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MOTIVATION

« Data movement is the bottleneck1l

 Optimal layout reduces data movement

o Row store
o Column Store

o Hybrid-Transactional Analytical Processing
(HTAP)
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« Data movement is the bottleneck?
« Optimal layout reduces data movement { Data Duplication }

o Row store

o Column Store

o Hybrid-Transactional Analytical Processing
(HTAP)

* Code complexity

{ HTAP Issue #2 }




RELATIONAL MEMORY ENGINE (RME)?

* Implements on-the-fly data
transformation

 Benefits of HTAP but with single
data layout
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ON-THE-FLY DATA TRANSFORMATION

 Always present optimal layout to CPU

. Physical
e Avoid useless data movement Meﬁlc::r?(

* Achieve ideal locality
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RELATIONAL MEMORY ENGINE

PS : PL Relational Memory Engine =
@: | Fetch Unit @ |
p—t—p  Requestor =3 Packer <  Column >
! Extractor
| ® 2
. N 1@ @ g
y l ®: @ _ > DatasPM
M Trapyer «—> Monitor @
} ' <«—>» Bypass 4 matadata
Core L , @. @ <«—> SPM
'
J '



RELATIONAL MEMORY ENGINE

e Limitations:

o PS-PL FPGA Platform?
o Fixed 100MHz frequency g:PLr S T 2 2
: ' (8) | Fetch unit
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OUR WORK

Re-implement and improve RME in Chisel® HDL

Integrate into RISC-V SoC and FireSim? infrastructure CHSeW

Perform micro-architectural exploration

Validate data transformation paradigm O FireSim



e Port from AXI -> TileLink

* Architectural improvements

; Relational Memory Engine
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Relational Memory Engine

Improvements: ] e ® ® ® 2]
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o Removal of large SPMs e © |2
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Control Unit
Col Extractor
Packer el

o Out-of-order transaction handling

o Simplified control flow
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Relational Memory Engine

Fetch Units
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o Out-of-order transaction handling

Control Unit
Col Extractor
Packer el

o Simplified control flow
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Relational Memory Engine

Fetch Units

* Improvements: — '@ S 0 ® |
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o Out-of-order transaction handling
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o Simplified control flow

o Removal of large SPMs e | O 'S
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MICRO-ARCHITECTURAL EXPLORATION

* What is impact of pre-fetching?
* What is impact of out-of-order core?

* What is impact of RME clock speed?

Table 1: Expanding RME evaluation setup.

Setup Details

RME [23] In-order core 1.5 GHz w/ prefetcher,
RME @ 100MHz

Design 1  In-order core 1.0 GHz (w/ prefetcher, w/o prefetcher),
RME @ 1 GHz

Design 2 Out-of-order core 1.0 GHz (w/ prefetcher, w/o prefetcher),
RME @ 1 GHz

Design 3  In-order core 1.0 GHz w/ prefetcher,

RME @ (1000, 500, 250, 167, 142, 125, 111, 100) MHz
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PLATFORM

Table 2: Evaluation platform specifications

Component

Specifications

In-Order Core
Out-of-Order Core

Shared L2 Cache
Main Memory
Prefetcher
RME Parameters
Operating System

Rocket, 1GHz,

L1: 16K(I)/16K(D) (4-Way)

BOOM, 1GHz, 2-wide, ROB: 64, LSQ: 16/16,
L1: 16K(I)/16K(D) (4-Way), 6 MSHRs

1MB (16-way), 1 Bank

4GB DDR3 1066 MHz, 1 Rank, 8 Banks

L1 4-Ahead Multi Next Line

16 Fetch Units

Buildroot Linux v6.2.0
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WORKLOAD

° |n-mem0ry database Listing 1: Evaluated Database Queries
. . Q@: SELECT A1, A2, A3 FROM §;
° le row size to 64 bytes Q1: SELECT A1, A2, ..., Ak FROM §S;
Columns
* QO and Q1 maximally stress
the RME, best exhibit data
transformation
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EXP 1: EFFECT OF PREFETCHING
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EXP 1: TAKEAWAYS

 Trends confirm results seen in original RME paper

o Outperform both row & column store

 Prefetchers hide latency of RME
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EXP 2: EFFECT OF OUT-OF-ORDER CORE

3.5 3.5
0 Ml me [ col —— row Bl me Bl col —_— OW
£ 301 £3.01
o5 Fas
: s
%20 X 9 ()
W “ o 2.
315 9151
N N
™ T

1.0 1.0
£ -
305 205

A7 0.0
0.0 1 i 3 4 5 § 7 8 G 10 11 1 2 3 4 5 6 7 8 g 10 11
# Projected Columns # Projected Columns
Out-of-order In-order

20



EXP 2: EFFECT OF OUT-OF-ORDER CORE
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EXP 2: TAKEAWAYS

 Qut-of-order core can extract more performance

o 11 col projection
o 0.75x out-of-order, 0.89x in-order vs. normalized row-store

* Synergistic effect
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EXP 3: EFFECT OF CLOCK SPEED

25 B 1000 MHz 71 250 MHz L4 142 MHz ElE 111 MHz
Q EAA 500 MHz BEEE 167 MHz 1 125 MHz B 100 MHz
£50
-

g
w 1.51
L
o
N 1.0
I
z
£ 0.5-
>

Q
o

1 2 3 4 5 6 7 8 9 10 11
# Projected Columns

23



EXP 3: EFFECT OF CLOCK SPEED

25 B 1000 MHz 71 250 MHz L4 142 MHz ElE 111 MHz
Q EAA 500 MHz BEEE 167 MHz 1 125 MHz B 100 MHz
£50
-

g
w 1.51
L
o
N 1.0
I
z
£ 0.5-
>

Q
o

1 2 3 4 5 6 7 8 9 10 11
# Projected Columns

24



EXP 3: EFFECT OF CLOCK SPEED
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EXP 3: TAKEAWAYS

 Prefetching can hide a significant amount of latency

e Critical threshold when latency cannot be hidden

* Clock speed limitation (100 MHz) of PS-PL system could have
decreased performance
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Contributions

o Re-implemented and improved RME

o Validated on-the-fly data transformation on wide range of platform
o Micro-architectural exploration and performance analysis
Findings

o Pre-fetching is able to hide RME latency

o Higher performance core acts synergistically with RME
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