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#ACHE

❚ 3MALL�AMOUNT�OF�FAST�MEMORY

❚ 3ITS�BETWEEN�NORMAL�MAIN�MEMORY�AND�#05

❚ -AY�BE�LOCATED�ON�#05�CHIP�OR�MODULE

#ACHE�OPERATION�
�OVERVIEW

❚ #05�REQUESTS�CONTENTS�OF�MEMORY�LOCATION

❚ #HECK�CACHE�FOR�THIS�DATA

❚ )F�PRESENT��GET�FROM�CACHE��FAST	

❚ )F�NOT�PRESENT��READ�REQUIRED�BLOCK�FROM�MAIN
MEMORY�TO�CACHE

❚ 4HEN�DELIVER�FROM�CACHE�TO�#05

❚ #ACHE�INCLUDES�TAGS�TO�IDENTIFY�WHICH�BLOCK�OF

MAIN�MEMORY�IS�IN�EACH�CACHE�SLOT

#ACHE�$ESIGN

❚ 3IZE

❚ -APPING�&UNCTION

❚ 2EPLACEMENT�!LGORITHM

❚ 7RITE�0OLICY

❚ "LOCK�3IZE

❚ .UMBER�OF�#ACHES
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7RITE�0OLICY

❚ -UST�NOT�OVERWRITE�A�CACHE�BLOCK�UNLESS�MAIN
MEMORY�IS�UP�TO�DATE

❚ -ULTIPLE�#05S�MAY�HAVE�INDIVIDUAL�CACHES

❚ )�/�MAY�ADDRESS�MAIN�MEMORY�DIRECTLY

7RITE�THROUGH

❚ !LL�WRITES�GO�TO�MAIN�MEMORY�AS�WELL�AS�CACHE

❚ -ULTIPLE�#05S�CAN�MONITOR�MAIN�MEMORY�TRAFFIC
TO�KEEP�LOCAL��TO�#05	�CACHE�UP�TO�DATE

❚ ,OTS�OF�TRAFFIC

❚ 3LOWS�DOWN�WRITES

❚ 2EMEMBER�BOGUS�WRITE�THROUGH�CACHES�

7RITE�BACK

❚ 5PDATES�INITIALLY�MADE�IN�CACHE�ONLY

❚ 5PDATE�BIT�FOR�CACHE�SLOT�IS�SET�WHEN�UPDATE
OCCURS

❚ )F�BLOCK�IS�TO�BE�REPLACED��WRITE�TO�MAIN�MEMORY

ONLY�IF�UPDATE�BIT�IS�SET

❚ /THER�CACHES�GET�OUT�OF�SYNC

❚ )�/�MUST�ACCESS�MAIN�MEMORY�THROUGH�CACHE

❚ .�"������OF�MEMORY�REFERENCES�ARE�WRITES
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#ACHE�#OHERENCE�AND

-%3)�0ROTOCOL

❚ 0ROBLEM�
�MULTIPLE�COPIES�OF�SAME�DATA�IN
DIFFERENT�CACHES

❚ #AN�RESULT�IN�AN�INCONSISTENT�VIEW�OF�MEMORY

❚ 7RITE�BACK�POLICY�CAN�LEAD�TO�INCONSISTENCY

❚ 7RITE�THROUGH�CAN�ALSO�GIVE�PROBLEMS�UNLESS

CACHES�MONITOR�MEMORY�TRAFFIC

3OFTWARE�3OLUTIONS

❚ #OMPILER�AND�OPERATING�SYSTEM�DEAL�WITH�PROBLEM

❚ /VERHEAD�TRANSFERRED�TO�COMPILE�TIME

❚ $ESIGN�COMPLEXITY�TRANSFERRED�FROM�HARDWARE�TO
SOFTWARE

❚ (OWEVER��SOFTWARE�TENDS�TO�MAKE�CONSERVATIVE�DECISIONS

❙ )NEFFICIENT�CACHE�UTILIZATION

❚ !NALYZE�CODE�TO�DETERMINE�SAFE�PERIODS�FOR�CACHING
SHARED�VARIABLES

(ARDWARE�3OLUTION

❚ #ACHE�COHERENCE�PROTOCOLS

❚ $YNAMIC�RECOGNITION�OF�POTENTIAL�PROBLEMS

❚ 2UN�TIME

❚ -ORE�EFFICIENT�USE�OF�CACHE

❚ 4RANSPARENT�TO�PROGRAMMER

❚ $IRECTORY�PROTOCOLS

❚ 3NOOPY�PROTOCOLS
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$IRECTORY�0ROTOCOLS

❚ #OLLECT�AND�MAINTAIN�INFORMATION�ABOUT�COPIES�OF
DATA�IN�CACHE

❚ $IRECTORY�STORED�IN�MAIN�MEMORY

❚ 2EQUESTS�ARE�CHECKED�AGAINST�DIRECTORY

❚ !PPROPRIATE�TRANSFERS�ARE�PERFORMED

❚ #REATES�CENTRAL�BOTTLENECK

❚ %FFECTIVE�IN�LARGE�SCALE�SYSTEMS�WITH�COMPLEX

INTERCONNECTION�SCHEMES

3NOOPY�0ROTOCOLS

❚ $ISTRIBUTE�CACHE�COHERENCE�RESPONSIBILITY�AMONG
CACHE�CONTROLLERS

❚ #ACHE�RECOGNIZES�THAT�A�LINE�IS�SHARED

❚ 5PDATES�ANNOUNCED�TO�OTHER�CACHES

❚ 3UITED�TO�BUS�BASED�MULTIPROCESSOR

❚ )NCREASES�BUS�TRAFFIC

7RITE�)NVALIDATE

❚ -ULTIPLE�READERS��ONE�WRITER

❚ 7HEN�A�WRITE�IS�REQUIRED��ALL�OTHER�CACHES�OF�THE
LINE�ARE�INVALIDATED

❚ 7RITING�PROCESSOR�THEN�HAS�EXCLUSIVE��CHEAP	
ACCESS�UNTIL�LINE�REQUIRED�BY�ANOTHER�PROCESSOR

❚ 5SED�IN�0ENTIUM�))�AND�0OWER0#�SYSTEMS

❚ 3TATE�OF�EVERY�LINE�IS�MARKED�AS�MODIFIED�
EXCLUSIVE��SHARED�OR�INVALID

❚ -%3)
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7RITE�5PDATE

❚ -ULTIPLE�READERS�AND�WRITERS

❚ 5PDATED�WORD�IS�DISTRIBUTED�TO�ALL�OTHER
PROCESSORS

❚ 3OME�SYSTEMS�USE�AN�ADAPTIVE�MIXTURE�OF�BOTH

SOLUTIONS

-%3)�3TATE�4RANSITION�$IAGRAM


