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SCIENTIFIC DATA 
MANAGEMENT 
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While the commercial world has standardized on the 
relational data model and SQL, no single standard or tool 
has critical mass in the scientific community. There are 
many parallel and competing efforts to build these tool 
suites – at least one per discipline. Data interchange 
outside each group is problematic. In the next decade, as 
data interchange among scientific disciplines becomes 
increasingly important, a common HDF-like format and 
package for all the sciences will likely emerge.!



SCIENTIFIC DATA MANAGEMENT 

•  Scientific instruments and computer simulations are 
creating vast amounts of scientific data 

•  Scientific Domains 
•  Biology 
•  Chemistry 
•  Physics 
•  Astronomy 
•  Earth science 
•  … 
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REQUIREMENTS I 

•  Complex Data Types 
•  Arrays, sequences, images, time series, etc. 
•  Efficient support for these data types 

•  Storage, indexing, searching, and complex scientific op 
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REQUIREMENTS II 

•  New Data-Analysis Methods 
•  Scientific tools and algorithms are complex 

•  N2 or N3 of the data size (N) 

•  Need for faster and parallel algorithms 

•  Science Centers 
•  Too hard to move data (too large) 
•  Move the programs and tools to the data 
•  Science centers provide access to data and tools 
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REQUIREMENTS III 

•  Metadata Describing Data 
•  In Scientific applications, data by itself is not enough 
•  Metadata can describe 

•  How the data is generated/derived (provenance) 
•  Comments about the data (annotation) 
•  Structure of data, e.g., column names, measurement units, etc. 

•  Uncertainty Processing 
•  Most scientific data have uncertain value 
•  Representation of uncertain data 
•  Query processing of uncertain values 
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We Will Touch The Following… 

•  Annotation Management 

•  Complex Dependencies  

•  SciDB– Array Databases 
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WHY ANNOTATIONS? 
•  Vital mechanism for sharing knowledge and building an interactive 

and collaborative environment among database users 

•  Annotations may represent: 
•  Comments, feedbacks, users experiences, Lineage information, etc. 

GID GName GSequence 

JW0080  mraW  ATGATGGAAAA… 

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

Gene B3: obtained from GenoBase 

B1: Curated by user admin 

B2: possibly split by frameshift  

B5: This gene has an unknown function 

B4: pseudogene 
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CHALLENGES IN ANNOTATION 
MANAGEMENT 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

Gene B3: obtained from GenoBase 

B1: Curated by user admin 

B2: possibly split by frameshift  

B5: This gene has an unknown function 

B4: pseudogene 

Combinatorial nature 
at various granularities 

Different behaviors 
under DB operations 

B6: under verification [Genes with GName like ‘fix%’ ] 

ATGATG!GAAAA…!CCTTT…!

Query evaluation and 
annotation propagation 
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MAIN FEATURES 

2- Storage Optimization Techniques 

 1- Adding Annotations & Defining Behaviors 

3- Propagating/Querying Annotations 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

Gene B3: obtained from GenoBase 

B1: Curated by user admin 

B2: possibly split by frameshift  

B5: This gene has an unknown function 

B4: pseudogene 

ATGATG!GAAAA…!
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1- ADDING ANNOTATIONS & DEFINING   
    BEHAVIORS  

•  Declarative and simple mechanisms to annotate the data  
•  Specify behaviors of annotations under different DB operations 

ADD ANNOTATION 

[ AS VIEW ] 

TO <annotation_table_names>  

VALUE <annotation_value> 

[ON AGGREGATION PROPAGATE] 

[ON UPDATE PROPAGATE] 

ON <select_statement> ; 

SELECT * 
FROM    R 

SELECT * 
FROM    R 
WHERE <conditions> 

(Table level) (Tuple level) 

SELECT <columns> 
FROM    R 
WHERE <conditions> 

SELECT <columns> 
FROM    R 

(Column level) (Cell level) 

Define different behaviors 
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ANNOTATION BEHAVIOR: AS VIEW 

ADD ANNOTATION 

AS VIEW  

VALUE ‘under verification’ 

ON Select Gname, GSequence 

       From  GENE 

       Where  Gname Like ‘fix%’ ; 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

ATGATG!GAAAA…!

n  Snapshot  vs. View annotations 
n  Snapshot  annotations are evaluated once 
n  View annotations are continuously evaluated 

JW0070 fixR TTTAAAGTAA... 

   under verification 

How to maintain view  annotations  
Up-to-date?  

Adopt several optimization techniques  
from “Maintenance of Materialized Views” 
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ANNOTATION BEHAVIOR: ON UPDATE 
PROPAGATE  

ADD ANNOTATION 

[ AS VIEW ] 

TO <annotation_table_names>  

VALUE <annotation_value> 

[ON AGGREGATION PROPAGATE] 

[ON UPDATE PROPAGATE] 

ON <select_statement> ; 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

Gene B3: obtained from GenoBase 

B5: This gene has an unknown function 

ATGATG!GAAAA…!CCTTT…!

n  Annotation behavior under update operations 
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ANNOTATION BEHAVIOR: ON UPDATE 
PROPAGATE  

ADD ANNOTATION 

[ AS VIEW ] 

TO <annotation_table_names>  

VALUE <annotation_value> 

[ON AGGREGATION PROPAGATE] 

[ON UPDATE PROPAGATE] 

ON <select_statement> ; 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

Gene B3: obtained from GenoBase 

ATGATG!GAAAA…!CCTTT…!

B5: This gene has an unknown function 

n  Annotation behavior under update operations 
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2- STORAGE OF ANNOTATIONS  
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GID GName GSequence

JW0080 mraW ATGATGGAAAA…

JW0041 fixB ATGAACACGTT…

JW0037 caiB ATGGATCATCT…

JW0055 yabP ATGAAAGTATC…

GID GName GSequence

JW0080 mraW ATGATGGAAAA…

JW0041 fixB ATGAACACGTT…

JW0037 caiB ATGGATCATCT…

JW0055 yabP ATGAAAGTATC…

Gene B3: obtained from GenoBaseB3: obtained from GenoBase

B1: Curated by user adminB1: Curated by user admin

B2: possibly split by frameshiftB2: possibly split by frameshift

B5: This gene has an unknown function

B4: pseudogene

B5: This gene has an unknown function

B4: pseudogene

Straightforward Approach 
 

Significant storage and I/O overhead 
because of the replication 

-- N table values 
-- 2N Possible subsets 
      to be annotated! 
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COMPRESSED REPRESENTATION OF 
ANNOTATIONS 

GID GName GSequence 

JW0080  mraW  

JW0041 fixB ATGAACACGTT… !

JW0037 caiB ATGGATCATCT… !

JW0055  yabP  ATGAAAGTATC… 

… … … 

ATGATG!GAAAA…!

Tuples 

Columns 
GID 
(1) 

Gname 
   (2) 

GSequence 
  (3) 

B3: obtained from GenoBase 

B1: Curated by user admin 

B2: possibly split by frameshift  

B5: This gene has an unknown function 

B4: pseudogene 

(B4, T4) 

(B2, T2) 

(B3, T3) 
(B1, T1) 

Time 

n  Logical database tables à Two-dimensional space 
n  Table cells à Points in two-dimensional space 
n  Annotated cells à Maximum bounded rectangle(s)  
                               in three-dimensional space 

>> Less storage overhead 
 

>> Less I/O operations at   
     insertion & query time 
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3- PROPAGATING/QUERYING 
ANNOTATIONS 

•  Extended Select  statement to support annotation 
propagation and querying 

SELECT [DISTINCT] Ci , Cj , …, [PROMOTE (Ck, Cm, …)] 

FROM   Relation_name [ANNOTATION(S1, S2, …)], … 

[WHERE <data_annotation_conditions>]  

[GROUP BY <data_columns>  

    [HAVING  <data_annotation_condition>] 

[ORDER BY <data_columns>] 

SELECT GID, GName 
FROM Gene 
WHERE GName like ‘Pho%’ 
 

Specifies which annotations 
to include in the query 

Propagates annotations from 
non-projected columns 

[Annotation(lab_comments)] 
, Promote(GSeq) 

AND lab_comments.curator = ‘Admin’; 
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QUERY EXECUTION 

•  Reverse the mapping from 3D space to logical representation  

GID GName GSequence

JW0080 mraW ATGATGGAAAA…

JW0041 fixB ATGAACACGTT…

JW0037 caiB ATGGATCATCT…

JW0055 yabP ATGAAAGTATC…

GID GName GSequence

JW0080 mraW ATGATGGAAAA…

JW0041 fixB ATGAACACGTT…

JW0037 caiB ATGGATCATCT…

JW0055 yabP ATGAAAGTATC…

B3: obtained from GenoBase 

B1: Curated by user admin 

B2: possibly split by frameshift  

B5: This gene has an unknown function 

B4: pseudogene 

Columns

Tuples

Time

(B1, T1)

(B2, T2)

(B3, T3)

(B4, T4)

(B5, T5)



19 

MANAGING ANNOTATIONS VIA GUI 

QBE Interface Annotations at  
various granularities 

Adding annotations  
on selected cells 



We Will Touch The Following… 

•  Annotation Management 

•  Complex Dependencies  

•  SciDB– Array Databases 
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n  Updating an input value to a real-world activity may 
render the output value invalid until the activity is re-
executed.  But… 

n  The database system is not aware of the dependency 

Database 

COMPLEX DEPENDENCIES 

•  The cycle of processing the data is complex 
•  May involve Real-world Activities, e.g. wet-lab experiments, instruments 

readings, manual measurements, etc.  

(2) Perform real-world activity 

(1) Read values from the DB 

(3) Reflect the output value into the 
DB 
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CHALLENGES 

•  In typical scenarios, dependencies cascade 

Database 

n  Between the updates, parts of the database are temporarily 
inconsistent (invalid/outdated) 
n  Data still needs to be available for querying 

Computable dependency 
     * instantaneous 

Real-world dependency 
   * Human intervention 
   * Long delays 

  Days 

Weeks 
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EXAMPLE QUERY  

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10910 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GTCT… + F2 

JW0018 31161 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGCC… + F5 

JW0012 17404 GTAA… TTCG - F7 

Select GID, BindingSite 
From Gene 
Where GFunction = “F2”; 

GID            BindingSite 
-------------------------------- 
JW0014          TCCA… 
JW0015          GTAA… 

GENE table 
Outdated Up-to-date 

Evaluated based on 
Outdated values 

Evaluated based on 
Up-to-date values 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GTCT… + F2 

JW0018 31161 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGCC… + F5 

JW0012 17404 GTAA… TTCG - F7 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GTCT… + F2 

JW0018 31161 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGCC… + F5 

JW0012 17404 GTAA… TTCG - F7 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GTCT… + F2 

JW0018 31166 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGCC… + F5 

JW0012 17404 GTAA… TTCG - F7 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GTCT… + F2 

JW0018 31166 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGCC… + F5 

JW0012 17404 GTAA… TTCG - F7 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GGCT… + F2 

JW0018 31166 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGTG… + F5 

JW0012 17404 GTAA… TTCG… - F7 

Crucial information is missing that affect:  
   >> The quality of the answer  
   >> Any decisions based on the results 
 



OBJECTIVE 

•  DBMS needs to be aware of the real-world dependencies 
•  Keeps track and enforces the dependencies  
•  Maintains the consistency of the data (Best effort)    

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10910 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10910 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GGCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGTG… + F5

JW0012 17404 GTAA… TTCG… - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GGCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGTG… + F5

JW0012 17404 GTAA… TTCG… - F7

24 
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MAIN FEATURES 

1.  Registering Activities and Expressing Dependencies 

2.  Extended Querying Mechanisms 

3.  Systematic Tracking of Outdated Data 
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1- REGISTERING ACTIVITIES AND 
EXPRESSING DEPENDENCIES 

n  Registering real-world activities into the database 

n  Expressing dependencies among the data items on these 
activities 

Create Function <activity-name> (<input-types>)  
Returns <output-type> As real-world activity; 

Alter Table <R> 
Add Dependency Using <func_name> 
Source <T1.c1[, T2.c2, ...] > 
Destination <R.c0> 
[Where <predicates>] 
[Invalidate Destination] ; 

Create Table <R>  
( 
   <columns_definitions >  
    …. 
  Add Dependency Using <func_name> 
  Source <T1.c1[, T2.c2, ...] > 
  Destination <R.c0> 
  [Where <predicates>] ); 
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EXAMPLE 1: SINGLE-TABLE 
DEPENDENCY 

GTAA…

AAAT…

CCGG…

GTAA…

TCCA…

AATG…

Binding site

-

+

-

+

+

+

GDirection

17404

1905

31161

21112

10910

5130

StartPos

F7TTCGJW0012

F5TGCC…JW0019

F4CGTT…JW0018

F2GTCT…JW0015

F2GGTT…JW0014

F1TGCT…JW0013

GFunctionGSeqGID

GTAA…

AAAT…

CCGG…

GTAA…

TCCA…

AATG…

Binding site

-

+

-

+

+

+

GDirection

17404

1905

31161

21112

10910

5130

StartPos

F7TTCGJW0012

F5TGCC…JW0019

F4CGTT…JW0018

F2GTCT…JW0015

F2GGTT…JW0014

F1TGCT…JW0013

GFunctionGSeqGID

GENE table

Exp1 Exp2 > Create Function Exp2 (text, char)  
   Returns text As real-world activity; 

> Create Function Exp1 (int)  
   Returns text As real-world activity; 

> Create Table GENE( 
GID             text, 
StartPos       int, 
BindingSite   text,  
GSeq           text, 
GDirction      char, 
GFunction     text, 
 

ADD Dependency Using Exp1 
Source StartPos 
Destination BindingSite, 
 

ADD Dependency Using Exp2 
Source GSeq, GDirection 
Destination GFucntion); 
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EXAMPLE 2: CROSS-TABLES 
DEPENDENCY  

> Create Table Protein( 
GID text, 
PSeq text, 
PFunction text, 
 

ADD Dependency Using Exp3 
Source Gene.GSeq, Gene.GDirection 
Destination Protein.PSeq 
Where Protein.GID = Gene.GID 
And Gene.GFunction = ‘F1’, 
 

ADD Dependency Using Exp4 
Source Gene.GSeq 
Destination Protein.PSeq 
Where Protein.GID = Gene.GID 
And Gene.GDirection = ‘+’); 

Exp3 

Exp4 

… … … … … 
+ 
- 
+ 

GDirection 

F1 GGCT … … JW0015 
F2 GGTT … … JW0014 
F1 TGCT … … JW0013 
GFunction GSeq … GID 

… … … … … 
+ 
- 
+ 

GDirection 

F1 GGCT … … JW0015 
F2 GGTT … … JW0014 
F1 TGCT … … JW0013 
GFunction GSeq … GID 

GENE table 

P3 MAKQ … … JW0013 
… 

P2 
P1 
PFunction 

… … … 

MNYS … … JW0014 
MGKI … … JW0015 
PSeq … GID 

P3 MAKQ … … JW0013 
… 

P2 
P1 
PFunction 

… … … 

MNYS … … JW0014 
MGKI … … JW0015 
PSeq … GID 

PROTEIN table 
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2- EXTENDED QUERYING MECHANISMS 

•  Reflecting the status of the values in the query results as up-to-date or outdated 

•  Evaluating queries on up-to-date data only (no false-positive results) 

•  Evaluating queries on both up-to-date and outdated data (include false-positive 
results) 

29 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GGCT… + F2 

JW0018 31166 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGTG… + F5 

JW0012 17404 GTAA… TTCG… - F7 

JW0120 19803 GTAA… AATT… + F2 
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EXTENDED QUERY OPERATORS: 
EXAMPLE 

GENE table 

GID StartPos Binding site GSeq GDirection GFunction 

JW0013 5130 AATG… TGCT… + F1 

JW0014 10916 TCCA… GGTT… + F2 

JW0015 21112 GTAA… GGCT… + F2 

JW0018 31166 CCGG… CGTT… - F4 

JW0019 1905 AAAT… TGTG… + F5 

JW0012 17404 GTAA… TTCG… - F7 

JW0120 19803 GTAA… AATT… + F2 

GFunction = “F2” AND  
BindingSite= “GTAA…” 

F 

-ve 

+ve 

F 

F 

F 

T 

Extended semantics of  
predicate evaluation 

True 

False 

Potentially false-
positive 

Potentially false-
negative 

σ BinidingSite=‘GTAA…’  And GFunction=‘F2’ (GENE) 



SUMMARY 

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10910 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10910 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31161 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GTCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGCC… + F5

JW0012 17404 GTAA… TTCG - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GGCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGTG… + F5

JW0012 17404 GTAA… TTCG… - F7

GID StartPos Binding site GSeq GDirection GFunction

JW0013 5130 AATG… TGCT… + F1

JW0014 10916 TCCA… GGTT… + F2

JW0015 21112 GTAA… GGCT… + F2

JW0018 31166 CCGG… CGTT… - F4

JW0019 1905 AAAT… TGTG… + F5

JW0012 17404 GTAA… TTCG… - F7
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Make data updates instantly  available for querying 
while maintaining the consistency  of the derived data 

under the presence of real-world dependencies  



We Will Touch The Following… 

•  Annotation Management 

•  Complex Dependencies  

•  SciDB– Array Databases 
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SciDB: A Database System for Scientific Data 

•  Open-source data base system started in 2008 

•  Team from MIT, Wisconsin, Stanford, and others 

•  Focus on arrays à Array data model 
•  Makes scientists in many fields (not all) happy 
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SciDB Data Model 

u  Arrays 

u  Superset of tables (tables with a primary key are a 1-D array) 

u  Nested multidimensional arrays 

u  Every cell is a tuple of values 
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Figure 1: Simple Two Dimensional SciDB Array.

Unlike the relational model where the concept of implicit
ordering is anathema to the model’s set-theoretic under-
pinnings, or SQL DBMS systems where ordering information
must be explicitly defined as part of the schema and stored
in the database, an array data model, with implicit ordering,
and notions of ‘adjacency’ or ’neighborhood’, is more desir-
able in scientific domains. ’Order’ in scientific sensor data is
not a question of representation: it is fundamental to the se-
mantics of the problem domain. Furthermore, to cope with
the complexity of the data processing, scientific users require
a much more flexible (ie. extensible) data management plat-
form than those currently available. These factors suggest
that a different kind of DBMS is called for.

However, in contrast to tools like the statistical software
packages mentioned earlier, the SciDB architecture draws
heavily on the scalability lessons learnt by commercial DBMS
vendors. SciDB is first and foremost a system for the stor-
age, processing and analysis of data. Our system will rely
on other software to handle user-interface, data visualization
and so forth.

3. FEATURES AND FUNCTIONALITY
In this section we review the features of the SciDB data

model. As we mentioned earlier, SciDB adopts an array
data model. The properties of this model reflect common
scientific use-cases. SciDB database are organized as collec-
tions of n-dimensional arrays. Cells in a SciDB array each
contain a tuple of values, and individual values in a tuple
are associated with a distinguishing attribute name.

3.1 Data Definition
To create an array in SciDB, the user would issue the

following command:

CREATE ARRAY Example
( A::INTEGER, B::FLOAT ) [ I=0:4, J=0:4];

Figure 1 illustrates what what such an array might look
like. SciDB arrays may be sparse. A nominally rectilinear
array can have jagged edges, and can even have islands of
’empty’ cells surrounded by cells containing actual values.
In Figure 2, the cells at [4,1], [2,2], [4,3] and [0,4] are all
shown as being empty.

Drawing on several of our scientific use cases SciDB dis-
tinguishes between two classes of ‘missing’ information con-
flated in SQL’s handling of NULL values. Empty cells of
the kind blacked out in Figure 2 are simply ignored for the
purpose of any data manipulation operations. Yet scientific

Figure 2: Sparse Array with Jagged Edges and Holes

applications often employ some mechanism for handling val-
ues which are ‘out of bound’ codes, and are treated differ-
ently depending on the operation being undertaken. For ex-
ample, in remote sensing applications, ‘clouds’ are encoded
differently than ‘pixel missing due to camera malfunction’.
However, neither of these case mean the pixel ’empty’. An
’empty’ cell might occur when several images are stitched
together but there are gaps between them.

Values in SciDB attributes can be of any of the expected
numerical or (currently) fixed length string data types. From
our work with the science community it is clear that these
types aren’t sufficient to cater to every requirement. For
example, a scientific measurement is often accompanied by
error bars, or even expressed as a probability distribution
function. For these reasons SciDB will support an extensible
type system similar to Postgres’ user-defined types [8] (see
below).Further, the SciDB data model is nested ; a cell in a
SciDB array can itself contain another SciDB array.

3.2 Data Manipulation
Users employ a declarative query language when work-

ing with data in a SciDB database . Underlying our query
language is a small collection of algebraic primitives which
operate on arrays. These primitives can generally be charac-
terized based on whether or not the operations manipulates
an array in terms of it’s structure–the array’s rank, and di-
mension indices–or by addressing the array’s contents–the
data values in attributes in cells. Some do both.

A complete, formal description of the operators in our
data model is beyond the scope of this paper. Instead, we
provide examples that illustrate several operators and show
how they are combined. Three of our structural operators
appear below. Figure 3 illustrates the output each of these
operations produces.

Slice ( Example, I = 2);

Slice() projects an array along a particular index value in
single dimension. In this case the Slice() operator will ex-
tract from the Example array a single column, corresponding
to cells where the column index value is 2.

Subsample (
Example,
I BETWEEN 1 AND 3 AND J BETWEEN 2 AND 4 );

Subsample() is a generalization of Slice(). Instead of a sin-
gle ‘slice’ through the array Subsample() extracts a region
of the array, where the region is specified by a conjunctive
predicate over the dimension indices.

2D Array. Every tuple 
has two attributes 



ENHANCED ARRAYS 

•  Supports irregular shapes 

•  New operators to change the shape of a given 
array 
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DATA STORAGE 

•  Optimized for both dense and sparse array data 
•  Different data storage, compression, and access  
 

•  Arrays are “chunked” (in multiple dimensions) 
 
•  Chunks are partitioned across a collection of nodes 
 
•  Chunks have ‘overlap’ to support neighborhood operations  

•  Replication provides efficiency and back-up 

•  Fast access to data sliced along any dimension 
•  Without materialized views 
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EXAMPLE OF STORAGE 

37 

Obviously this degree of extensibility complicates query
planning enormously. The SciDB optimizer will have very
limited insight into the logical or performance properties of
the operators it is working with. In the case of the Smooth()
operator introduced above, the SciDB engine may have to
materialize the result of the intermediate Subsample(). For
other kinds of operators, however, it might be possible to
pipe-line the results of an inner sub-expression directly.

4. ARCHITECTURE
SciDB adopts a shared nothing design for its overall sys-

tem architecture. We envision a SciDB instance being de-
ployed over a network of computers, each with its own lo-
cally attached storage. Each compute/storage node runs
a semi-autonomous instance of a SciDB engine, providing
communications, query processing and a local storage man-
ager. SciDB processes running on each node share access to
a (logically) centralized system catalog database that stores
information about the nodes, data distribution, user-defined
extensions, and so forth. Our design is rather less tightly
coupled than most shared nothing systems, and is influenced
by the design of modern distributed computing systems that
use a Map/Reduce[5] model. We expect this looser archi-
tecture will make it easier for us to build more flexible pro-
visioning and reliability. Physical nodes may come and go,
but unless a query addresses data stored on a node that
is off-line, the SciDB instance is unaffected. Adding nodes
amounts to adding new entries in our system catalog: the
only central point of failure in the system.

Over the next few sections we review some of the features
of our system’s implementation.

4.1 Storage Manager
The design of our storage manager draws on features from

a number of commercial DBMSs, but includes a number
of novel features reflecting the requirements of array data
processing.

SciDB implements a distributed, no-overwrite storage man-
ager. Data in a SciDB array is not update-able. New array
data can be appended to a SciDB database, or the results of
a SciDB query can be written back to the storage manager.
We plan to implement only the ‘A’ and ‘D’ of transactional
ACIDity.

In addition to our own purpose built storage manager we
anticipate that SciDB will provide access to external data
in situ through our extensible operator mechanism. For ex-
ample, scientific users with large collections of NetCDF [9]
or HDF [6] files will able to address that data without im-
porting it, and export data from SciDB in these de facto
standard file formats.

4.1.1 Chunking, and Vertical Partitioning
Figure 5 presents an outline of our approach to storage

management; how SciDB maps data in logical arrays into
physical storage.

First, in common with the so-called column-store stor-
age managers[1, 7] , we vertically partition the data in our
arrays. The SciDB storage manager splits attributes in a
single logical array and handles values for each attribute
separately. In other words, all low level operations in SciDB
deal with arrays that contain a single value in each cell.
The motivation here is the same as it is for column-store
systems. Scientific users often focus their attention, in a

Figure 5: SciDB Storage Manager

particular query, on a sub-set of attributes in the logical
array. Vertical partitioning therefore reduces I/O costs.

Second, our storage manager takes each attribute’s data,
and further decomposes the array into a number of equal
sized, and potentially overlapping, chunks. In SciDB chunks
are our physical unit of I/O, processing, and inter-node com-
munication. Chunks are quite large: on an order of 64
megabytes. Within the SciDB system catalog we store, for
each chunk, the chunk’s location–as a range of dimensional
indices–within the logical array.

4.1.2 Overlapping Chunks
The motivation for our decision to overlap chunks deserves

more detailed discussion.
Recall the Gaussian Smoothing operation introduced in

Section 3.3. To compute the new, smoothed value for each
cell, the algorithm needs to consult attribute values in the
surrounding region. The size of the region that contributes
to the smoothing operation varies from application to ap-
plication but is typically fairly small, relative to the overall
data. If the array data was partitioned into non-overlapping
chunks, SciDB would be obliged to ’stitch together’ adjacent
chunks to reconstruct ’boundary’ regions.

By segmenting our arrays into overlapping chunks, and
picking the right ’overlap’ extent, we are able to parallelize
operations like Gaussian Smoothing. All of the data needed
to compute the filter is available within the same chunk. The
downside of this strategy is that it increases our storage man-
agement overhead, and presents a configuration challenge to
SciDB DBAs.

Consider the illustration in Figure 6. Here, an 11x5 ar-
ray ‘A’ has been decomposed into three, overlapping 5x5
chunks. With this scheme, an operation that requires the
examination of any complete 3x3 subsample of A need only
consult the data in a single chunk and the operation can be
parallelized three ways. The darker grey areas are regions
of the array that are replicated; a particular attribute value
in a cell stored in more than one chunk. Lighter gray areas
represent regions of the array which are ’non-core’ in the
sense that any algorithm considering a 3x3 subsample of ‘A’
will be unable to compute results for these boundary cells.

Separate attributes first 

Divide into overlapping chunks 

Distribute these chunks over the 
cluster nodes 



SciDB DDL 
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CREATE ARRAY Test_Array !
     < A: integer NULLS,!
       B: double, !
       C: USER_DEFINED_TYPE > !
      [I=0:99999,1000, 10, J=0:99999,1000, 10 ] !
      PARTITION OVER ( Node1, Node2, Node3 ) !
      USING block_cyclic();!
!
 

chunk 
size 

1000 

overlap 

    10 

attribute 
names 

 A, B, C 

index names 

      I, J 



Array Query Language (AQL) 
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SELECT Geo-Mean ( T.B )!
FROM Test_Array T !
WHERE !
    T.I BETWEEN :C1 AND :C2 !
AND T.J BETWEEN :C3 AND :C4!
AND T.A = 10!
GROUP BY T.I;!
 
 

User-defined aggregate on an 

attribute B in array T 

 

Subsample 

 

Filter 

Group-by 

>> Many new operators for array processing 
 E.g., Slicing, multiplication, sampling, etc. 

 
>> Many new optimization and indexing techniques 


