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queries accessing 
the entire rows

queries accessing
some of columns

Software-based solutions: 
multiple copies of data with 

different layouts
→ complexity ↑, less scalable

E.g. H2O (SIGMOD, 2014), HyPer (ICDE , 2011), Peloton (SIGMOD, 2016), OctopusDB (CIDR, 2011)
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UltraScale

Demonstration Scenarios

S1. Overhead of Fetching Data through RME S2. MVCC Updates

S3. Scalability of RME S4. Join Queries

Row size: 64 Bytes

Row size: 512 Bytes, Column size: 4 Bytes

Column size: 4 Bytes

Q2: SELECT A1 , A2 , ... , Ak FROM S;

Q2: SELECT A1 , A2 , ... , Ak FROM S; Q4: SELECT S.A1 , R.A3 FROM S JOIN R ON S.A2 = R.A2;

Q1: SELECT AVG(A1) FROM S;
Without MVCC With MVCC

 Row size: 64 Bytes, Column size: 4 Bytes

RME Cold has virtually the same performance

as RME Hot! With MVCC enabled, RME is always faster than ROW and COL!

RME benefits regardless of the data size 

by offering optimal layout

RME reduces 

data 

movement

 up to 41% 

Ongoing Work

Data Transformation
for ML workloads

Matrix and tensor slicing

Integrating                        
with Real DBMS

Exploring query 
optimization 

DRAM Controller 
Augmentation

Utilizing bank interleaving 
and parallelism

Can we get it 
for free?

base row store

name ID age height weight

Alice 1 10 120 34
Bob 2 71 175 74

Charles 3 37 168 61
David 4 25 179 80

UltraScale+
ZCU102 platform

4GB DDR4 Memory

Zynq UltraScale+ MPSoC
- Quad ARM Cortex A53 + Programmable Logic

SELECT NAME
FROM table

         WHERE weight/height>25;

fake variable 
that is intercepted by RME, 

but CPU thinks it exists

CPU

name height weight
Alice 120 34
Bob 175 74

Charles 168 61
David 179 80

optimal layout

struct column_group {
 string NAME ;
 int height ;
 int weight ;  };

Programmable logic

 ephemeral variable
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on-the-fly data transformation!
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RME gets 
DB geometry

row size, 
row count, 
# columns, 

columns widths, 
column offsets

PS PL

 Core

PS PL

Intercepts CPU-oriented 
memory requests

✔ Transparent data transformation
✔ Optimal layout 

 Core Core

Orchestrates accesses 
to main memory
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Retrieves data from main memory

Read accesses towards 
ephemeral variable Monitors the completion 

of each reorganized cache line
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Bus Width

2 types of applications, 
2 types of systems

Can we have the benefits of both 
with one system?

OLTP vs. OLAP


