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Conexus Basics

- Spun out of MIT in 2015 to commercialize functorial data migration (David
Spivak)

- Originally SBIR funded, now VC&revenue funded
- Clients ranging from Energy to Banking to Government

- Technical focus on the automated theorem proving and chase algorithms
required to compute with co-presheaves at scale

- Developers of the CQL IDE (categoricaldata.net)

- Looking to both collaborate with academics and integrate data commercially
(contact: ryan@conexus.com)



Co-presheafs / Ologs / Algebraic Databases
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Functorial Data Migration
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ID || name | salary | f ID || age
1 Alice $100 | 4 4 20
2 Bob $250 | 5 5 20
3 Sue $300 | 6 6 30

eval
:;;é ID || name | salary | age
—| 3 Alice $100 20
b Bob $250 20
C Sue $300 30




Data Integration
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Copresheaves as Initial Algebras of Presentations

Save Deploy Options

Employees x Y ®

< >

Employees - 6:18:53 PM

Example:

Employee... ¢

Summary

Run New Open
*Untitled 1.cql x

1

2 typeside TyJava = literal {
12
13Eschema SJava = literal : TyJava {
14 entities
15 Employee
16 Department
17 foreign_keys
18 manager : Employee —> Employee
19 worksIn : Employee —> Department
20 secretary : Department -> Employee
21 path_equations
22 Employee.manager.worksIn = Employee.worksIn
23 Department.secretary.worksIn = Department
24 Employee.manager.manager = Employee.manager
25 attributes
26 first last : Employee —> string
27 age : Employee —> nat
28 cummulative_age: Employee —> nat
29 name : Department —> string
30 observation_equations
31 forall e. cummulative_age(e) = plus(age(e),
32 options
33 prover_simplify_max = 64
34 }
35
36 instance IJava = literal : Slava {
37 generators
38 a b c : Employee
39 m s : Department
40 equations
41 first(a) = Al
42 first(b) = Bob last(b) = Bo
43 first(c) = Carl
44 manager(c) = ¢
45 worksIn(a) = m worksIn(b) = m worksIn(c) =
46 secretary(s) = c secretary(m) = b
47 secretary(worksIn(a)) = manager(a)
48 worksIn(a) = worksIn(manager(a))
49 age(a) = "2"
50 age(manager(a)) = "1"
51 options
52 prover_simplify_max = 64
53 }
54

RS #hacir anarv cuntav

Employees - 6:18:53 PM

typeside TyJava

schema SJava

query Q : SJava -> cod_qg simple
instance J : cod_qg simple : SJava {
schema SS

instance I1 : SS

typeside Ty

schema S

instance | : S

age(manager(e)))

S

Tables TyAlg Hom-sets DP Graph Text Expression
Department (2)

Row name secretary

0 70 3

1 71 4

Employee (3)

Row age  cummulative_age first last manager  worksin
2 2 3 Al 72 3 0

3 i 2 Bob Bo 3 0

4 73 (73 plus 73) Carl 74 4 1

5 1Ds, 5 nulls, 0.124 seconds. Provenance: Row limit:




Static Checking of (Pro) Functors

) ® CQL IDE
Run New Open Save Deploy Options < > Example: Query [

Untitled 1.cql x *Query %

1E typeside Ty = literal { Prove err Sort
10

11Elschema Source = literal : Ty { typeside Ty
12 entities Man Woman schema Source
13 attributes schema Target
14 fav_book_m : Man —> String fav_book_w : Woman -> String 5

15 name_m : Man -> String name_w : Woman —> String query Q.: Source:-> Target
16 paying : Man —> Bool } —

17E schema Target = literal : Ty {

18 entities Male GoodMatch PayingGoodMatch

19 foreign_keys

20 is_a : PayingGoodMatch -> GoodMatch

21 for_man : GoodMatch —> Male

22 attributes man_name : Male -> String woman_name : GoodMatch —> String }

23Elquery Q = literal : Source —> Target {

24  entity

258 vGoadMatohuazd

26 from m:Man w:Woman

27 where fav_book_m(m) = fav_book_w(w) —

28 attributes woman_name —> name_w(w)

29 foreign_keys for_man —> {man —> m}

30 }

31  entity

328 Male —> {

33 from man:Man

34 attributes man_name -> name_m(man)

35 ¥

36  entity

378 PayingGoodMatch —> {

38 from man:Man woman:Woman

39 where #fav_book_m(man) = fav_book_w(woman)

40 paying(man) = true

41 foreign_keys is_a -> {m —> man w —> woman}

42

43 }

In transform for foreign key is_a, Source instance equation m.fav_book_m = w.fav_book w translates to
man. fav_book_m = woman.fav_book_w, which is not provable in the target instance, displayed below. To
proceed, consider removing it or adding more equations to the target instance.

generators

man:Man woman:Woman
equations
man.paying = true



Deciding

Group Theory

in CQL

Run New Open Save Deploy Options < > Example: KB <
1 #one = two should not be provable z
>E typeside EmptySortsCheck = literal { |-"™Ma7Y DP Model Cayley Text Expression
14 typeside EmptySoi
15E typeside Group = literal { typeside Group Decide Equation-in-ctx Show Info
1? type; Input (either equation-in-ctx or term-in-ctx)
18 constants forall x. (x 0 x) = e
19 e: S o
20 functions U
21 I:5->§ false
22 0:5S5S->5S
23 equations
24 forall x. (e o x) = x
25 forall x. (I(x) ox) =e
26 forall x, y, z. ((x0y) 02z) =(xo (yo2))
27 options
28 prover = completion
29 # completion_precedence = "e o I"
30 }
31
328
o (] KB - 6:17:28 PM
Summary DP Model Cayley Text Expression
typeside EmptySortsCheck
typeside Group Decide Equation-in-ctx Show Info

Input (either equation-in-ctx or term-in-ctx)
forall x. (x o I(x)) =e

|
|
‘ Output
| true
|
|

KB - 6:17:48 PM

Computation wall-clock time: 0.5s
GUI building time: 0.1s

typeside computation total time: 1.9s

JW Used Change: @ MB. Used Max: 221 MB.




Cayley Graph of Quaternions in CQL

® @ Cayley - 6:14:02 PM
Run New Opel Surr Graph DP  Acyclic? Cayley Dot Dot2 Text Expression

sche
schi

1B schema Dihedral2 = literal : empty { |sch o

2 entities sch x.y0.x.x0

3 G x0

4 foreign_keys oS

5 rs:6->06 0

6 path_equations

7 G.r.r=06

8 G.s.s =G

9 G.s.r.s = G.r

10 }

11

12 schema Quaternions = literal : empty {

13 entities

14 G

15 foreign_keys

16 Xyx0y0 : G->0G
17 path_equations

18
19

B ~

20 Y. yo= o
21 yo.
22 oeXeXoXe
23 X Y
24 y0.X. .
25 }
26
27 schema Cyclicd4 = literal : empty {
28 entities
29 G
30 foreign_keys \ /'
31 f:6->6

x0

(2N NN N NN

=
32 path_equations >
33 G.f.f.f.f=G
2 x0.y0.x0
35 }
36
37C)schema FreeMonoid = literal : empty {
38 entities
39 G X A
40 foreign_keys x.x0.x.x0
41 ab:6->6G
42 } y.y.X
43

Cayley - 6:14:02 PM

Computation wall-clock time: 1.2s
GUI building time: 0.1s Al




JSON,RDF, XML etc import/export

Run New Open Save Deploy Options < > Example: RDF Jena S
*Untitled 1.cql x Conmlasinnn Faidane - *D *Commlnsinnn DAL lama DAL lama
[ } @ RDF Jena - 6:20:09 PM

g

2Eschema S = literal : sql { Summary Tables TyAlg Hom-sets DP Graph Text Expression

18 schema S

19E instance I = literal : S { instance | : S cql://attribute/Department/name (2)

37 .| command exportRdfData Row object subject

jgm command exportRdfData = export_rdf inst instance J : literal : rdf { entities 0 Math cql://entity/Department/1

43 linstance ) = import rdf_all "file.xnil instance K : schemaOf spanify J 1 (& cql://entity/Department/0

44 A . cql://attribute/Employee/age (3)

45 instance K = spanify J Row object subject

40 2 2 cql:/ /entity/Employee/0
3 1 cql://entity/Employee/1
4 2 cql://entity/Employee /2
cql://attribute/Employee/first (3)
Row object subject
5 Carl cql://entity/Employee/0
6 Bob cql://entity/Employee/1
7 Al cql://entity/Employee/2
cql://attribute/Employee/last (1)
Row object subject
8 Bo cql://entity/Employee/1
cql://foreign_key/Department/secretary (2)
Row object subject
9 cql://entity/Employee/1 cql://entity/Department/1
10 cql://entity/Employee/0 cql://entity/Department/0
cql://foreign_key/Employee/manager (3)
Row object subject
11 cql://entity/Employee/0 cql://entity/Employee/0
12 cql://entity/Employee/1 cql://entity/Employee/1
13 cql://entity/Employee/1 cql://entity/Employee /2
cql://foreign_key/Employee/worksin (3)
Row object subject
14 cql://entity/Department/0 cql://entity/Employee/0

RDF Jena - 6:20:09 PM 15 cql://entity/Department/1 cql://entity/Employee/1

16 cql://entity/Department/1 cql://entity/Employee /2

Computation wall-clock time: 1.3s
GUI building time: 0.1s

schema computation total time: 0.1s
instance computation total time: 0.2s
command computation total time: 0.5s

http://www.w3.0rg/1999/02/22-

rdf-syntax-ns#type (14)

Row

45 IDs, 0 nulls, 0.01 seconds.

object

Provenance:

subject

Row limit:




