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Talk outline

● I nt r oduc t i on
● Da t a ba s e s
● Da t a  mi gr a t i on
● Gr a phs
● Re pr e s e nt i ng da t a ba s e s  wi t h c a t e gor i e s
● Func t or i a l  da t a  mi gr a t i on
● Conc l us i ons
● Que s t i ons
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What are relational databases?

● Col l e c t i on of  
t a bl e s

● Ta bl e  r ows  a r e  
records

● Ta bl e  c ol umns  a r e  
attributes

● Ea c h r e c or d ha s  a  
( gl oba l l y  uni que )  
pr i ma r y ke y

● Re c or ds  c ont a i n 
f or e i gn ke ys  or  r a w 
da t a
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What is data migration?

● We  wa nt  t o  move  da t a  be t we e n da t a ba s e s
● We  wi l l  r e i nt e r pr e t  da t a  f r om one  s t r uc t ur e  i n  t he  

c ont e xt  of  a not he r  s t r uc t ur e
● Wha t  c a n go wr ong?

○ Mi s s i ng da t a
○ Mi s ma t c he d da t a
○ I nc or r e c t  da t a
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Graphs

A graph has…

● A s e t  of  ve r t i c e s  
( 1 , 2 , 3 , 4)

● A s e t  of  a r r ows  
( a , b , c , d , e ) ,  e a c h of  whi c h 
ha s  a  s t a r t  ve r t e x a nd a n 
e nd ve r t e x

● We  c a n de s c r i be  pa t hs  
i n  a  gr a ph by 
c onc a t e na t i ng a r r ows .

● We  a l s o a l l ow t he  
t r i vi a l  pa t h of  l e ngt h 
0 on e a c h node .
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What is category theory?

● Br a nc h of  ma t he ma t i c s
● About  r e l a t i ons hi ps  a nd s t r uc t ur e s
● I mpor t a nt  c onc e pt s :  c a t e gor y,  f unc t or ,  na t ur a l  

t r a ns f or ma t i on,  a dj oi nt

f;g
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Representing relational databases categorically

Categorical representations of databases come in two forms: 
schemas and instances.
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A crash course in categories

Definition: a category C ha s …

● A c ol l e c t i on of  obj e c t s ,  c a l l e d Ob( C) .
● For  e ve r y t wo obj e c t s  c , d  i n  Ob( C) ,  a  s e t  C( c , d)  of  

morphisms f r om c  t o  d .
● For  e ve r y obj e c t  c  i n  Ob( C) ,  a  mor phi s m id c i n  C( c , c )  

c a l l e d t he  identity morphism on c .
● For  e ve r y t hr e e  obj e c t s  c , d , e  i n  Ob( C) ,  a nd mor phi s ms  f  

i n  C( c , d)  a nd g i n  C( d , e ) ,  we  s pe c i f y a  mor phi s m f ; g  i n  
C( c , e )  c a l l e d t he  composite of f and g .
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A crash course in categories, continued

The components of a category must satisfy these conditions:

1. unitality :  f or  a ny mor phi s m f : c →d,  c ompos i ng wi t h t he  
i de nt i t i e s  a t  c  or  d  doe s  not hi ng,  i . e .  id c ; f  = f ; id d = f .

2. associativity :  f or  a ny t hr e e  mor phi s ms  f : c 0→c 1,  g : c 1→c 2,  
a nd h: c 2→c 3,  f ; ( g; h)  a nd ( f ; g) ; h  a r e  e qua l .  We  wr i t e  t hi s  
c ompos i t e  a s  f ; g; h.

For  our  pur pos e s ,  we  c a n t hi nk of  c a t e gor i e s  a s  gr a phs  whe r e  
we  c a n de c l a r e  pa t hs  t o  be  e qua l .
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Looking at path equivalences: the free and commutative 
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Two special categories

● A discrete category ha s  no mor phi s ms  ot he r  t ha n i de nt i t y  
mor phi s ms

● Set ,  t he  c a t e gor y of  s e t s
○ Obj e c t s :  s e t s
○ Mor phi s ms :  f unc t i ons  be t we e n s e t s

● We  wi l l  us e  t he s e  i de a s  t o  i nt e gr a t e  da t a  t ype s  i nt o our  
da t a ba s e  s c he ma s
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Database schemas as categories

● I n  a  s c he ma  S…
○ Obj e c t s  a r e  t a bl e  na me s
○ Mor phi s ms  a r e  c ol umn na me s  

t ha t  c or r e s pond t o  f or e i gn 
ke ys

○ At t r i but e s  wi t h  da t a  t ype s  
a r e  ope n c i r c l e s  wi t h  l i ne s  
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Functors: how we translate between schemas
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A functor maps objects in 
C t o  obj e c t s  i n  D,  a nd 
mor phi s ms  i n  C t o  
mor phi s ms  i n  D.

A f unc t or  mus t  r e s pe c t  
i de nt i t y ,  a nd i t  s houl d  
pr oduc e  t he  s a me  r e s ul t s  
whe t he r  we  a ppl y  t he  
f unc t or  i n  t he  s our c e  or  
t a r ge t  c a t e gor y.



Database instances as functors

● An instance on a  s c he ma  S i s  a  f unc t or  f r om S t o  Set
○ Ta bl e  na me s  ( obj e c t s )  i n  S a r e  ma ppe d t o  s e t s  i n  Set t ha t  hol d  t ha t  

t a bl e ' s  r e c or ds
○ Col umn na me s  ( mor phi s ms )  i n  S a r e  ma ppe d t o  f unc t i ons  i n  Set t ha t  ma p 

r e c or ds  i n  a  t a bl e  t o  r e c or ds  i n  a not he r  t a bl e

● Al l  t he  pos s i bl e  i ns t a nc e s  on a  s c he ma  S f or m a  c a t e gor y,  
S- Inst .  ( I t s  mor phi s ms  a r e  na t ur a l  t r a ns f or ma t i ons . )
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Natural transformations: how we translate between f

● For  e ve r y obj e c t  c  i n  C,  
we  c hoos e  a  mor phi s m 𝛼𝛼c i n  
D

● Our  c hoi c e s  mus t  obe y t he  
na t ur a l i t y  c ondi t i on:

● For  e ve r y mor phi s m f : x→y 
i n  C,  we  ha ve

F( f ) ; 𝛼𝛼y = 𝛼𝛼x; G( f )
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Adjoints: "duals" or "shadows" of functors

● Gi ve n c a t e gor i e s  C, D a nd 
f unc t or s  L: C→D,  R: D→C,  we  
s a y L i s  t he  l e f t  a dj oi nt  
of  R i f . . .

● The  s e t s  C( c , R( d) )  a nd 
D( L( c ) , d)  ha ve  t he  s a me  
numbe r  of  e l e me nt s ,  a nd 
t he s e  𝛼𝛼- ma ppi ngs  ma ke  t he  
di a gr a m c ommut e  f or  a l l  
mor phi s ms  f : c ' →c  a nd 
g: d→d' . 16[ 3]



The data migration functors: how we construct queri

Given a functor F f r om a  s c he ma  S t o  a  s c he ma  T,  we  de f i ne :

● The  pul l ba c k f unc t or :  𝚫𝚫F: T- Inst →S- Inst t o  be  𝚫𝚫F( I ) =F; I ,  
whi c h i s  a  f unc t or  f r om S→Set

● The  l e f t  pus h- f or wa r d f unc t or :  𝚺𝚺F: S- Inst →T- Inst t o  be  t he  
l e f t  a dj oi nt  of  𝚫𝚫F

● The  r i ght  pus h- f or wa r d f unc t or :  𝚷𝚷F: S- Inst →T- Inst t o  be  
t he  r i ght  a dj oi nt  of  𝚫𝚫F
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Applying the data migration functors
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How do we deal with raw data?

A: a discrete category with the attributes/columns of S as 
objects

19[2]



Does it really work?

● Ca t e gor i c a l  Que r y La ngua ge  ( CQL) :  c a t e gor i c a l da t a . ne t
● Cone xus  AI :  c one xus . c om

○ " Unl oc k Bus i ne s s  Oppor t uni t i e s  Tha t  Re qui r e  Ful l  Se ma nt i c  I nt e gr a t i on 
Of  Your  Da t a  a nd Compl e x Cons t r a i nt  Adhe r e nc e "

○ " Aut oma t e  Your  SQL ETL Pr oc e s s e s  wi t h  Ma t he ma t i c a l l y  Pr ova bl e  Da t a  
I nt e gr i t y  a nd Sa ve  Your  Pr oj e c t  Be f or e  I t ’ s  Too La t e "
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Conclusions

● Da t a  mi gr a t i on i s  a  c ha l l e nge  da t a ba s e  s ys t e ms  s houl d 
a ddr e s s

● Da t a  mi gr a t i on i s  t he  a c t  of  movi ng da t a  be t we e n s c he ma s
● We ' ve  r e i nt e r pr e t e d t hi s  a c t  i n  t e r ms  of  c a t e gor y t he or y
● The  s t r uc t ur e - pr e s e r vi ng pr ope r t i e s  of  c a t e gor y- t he or e t i c  

c ons t r uc t s  e ns ur e  c or r e c t ne s s  of  da t a  mi gr a t i on
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