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Data Integration – an Introduction



Data fusion – what this part is about

 This part of the course follows its entity resolution part that included such issues as data 
matching, data deduplication, data similarity, entity resolution, …). 

 Data scientist – самая востребованная специальность (в США). В связи с необходимостью 
работы с большими данными, проблемы процедур эффективной работы с данными, их 
анализа, становятся все более острыми.

 Курс посвящен интеграции разнообраных источников  данных  (multi – structured data), 
прежде всего в Hadoop (включая Web, текстовые данные,  изображения, социальные сети, 
log’и, результаты наблюдений (измерений), сенсоры, мобильные данные; потоковые данные 
в реальном масштабе времени, …)

 В этой части курса мы будем выяснять, что такое data fusion, каково место этих функций в 
процессе интеграции баз данных, включая ETL and mediation.  В курсе мы будем ближе к 
ETL, реляционной модели данных,  для приведения данных, полученных от разно-
структурированных источников.  Платформа – в принципе любая, но мы в этом курсе больше 
ориентированы на HADOOP в составе Big Insights IBM. 

 Напоминание: по понедельникам читается курс «Методы и платформы интеграции 
данных и организации хранилищ больших данных», тесно связанный с настоящим курсом.



Origins of Data Conflicts

OriginalOriginal

ACM Computing 
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Origins of Data Conflicts



Origins of Data Conflicts

Integrated dataIntegrated data

Schering CRM Bayer CRM



Origins of Data Conflicts: German Names



Origins of Data Conflicts: Difficult Names

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Origins of Intra-Source Conflicts

N h k No integrity or consistency checks
 Redundant schemata
 Typos, transmission errors, incorrect calculations
 Variants

 Kantstr. / Kantstrasse / Kant Str. / Kant Strasse
 Kolmogorov / Kolmogoroff / Kolmogorow

 Typical confusion (OCR)
 U<->V, 0<->o, 1<->l, etc.

 Obsolete values
 Different update frequencies, forgotten update



Origins of Inter-Source Conflicts

L ll  i t t b t l b ll  i i t t Locally consistent but globally inconsistent
 Different data types
 Local spelling variations and conventionsp g

 Addresses
 St → Street, Ave → Avenue, etc.
 R -Breitscheid-Str  72 a → Rudolf-Breitscheid -Str  72A R. Breitscheid Str. 72 a → Rudolf Breitscheid. Str. 72A
 128 spellings for Frankfurt am Main

 Frankfurt a.M., Frankfurt/M, Frankfurt, Frankfurt a. Main, …

 Names Names
 Dr. Ing. h.c. F. Porsche AG
 Hewlett-Packard Development Company, L.P.

 Numerical data Numerical data
 10.000 € = 10T EURO = 10k EUR = 10.000,00€ = 10,000.- €

 Phone numbers, birth dates, etc.



Resolution of Data Conflicts?
tables googlelabs com

“ f f

tables.googlelabs.com

 “… focus is on fusing data management and 
collaboration: merging multiple data sources, 
di i  f th  d t  i  i li ti  d discussion of the data, querying, visualization, and 
Web publishing.”
“Th   f d  i  l  h d h   “The power of data is truly harnessed when you
combine data from multiple sources. Fusion Tables 
enables you to fuse multiple sets of data when theyenables you to fuse multiple sets of data when they
are about the same entities. In database speak, we 
call this a join on a primary key but the data call this a join on a primary key but the data 
originates from multiple independent sources.”



Web Integration—Google Fusion Tables

 Allows discussion of values between users Allows discussion of values between users



Solving Data Conflicts

 Conflict ignoring

Not aware of conflicts

No resolution

Produce inconsistent results

 Conflict avoiding

Aware of conflicts

Avoid conflicts rather than performing resolutions for each

conflict

 Conflict resolving

Individual fusion decisions for each conflict

Decisions are instance-or metadata based



Data Conflict Elimination

 Error correction

 Reference tables

 Cities, countries, products ...

 Similarity measures

 Standardization and transformation

 Domain-knowledge (meta data)

 Conventions (country/region-specific spelling)

 Ontologies

 Thesauri, dictionaries for homonyms, synonyms, ...

 Outlier detection and elimination

 And data fusion…



Stages of Data Integration

 Four stages in data integration: Data models unification; Schema 
mapping; Entity resolution including entity matching; Data fusion

 Problems: semantic preserving mappings of the heterogeneous data 
models;  semantics of the sources: (e.g., conflicts – naming, representation, 
identity (representing the same real world entity), …); evolution of the  
autonomic source schemas;  automatic schema mapping (ontology based); 
providing  completeness, conciseness (uniqueness of entity 
representations), correctness of the integrated data, …

 Schema mapping approaches: GAV, LAV, GLAV (GAV is not scalable for 
large applications, LAV scales better)

 Virtual vs Materialized Integration

 In the course we follow the ETL integration flow for the materialized 
data integration in the Hadoop infrastructure (though usually the 
methods and algorithms considered are reusable also for the general case 
including virtual (mediation based ) integration )



Materialized vs Virtual Data Integration
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Data fusion in ETL and mediation techniques

 Main difference is that in ETL data fusion is a static process that ends with 

the materialization of the data fusion results

 Mediation is oriented on data integration on-the-fly (so called virtual 

integration) – sometimes provided in real time

 See more in the slides of lectures by Sergey Stupnikov:

• Методы и платформы интеграции данных и организации хранилищ

больших данных (весенний семестр)

http://synthesis.ipi.ac.ru/synthesis/student/BigData/seminar-integration


Entity resolution and integration - Heterogeneity

Different sources are heterogeneous, multi-structured

At instance level
Solutions: record linkage (also called “entity resolution”, “object 

matching”, … )
Different approaches: Rule-based / Probabilistic / …
2 steps: Blocking (find group of similar records) and Scoring 

(calculate how similar the records are)
Other solution: string similarity comparison

Using different measures for different types of data (Hemming 
distance, Jaccard similarity, …)



Data Fusion as a stage of  Database Integration



Data Fusion

 Focus on data fusion

Addresses second challenge (conflicting data)

 Fusing records of same real-world entity into 
single record

 Resolving possible conflicts from different 
data sources

 Detecting and removing of dirty data



Data Fusion Stage (General View) 

 Transform the extracted (and possibly linked) records into aggregated entities (to join 
and map the source data into the target schema: group, aggregate, and 
merge data into the proper, potentially nested output structures).

 Since data is collected from multiple sources, duplicate values for certain fields 
are inevitable and must be solved to determine which value survives.

 One of the serious problems is how to satisfy the target dependencies, 
constraints (e.g., key, tgd, egd) treating them as the ETL constraints imposed 
on the created collections (probably, as a part of entity resolution process).

 Another problem is resolving identity conflicts. Using duplicate detection 
techniques, multiple, possibly inconsistent representations of same real-world 
objects are found and an object identifier is assigned (proper  link can be 
provided)

 An obvious next step after detecting duplicates is to combine or merge 
them and thus produce a single, possibly more complete representation 
of that real-world object. During this step, possible data conflicts among the 
multiple representations must somehow be resolved. This second step is 
called data fusion





There is a need to integrate the data 
(materialized integration is possible) and, in case of conflicts, to handle them. 



To guarantee the 
most recent prices, virtual, on-the-fly data integration is required (federated search, 
mediation based search). Duplicates among partial results obtained from the sources 
and their fusion into one representation should be done on-the-fly.



in the region together with the similar data on the 
former precedents





Goals of Data Integration

Increasing:

Completeness

Measures amount of data

Number of tuples

Number of attributes

Conciseness

Measures uniqueness of object representations

Number of unique objects

Number of unique attributes of the objects

Correctness

 Measures if the data is conform to the real world. 

Data fusion: resolving conflicts and increasing correctness 
of data in process of data integration





 Extensional completeness is the number of unique object representations 
in a data set in relation to the overall number of unique objects in the real-
world, e.g., in all the sources of an integrated system. 











Completeness, Conciseness, and Correctness

Schema Matching:Schema Matching:
Same attribute semantics



Completeness, Conciseness, and Correctness

Duplicate detection:
Same real-world 

titientities



Completeness, Conciseness, and Correctness

D  F i  R l

Intensional conciseness

Data Fusion: Resolve
uncertainties and

contradictionsen
es

s
om

pl
et

e

Extensional 

sio
na

l c
o Extensional 

conciseness

Ex
te

ns

l lIntensional completeness



Schema Matching

 Problem
 Given two schemata, find all correspondences between 

h i  ibtheir attributes
 Difficulties

 Schematic heterogeneity 
(synonyms & homonyms)
D t  h t it Data heterogeneity

 n:m mappings
T f i  f i Transformation functions

 User interaction
h h Then: Derive a schema mapping



Duplicate Detection

 Problem
 Given one or more data sets, find all sets of objects 

that represent the same real-world entity.

 Difficulties
 Duplicates are not identical Duplicates are not identical
 Similarity measures – Levenshtein, Soundex, Jaccard, etc.

 Large volume  cannot compare all pairs Large volume, cannot compare all pairs
 Partitioning strategies – Sorted neighborhood, Blocking, etc.

CRM1 CRM1 x CRM2
Partitioning

Si il it  

Duplicates

???

CRM2
Similarity measure

Non-
Duplicates



Data Fusion

bl Problem
 Given a duplicate, create a single object representation 

while resolving conflicting data valueswhile resolving conflicting data values.
 Difficulties

 Null values  Subsumption and complementation Null values: Subsumption and complementation
 Contradictions in data values
 Uncertainty & truth: Discover the true value and model  Uncertainty & truth: Discover the true value and model 

uncertainty in this process
 Metadata: Preferences, recency,  correctness
 Lineage: Keep original values and their origin
 Implementation in DBMS: SQL, extended SQL, UDFs, etc.



The Field of Data Fusion

Data Fusion

OperatorsResolution strategiesConflict types Resolution functions

Uncertainty Contradiction Possible worldsJoin-based AggregationSubsumption

Ignorance

Consistent answers

Avoidance Resolution

Union-based Complementation Advanced 
functions

Ignorance Avoidance Resolution

Instance-based Metadata-based Instance-based Metadata-based



Conflict resolution strategies 

and functions at the fusion stage



Uncertainty and Contradiction

 Uncertainty
 NULL value vs. non-NULL value
 “Easy” case

 Contradiction Contradiction
 Non-NULL value 

vs  (different) CC UUUUvs. (different) 
non-NULL value

ContraContra--
dictiondiction

UncerUncer--
taintytainty

UncerUncer--
taintytainty



Semantics of NULL

 “unknown”
 There is a value, but I do not know it.
 E.g.: Unknown date-of-birth

 “not applicable” not applicable
 There is no meaningful value.
 E  S  f  i l E.g.: Spouse for singles

 “withheld”
 There is a value, but we are not authorized to see it.
 E.g.: Private phone line



Conflict handling strategies 

 Data conflicts: missing data (value unknown or inapplicable, or withheld), 
uncertainty (Null vs Non-Null values), contradiction (at least two different 
Non-Niull values)

 Three classes of conflict handling strategies: 









Classification of Strategies

conflict resolutionconflict resolution
strategies

conflict
ignorance

conflict
avoidance

conflict
resolutionignorance avoidance resolution

instance instancemetadata metadatainstance
based

instance
based

metadata
based

metadata
based

deciding mediating deciding mediating



What are conflict resolution functions

 Conflict resolution is defined as the application of a function fcr on a set of 
(possibly) conflicting values c resulting in a single resolved value s.

 Aggregation functions known from SQL�are examples for single-column, 
parameter-free functions, whereas CHOOSE DEPENDING is an example of a multi-
column parameter function. 

 A function is mediating, if it also allows other values as result than only the 
conflicting values. Such a function (e.g., AVERAGE, CONCAT) may create a new 
value that is from the same domain as the conflicting values.

 Other properties of conflicting functions: 

 monotonicity (MIN, MAX, FIRST, CONCAT are examples), 

 symmetry (MAX or VOTE are symmetric examples), 

 idempotence (COUNT, IGNORE, CONSTANT functions are not idempotent), 

 associativity (RANDOM, VOTE are not associative), NULL tolerant, etc.



Conflict Resolution Functions

Function Description Examples

Min, Max, Sum, Count, Avg Standard aggregation NumChildren, Salary, Height

Random Random choice Shoe size

Longest, Shortest Longest/shortest value First_name

Choose(source) Value from a particular source DoB (DMV), CEO (SEC)

Ch D di ( l  l) V l  d d   l  h  i  th it  & i  il & lChooseDepending(val, col) Value depends on value chosen in other
column

city & zip, e-mail & employer

Vote Majority decision Rating

Coalesce First non-null value First_name

Group, Concat Group or concatenate all values Book_reviews

MostRecent Most recent (up-to-date) value Address

MostAbstract, MostSpecific, 
CommonAncestor

Use a taxonomy / ontology Location

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann

Escalate Export conflicting values gender

… … …



Example of resolution functions use (ADBIS 2005)

 SELECT ID,

 RESOLVE (TITLE, Longest),

 RESOLVE (YEAR, Vote),

 RESOLVE (DIRECTOR, Choose(I)),

 RESOLVE (PROD_COMP, MostComplete),

 RESOLVE (PROD_COUNTRY, ChooseCorresponding(PROD_COMP)),

 RESOLVE (GENRE, MostSpecific),

 RESOLVE (RELEASE, Earliest),

 RESOLVE (COLOR, Vote),

 RESOLVE (DISTRIBUTOR, ChooseCorresponding(RELEASE))

 FUSE FROM I,M,C FUSE BY (ID)

Movie data is fused from the three sources (I, M, and C). FUSE FROM indicates

combining the given tables by outer union instead of cross product. Equal movies are 
identified by the attribute ID. FUSE BY clause defines which objects are  considered as the 
same real world objects, and are therefore fused into one single tuple.



Conflict resolution functions, choosing strategies and  

functions

















Classification of Functions

conflict resolution
strategies

conflict
ignorance

conflict
avoidance

conflict
resolutiong

instance instancemetadata metadata

Escalate

based basedbased based
Coalesce

Ch D di
Choose

deciding mediating deciding mediating
ChooseDepending

Concat

AVG, SUMMIN, MAX MostRecent CommonAncestor

Random MostAbstract
MostSpecific



Conflict ignorance strategies



 Pass it on.  This strategy simply takes all (possibly conflicting) 
representations and their attribute values, passes them on to the user or 
another application without changing them and lets the user or application 
decide how to handle possible conflicts. 

















Conflict resolution strategies

 Cry with the Wolves: 

 Roll the Dice: 

 Better Bend than Break: 



 Oops, I did it again: a value 





Data fusion and conflict resolution operators



Terminology: information preserving operators

 Value preservation for an operator:  to be fully value preserving, exactly all values

for all attributes of all described objects need to remain in the result.  

E.g., bag  union is value preserving; set union or Cartesian product are 

nonvalue preserving.

 Object preservation: values of attributes describing objects may get lost, but at 
least all objects that have been described in the sources are also included in the 
result.

 Uniqueness-preserving operators  should preserve in the result the unique values 
in the sources

 Uniqueness-enforcing operators create a result that contains an attribute that is 
unique.

 The ideal data fusion operator, creating complete and consistent answers, should 
preserve as many values and objects as possible while at the same time 
enforcing or preserving uniqueness and resolving conflicts



Data Fusion Goals

Source 1(A,B,C) 

Source 2(A,B,D) 

a, b, -
 a, b, -, -

a, b, -

a, b, -, -

a, b, -, -
 Identical tuples

, , , , ,

a, b, c
 a  b  c  

a, b, c, -
 Subsumed tuples a, b, c, -

a, b, - a, b, -, -
 Subsumed tuples

a, b, c
 a, b, c, d

a, b, d

a, b, c, -

a, b, -, d
 Complementing tuples

a, b, c
 a, f(b,e), c, d

a  e  d

a, b, c, -

a  e   d
 Conflicting tuples

a, e, d a, e, -, d















Relational Operators – Overview 

d l l Identical tuples
 UNION, OUTER UNION

 Subsumed tuples (uncertainty)
 MINIMUM UNION

 Complementing tuples (uncertainty)
 COMPLEMENT UNION, MERGE

 Conflicting tuples (contradiction)
 Relational approaches: Match, Group, Fuse, …

 Other approaches
 Possible worlds, probabilistic answers, consistent answers





Reminder on outer join

 An outer join does not require each record in the two joined tables to have a 

matching record. The joined table retains each record—even if no other 

matching record exists. Outer joins subdivide further into left outer joins, right 

outer joins, and full outer joins, depending on which table's rows are retained 

(left, right, or both). 

 The result of a left outer join for tables A and B always contains all records of 

the "left" table (A), even if the join-condition does not find any matching record in 
the "right" table (B). This means that if the ON clause matches 0 (zero) records in 

B (for a given record in A), the join will still return a row in the result (for that 

record)—but with NULL in each column from B.

 A right outer join closely resembles a left outer join, except with the treatment 

of the tables reversed. Every row from the "right" table (B) will appear in the 

joined table at least once. If no matching row from the "left" table (A) exists, 

NULL will appear in columns from A for those records that have no match in B.





Comment on outer union

As far as the outer union is not a part of the SQL standard, everywhere it is 
assume that it should be rewritten as follows: 

 Outer union combines two nonunion compatible relations by first 
padding attributes that are not in common with null values (to make the 
relations union compatible) and then performing a regular union 
[Galindo-Legaria 1994]. Like union, outer union is not value- but object 
preserving. It is not uniqueness preserving, and conflicts are ignored. 
Example:

 ( SELECT Name, Age, Status, Address, Field, Library, NULL as Phone FROM 
U1 )

UNION

( SELECT Name, Age, Status, Address, Field, NULL as Library, Phone FROM   
U2 )





Data Fusion: Union-based  Approaches



Union approaches for fusion

 Union approaches: all information from the source tables are retained and 

extensional as well as intensional completeness are easily reached

 Only unnecessary information (i.e., duplicate tuples or subsumed tuples) is 

deleted, increasing conciseness.

 However, in most cases, too many tuples and therefore too much information is 

kept, requiring an additional step towards a more satisfying level of conciseness.

This finally results in one single tuple per real-world object. 

 The intuitive way of increasing conciseness together with the union approach is 

to apply grouping and aggregation.



Union-based operators (1)

 1) Union, Outer Union, and Minimum Union. The union operator (with set
semantics) combines the tuples of two union-compatible relations and removes 
exact duplicates (tuples that coincide in all attribute values). Outer union 
overcomes one restriction of union and combines two nonunion-compatible 
relations by first padding attributes that are not in common with null values. 
Union and outer union are not value- but object preserving. They are not 
uniqueness preserving, and conflicts are ignored. The minimum union operator
is defined by as the result of an outer union from which subsumed tuples have 
been removed.

1) 2) Merge, Prioritized Merge. The merge operator can be described as the union 
of two outer joins. There exists a variant, namely prioritized merge, that is used 
to prioritize among the sources and give preference values from one source. 
Merge is well suited in scenarios where many null values could be 
complemented, such as when data sources are sparsely filled or only slightly 
overlap in their schemata



Union-based operators (2)

1) 3) Increasing Conciseness in Union Results. As semantically equivalent 

attributes have already been matched, different representations reside in 

different rows of a union result. Therefore, the obvious way of removing possible 

data conflicts is by grouping representations of a single real-world object 

together and aggregating the values of the attributes. The grouping part of this 

operation is uniqueness enforcing in the grouping attribute(s). In general, the 

result is, after grouping, similar to the union result, extensionally complete. 

Increasing conciseness in this way requires one or more attributes that serve as 

ID to identify same real-world objects. 

 SELECT Name, max(Age), vote(Status), most_recent(Address), concat(Field),

 coalesce(Library), coalesce(Phone)

 FROM union(U1,U2)

 GROUP BY Name





, realizing the Take the 
information strategy.

 Minimum union combines an outer union with the removal of tuples that are 
contained in other tuples, so called subsumed tuples 

 As far as the outer union is not a part of the SQL standard, everywhere it is 
assume that it should be rewritten 

 Tuple subsumption: A tuple t1 subsumes another tuple t2, if t1 and t2 have the 
same schema, t2 contains more Null� values than t1 and t2 coincides in all Non Null�� 
attribute values with t1.

 Unary subsumption operator denotes the removal of subsumed tuples from a 
relation.

 The binary minimum union operator is the combination of outer union and 
subsumption where subsumed tuples are removed from the result of the outer 
union of the two input relations.



Minimum Union

 (Normal) union: eliminate exact duplicates

 Minimum union: eliminate subsumed tuples
A tuple t1 subsumes a tuple t2 if it 

uses the same schema

has less NULL values

coincides in all non-NULL values

 Two steps
Outer union

Subsumption
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Minimum Union

A B C A B D A B C D

 Union: Elimination 
of exact duplicates

a b c

e f g

m n o

a b 

e f h

m p 

a b c 

a b  

e f g 

+ =

 Minimum Union: 
Elimination of 

m n o m p  g

e f  h

m n o 

subsumed tuples
 Outer union

m p  

R

A tuple t1 subsumes a tuple t2, 
if it has same schema, has less 
NULL-values, and coincides in 

ll NULL l Outer union
 Subsumption

all non-NULL-values.
A B C D

a b c 
 Rewriting in SQL using DWH extensions 

e f g 

e f  h

m n o 

 Rewriting in SQL using DWH extensions 
(Windows) and assuming existence of 
favorable ordering [RPZ04] m n o 

m p  

favorable ordering [RPZ04]







 = ( ) 
complements 









Complementation example



Complement Union

 Minimum union: eliminate subsumed tuples

 Complement union: eliminate complemented
tuples

A tuple t1 complements a tuple t2 if
uses the same schema

coincides in all non-NULL values

Less strict than subsumption

 Two steps
Outer union

Complementation





Complement Union – Proposal

A B C A B D A B C D

 Elimination of 
complementing 

a b c

e f g

m n o

a b 

e f h

m p 

a b c 

a b  

e f g 
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tuples
 Outer union

m n o m p  g

e f  h

m n o 

 Complementation

 No known SQL 

m p  

R⇅
A tuple t1 complements a 
tuple t2, if it has same 
schema and coincides in all  No known SQL 

rewriting
schema and coincides in all 
non-NULL-values.

A B C D

a b c 

e f g h

m n o 

m p  

Includes duplicate 
removal and 
subsumption m p  subsumption





Merge & Prioritized Merge

 Merge

Combine Join & Union into new operator

Idea: make 2 versions for each common attribute, one 
favoring  the first source, the other favoring the second source

NULL values are replaced by using COALESCE

COALESCE is a function and returns the first non-NULL 
value

Prioritized Merge

Same as merge, but contradictions get eliminated



Merge example

(SELECTR.Name, COALESCE(R.Age, S.Age), R.Country, S.Height

FROM R LEFT OUTER JOIN S ONR.Name = S.Name

)

UNION 

( SELECT S.Name, COALESCE(S.Age, R.Age), R.Country, S.Height

FROM R RIGHT OUTER JOINS ON R.Name = S.Name )



MERGE – more examples

( SELECT U1.Name, coalesce(U1.Age, U2.Age) AS Age,

COALESCE(U1.Status, U2.Status) AS Status,

COALESCE(U1.Address, U2.Address) as Address,

COALESCE(U1.Field, U2.Field) as Field,

U1.Library, U2.Phone

FROM U1 LEFT OUTER JOIN U2 ON U1.Name = U2.Name )

UNION

( SELECT U2.Name, COALESCE(U2.Age, U1.Age) AS Age,

COALESCE(U2.Status, U1.Status) AS Status,

COALESCE(U2.Address, U1.Address) as Address,

COALESCE(U2.Field, U1.Field) as Field,

U1.Library, U2.Phone

FROM U1 RIGHT OUTER JOIN U2 ON U1.Name = U2.Name )

The COALESCE function shows how to remove uncertainties: the missing AGE, FIELD, and 
STATUS values are replaced by the corresponding value from the other tuple





Merge and Prioritized Merge

Mi  J i  d U i  t    t  [GPZ01] Mixes Join and Union to a new operator [GPZ01]
 Idea: Build two versions for each common attribute, one 

“favoring” S1, the other “favoring” S2. g , g
 Nulls in a source are replaced using COALESCE.
 Fuses complementing tuples, but only for inter-source 

d liduplicates
 Priorization possible: Removes conflicting tuples from right 

relation.

( SELECT R.A, COALESCE(R.B, S.B), R.C, S.D 
FROM R LEFT OUTER JOIN S ON R.A = S.A )FROM R LEFT OUTER JOIN S ON R.A  S.A )

UNION
( SELECT S.A, COALESCE(S.B, R.B), R.C, S.D

FROM R RIGHT OUTER JOIN S ON R A = S A )FROM R RIGHT OUTER JOIN S ON R.A = S.A )



Merge and Prioritized Merge
A is real-world ID
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