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I Success of OLAP Comes From General-Purpose

Cloud OLAP Leaders Annual Revenue Aggregation (Billions USD) #
B Snowflake Databricks

. . l |

2023 2024 2026

Almost every domain from banking, government, healthcare,
supply chains, e-commerce, ... uses OLAP




| BUT: There is a High Price of Generality!

Domain Domain Domain
1 2 I ]

E.g. TPC-H Q5 could be
- 67x faster if hand-coded

The Price of being General: Massive “handholding”
for each new workload & many unavoidable
Inefficiencies (e.g., schema interpretation)!

General-Purpose OLAP DBMS




| Our Vision: Bespoke Databases!

Domain Domain Domain
(| 2 = X

Banking 1 E-Bussiness Healthcare i

Every application has its own “Bespoke Database”
A DBMS tailored = optimal for one specific application!
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How to Build a Bespoke
DBMS for every Workload?



| Bespoke is a Luxury! (Today)

TigerBeetle is targeting

Credit/Debit

a Big Market $$$

Clone Thomas

Bespoke DB for Finance

Neumann?

BUT Bespoke for All? Too high Costs & Missing-Experts!
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| We can Synthesize Bespoke DBMSs!

Bespoke Synthesizer

Schema + (DBMS Coding Agent) Non-trivial to
Data synthesize
\ B a Full DBMS
Workioad sy sl Full DBMS in C++
(Query Templates) l I optimal for workload
Hints / Magic “Sauce”:
(optional) Portormance & X

Complex Synthesis Pipeline
= System for System
Synthesis

DBMS will be fixed] Reference System

for this schema &
query-templates e.g. o DuckDB




| Opportunities of Bespoke DBMSs

General Purpose Storage:
Tables + Indexes (Any Data) -> Overhead:
Schema Interpretation & Non-optimal Physical

General Purpose Execution:

Relational Engines (Any SQL) -> Overhead:
Query Parsing, Optimization, ...

General Purpose Optimization:
Runtime cost-based planning for unknown
queries

Bespoke Storage:

struct Customer {std::string name; ..} *+

Keep data in App-optimal Data Structures

Bespoke Execution:

Non-relational Execution in C++ (e.g., Think of late
Materialization), No flat query results

Bespoke Optimization:

Offline empirical synthesis for known queries, data and
hardware or bespoke cost/cardinality estimators

see our AIDB@VLDB’26
paper Bespoke-Card




| Example of Bespoke Storage + Execution

Quarter _ProductID
Sorted by & Blt\flector-zencoged
RLE-encoded
SELECT Positions ProductiD, COUNT(*))
ProductID, (Q1, 1, 300) In index 1 0 0
COUNT (*) 301-306 0|01 (1, 3)
FROM table (02,301,6) |~ [o|[1|[0]| COUNT 2. 1)
WHSRE ) 0 (Q3, 307, 500) ' 1 0 0 bitvectors :
uarter= 1 0|0  — (3, 2)
GROUP BY (Q4, 807, 600) lolloll1] !
ProductID Filtering 0 1 0
Quarter=Q2 1 0|0
10110 1]
0 1 0
Index Lookup + Offset jump 0 0 1




*in-memory, 1 thread

| Bespoke DBMS: Does it work?

TPC-H >-10x over
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B ClickHouse @DuckDB @BUmbra Bespoke

Order of Magnitude Speedups over Umbra & DuckDB
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Plan Storage Layout
& Data Ingest Code

Parquet Files

I Our System for System Synthesis: The Pipeline

Basic Implementation

Tool use:
Shell tools
Apply C++ patch
Validate

Optimization Stages

Add Self-Tracing - Plan + cardinalities from DuckDB

(prof) + Pinning - Self-Tracing (Perf. Counters)
- Expert Knowledge (e.g., use SIMD)

- Human-Reference (be Thomas!)

Loop with Optimizations

ional Optimized
DBMS Contract Storage Functiona Bespoke
Layout Engine Engine
Query Templates
SELECT * FROM .. Ioad ; - query1.cpp
- load_parquet.cpp - querv2.c
Workload _ storage.cpp i guerr};&czz
{
lineitem;
orders;
} ’ Loop w. continuous

N\ DUCKDB verification

Bespoke ]
data-structures Verify P_erformance & Corre_ctness
Against Reference Engine
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| A System for System Synthesis:
Four Main Ingredients

(D Conversation Branching (3) Continuous Testing (@) Regression Monitor

Parallel per-query Seconds per edit, Correctness and speedups Always recoverable
optimization not minutes at every step
& . Patch DBMS v1
- lifmy) atc
Basic Impl { ' —_— @ DBMS v0 {:not correct)
&l DBMS v2

Mg

Together these four components form a fast, correct,

and recoverable synthesis loop



o

e T

-

® ® ® bespoke agent.py - Terminal

mjasny@fnol:~/bespoke agent$ |

0
c
Q

°
=

¥
o

o
v
e
X
O
e
c
Q
v

0

Query:

Correctness:

» metrics_live.py

0

" ®@®® Cost

$0.00384

turn 0

elapsed 0:03

—— Context Size (# Tokens) Code Size (# Lines of Code)

Total Speedup

Turns (includes LLM & Tool calls)

® @® @ current prompt.txt

Your task is to analyze the workload and produce a creative in-memory
storage-layout summary for the tables accessed by the query. You have
the flexibility to return detailed, free-form text that explores not
only conventional storage-layout recommendations but alse
unconventional, novel, and even 'crazy' storage designs.

You are encouraged to include additionsl ideas, hew partitioning
strategies, speculative encoding technhiques, or experimental ways of

grouping and organizing columns or data.

For each accessed table, feel free to be inventive and elaborate on
possibilities such as hybrid layouts, speculative SoA/AoS (Artay of
Structures/Structure of Arrays) approaches, novel column encedings, or



| Some Implementation Insights

TPC-H Q5: revenue by nation for one region and one year

Stores lineitems grouped by orderkey
- jump directly from each order to its matching lineitems

€. Denormalizes hot attributes
= e.g. lineitem.supp_nationkey stored next to
orders.cust _nation_key

£ Uses data structures for direct lookups to avoid query processing
—> lookup positions in one data structure and aggregated by using other
data structure

Q5 = direct lookups and direct aggregation
% 67x Speedup over DuckDB

Bespoke-OLAP effectively codesigns storage & execution
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| Results: Multi-Threading

TPC-H

128 A
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Total query time (s)
Logarithmic

0.5

1 2 4 8 16 32 64
Number of threads

—e—DuckDB (SF50) —e—Umbra (SF50) —e—Bespoke (SF 50)
-¥- DuckDB (SF100) == Umbra (SF100) -X- Bespoke (SF100)

Order of magnitude faster + Scales with number of threads
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| We are starting SynnoDB & & SynnoDB

o

Synthesize your OLAP &
ETL engines:

Run queries against our Synthesize your own
TPC-H engine DuckDB-Accelerator

@ Beyond OLAP - cutting the cost of batchETL. —

< SynnoDB

Your workload deserves
its own engine.

Most databases are built to run any query. SynnoDB builds one for yours: it

Get started in one line

astall the package, then synthesize an engine for your own workload.

$ pip install synnodb @

studies your workload, writes and compiles a specialized C++ engine, and
optimizes it until it's order-of-magnitude faster than general-purpose

systems, automatically and with no DBA in the loop.

SynnoDB synthesizes workload-
specific database systems that
deliver orders-of-magnitude
performance improvements.

synnodb.com/playground

L [=] Learn more: synnodb.com/research/#olap synnodb.com
'-:.;__l:l:s_ gt -+ Paper

. "Bar - Source code()

«  Synthesized Engines()



https://synnodb.com/research/#olap
https://synnodb.com/playground
https://synnodb.com/try-out
https://synnodb.com/try-out
https://synnodb.com/try-out
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