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Validating LLM-generated SQL code

A mathematical approach



How do we know that
LLM-generated code is
correct?

LLM-generated code is becoming more prevalent.

Having humans examine/test LLM-generated code precludes
full automation.

Having LLM-generated tests/examiners “begs the question”.

What can we do? For SQL et al, we can use algorithms to
prove that SQL code will respect data integrity.

“Given a set of tables with primary and foreign keys, will this SQL code
will populate a new set of tables with primary and foreign keys without
throwing an error?”
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Just adding more RAG is
like insisting we don’t
need seatbelts, just safer
drivers!

Describe results of an
LLM-competition, indicating which
errors are statically detectable

Describe a new SQL verification
technology, http://sqgl.ai

Describe a fully automated
LLM-generating SQL case study from
the US military

Describe query migration, a new
capability for composing SQL code

Seeking community engagement,
please email me at ryan@conexus.com
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Part1: LLM Wars
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CREATE TABLE people (id varchar PRIMARY KEY);

CREATE TABLE parents (
id varchar PRIMARY KEY,
parent id varchar NOT NULL,
FOREIGN KEY (parent id) REFERENCES people (id)):;

CREATE TABLE gparents (
id varchar PRIMARY KEY,

CREATE TABLE humans ( parent_id varchar NOT NULL,

name varchar PRIMARY KEY, gparent_id varchar NOT NULL,
mom varchar FOREIGN KEY ( mom) FOREIGN KEY (parent_id) REFERENCES people (id)

r
REFERENCES humans (name)) ; FOREIGN KEY (gparent id) REFERENCES people (id));

CREATE TABLE ggparents (
id varchar PRIMARY KEY,
parent id varchar NOT NULL,
gparent id varchar NOT NULL,
ggparent id varchar NOT NULL,
FOREIGN KEY (parent id) REFERENCES people (id),
FOREIGN KEY (gparent id) REFERENCES people (id),
FOREIGN KEY (ggparent id) REFERENCES people (id));

We asked 48 LLMs to unroll a single table with a cyclic foreign key into four tables connected by foreign keys.
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parent id |gparent id

aire

NULL

parent_id gparent_id |ggparent id

For example...
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Correct Answer

INSERT INTO people (id)
SELECT h.name
FROM humans AS h;

INSERT INTO parents (id, parent_id)
SELECT h.name, h.mom

FROM humans AS h

WHERE h.mom IS NOT NULL;

INSERT INTO gparents
(id, parent_id, gparent_id)

SELECT hl.name, hl.mom, h2.mom
FROM humans AS hl, humans AS h2
WHERE hl.mom = h2.name
AND h2.mom IS NOT NULL;

INSERT INTO ggparents

(id, parent_id, gparent_id, ggparent_id)
SELECT hl.name, hl.mom, h2.mom, h3.mom
FROM humans AS hl, humans AS h2,

humans AS h3 WHERE hl.mom = h2.name AND
h2 .mom = h3.name AND h3.mom IS NOT NULL;
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LLM prompt
specifics

— LLMs were given schema definitions

— LLMs were not given example data

— LLMs were asked not to generate comments or commentary
— LLMs were asked to use the simplest SQL possible

— LLMs were asked to populate each target table independently

The prompt and full experimental data will be
made available, along with a blog post and this
presentation, after Texas Data Day.
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You are a helpful Al assistant tasked with generating **plain SQL code** for data migration.

“Task:™

Write SQL queries to **populate the destination (target) tables from the source tables**,
ensuring data integrity. The SQL code must **only** pull data from source tables and insert
it into target tables, without mixing source and target tables in the same query.

### Important Instructions:
1. **One 'INSERT INTO' Statement per Target Table:**

- Write one INSERT INTO' statement for each target table.

- Use a simple 'SELECT FROM WHERE from **source tables only** to populate the target
table.

2. **Source-Only Data for Target Tables:**

- **Do NOT join source tables with target tables**.

- All data for target tables must come directly from source tables without intermediary
steps involving other target tables.

3. “Fully Qualified Column Names with Aliases:**
- Fully qualify column names with table names in the format ‘table_name.column_name’.
- Always use table aliases (e.g., 'FROM SourceTable AS s)).

4. “Keep SQL Simple:*

- Avoid subqueries, or advanced SQL features. Do not use aggregation, GROUP BY',
"AVG', 'MIN', 'MAX, "ORDER BY", ‘CASE, ‘COUNT, 'UPDATE, 'SET

- Use basic SQL operations: equality comparisons (=), AND/OR/NOT, ‘IS NULL'

- Prefer FROM' syntax to "JOIN ON' syntax

5. **No Comments, Markdown, or Extra Formatting:**
- **Do NOT include any comments** (e.g., no == or /* ... */ lines).
- **Do NOT include any markdown formatting** (e.g., no backticks or triple backticks).
- Output **plain text SQL only**, without any extra symbols, explanations, or formatting.

6. **Output Format:**

- Provide SQL code **ready to run** as plain text.
- **Do NOT include** explanations, comments, or any markdown symbols.
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LLM Wars
Findings

Some LLMs insist on adding comments.(16%, 8/48)

—  We removed comments from these responses and continued.
— Source vs target errors were ignored too

No syntax errors,

— but a tiny model did echo back the input schema definitions (1/48).

Four schema errors (bad column names) (8%, 4/48).

Thirteen data integrity errors (27%, 13/48)

— 7 NOT NULL errors, 6 UNIQUE KEY errors
— Such errors can potentially be prevented with static analysis, as
described later!

The rest were correct (64%, 31/48)
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CORRECT:

chatgpt-4o-latest
claude-3-opus
claude-3-sonnet
claude-3.5-sonnet
claude-3.5-sonnet-20240620
gemini-1.5-pro
gemini-1.5-pro-001
gpt-4

gpt-4-turbo

gpt-4o
gpt-40-2024-05-13
gpt-40-2024-08-06
llama-3.1-405b-chat
llama-3.2-11b-chat
mistral-large
qwen-2-72b-instruct
claude-3-haiku
gemini-1.5-pro-002
gemma-2-27b-it
gpt-3.5-turbo
llama-3-70b-chat
llama-3.1-70b-chat
llama-3.1-8b-chat
llama-3.2-90b-chat
mistral-7b-instruct-v0.2
mistral-nemo
mixtral-8x7b-instruct-v0.1
qwen-2.5-72b-instruct
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error: ambiguous column name: name
llama-3-8b-chat

error: near "FOREIGN™: syntax error
llama-3.2-1b-chat

error: no such column: gparents.mom
ministral-3b

error: no such column: m.name

mistral-small

error: no such column: mom
mixtral-8x22b-instruct-v0.1

error: no such column: p.mom
gemini-1.0-pro-002

error: NOT NULL constraint failed: gparents.gparent_id
command-r-plus

error: NOT NULL constraint failed: parents.parent_id
gemini-1.5-flash

gemini-1.5-flash-001

gemini-1.5-flash-002

gemma-2-9b-it

llama-3.1-nemotron-70b-chat

llama-3.2-3b-chat

error: UNIQUE constraint failed: ggparents.id
gemini-1.0-pro

error: UNIQUE int failed: gpar .id

gemma-7b-it

gpt-4o-mini

mistral-7b-instruct-v0.3

error: UNIQUE int failed: p id
gemini-1.0-pro-001

ministral-8b
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Preventing Errors with Static
Checking, an example

name mom
alice barbara
brenda claire
barbara claire
claire debbie
debbie NULL

INSERT INTO parents (id, parent id)
SELECT mom, name

FROM humans

WHERE mom IS NOT NULL;

-
0.

barbara
claire
claire

© 2025 CONEXUS Al, INC. — CONFIDENTIAL DOCUMENT.

parent _id
alice
brenda
barbara

Correct answer:

id parent _id
alice barbara
brenda claire
barbara claire
claire debbie

Claim: this query does not guarantee the creation of a primary key of the humans table, and we can check this automatically, without datal

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi
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Run Proofs  Out dialect

In dialect DEFAULT 2 Out dialect
Source Schema (e.g., CREATE and ALTER TARE commands)

CREATE TABLE busans (

) PRIMARY XEY,

som iInt(11)

1]
ALTER TABLE husans ADD FOREIGN KEY (mom) REFERDNCES humans(nase);

Open Save Save As

In dialect DEFAULT & Out dialect
Source Queries, one per target table:

INSERT INTO people (4d)

SELECT name
RO :

INSEAT INTO parents (19, parest_id)
SELECT mom, rase

FROM tumans

WHERE mom 1S NOT MULL;

INSERT INTO ggarents (id, parent_
SELECT A.mom, A.rase, A2.nase
FROM thumans AS A,

husans AS B,

humans AS A2

WHERE B.%0m 15 NOT NULL and  A.mom = B.name
MO A2.m0m 1S NOT NAL and B.mom = AZ.name;

, gparent_1id)

INSERT INTO ggoarents (id, parent_id, gparest_id, ggpareat_id)
SELECT A.s0m, A.sase, A2.nase, AJ.nase

Anom « B.nase
o « A2.mame
MO A3.s0m IS NOT NALL and AZ.mom = A3.name]

Open Save Save As

Compatible with

aws ) Google Cloud

SERVICE
NETA

NETA

VAUDATL
VALDATE
VALDATE
VAUDATE
VAUDATE
VAUDATE
VALDATE
VAUDATE
VALDATE
VAUDATE
VALIDATE
VALDATE
VAUDATE
VAUDATL
VALDATE
VAUDATE

$ E dir an/Downloi  Timeout(s) 15 Memimb) 512 Example

S In diatect OEFALLT 2 Out dialect

Target Schema (e.9., CREATE and ALTER TASLE commands)
CREATE TABLE pecple {
16 1nt(11) PRINARY KEY

)

CREATE TABLE parents (

18 1st(13) primary key,

pareat_id ist{ll),

FOREION KEY (parent_id) REFERENCES pecple (id)

)
CREATE TABLE gpareats (
14 1st(1}
pareat_id int(11),

t_id int(11),
t_16) REFERENCES pecple (1d),
FOREIGN KEY (gparent_id) REFERENCES people (1d)

)
CREATE TABLE ggparents (

1d iat(11) primary key,

pacest_id int(11),

soarent_id int(11),

gaparent_id int(11),

FOREIGN KEY (parent_is) REFERENCES pecple (i6),
FOREIGN KEY (gparent_id] REFERENCES pecple (id),
FORETON KEY (ggparent_id) REFERENCES people (id)

Outpat
Save As
i v VAT
NIO START_TIMEL Thu Jan 23 224151 #5T 2025
nFO STOP_TME Thu Jan 23 22.42.06 PST 2025
NIO INFURRED  insert inn people select X.mom AS i from humans a3 X where troe. insert o parents
RESUT  CaL typeside Ty = eral  types boolkean integer_4 functions and : bookean, bociean -> bool.
RESUT  OCK valdated! table pecoh. unqee key ()
RESUT  OMECK  valdated! table parents: foreign key (parent_id) references people ()
RESULT  OMECK  valdated! table goarers: foreign key (parest_id) references peoph (!
RESULT  OMECK  valdated! table goarens: foreign key (parent_id) references people ()
RESULT  OHECK  valdated! table ggparests: foreign key (parent_id) refecences pecple ()
RESUT  OFECK  valdated! table ggparests: foreign key (parent i) refesences pecple (i)
RESUT  OHECK g ke (oarent Jd) references pecple ()

vaidated! table 93p
valdatedr T people: id Is nct mull
fGasible violation (25 tmeeut! table parents: unigue key (i)
valdated! table parents: i s not

possible violation (35 tmecut)! table goarents: unique key (d)
valdated! table goarents: id Is not el

possible violaton (45 tmecut! table ggparests. umique key 0d).
sdolation (55 tmecut)! table ggparents: & & -

RESULT  OMECX

AAzure
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SQL Correctness Verifier

Problem: LLM-generated SQL code may be wrong: it
may corrupt data integrity.

Analysis: Verifying correctness of SQL code by hand
takes time, and verifying correctness of SQL code with
LLMs introduces error. And testing only demonstrates
absence of individual errors, not correctness.

Solution: Use Conexus to verify the correctness of
SQL code with respect to data integrity using
mathematical algorithms to get 100% confidence.

Benefit: LLM-generated SQL code can now be
trusted to run, or fed back to the LLM to try again.

Bonus: This capability can be used with arbitrary SQL
code, not just code generated from LLMs.

How the SQL validator works: good old fashioned symbolic Al

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi

LLM

Correctness
Verifier
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Example Prompt given to LLM

CREATE TABLE tgmaster (d int(11) PRIMARY KEY, gm_att
varchar(45) NOT NULL, UNIQUE KEY {gm_att);

CREATE TABLE tmaster (id int(11) PRIMARY KEY, gmaster_id
int(11) NOT NULL, m_att varchar(45) NOT NULL, FOREIGN KEY
(gmaster_id) REFERENCES tgmaster (id) );

CREATE TABLE tdetal (id int(11) PRIMARY KEY, master_id int{11)
NOT NULL, d_att varchar{45) NOT NULL. FOREIGN KEY
(master_id) REFERENCES tmaster (d)):

Example Response from LLM 4

“insert into tgmaster
select g.id as id, g.gm_att as gm_att
from sgmaster as g;

insert into tmaster
select m.id as id, gm.id as gmaster_id, m.m_att as m_att
from sgmaster as gm, smaster as m

where gm.gm_att = m.g_att_on_m, |ndiVidUa|
insert into tdetail correctness
select d.id as id j as master_id, d.d_att as d_att

from sgmaster as as m, sdetail as d proofs /

refutations of
data integrity

ZEZER
..=§. M

T

CONEXUS.COM
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Negation is still problematic for LLMs Fun fact:

— “Following instructions” still problematic for LLMs Follow-up experiments on more complex
examples led to much larger variance in
LLM responses. More to comel!

Correctness needs to improve - 66% on a
basic example!

Static analysis provides a way to do so

— We don’t just think so, we know so!
— Now for a case study.

Read more at http://sqgl.ai
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PART 2

A fully automated case study

The DARPA BRASS IMMORTALS project (2017) sought to
build long-lived, resource-aware, self-updating software
using LLM precursors.

During drone flight, an “LLLM” would create SQL code to
update avionics.

This code needs to be checked by a computer within in
seconds to be safe to run.

It is too expensive for the LLM to constantly generate new
code, so the project also involved composing SQL code
(part 3).

Conclusion: fully automated, computer-checked LLM code
generation possible in real time, life and death situations.

Part3

Given that LLM-generated
SQL code requires work to
verify, let’s try to compose
correct SQL code so we don’t
have to verify over and over.

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi
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API: 2 sets of SQL queries in, 1 set of SQL queries out

~N
create view reporting

select v0.id id, v2.id master_id from sdetail
VO, sgmaster v1, smaster v2 where

© 2025 CONEXUS Al, INC. — CONFIDENTIAL DOCUMENT.

SQL Composition

v0.master_id = v2.id and > Math/Conexus
= : ted SQL
Source schema v1.gm_att = v2.g_att_on_m; genera
_ Problem: To generate good SQL

create view tgmaster as
select g.id as id, g.gm_att as gm_att
from sgmaster;

create view tmaster
select m.id as id, gm.id as gmaster_id

create view logging
select v0.id id, vO.gm_att gm_att from
sgmaster vO;

code, LLM prompts must be
“chunked; split into pieces and the
results re-assembled.”

Analysis: Re-assembling the results

LLM . .
o il deliineliodly by hand take time, and re-assembling
SQtcode < the results by LLM introduces error.

create view tdetail

select d.id as id, m.id as master_id,
d.d_att as d_att from

sgmaster as gm, smaster as m,
sdetail as d where

d.master_id = m.id and

gm.gm_att = m.g_att_on_m;

Target Schema

Solution: Use Conexus to compose
SQL code perfectly and automatically,
without introducing biases, errors, or

create view reporting

seloct Lid o d, assumptions, using mathematical

t.master_id as master_id algorithms.
from tdetail as t; LLM

generated
. ; ; SQL code
Intermediate Schema SrEe tiety
select t.id as id, t.gm_att as gm_att

from tgmaster as t;

4

Benefit: LLM-generated SQL code
can be used once chunking is done.

Bonus: This capability can be used

with arbitrary SQL code, not just code
generated from LLMSs.

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi CONEXUS.COM CconNnexusAl 14
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Example Fortune 50 Deployment

WellHeadSystem_V1 (10) WellHead (10)

Row Class Com... ID Idan... IDJob Row BusinessU... CreatedBy CreationD...
0 20 al 148F6... 0099... 72 0 ignorebuf tipt 7/1/20...

1 213 214 B8CS6... A3ES... ?15 1 ignorebuf ubhi 12/20/20...
2 726 227 44F80... 22AC... F45FF.. 2 ignorebuf mpjpg 2/17/20...

3 2?40 241 FDD3... 842FB... 742 3 ignorebuf tugp 12/19/20...

Query

Target

(upgrade)
WV100CalcUnitSus_WVWellHead (10) WellHead (10)
Row Com Dep... DTT... DTT... DTT... Row BusinessU... CreatedBy CreationD...
0 20 7045 71 22 6/27... Query (old) 0 ignorebuf tipt 711/20...
1 712 4372 713 714 12/1... 1 ignorebuf ubhi 12/20/20...
2 224 225 226 227 2/16... 2 ignorebuf mpipg 2/17/20...
3 237 6888.8 738 739 5/21... OId source 3 ignorebuf tugp 12/19/20...

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi CONEXUS.COM conexus;
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Four ways to compose SQL queries

The mathematics of category theory tells us that there are four ways to
compose SQL queries. This lets us build virtual data fabrics/meshes.

Solve for h: f;h = g Solve for h: f;h =g
A f QB h -~ C A f ~B ......... h ............. > C
g compose ‘ W
EASY HARD

Solve for h: g;h =f

. identity
s g Kanlift

San Francisco | Washington, D.C. | London | Riyadh | Abu Dhabi CONEXUS.COM conexusAl 16



Source

forall ¢l €2 : "CUST™ where c1.CUST_ID = ¢2.CUST_ID -> where c1 = 2 #pk
forall w :"NEBORDER" -> exists c: "CUST" where w.CUST_ID = c.CUST_ID #fk
forall ¢l c2 : MasterCust where cl.cust_id = c2.cust_id -> where c1 = €2 #pk
forall s1 52 : MasterSupp where sl.supp_id « s2.supp_id > where s1 = 52 #pk
forall sc : Supp2Cust -> exists ms : MasterSupp where sc.supp_id = ms.supp_id #7k
forall sc : Supp2Cust -> exists mc : MasterCust where sc.cust_id = mc.cust_id #/k

#source to target mupping rule
forall w : "WEBORDER™
€ @ "qusT™
sc : "SUPPCATALOG"
where w.CUST_ID = c.CUST_ID w.SUPP_ID = sc.SUPP_ID
~> exists ms : MasterSupp
$2¢ @ Supp2Cust
m¢ @ MasterCust where
s .supp_id » SC.SUPP_ID ms.saddr “ SC.SADOR  ms.snation = sc.SNATION
$2¢.supp_id = sc.SUPP_ID s2c.orderkey = w.ORDERKEY s2c.cust_id = ¢.CUST_ID
mc .cust_id = C.CUST_ID mc.cnation =c.CNATION

forall ms : MasterSupp > #target to source mapping rule
exists sc : SUPPCATALOG where
ms.supp_id = sc.SUPP_ID ns.saddr = sc.SADOR ms.snation = sC.SNATION

forall ¢ : “CUST" mc : MasterCust where c.CUST_ID = mc.cust_id —>
where .QNATION = mc.cnation #target and source mapping rule (not pk or fk)

Rules describing how third party related the Source and Target
data models (human or machine curated)

DATA MIGRATION

© 2025 CONEXUS Al, INC. — CONFIDENTIAL DOCUMENT.

Target

Smmary = pr—
schamas crm
Row asto ounon
(constrames ScCheck. 0 antt w
command checkl 1 a2 “
schema ¥ 2 sty -
schama ST
constames €T
oo R IR SUPID  SADOR  SNATON  DRECTORY
o endis iy 1] wopl  sladdr e P
e I wop2  s2dec  mdw a2
ratons QoS wopd  sdadd  n @
command export . wopd Vaddr mexco e
wocacen s,
Row  PART SO ORDEKEY GATIO  QIY
7 sl ol erded w1
g sz e o asu 2
[Py — —

select w.CUST_ID as coll,
w.SUPP_ID as col2,
sc.SADDR as col3,
sCc.SNATION as col4
from WEBORDER as w,
SUPPCATALOG as sc
where w.SUPP_ID = sc.SUPP_ID;

“oe e A
schema ST J T S S —
constraints C ST oo

instance | : ST Row <ol col2 cold col3
query Qold : ST => co, O custl suppl usa sladdr
query Qnew : ST > ¢ 1 custl upp? ndla s2a0dr

instance QoidResult
command export 2003 e, 0000 seconin ] ot

The validation report shows that the translated SQL gives same
answer on old and new data.

SQL TRANSLATION

R I —

schema cwm

matance |- $ #om asTo ooy

comramts SrcCoeck o annl s

ax | fiy s o

schema ¥ 2 an -

boma 3T ——

Sesma s Sag fow i cruen addr

. ami P »

avery Qoew 57>, St

tancs Guidessh | (0w surp radar nson Watory
4 swool sladér wa n

tanc

mstarce Quemtesut 4 o] .
om w0 “aca SATON  cmecToRY
0 wopl Vladse - a1
7 oz wader o a2
. st sAasin merco -
s wwosd sadte o @
s
om ] ooderkny ot
10 sppl ordert el
" swsol order2 ant
e
om ART MO oMWY QSTO QT
2 panl wepl  ederd et 1
n panz wipl  eeted  canl 2

select v11.CUST_ID as coll,
v11.SUPP_ID as col2,
v3.saddr as col3,
v3.snation as col4
from WEBORDER as v11,
MasterSupp as v3
where v3.supp_id = v11.SUPP_ID;
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Conclusions

Commercial LLMs still not safe for
unsupervised use

Negation and instruction following still
problematic

Symbolic Al / computer algebra lets us
check LLM-generated SQL code
Deployed for US military drones

NC. — CONFIDENTIAL DO

“Spray and Pray” is now a feasible
“neuro-symbolic” Al use case

We expect an explosion of domain-specific
LLM-enabled schema mappers

Safe Al enabled by constraining
problem space (to e.g. SQL integrity)
We expect more validators too!

MEN

We are looking for community engagement!
Connect with Ryan at ryan@conexus.com
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The End
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