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Hinfuhrung
zum Cache Mapping




Hinfuhrun
Was ist Cache Mapping?

» L1-Caches sind sehr viel kleiner
» Starkes anwachsen der Datenmengen
» Viele Programme gleichzeitig

Gruppe aus Paderborn mit LEON3

Evolvable Caches: Optimization of Reconfigurable

Cache Mappings for
Multi-Cor

a LEON3/Linux-based
e Processor

Nam Ho, Paul Kaufmann and Marco Platener

Department of Compater Scien

ce. Paderborn University, Germany

Email: mail.uph.de, paul

Abstract—Reconfigurable hardware technology cun help to
improve the performance of processor caches by, for instance,
tailoring and adapting associ block sizes, and

ileom, p ipb.de

and extended the Linux kemmel o handle cache mapping
reconfizurations during task switches. To that end, we show in
the

strategies to a particular application. A fundamentally different
apprwach in wing reconfigurability for betier caches. and topic
of this wark, is cache adaplatian by ptimizing the memory-to-

complete hardware implementation of such a system. Using a
LEON3 multi-core processor runming a standard Linux 05 we
optimize cache mappings for 12 applications from the MiBench
suite with the result that miss rates can be reduced by up to 67%
compared to the comventional cache mapping.

L INTRODUCTION

Conventional aches use a consolidated block of memory
address bits 10 index a cache set. Mathematically, this coere-
sponds 1o the computation of the modulo power-of-2 function.
This mapping scheme is used in conempoeary caches due to
hardwae design simplicity and good performance for sequences
of addresses. Optimizing the cache

at a multi-core processor benefits greatly from
reconfigurable cache mapping functions and that the optimized
cache mapping functions can reduce cache misses by up o
67%

Il. RECONFIGURABLE MAFPING CACHE ARCHITECTURE

A. Cache Organization

The reconfiguesble cache subsystem of the LEON3 proces-
sor s peesented in Fig. 1. It consists of a Physically Indexed
Physically Tagged (PIFT) LI data (L1:D) cache, a Vietwally
Indesed Virtually Tagged (VIVT) LI instruction (L1} cache.
the reconfiguration controller (RC). and the reconfigurable
circuit blocks-

In the original LEON3 implementation the L1:D) eaches
were virtually addressed. The virtual indexes were aligned
among the LI:Db caches of different cores to prevent synonyms
Holding oa to this scheme while using reconfigurable cache

mapping function has been i d previously. P

based [1], [2] and XOR-based [3] mappings have been used to
reduce the number of cache misses. Recently, non-modulo cache
mapping functions have been investigated in GPUs [4], [5].
[6]. There, non-modulo indexing schemes can help achieving
unifoem sceesses o the data cache that is shared by thousands
of threads.

A new eache scheme operating with reconfigurable mapping
functions has been progosed in our previous woek [7]. We
proposed eealizing arbitrarily Boolean functions for computing
the cache index sets by adding small reconfigurable fabrics 1o
the CPU. Fabrics’ configurations are evelved and optimized
by a local search (LS) metsheuristic. The paper evaluated the
appeoach for single-core OS-less system configuration. Mare
recently. more complex cache address translation functions
have been investigated in 8], [9]

T this paper, we are presenting for the first time a fully
working hardware implementation of a processor that is able
o freely redefine its memory-to-cache address functions and
reconfigure them at any point of time. We have extended the
caches and their snooping mechanisms of a Gaisler LEON3
SPARC multi-core architecture, realized universal cache and
hardware event sensors that are incorporating smoothly into
the standard Linux performance measurement infrastructuee

978 1-5386-2656-6/1 7/531.00 © 2017 [EEE

mappings with non-aligned indexes would require larger and
wider buck pointer tables for synomym detection. To aveid this
overhead, we configured the LI'D eaches w be physically
addressed. In such a configuration, the Data Cache (D)
Translation Look-aside Buffer (DTLE) needs to be consulied
on each data access, adding latency to the processor pipeline
(cf. Fig. 1). On the other hand. the implementation of back
pointer tables can be skipped. The integration of reconfigurable
mappings into the LI:D caches is shown at the bottom-right
of Fig. | There are reconfigurable circuit blocks placed in
between the DTLE and the cache memory, and the cache
memary and the memory bus. The first reconfigurable block

maps processor memory requests to cache indexes while the
second reconfigurable block savops for write Fequests on the
memory bus and cheeks, if a loeal cache block needs tn be
invalidated

The L1 cache is read-only and does not need 1o snoop
on the memory bus for write invalidate requests. L 11 virtual
addressing mode can therefore be extended by reconfigurable
cache mappings without any additional measures.

B. Reconfigurable Mapping Circuits

The memory-to-cache address mapping functions are
encoded using the Cartesian Genetie Programming model
(CGP) [10]. CGP is well suited to represent combinational

"
]

FPT 2017

Quelle: [7]
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Hard- und Software
Realisierung des dynamischen Cache
Mappings




Hard- und Software
Der LEON3

« SPARC V8 Architektur
LEON3

« Open Source

« VHDL IEEE 754

7-Stage Floatbn“gi;Polnt

Integer Pipeline

3-Port Register File

« Immer wieder bei Forschungen
verwendet

Co-Processor

'y i T I

Instruction Data Debug

Cache Cache Interface

I'n = I T

Memory Management Power Trace

Unit Down Buffer
AMBA AHB Interface [0 Minimum Configuration
[ optional Blocks

. Co-Processors

Debug
IIF

 Unterstutzt Linux

« Prototypische Implementierung: im0 (oo
« Adressbreite 32-Bit 75 7| Control
« 8KB Datencache
« 4KB Befehlscache

« 50MHz

Quelle: [ZQ1]
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Hard- und Software

Integration der rekonfigurierbaren Hardware

L1:d - ;organized as VIV
i L1:D : organized as PIPT

i RCB : Reconfigurable Circuit Blocks

i RC : Reconfiguration Controller

Fetch -I—D

PIPLINE

Decode —I—[>

CORE

Execute

core's side

coherence's side |

Writeback

............ g index’ | pits n- kbits k bits
- Physical "
tag (new) blk. offset [e- ddress (P A] -------- »| tag (new) |blk. offset }
A - K bits,
R Car T TAG ARRAY h-{ DATA h--eemmmmn
_H tag (new) | v data 2 [ .
: RCB _ : RCB EInterconnectioné
RC (==K==) way_i_ (= =W=2) Network
2= T ==
. i D t N e
MEMORY %, ; DMA it data | invalidate
Quelle: [7]
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Hard- und Software
Cartesion Genetic Programming

» Biologisch inspirierte Methode

« Geeignet fUr neurale Netzwerke,
elektrische Schaltkreise und Computer Rank 0
Programme

» Azyklische gerichtete Graphen

« String von Binar Werten (Genotyp) k2
« 101111001 ..

« Reprasentiert ein Butterfly Netzwerk

Quelle: [15]
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Hard- und Software
Rekonfigurations-/Trainingsprozess

» Rekonfiguration durch zusatzliche Controller

* Ausgangspunkt:
« Zufallige Konfiguration
«  Modulo Konfiguration

* Lernen durch 1+1 Hill Climber
« Beijeder Iteration werden einzelne Bits des Genotyps geandert
« Maximal 3000 Iterationen

« Monitoring:
« PMU selten vorhanden
« Eigene PMU LAsung (siehe Literatur)
« Direktin Hardware

TECHNISCHE Potential dynamisch rekonfigurierbarer Ressourcen beim Cache Mapping
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Benchmark
Ergebnisse und Interpretation
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Benchmark
Evolution der Cache Mapping Konfiguration
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Quelle: [7]

—— Conventional cache =@ - L1:D-random init. =& - Ll:D-modulo init. =4 - LI1:I-random init. = - L1:I-modulo init.

i
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Benchmark
Tabelle

. . . L1:D [%] L1:1 [%]
Application | Init Trn. Test Test Trn. Test Test
Q2 Q2 max Q2 Q2 max
CIPEG rand 325 | 35.16 | 38.20 52| -0.62 6.25
mod 327 2913 | 37.71 12.4 547 | 10.47
DIPEG rand 3.6 3.34 5.38 64.5 | 67.74 | 73.34
mod 34 [ -11.85 -1.06 642 | 67.56 | 72.85
PET rand 3.7 -2.91 11.00 4.64 4.68 5.62
mod 10.08 5.01 9.10 4.03 4.00 5.88
rand -1.8 - -47.34 - -
BZIPZ  od [ 004 097 154 3.16 |6l 333
rand -15.2 - -303.1 - -
CBELSE  Hiod 34 346 | 454 | 2847 | 1648 | 18.66
rand -25.6 - -216.1 - -
DBEISH  —od 65 | 4sa 723 30.7 | 19.64 | 24.42
rand 10.4 -7.89 8.84 -147.9 - -
SUSAN =1 od 38 2250 | 337 [ 2512 | 730 [ 23.00
rand -1.47 - -0.88 - -
LAME mod || 7.68 | <7.07 | -2.69 || 3527 | 2023 | 28.95
SHA rand 5.46 | -20.89 -3.35 || -525.24 - -
mod 17.68 -3.80 -2.65 5124 | 45.10 | 46.74
rand || -33.15 - - 0.35 3.30 3.30
PAIRICIA o (10,66 | 635 650 3.00 | 330 [ 330
rand -0.65 - -5.61 - -
CADECM o ed [ 145 2007 | 0.19 | 23.58 | 1543 [ 19.67
rand 463 | -77.67 | -74.30 -3.87 - -
DA S d 338 304 [ 422 || 1628 | 1222 [19.70
Quelle: [7]
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Benchmark
Diagramme

FFT
L1-1 _—
|

L1-D |

-4% -3% -2% -1% 0% 1% 2% 3% 4% 5% 6%
WA Miss Rate - Random  ®A Miss Rate - Modulo

» Durchschnittliches Ergebnis
. FTT:

« Schnelle Fourier Transformation

» Typisch bei der Verarbeitung Digitaler Signale

TECHNISCHE Potential dynamisch rekonfigurierbarer Ressourcen beim Cache Mapping .
UNIVERSITAT Lehrstuhl fur VLSI-EDA / Mé&dler, Josia Folie 13 DRESDEN v h

DRESDEN Abschlussprasentation Hauptseminar // 21.06.2018 concept g 4



Benchmark

Diagramme
SUSAN
L1-1 I
L1-D _ ——
-25% -20% -15% -10% -5% 0% 5% 10%

B A Miss Rate - Random B A Miss Rate - Modulo

« Schlechtestes L1 - D Ergebnis

« SUSAN:
« Bilderkennungsalgorithmus fur Hirn MRT-Bilder
« Spiegelt gut reale Probleme wieder
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Benchmark
Diagramme

DJPEG

L1-D —-

-20% -10% 0% 10% 20% 30% 40% 50% 60% 70% 80%

B A Miss Rate - Random B A Miss Rate - Modulo

» Bestes Ergebnis

« DJPEG:
« Dekomprimierung von Bildern
« Typisch bei eingebetteten Bildern

{A
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Benchmark
Diagramm - Beste Ergebnisse

SUSAN s
LAME ey —
SHA -—
CADPCM —
BZIP2 F
DIPEG E————mlll -
DADPCM [—
CBFISH |
DBFISH [
FFT ]
PATRICIA B
CJPEG -
-20% -10% 0% 10% 20% 30% 40% 50% 60% 70% 80%
® AMiss Rate L1-I ™ AMiss Rate L1-D
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Bedeutung und Ausblick
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Zusammenfassung
Bedeutung

Verbesserungen der Cache Auslastung

« Datencache geringer als beim Befehlscache:
» Programme fur Datencache optimiert
« Zu grold gewahlter Datencache?

« Befehlscache mit deutlichen Verbesserungen

« Vergleich der Ergebniskonfigurationen
- Ahnlichkeit: eine bessere Konfiguration fur alle

« Unterschiedlich: Einbettung rekonfigurierbarer Hardware vor allem beim
Befehlscache

«  Wechsel von Cache Mapping Konfigurationen im laufenden Betrieb moglich

TECHNISCHE Potential dynamisch rekonfigurierbarer Ressourcen beim Cache Mapping .
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Zusammenfassung
Ausblick

« Offene Punkte der Forschung:
« Einschatzung des Aufwands fur die Integration
« Untersuchung der Ergebniskonfigurationen

« Verwaltung der Wechsel der Cache Mapping Konfigurationen:
» Durch Betriebssystem
* Durch Prozessor
« Durch API far Programmierer
« Kombinationen

* Mehr Verstandnis Uber das Verhalten von Caches in komplexen Systemen
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Fragen?
Danke fur Ihre Aufmerksamkeit!
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