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AI Query Tuning

* *

*coming soon



AI Query Tuning Demo

Db2 Genius Hub



Db2 Genius Hub

• Simplify database and 
query performance tuning
• The Db2 Genius Hub 

provides insights and 
smart recommendations 
through a natural language chat 
interface.
• The AI Query Tuner provides 

recommendations for a given 
query



Database Knob Tuning - Research



Research Prototype - Experimental Results



AI Query Tuner Model



Review of Optimization

Cardinality Estimation

AI Implementation

Performance Improvements

Savings

Future

AI Query Optimizer: Cardinality Estimation



 

Query Optimization
• Generates alternative access 

plans
• Estimates cost of each plan
• Selects the cheapest plan
• Depends heavily on cardinality 

estimates

Access Plan:

TBSCAN TBSCAN

HSJN

Catalog
Sales

Date
Dim

Overview of Query Optimization
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SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= cardinalilty of Customers
  x cardinality of Orders  

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000
  x 54,995

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x selectivity of C.region = ‘NA’
  x 54,995 x selectivity of O.orderdate >= '2022-01-01’
  x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x selectivity of C.region = ‘NA’
  x 54,995 x selectivity of O.orderdate >= '2022-01-01’
  x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / (# distinct value in c.region)
  x 54,995 x selectivity of O.orderdate >= '2022-01-01’
  x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x selectivity of O.orderdate >= '2022-01-01’
  x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x selectivity of O.orderdate >= '2022-01-01’
   x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x (max – '2022-01-01') / (max – min)
  x selectivity of C.custid = O.custid

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x (‘2024-12-31’ – ‘2022-01-01) 
           / (‘2024-12-31’ – ‘2015-01-01’)

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 3 years
           / 10 years

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3
          

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3

 x selectivity of C.custid = O.custid

          

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3

 x 1 / max(#distinct values in C.custid, #distinct values in O.custid)

          

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3

 x 1 / max(1000,850)

          

Traditional Join Cardinality Estimation



SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3

 x 1 / max(1000,850)
= 8249 

          

Traditional Join Cardinality Estimation
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SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’

= 1000 x 1 / 2
  x 54,995 x 0.3

 x 1 / max(1000,850)
= 8249 vs actual of 25,524 = error of ~68%

          

Traditional Join Cardinality Estimation

Question: Why?
Data and AI on IBM  / © 2025 IBM Corporation



• Non-uniformity
• Higher percentage of customers in North America
• Increase in sales over time

• Correlation
• Increase of sales in North America disproportionate to other regions

Question: Can AI do better? AI Estimate: = 25,859 (error = ~1%)

Answer: Non-uniformity and Correlation

Data and AI on IBM  / © 2025 IBM Corporation

Data and AI on IBM  / © 2025 IBM Corporation

SELECT * 
FROM Customers C JOIN Orders O ON C.custid = O.custid
WHERE C.region = ‘NA’ and O.orderdate >= '2022-01-01’



Question: Can AI do better? Or at least save valuable tuning time?

Tuning for Good Cardinality Estimates

Default Statistics Column Group Statistics Statistical Views

Data and AI on IBM  / © 2025 IBM Corporation

Est: 1,137
Actual: 10,113,972

HSJOIN
  /----+----\

2,000,000 |
CUSTOMER Est: 1137

HSJOIN
/-----+-----\

2.9E+8 Est: 0.29
STORE_SALES DATE_DIM

Est: 457,723
Actual: 10,113,972

HSJOIN
/----+----\

2,000,000 |
CUSTOMER Est: 457,723

HSJOIN
/-----+-----\

2.9E+8     Est: 116
STORE_SALES DATE_DIM

Est: 9,053,830
Actual: 10,113,972

HSJOIN
/------+------\
| 2,000,000

Est: 9,053,830 CUSTOMER
HSJOIN

/----+------\
2.9E+8   Est: 116
STORE_SALES DATE_DIM



• single table cardinality model available in version 12 GA
• Trained 

• during auto runstats
• using ~1,000,000 automatically generated queries based on runstats sample

• Queries are represented 
• by the min and max for each column after the application of local predicates

  

orderid custid profit

1 3 98.00

2 2 65.00

3 2 91.00

4 1 70.00

Select * from orders
where custid = 2 
 and profit >= 91.00

Features: (0.0 , 1.0 0.25, 0.75 0.5, 1.0

How does AI estimate cardinality?



CARDINALITY

C1 in

FEATURE VECTOR
(c1min, c1max, c2min, c2max,…)

AI Uses Neural Networks



FTrained Using Gradient Descent



Column 1 Column 2 Column 3

4 ‘Canada’ 15

7 ‘Japan’ 17

7 ‘Canada’ 88

3 ‘Canada’ 15

… … …

Intuitively:



15%
SELECT 
    COUNT(*)
FROM
    T1
WHERE
    COLUMN 1 BETWEEN 0.25 AND 0.40
    COLUMN 2 BETWEEN 0.50 AND 0.65
    COLUMN 3 BETWEEN 0.0 and 0.66



SELECT 
    COUNT(*)
FROM
    T1
WHERE
    COLUMN 1 BETWEEN 0.5 AND 0.7
    COLUMN 2 BETWEEN 0.1 AND 0.3
    COLUMN 3 BETWEEN 0.0 and 0.2

0%



SELECT 
    COUNT(*)
FROM
    T1
WHERE
    COLUMN 1 BETWEEN 0.0 AND 0.80
    COLUMN 2 BETWEEN 0.20 AND 0.25
    COLUMN 3 BETWEEN 0.0 and 0.80

10%



SELECT 
    COUNT(*)
FROM
    T1
WHERE
    COLUMN 1 BETWEEN 0.05 AND 0.70
    COLUMN 2 BETWEEN 0.25 AND 0.85
    COLUMN 3 BETWEEN 0.90 AND 0.60

82%



• use single table cardinality models to populate histogram 

Select * from orders
where orderdate >= '2022-01-01’
and custid between 1 and 55

FAI Join Cardinality Estimates



AI Join Cardinality Estimates
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AI Join Cardinality Estimates
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AI Join Cardinality Estimates



Show me the Money!
Data and AI on IBM  / © 2025 IBM Corporation

Question: Can AI do better? Or at least save valuable tuning time?

Improved Cardinality Estimates

Better Plans

Superior Performace

Less Tuning

Cost Savings



Cardinality Estimate Improvements

1000s queries based
on TPCDS schema

Same join predicates

0 indicates 
perfect 
estimate

1-5 local predicates

Randomly generated



Improved Performance – SAP BW



Improved Performance – TPC-DS



TPC-DS Query 84
select c_customer_id,c_last_name,c_first_name 
from customer, customer_address,        
     customer_demographics, store_returns,
     household_demographics,income_band
where c_current_addr_sk = ca_address_sk and
      ca_city = 'Greenfield' and  
      c_current_cdemo_sk = cd_demo_sk and
      cd_demo_sk = sr_cdemo_sk and
      c_current_hdemo_sk = hd_demo_sk and
      hd_income_band_sk = ib_income_band_sk and
      ib_lower_bound >= 11660 and
      ib_upper_bound <= 11660 + 50000 

      
      
      
      

Improved Cardinality, Plans 
and Performance

6.82

1.86

0

1

2

3

4

5

6

7

8

1

Ex
ec

ut
io

in
 T

im
e 

(in
 se

c)

Query 84

Traditional AI

74% 
faster



Traditional Plan



Traditional Plan



Traditional Plan



Traditional Plan



Traditional Plan

STORE_RETURNS
 Card(est): 1.08e+08

TBSCAN(10)
 Card(est): 1.04e+08

^HSJOIN(9)
Cardinality(card)
   estimate(est): traditional(trad)  = 1.39e+06
                  AI                 = 9.88e+06
   actual                            = 1.3e+07
Cost HSJOIN(9): Trad = 434.01 vs AI = 486.4

^HSJOIN(8) 
Cost:
   HSJOIN(8)     : trad = 7.056 vs AI =     50
   OPERATORS 8-20: trad = 36270 vs AI = 36,362 

ß First large HSJOIN probe 

Poor trad card estimate 
Better AI card estimate 
Second large HSJOIN probe 
cost of join

AI cost ~10x trad



BTQ(11)

HSJOIN(12) 
AI Card est: 22,721
Card actual: 30,223 

BTQ(16)

TBSCAN(10)
 Card: 1.04e+08

STORE_RETURNS
 Card: 1.08e+08

Traditional Plan

customer address

demographics income_band

HSJOIN(9) 
Card 
  est: 
    trad = 1.39e-06
    AI   = 9.88e06     
  actual = 1.3e+07

^HSJOIN(8)



^HSJOIN(8)

^HSJOIN(9)

TBSCAN(9)
 Card: 1.04e+08

STORE_RETURNS
 Card: 1.08e+08

BTQ(16)

BTQ(11)

HSJOIN(12) 
AI Card est: 22,721
Card actual: 30,223 

BTQ(16)

TBSCAN(10)
 Card: 1.04e+08

STORE_RETURNS
 Card: 1.08e+08

AI Plan

customer address demographics income_band

HSJOIN(9) 
Card 
  est: 
    trad = 1.39e-06
    AI   = 9.88e06     
  actual = 1.3e+07

← now joined last

← only big probe

small  HSJOIN  probe

HSJOIN(9) 
Card 
  est: 
    AI =  9.88e+06      
  actual = 1.3e+07
Cost HSJOIN(11): 0.15

cost of join with
household_demographics
fast relative to trad plan



Costs and Execution Times

Join in
trad plan

Trad 
Plan 
Cost

Join in 
AI plan

AI 
Plan Cost

JOIN with store_returns HSJOIN(9) 486.4 HSJOIN(8) 454.37
Join with
household_demographics HSJOIN(8) 49.9 HSJOIN(11) 0.15

Total join cost 536.3 454.52
TOTAL PLAN COST 36,362 36,280



100 Times Faster
Select c_customer, c_last_name, c_first_name,

From customer, customer_address, customer_demographics, 

  household_demographics, income_band_band, store_returns, 

  inventory, date_dim, item

Where ca_city = 'Greenfield' and

      c_current_addr_sk = ca_address_sk and

      ib_lower_bound >= 11660 and 

ib_upper_bound <= 11660 + 50000 and

      ib_income_band_sk = hd_income_band_sk and

      cd_demo_sk = c_current_cdemo_sk and

      hd_demo_sk = c_current_hdemo_sk and

      sr_cdemo_sk = cd_demo_sk and

      sr_item_sk = i_item_sk and

      inv_item_sk = i_item_sk and

      inv_date_sk = d_date_sk and

      d_month_seq between 1193 and 2000

group by c_customer_id, c_last_name, c_first_name

120x
faster

623

5



GRPBY(12) 

HSJOIN(13)

HSJOIN(18)

BTQ(17)HSJOIN(14) 

TBSCAN(15)

INVENTORY

TBSCAN(16)

DATE_DIM

HSJOIN

CUSTOMER

HSJOIN

HSJOINSTORE_
RETURNS

CUSTOMER
_ADDRESS

HOUSEHOLD_
DEMOGRAPHICS

INCOME
_BAND

Traditional Plan



Traditional Plan



Traditional Plan

HSJOIN(14) 
Card est: trad = 4.49e+07        
          AI   = 1.16e+08
Actual card:     9.25e+07 

← ~50% closer 
← 50% too low 



Traditional Plan

HSJOIN(18)
 Card est:     
    trad    =  59,493
    AI      = 422,902
 Card actual: 2.5e+06

← ~10x better
← 2% of actual 



Traditional Plan

HSJOIN(13)
Cardinality:
   estimate: traditional(trad)  = 1.09e+08 
              AI                = 9.76e+08
   actual                       = 5.19e+10
Cost: 
  HSJOIN(13): trad =    517 
              AI   =  2,491
  OPERATORS 13-18: trad = 72,651 
                   AI   = 72,651

← 2% of actual
← ~10x better 

← Cost under estimated 
← 5x  



Traditional Plan

GRPBY(12) 
Cost: 
   GRBPY(12): trad =     585 
              AI   = 333,180 
   OPERATORS 12-18: trad = 71,814 
                    AI   = 405,831

← costly group by 
← 500x under costed



AI PlanTraditional Plan Plan
GRPBY(12) 

HSJOIN(13)

HSJOIN(14) 

TBSCAN(15)

INVENTORY

TBSCAN(16)

DATE_DIM

CUSTOMER

HSJOIN(18)

BTQ(17)

HSJOIN HSJOIN

HSJOINSTORE_
RETURNS

CUSTOMER
_ADDRESS

HOUSEHOLD_
DEMOGRAPHICS

INCOME
_BAND

^

CUSTOMER

Early-out Join



Better Plans à Faster Queries
Traditional Plan

AI Plan

120x
faster



Other Ways AI Improves Performance:

     1) Avoids Repartitioning Unexpectedly Large Tables:

HSJOIN

Small Table
Card:
   estimate: 1000
   actual:      1000

TQ

Large Table
Card:
 estimate: 100,000
   actual:      100,000

HSJOIN

Small Table
Card:
   estimate: 1000
   actual:      1000

TQ

Large Table
Card:
 estimate: 100
   actual:      100,000



2) Prevents hash join spills

HSJOIN

Small Table
Card:
   estimate: 1000
   actual:      1000

Large Table
Card:
 estimate: 100,000
   actual:      100,000

HSJOIN

Small Table
Card:
   estimate: 1000
   actual:      1000

Large Table
Card:
 estimate: 100
   actual:      100,000



3) Reduces hash collisions:

HSJOIN

Larger Table
Card:
   estimate: 1000
   actual:      10,000,000

Large Table
Card:
   estimate: 100
   actual:      100,000

HSJOIN

Larger Table
Card:
   estimate: 1000
   actual:      10,000,000

Large Table
Card:
   estimate: 100
   actual:      100,000



AI vs Statistical Views

Statview AI
Effort to implement 40 hours 0

Runstats execution time 14 hours 3 minutes 

TOTAL 54 hours 3 minutes



Model Training    
Time

Data and AI on IBM  / © 2025 IBM Corporation

Models tiny 
but mighty

Goal:
Keep training time 
within 60s

TABLENAME TIME (S)
CALL_CENTER                   0.01
WAREHOUSE                     0.03
INCOME_BAND                   0.04
REASON                        10.47
HOUSEHOLD_DEMOGRAPHICS        16.54
WEB_PAGE                      16.59
INVENTORY                     16.47
STORE                         14.86
SHIP_MODE                     24.92
PROMOTION                     21.33
CUSTOMER_DEMOGRAPHICS         22.56
TIME_DIM                      24.99
WEB_SITE                      28.28
CUSTOMER_ADDRESS              31.87
STORE_RETURNS                 25.05
WEB_RETURNS                   28.75
CATALOG_RETURNS               30.52
STORE_SALES                   36.96
CATALOG_SALES                 45.01
WEB_SALES                     48.61
CATALOG_PAGE                  46.49
DATE_DIM                      41.71
CUSTOMER                      44.66
ITEM  53.33

GOAL: Minimize Resources

AVERAGE 26.25(s)

MAX 53.33(s)

TOTAL 10.5(m)
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Minimize 
Resources

Simplify

Reliable

Summary
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Minimize 
Resources

Simplify

Reliable Improved cardinality, plans 
and query performance

Summary
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Minimize 
Resources

Simplify Automation reduces need for 
tuning

Reliable Improved cardinality, plans 
and query performance

Summary
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Minimize 
Resources

• hardware
• Time to derive insight
• Expertise
• No new models required
• Models are tiny

Simplify Automation reduces need for 
tuning

Reliable Improved cardinality, plans 
and query performance

Summary
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Minimize 
Resources

• hardware
• Time to derive insight
• Expertise
• No new models required
• Models are tiny

Simplify Automation reduces need for 
tuning

Reliable Improved cardinality, plans 
and query performance

Summary

COST SAVINGS!
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Infuse

• Single table cardinality estimation 
since 12.1 GA

• Join cardinality estimation in 
12.1.3

• Next steps:
• Join card string support
• Multi-dimension joins

• Will reduce the need for 
column group stats

• and …

The journey continues…



Data and AI on IBM  / © 2025 IBM Corporation

Infuse
AI Query 
Rewrite

Coming Soon



Learn More

Data and AI on IBM  / © 2025 IBM Corporation

• Documentation: Db2 Version 12.1 - AI Query Optimizer

• Webinar: The Db2 AI Query Optimizer – Simplifying Query Performance Tuning

• Webinar: Experience the Power and Simplicity of the AI Query Optimizer in Db2 12.1.3

• Blog: Significant Performance Improvements with AI Join Cardinality Estimates in Db2 version 12.1.3 

• Video: IBM Db2 AI Query Optimizer

• Video: Ai Query Optimizer in DB2 12.1.3 - technical insights of JOIN queries infusing AI

https://www.ibm.com/docs/en/db2/12.1.x?topic=optimization-ai-query-optimizer
https://www.ibm.com/docs/en/db2/12.1.x?topic=optimization-ai-query-optimizer
https://www.ibm.com/docs/en/db2/12.1.x?topic=optimization-ai-query-optimizer
https://www.ibm.com/docs/en/db2/12.1.x?topic=optimization-ai-query-optimizer
https://community.ibm.com/community/user/viewdocument/webinar-the-db2-ai-query-optimizer?CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&tab=librarydocuments
https://community.ibm.com/community/user/viewdocument/webinar-the-db2-ai-query-optimizer?CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&tab=librarydocuments
https://community.ibm.com/community/user/viewdocument/webinar-the-db2-ai-query-optimizer?CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&tab=librarydocuments
https://community.ibm.com/community/user/viewdocument/webinar-the-db2-ai-query-optimizer?CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&tab=librarydocuments
https://community.ibm.com/community/user/events/event-description?CalendarEventKey=4f605a36-0b34-401d-9abf-019bfb3b588c&CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&Home=%2fhigherlogic%2focapi%2foc%2fevents%2fcommunityEventsList%2fgetEventsList
https://community.ibm.com/community/user/events/event-description?CalendarEventKey=4f605a36-0b34-401d-9abf-019bfb3b588c&CommunityKey=ea909850-39ea-4ac4-9512-8e2eb37ea09a&Home=%2fhigherlogic%2focapi%2foc%2fevents%2fcommunityEventsList%2fgetEventsList
https://community.ibm.com/community/user/blogs/lori-strain/2025/12/01/ai-join-cardinality-estimates-db2v1213
https://community.ibm.com/community/user/blogs/lori-strain/2025/12/01/ai-join-cardinality-estimates-db2v1213
https://www.youtube.com/watch?v=7u9l_1-712o
https://www.youtube.com/watch?v=7u9l_1-712o
https://www.youtube.com/watch?v=ik6ggJrGvVA
https://www.youtube.com/watch?v=ik6ggJrGvVA
https://www.youtube.com/watch?v=ik6ggJrGvVA
https://www.youtube.com/watch?v=ik6ggJrGvVA





