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Announcements

Submit project proposal by Oct. 17
– Create a new submission on Hotcrp (https://wisc-cs764-f25.hotcrp.com)

Cover the following aspects (in 1–4 pages) 
– Project name 
– Author list 
– Background and motivation (why important? challenges?) 

– Task plan (what will you do? key contributions?) 
– Timeline 

Recommend ACM format 
– https://www.acm.org/publications/proceedings-template
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Today’s Papers — HTAP
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Outline

Demand of real-time analytics 

HATtrick benchmark 
– Throughput frontier 

– Freshness 

Hermes 
– Off-the-shelf real-time analytics 

– Transactional analytics 

– Evaluation 
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A Brief History of DB

1980s: Relational DBMS + transactions 

1990s: Separation of TP and AP; nightly ETL

2000s: Optimized AP: column store, vectorized

2010s: Real-time analytics. 
– Streaming systems 

– Hybrid Transactional/Analytical Processing (HTAP)
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The Need for Real-Time Analytics

Analytical queries depend on fresh transactional data available in 
real-time

Critical applications that demand timely insights
– Fraud detection, IoT analytics, interactive dashboards, healthcare, and 

cluster monitoring

Stale data risks poor decisions, delays, and lost opportunities 
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Motivation

Hybrid Transactional Analytical Processing (HTAP) is active research 
area with a flurry of papers.

– Single system for TP and AP

– Separate TP and AP systems

No definition of a good HTAP system

Difficult to characterize and compare
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Throughput Frontier Metric
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Input: (τ, α) pairs
– τ transactional-clients

– α analytical-clients

Output: hybrid throughput (xτ , xα)

Sample all possible (τ, α) mixes 

Map hybrid throughputs to 2D space

Max hybrid throughput values → throughput frontier



Throughput Frontier—Measure in Practice
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Sampling Method Saturation Method

Throughput frontier: Maximum hybrid throughput across TP and AP 
engines

– Fixed-T lines: Fix the # of T clients and increase the # of A clients.
– Fixed-A lines: Fix the # of A clients and increase the # of T clients.



Patterns of Throughput Frontier
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---- Proportional line     ---- Bounding box            Throughput frontier  



Patterns of Throughput Frontier
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---- Proportional line     ---- Bounding box            Throughput frontier  

Pattern #1: Close to the proportional line

• Linear dependence between transactions and analytics

• Transactions and analytics share resources



Patterns of Throughput Frontier
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---- Proportional line     ---- Bounding box            Throughput frontier  

Pattern #2: Above the proportional line, close to the bounding box

• Independence between transactions and analytics

• Good performance isolation 



Patterns of Throughput Frontier
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---- Proportional line     ---- Bounding box            Throughput frontier  

Pattern #3:  Below the proportional line, close to the axes

• Interference between transactions and analytics

• Contention for resources



Patterns of Throughput Frontier
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---- Proportional line     ---- Bounding box            Throughput frontier  
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Freshness Metric
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Is the analytical query reading from a fresh snapshot? 

Need a metric to capture recency of the query snapshot 

→ freshness Metric 



Freshness Metric
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𝑓𝐴𝑞
=  𝑚𝑎𝑥(0, 𝑡𝐴𝑞

𝑠  − 𝑡𝐴𝑞

𝑓𝑛𝑠
)

𝑡𝐴𝑞

𝑠 : start time of analytical query 𝐴𝑞 

𝑡𝐴𝑞

𝑓𝑛𝑠
: commit time of the first transaction not seen by 𝐴𝑞 



HATtrick Benchmark

Hybrid benchmark
– Analytical component: Star-Schema benchmark (SSB)

– Transactional component: adapted version of TPC-C benchmark

Practical and efficient ways to measure throughput frontier 

Slightly modified schema to measure freshness
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A Comparison Across HTAP Systems

There is still room for improving current HTAP systems
– Higher freshness for isolated designs

– Better performance isolation between T and A workloads 21
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Limitations of Current HTAP Solutions

Poor plug-and-play integration with existing TP and AP engines

Costly and time-consuming migrations

Not optimized for Transactional Analytics workloads
– Transactional and analytical logic execute in a single ACID transaction
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Hermes: Off-the-Shelf Real-Time Analytics

Hermes aims to address current HTAP limitations 
– A system layer between the existing engines and the storage

– Support for pluggable engines

– Efficient execution of transactional analytics with correct isolation level
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Separate TP/AP Engines
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• TP engine handles 
transactions

• AP engine serves 
analytical queries  

• Data storage is 
decoupled 



Hermes Architecture
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• A layer between engines 
and storage

• Leverages existing 
engines and storage 

• No changes to existing 
engines 



Hermes Architecture
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Log Cache:  in-memory log 

DeltaPump:  log parsing

Memory Delta Cache:  in-memory 

parsed log

ForeGround Merge (FGM):  

merge of log with analytical reads 

BackGround Merge (BGM):   

async merge of log into stable data



Hermes Architecture
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Transactional Analytics 

Integrate transactional and analytical operations into a single 
workflow

– Execute complex analytical queries within transactional context

– Enable immediate transactional updates based on analytical insights

Simplify application development and enable new application 
scenarios 
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Transactional Analytics Example
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• Insert, Update & Delete statements  are directed to the TP engine 

Transactional Analytics Example
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• Log is both cached and durably persisted 

Transactional Analytics Example
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• Log is both cached and durably persisted 

Transactional Analytics Example
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• Analytical queries are directed to the AP engine 

Transactional Analytics Example
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• AP engine data requests are directed to HERMES

Transactional Analytics Example
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• HERMES requests the  ReadView from TP engine (list of visible transactions)

• In parallel, HERMES fetches log tail & stable data

Transactional Analytics Example
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• HERMES waits for the ReadView to arrive before initiating merging process

Transactional Analytics Example
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• Using ReadView HERMES decides which log entries to merge with stable data

Transactional Analytics Example
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• HERMES merges stable data with the  correct data from the log

Transactional Analytics Example
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• The fresh stable data are returned to the AP engine  to continue the rest of query plan

Transactional Analytics Example
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• After execution results are returned to the application

Transactional Analytics Example
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• Insert, Update & Delete statements  are directed to the TP engine 

Transactional Analytics Example
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• Log is both cached and durably persisted 

Transactional Analytics Example
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• Log is both cached and durably persisted 

Transactional Analytics Example
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Transactional Analytics Example
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Hermes Evaluation

Engine selection for HERMES:
– TP engine: MySQL 

– AP engine: DuckDB

Workload: TAW: Transactional Analytics workload 

Hardware setup:
– HERMES layer: c5.9xlarge, MySQL: c5.4xlarge, DuckDB: c5.4xlarge

– TiDB: 12 x c5.4xlarge (recommended configuration)

– MySQL: c5.12xlarge
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TP- and AP-Only Workloads

Hermes incurs minimal overhead for TP- and AP-only workloads
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HATtrick Benchmark

• Hermes achieves near-
perfect isolation between 
TP and AP workloads

• Hermes is competitive in 
terms of operations per 
dollar 
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TAW Benchmark

TAW= Transactional Analytics 
workload 

Hermes has great throughput 
frontier compared to baselines
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HTAP – Q/A 

Read consistency with multiple concurrent updates?

Very large log tails? 

Schema changes or schema mismatches? 

What about command logging? 

What if Hermes layer fails? Recover log cache, M-Delta cache?

Hermes integrates multiple AP/TP systems simultaneously?
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Next Lecture

Xinjing Zhou, et al., Two is Better Than One: The Case for 2-Tree for 

Skewed Data Sets. CIDR 2023
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