_ID
PK Oxidation_number
PK Electron_configuration

BMRB 



GenBank 

Swissprot 
Uniprot 

TRRD 

GERD 

Transfac 

EpoDB 

EMBL 

DDBJ 
flow of data 

BEAD 

GAIA 

Problems 
Trace data provenance 

Propagate annotations 

Cyclic dependencies 

Cite curated databases 

Synchronize evolving data 

Lit 

Lit 

Lit: Data from Literature (human intervention) 
Onl: Online Data Updates 

Lit 

Lit 

Lit 

Onl 

Lit 

Lit 

Lit 

Lit 

Onl Lit 
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Extensible Declarative Language  
 
 
 
 
 
 

Data modelling & Knowledge representation   

Semantic Domain Model 

 
Service Related Metadata  

 

Personalization Profiles & Models 

SRL based probabilistic (Meta) Model 

 
 
 

Personalization 

Distributed planning & execution Engine 

Distributed Services   Data Provenance 

Information Extraction 

Learning & Inference  

Distributed Processing Middleware for Query Answering and Data Analytics 

In-Situ Querying 

Heterogeneous, distributed data and information sources 

Digital Libraries Ontologies Domain Expert Relational Data Streaming Data Un/Semi -Structured 

 
 
 
 
 

Analytics 
Knowledge Discovery & Data Mining  

Reasoning & Decision Support 
Simulation  

Visualization 

Scientific Workflow Management 
 

Data & Knowledge Management 
 

Query Formulation and Results Presentation 
 
 

Personalized Intelligent Application Layer 

Dynamic Process… 



}  Query:   graph of arbitrary operators 

}  Optimality:  response time or completion time 

    and money 

}  Environment:  cloud of hosts (elasticity) 



1 

2 

3 

4 

5 

}  Graph of arbitrary operators 
}  Non-relational data analytics 
◦  Query log analysis 
◦  Data mining 
◦  Simulation model composition 
◦  … 

}  User behavior analysis for 
European national libraries 
◦  One of sixteen flows 



17 11 2011 
Workflow Execution in gCube 

}  Execution of complex processing flow 
}  Staging of data among different storage providers 
}  Expressive and powerful execution plan language 

}  Technologies and disciplines abstractions - architecture of 
loosely coupled layers 

}  Unbound extensibility for integration with different 
environments (Storage, Security, Execution, … ) – plugability 

}  Execution of … everything (SOAP/REST & WSRF web services, 
local executables and scripts, POJOs, native components) and 
in any manner (in-process, intra-process, intra-node) 

}  Align with cloud computing principles & data stream pipelining 
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Storage 

Execution Engine 

Workflow Engine 

Registry 

Transport 

Processing 

Workflow 
Presentation System 

Security 
Proxying 

Delegation 

Resource Model 

State 

Network 

State 

Workflow 

Plan 

Query 

Invoke 
Store 

Transfer 

Comp. Process 

17 11 2011 

Wo
rkfl
ow 
Ex
ec
uti
on 
in 

gC
ub
e 

“Low level” execution 
engine and adapters 

Higher level workflow 
engine and adapters 

Custom external systems 
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4 
Data 

Analysis 



}  Much statistical analysis deals with 
◦  Creating uniform samples 
◦  Data filtering 
◦  Assembling relevant subsets 
◦  Estimating completeness  
◦  Censoring bad data 
◦  Counting and building histograms 
◦  Generating Monte-Carlo subsets 
◦  Likelihood calculations 
◦  Hypothesis testing 

}  Traditionally these are performed on files 
}  Most tasks are much better done inside a database 
◦  Indices, parallel data search & analysis 



DCV 

Data Curation & Validation 

Curated Data 

Raw Data 

Model Building 

AITION 
VIZ 

Model Exploration & Reasoning 

For a particular 
patient

Unknown / missing data

Predict value of missing 
variable

1.  Qualitative dependency analysis: Learning the structure  
2.  Quantitative analysis: Learning the parameters (CPD) 

Make inferences based on the model (Graph + 
CPD) using different known / unknown schemes  

Model 

AITION 
DESK 

Decisions & Simulation 

One way & static …. 



}  Provide: 

◦ Modelling user preferences & attitudes 
◦ Personalized querying, context & services 
◦ Graph mining for usage pattern analysis 
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}  Evolutionary information processing and 
knowledge discovery framework able to provide 
highly accurate predictive and simulation models 
combining:  
◦  Bottom-up data driven process: analyzing huge 

volume of high distributed, federated, multi-type,  
vertically integrated data and streams,  
◦  Top-down model driven process: incorporating 

domain knowledge represented as relational & semantic 
theoretic models and First-Order Logic (FOL) rules & 
constraints. 
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}  Traditional Machine Learning (ML) approach based on 
single relation (propositional) and consider i.i.d. data 

}  Traditional Data Mining (DM) cannot handle 
uncertainty in attributes, entities, relations 

}  But: 
◦  Uncertainty is everywhere: 
�  No complete knowledge 
�  Noise/outliers in the data due to measurement procedures, human 

involvement in the loop, multi-cite, etc. 
◦  Real world has objects, properties, known relations 

◦  Instances are not always independent 
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Name 

Institution 

Author 
Title 

Key Words  

Topic 

Words (TF 
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Downloads 
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Paper 
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Writes 

Search for 

Paper 

Paper 

Citing 

Cited 

User User 

Author 

Author 

? 

? 

? ? 

Name 

Grant No 

Start - End 
Project 

Is Funded 

A"ribute	  Predic-on:	  What	  is	  the	  topic?	  

En-ty	  Resolu-on:	  Do	  they	  refer	  to	  the	  same	  person?	  

Link	  Predic-on:	  Is	  it	  funded?	  

Results	  ranking	  and	  paper	  impact	  
Get	  or	  recommend	  relevant	  content	  

Group	  Detec-on:	  Research	  community	  
iden-fica-on	  
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Name 

Institution 

Author 
Title 

Key Words  

Topic 

Words (TF 
IDF) 

Venue 
Paper 

Writes 

Search for 

Paper 

Paper 

Citing 

Cited 
Author 

Author 

Domain	  Knowledge	  

Name 

Grant No 

Start - End 
Project 

Is Funded 
Mul--‐Re

la-ona
l	  

Queries 

Downloads 

Sessions User 

User User 

Uncert
ainty	  

Similarity	  
(autho

rs,	  pap
ers,	  us

ers)	  

NO	  I.I.D.	  



Structured  
(semantic,  
relational) 

Representation & 
Mining 

Machine Learning 
and Statistical 

Analysis 

Graph & Stream Mining 
and Dynamics 

First Order Logic and 
Declarative (Logic) 

Programming 

 
Distributed 

Processing & 
Personalization  

 





Dissemination 
of Results 
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 Open Access brings the innovation cycle to a new 
open world, contributing to the Digital Agenda for 
Europe  

 “Scientific data has the power to transform our lives for the 
better – it is too valuable to be locked away.” 

 Neelie Kroes,  
 Vice-President of the EC, responsible for the Digital Agenda 

 



•  Open Science enables researchers to conduct 
efficiently and effectively their research activities 

•  Open Science facilitate multidisciplinary collaboration 
and data sharing entailing Open Access to  
◦  research data 
◦  data services 
◦  tools 
◦  analyses 
◦  methods  
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• Open Access improves information access, 
use and reuse - easier & more reliable 

• Open Access improves free info movement in 
Research and Public Sector, benefiting 
◦  researchers, students, citizens 

◦  funding officers and industry 
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� Relax and bridge geographic, organizational, 
disciplinary boundaries 

� A domain with a global horizon 
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o  Links OA repositories with FP7 / ERC /national funding 
o  Links publications with research data  
o  Provides repository for “orphan” publications & data 
o  Calculates statistics on OA/FP7/ERC /… deposition 

EC & National  
Funding Information 

OA Publication 
Repositories 

Orpha
n 

Researchers Funders 

CERN Digital Library 

Research Administrators &  
Policy Makers 

Public 

Data 
Repositories 



}  Analysis to measure research impact 

}  Usage pattern analysis tools for content linking     

}  Challenges, research direction  

◦  Big volumes of data to process  

◦  Definition of metrics 

◦  Researcher behavior and social networks paradigm 

◦  Organizational issues 
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DEFINITION 

}  “The ability of two or more systems or components to 
exchange information and to use the information that 
has been exchanged” (IEEE definition) 

}  “A property referring to the ability of diverse systems 
and organizations to work together (inter-
operate)” (Wikipedia) 

}  “The capability to communicate, execute programs, or 
transfer data among various functional units in a manner 
that requires minimal knowledge of the unique 
characteristics of those units” (ISO/IEC 2382-2001 
Information Technology Vocabulary, Fundamental Terms) 



}  The ability to exchange data between different 
systems and use them 

}  Indicative areas: information representation - 
profiling, discovery, security 
◦  Multidisciplinary information – Scientific heterogeneity 

◦  Inconsistency of intended use of information 



}  Heterogeneity of the exchanged information objects 
◦  Syntactic heterogeneity 

◦  Structural heterogeneity 

◦  Semantic heterogeneity 

}  Inconsistency of the intended use of the 
information object  
◦  by the producer entity and the intended exploitation of this object 

by the consumer entity 

◦  the exchanged information must be complemented with some 
“descriptive” information, such as contextual, provenance, 
quality, security, privacy, etc. information  

◦  The descriptive information should be modeled by purpose-
oriented descriptive data models /metadata models. 



}  Interoperability is not only about technical 
challenges 

}  Policy and organisational challenges exist: 
◦  Interoperability entails (global / con-federated) 

governance and trust 
◦  Interoperability entails certification and standardisation 

◦  Interoperability entails sustained funding and support! 



}  Quick and dirty: Mediation 

}  Slow and clean: Standardization 

}  Top-down, strong-armed will never be final 

}  Bottom-up, grass-roots will always exist 

}  Never-ending issue 
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What is “e-Infrastructure”? 

“an environment where research resources 
(hardware, software and content) can be 
readily shared and accessed wherever this is 
necessary to promote better and more effective 
research”. 

 

Networks, grids and middleware, comp. 
resources, exp workbenches, data reps, 
tools and instruments and the op support 
that enable global virtual research collabs. 

Source: ICT infrastructures for e-Science 



but is “probably” more than that 

Wider interpretation:  technologies of various 
kinds for creating, collecting, annotating, 
manipulating, storing, finding and re-using 
information and services such as those to 
provide user support, training, preservation ... 

 

... information resources and tools such as vocabs, 
ontologies, rights management and privacy 
protection systems, and curation. Several of 
these resources depend upon manual human input. 

Source: e-SciDR study 
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Data Services 

Community Support Services 

Astronom

y 

Climatology 

Chemistry 

Biology 

•  Computing Infrastructure 
•   Persistent Storage Capacity 
•   Integrity 
•   Authentication & Security 

•  API 
•  Data Discovery & Navigation 
•  Workflows Generation 

Scientific Data 
(Discipline Specific) 

Other Data 

Researcher 1 

Non Scientific World 

Scientific World 

Researcher 2 

Aggregated Data Sets 
(Temporary or  Permanent) 

Workflows 

Aggregation Path 

Source: High-level Group on Scientific Data 





 “A fundamental characteristic of our age is the 
raising tide of data – global, diverse, valuable 
and complex. In the realm of science, this is both 
an opportunity and a challenge.” 

  
Report of the High-Level Group on Scientific Data, October 2010 

“Riding the Wave: how Europe can gain from the raising tide of scientific data” 

 
  

raising tide of data… 



 “Our vision is a scientific e-Infrastructure that 
supports seamless access, use, re-use and trust 
of data. In a sense, the physical and technical 
infrastructure becomes invisible and the data 
themselves become the infrastructure – a 
valuable asset, on which science, technology, the 
economy and society can advance.” 

  
High-Level Group on Scientific Data 

“Riding the Wave: how Europe can gain from the raising tide of scientific data” 

 
  

Vision 2030 



scientific Information con·tin·u·ums 
allowed in a “new world” 

BETWEEN 
   experimental data and publications (new paradigm) 
   different scientific disciplines (multidisciplinary) 
   past, present and future (preservation) 
   different institutions (organisation) 
   humans and computers (e-Infrastructure) 
   research and education (public mission) 
   current critical needs and visionary environments (evolution) 

Reference: Klein Bottle with Moebius Band. 
Reference to article "Imaging maths - Inside 
the Klein bottle" at http://plus.maths.org/
issue26/index.html. The Klein bottle is a non-
orientable surface found by Felix Klein in 
1882 while working on a topological 
classification of surfaces. 



}  4th Paradigm in Scientific Research 

}  Data size and complexity fundamental 

}  Data management and analysis research 
challenges 

}  Interoperability a huge challenge 
◦  Data, services, policies, communities, … 

}  Global Research Data Infrastructures 



The name is Science! 
d-Science! 

Thank you! 


