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Storage and File Structure
File storage, Page layout, Tuple layout

Different Storages

Data Storage Models
NSM and DSM

Buffer Pool Organization

Buffer Pool Optimization

Parts of Computer

Outline
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Parts of Computer
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Parts of Computer
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Motherboard
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Central Processing Unit (CPU)
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Central Processing Unit (CPU)
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Dynamic Random Access Memory (DRAM)

Motherboard

DRAM
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Solid-state drives memory (SSD)
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Hard Disk Drive Memory (HDD)
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Network Storage
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Network Storage
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Different Storages

Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/
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Different Storages

Volatile memory is a type of memory that maintains its data only 
while the device is powered. If the power is interrupted for any reason, 
the data is lost.

Non-volatile memory or non-volatile storage is a type of computer 
memory that can retain stored information even after power is 
removed.
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Different Storages
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Storage and File Structure
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From slides 17 to 70

Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Storage and File Structure

To make sure that we do not lose data.

Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/
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Storage and File Structure
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Storage and File Structure
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Storage and File Structure

File Storage

Page Layout

Tuple Layout
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Storage and File Structure – File Storage
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Storage and File Structure – File Storage
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Storage and File Structure – File Storage
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Storage and File Structure – File Storage

24
Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Storage and File Structure – File Storage
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Storage and File Structure

File Storage

Page Layout

Tuple Layout
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Storage and File Structure – Page Layout
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Storage and File Structure – Page Layout

Page Size:

Indicates the size of the page (e.g., 4KB, 8KB, 16KB).
Helps DBMS know where one page ends and next begins.

Checksum:

It is a verification value computed from page contents to detect data 
corruption during read/write or storage operation.

DBMS Version:

Information about which database version created/last modified the page to 
ensures compatibility when upgrading DBMS versions. It also prevents older 
DBMS from misinterpreting newer page formats.
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Storage and File Structure – Page Layout

Transaction Visibility:
 
It tracks which transactions can see data on this page if multiple transactions 
are running. This is important for maintaining isolation between different 
transactions. For example, 
Transaction A might be reading data and transaction B might be modifying 
the same data.

Compression Information:

This information indicates if page data is compressed. It also shows which  
compression algorithm is used.
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Storage and File Structure – Page Layout

A Self-Contained Page:
 
A self-contained page is a database page that contains all the information 
needed to interpret its contents independently, without requiring references 
to other pages.

A self-contained page can be read and understood without requiring other 
pages. This page has no dependencies on other pages for basic 
interpretation.



Storage and File Structure – Page Layout
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Storage and File Structure – Page Layout
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Storage and File Structure – Page Layout
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Storage and File Structure

File Storage

Page Layout

Tuple Layout
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Storage and File Structure – Tuple Layout
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Storage and File Structure – Tuple Layout
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Storage and File Structure – Tuple Layout
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Data Storage Models

N-ary Storage Model (NSM)

Vs

Decomposition Storage Model (DSM)
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Data Storage Models

Online Transaction Processing (OLTP)

Vs

Online Analytical Processing (OLAP)
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Online Transaction Processing (OLTP)

Data Storage Models

Simple Queries that read and update a small amount of data that is related to 
a single entity in the database.

This is usually the kind of application that people build first. 

Every time we build a new application: a new website, a new mobile 
application. We are building an OLTP application.

We are getting new information from outside world and injecting it into our 
database.
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Data Storage Models
Online Transaction Processing (OLTP)

We are doing the same operation over and over again. The example is the 
Amazon Store Front. The website we go to buy stuff is an OLTP application.

I am adding stuff to my cart, I am making purchases, I am updating my 
account information.

A lot of customers are updating the data but each customer is updating only a 
small amount of data. A query for a customer is only updating small 
information. 

We are getting new information from outside world and injecting it into our 
database.
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Data Storage Models
Online Transaction Processing (OLTP)

Optimized for transactional superiority instead of data analysis. 

A joint bank account of wife and husband.

Both try to withdraw money at the same time. 

48



Data Storage Models
Online Analytical Processing (OLAP)

Complex queries that read large portions of the database  spanning multiple 
entities. 

You execute these queries on the data you have collected from you OLTP 
applications. 

Its data analysis not just data processing.

A company may compare the sales in January and February with the sales of 
the same months for another store in different location which has a separate 
database.
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Data Storage Models
OLTP vs OLAP

https://thecustomizewindows.com/2021/12/what-is-online-transaction-processing/
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Data Storage Models
OLTP vs OLAP

Hybrid transaction/analytical processing (HTAP) "breaks the wall" 
between transaction processing and analytics.
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Data Storage Models
N-ary Storage Model (NSM)
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Data Storage Models
N-ary Storage Model (NSM)
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N-ary Storage Model (NSM)

54
Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Data Storage Models
N-ary Storage Model (NSM)

55
Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Data Storage Models
N-ary Storage Model (NSM)

56
Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Data Storage Models
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Data Storage Models
N-ary Storage Model (NSM)
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Data Storage Models
N-ary Storage Model (NSM)

The system will also transfer useless data from disk to memory. There is 
no way to do it separately. 
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Data Storage Models
N-ary Storage Model (NSM)
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Data Storage Models
Decomposition Storage Model (DSM)
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Data Storage Models
Decomposition Storage Model (DSM)
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Data Storage Models
Decomposition Storage Model (DSM)
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Data Storage Models
Decomposition Storage Model (DSM)
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Data Storage Models
Decomposition Storage Model (DSM)
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Storage and File Structure
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From slides 71 to end.

Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Storage and File Structure
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Storage and File Structure
Buffer Pool Organization
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Storage and File Structure
Buffer Pool Organization
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Storage and File Structure
Buffer Pool Organization
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The pages in the buffer pool are not in the same order as they are on the disk. 
Page table will take care of the tracking and mapping.

Source: Database Systems, CMU 15-445/645, https://15445.courses.cs.cmu.edu/fall2019/



Storage and File Structure
Buffer Pool Organization
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Dirty flag is a bit that shows whether the page has been 
modified since it has been fetched from desk.
Did some query or transaction made change to it while 
being in memory.



Storage and File Structure
Buffer Pool Organization
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Multiple buffer pools in memory help reduce latch contention and 
improve locality.  

Multiple buffer pools help databases perform better by solving two key 
problems. First, they reduce latch contention - instead of all transactions 
competing for one big buffer pool, transactions are distributed across 
multiple pools, allowing more parallel operations. 

Second, they improve locality by keeping related data together - for 
example, one pool can store index pages while another stores data pages, 
which reduces cache pollution and ensures frequently accessed data stays in 
memory longer. 

This partitioning approach is like having multiple checkout lanes at a store 
instead of one: it reduces waiting time (contention) and you can optimize 
each lane for different purposes (locality), resulting in better overall 
operation.

Storage and File Structure
Buffer Pool Organization



Storage and File Structure
Buffer Pool Optimization
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Storage and File Structure
Buffer Pool Optimization
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Buffer Pool Optimization
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Buffer Pool Optimization
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Storage and File Structure
Buffer Pool Optimization
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Storage and File Structure
Buffer Pool Optimization
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            Thanks 

           Questions/Answers
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