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ADMINISTRIVIA

Project #4 is due Sunday Apr 26th @ 11:59pm
→ Recitation Video + Slides (@299)
→ Special OH on Saturday Apr 25th @ 3:00-5:00pm (GHC 5201).

Homework #6 is due Sunday Apr 26th @ 11:59pm

Final Exam is on Tuesday Apr 28th @ 5:30-8:30pm
→ Study Guide + Practice Exam (@312)
→ Everyone must come to DH 2315 first!

2

https://db.cs.cmu.edu/
https://15445.courses.cs.cmu.edu/spring2026
https://piazza.com/class/mjxpbw9kyzv4mo/post/299
https://piazza.com/class/mjxpbw9kyzv4mo/post/312


CMU DATABASE SYSTEMS (SPRING 2026)

CMU DATABASE SYSTEMS (SPRING 2026)

OFFICE HOURS

Andy:
→ Monday Apr 27th @ 10:00am-11:00am (GHC 9019)
→ Tuesday Apr 28th @ 11:00am-12:00pm (GHC 9019)

Jignesh:
→ Monday Apr 27th @ 3:30pm-4:30pm (GHC 9103)

All other TAs will have their office hours up to and 
including Saturday Apr 25th
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FINAL EXAM

Where: Doherty Hall 2315

When: Tuesday Apr 25th @ 5:30-8:30pm

What to bring:
→ CMU ID
→ Pencil + Eraser (!!!)
→ Calculator (cellphone is okay)
→ One 8.5x11" page of handwritten notes (double-sided)
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STUFF BEFORE MID-TERM

SQL

Buffer Pool Management

Data Structures (Hash Tables, B+Trees)

Storage Models

Query Processing Models

Inter-Query Parallelism

Basic Understanding of BusTub Internals
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JOIN ALGORITHMS

Join Algorithms
→ Naïve Nested Loops 
→ Block Nested Loops
→ Index Nested Loops
→ Sort-Merge 
→ Hash Join: Simple, Partitioned, Hybrid Hash
→ Optimization using Bloom Filters
→ Cost functions 
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QUERY EXECUTION

Execution Models
→ Iterator
→ Materialized
→ Vector / Batch

Plan Processing: Push vs. Pull

Access Methods
→ Sequential Scan and various optimization
→ Index Scan, including multi-index scan
→ Issues with update queries

Expression Evaluation

7

https://db.cs.cmu.edu/
https://15445.courses.cs.cmu.edu/spring2026


CMU DATABASE SYSTEMS (SPRING 2026)

CMU DATABASE SYSTEMS (SPRING 2026)

QUERY EXECUTION

Process Model

Parallel Execution
→ Inter Query Parallelism
→ Intra Query Parallelism: Intra-Operator: horizontal, vertical, 

and bushy
Parallel hash join, Exchange operator

→ Intra Query Parallelism: Inter-Operator, aka. pipelined 
parallelism

IO Parallelism
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QUERY OPTIMIZATION

Heuristics
→ Predicate Pushdown
→ Projection Pushdown

Statistics
→ Cardinality Estimation
→ Histograms

Cost-based search
→ Bottom-up vs. Top-Down
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TRANSACTIONS

ACID

Conflict Serializability:
→ How to check for correctness?
→ How to check for equivalence?

View Serializability
→ Difference with conflict serializability

Isolation Levels / Anomalies
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TRANSACTIONS

Two-Phase Locking
→ Strict 2PL: Txn holds X locks until it commits or aborts. May 

release S locks earlier, during the shrinking phase.
→ Strong Strict 2PL: Txn holds all locks (S and X) until it 

commits or aborts. Also called "Rigorous 2PL".

Cascading Aborts Problem

Deadlock Detection & Prevention

Multiple Granularity Locking
→ Intention Locks
→ Understanding performance trade-offs
→ Lock Escalation (i.e., when is it allowed)
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TRANSACTIONS

Isolation Levels / Anomalies
→ Implementation mechanics to handle anomalies

Optimistic Concurrency Control
→ Read Phase
→ Validation Phase (Backwards vs. Forwards)
→ Write Phase

Multi-Version Concurrency Control
→ Version Storage / Ordering
→ Garbage Collection
→ Index Maintenance
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txnid timestamp status

T1 1 Active

Txn Status Table

begin-ts end-ts value

A0 0 - 123

Schedule
T1 T2

T
IM

E

MVCC WITH 2PL
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BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

-1 456A1 2

-2 789A2

TS(T1)=1

TS(T2)=2

Active2T2

Committed1T1

Now T2 can create the 
new version.

T1 reads version A1 that 
it wrote earlier.

T2 stalls until T1 
commits to acquire 
exclusive lock on A.

Database

Lock Table

obj owner waiting

T2 XT1 XA
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CRASH RECOVERY

Buffer Pool Policies:
→ STEAL vs. NO-STEAL
→ FORCE vs. NO-FORCE

Shadow Paging

Write-Ahead Logging
→ How it relates to buffer pool management
→ Logging Schemes (Physical vs. Logical)
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CRASH RECOVERY

Checkpoints
→ Non-Fuzzy vs. Fuzzy

ARIES Recovery
→ Dirty Page Table (DPT)
→ Active Transaction Table (ATT)
→ Analyze, Redo, Undo phases
→ Log Sequence Numbers
→ CLRs
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DISTRIBUTED DATABASES

System Architectures

Replication Schemes

Partitioning Schemes

Two-Phase Commit

Paxos

Distributed Query Execution

Distributed Join Algorithms
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TOPICS NOT ON EXAM!

Flash Talks

Seminar Talks

Details of specific database systems (e.g., Postgres)
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