2:23 PM

1 of 19

AModifiedAp proacht oData

CacheManagement

GaryTyson

Matthew Farrens

John Matthews

Andr ew Pl es zk un

2:23 PM

2 of 19

Motivation

Most cache misses are caused by a few load instructions

Current cache designs have simple allocation policies

Allocate oncache miss(Read Miss)

Improved allocation c an improve performance

2:23 PM

3 of 19

Proposal

Target cache allocation to only those loadsthatdemonstrate locality

Cacheable/Non-Allocatable (CNA)

Static analysis

Dynamican alysis

Optimize for bandw idth

2:23 PM

4 of 19

OutlineofPresentation

Previous w ork

Cache behavior

Modified allocation me thods

Conclusions and future w ork

2:23 PM

5 of 19

PreviousRelated Work

Softw are prefetch schemes

Abraham, et.al. [1993]

Hardw are prefetch schemes

Chen andBear [1995]

Streaming buffers

Jouppi [1990]

2:23 PM

6 of 19

CacheHitRates

Hit Rate for Load Instructions

Poor Moderate High

0

5

10

15

20

25 Percent of T otal Cache Misses

Target instructions w ith poor cache hit rate (show n in red).

2:23 PM

7 of 19

AlocationStrategy

How many instructions must be targeted?

Veryfe w (approx. 1% of load instru cti ons)

How can these instructions be identified?

Based onprevious cache hit behavior

2:23 PM

8 of 19

StaticCacheAllocationPolicy

Compiler Selection of Cac he

Allocation Policy

Require sinstruction se tsupport

Require sprofile information

Determine w hich load instructions have poor cache performance

Don´t Allocate i f pasthi trate ispoor

2:23 PM

9 of 19

EffectonBandw idth

Reference Category

C/NA Inc N C Dec

B a n d w i d t h

0

50

100

150 Original

After C/NA

30% decrease in bandw idth

Significant increase in cache misses

2:23 PM

10 of 19

ImprovingStaticAnalysis

Reduce number of C/NA loads

Some l oadswith poorhit rate p erform a useful allocation forothe rinstructions

Modify static analysis to inc lude the usefulness of the load

2:23 PM

11 of 19

EffectonBandw idth

Reference Category

C/NA Inc N C Dec

B a n d w i d t h

0

20

40

60

80 Original

After C/NA

30% decrease in bandw idth

Almost no change in hit rate

2:23 PM

12 of 19

DynamicApproachtoC/NA

Cacheabl e C/NA

Miss

Hit Hit Hit

Miss Miss

Use branch prediction techniques

2-bit history table w ith 3 cac heable states and 1 C/NA state

2:23 PM

13 of 19

EffectonBandw idth

Reference Category

C/NA Increased No Change Decreased

B a n d w i d t h

0

50

100

150 Original

After C/NA

Similar characteristics to static

2:23 PM

14 of 19

ImprovingtheDynamicScheme

Cache Table

Allow cache hits on a line to decrement the 2-bit counter

2:24 PM

15 of 19

EffectonBandw idth

Reference Category

C/NA Increased No Change Decreased

B a n d w i d t h

0

20

40

60

80

100

Original

After C/NA

20% reduction in bandw idth

NoISAchangeor profilingrequired

2:24 PM

16 of 19

Conclusions

Branch prediction techniques can

(and should) be applied to memory operations

Selective allocation can improve memory system performance

These techniquescanbeappliedtoa large set of problems

2:24 PM

17 of 19

FutureWork

Allocation for multi-level caches

Datamovementincacheconsistency schemes for sharedmemor y systems dynamicallyswitchbetween writeupd ateand write invalidate sch emes

Selective cache prefetching

Target cache hit rate

2:24 PM

18 of 19

OptimizingforHitRate

Can w e optimize for hit rate?

Yes(20 % improvement for8K direct mapped cache)

Why?

Reduced contention forcache lines

Transient addressesdo n´teffect working set

2:24 PM

19 of 19

Questions?

Ga ryT ys o n t ys o n@ c s . u c r. ed u ht t p: / / c s . uc r. ed u/ ~t ys on / t ec h/ 8- 95

2:23 PM

1 of 19

AModifiedAp proacht oData

CacheManagement

GaryTyson

Matthew Farrens

John Matthews

Andr ew Pl es zk un

2:23 PM

2 of 19

Motivation

Most cache misses are caused by a few load instructions

Current cache designs have simple allocation policies

Allocate oncache miss(Read Miss)

Improved allocation c an improve performance

2:23 PM

3 of 19

Proposal

Target cache allocation to only those loadsthatdemonstrate locality

Cacheable/Non-Allocatable (CNA)

Static analysis

Dynamican alysis

Optimize for bandw idth

2:23 PM

4 of 19

OutlineofPresentation

Previous w ork

Cache behavior

Modified allocation me thods

Conclusions and future w ork

2:23 PM

5 of 19

PreviousRelated Work

Softw are prefetch schemes

Abraham, et.al. [1993]

Hardw are prefetch schemes

Chen andBear [1995]

Streaming buffers

Jouppi [1990]

2:23 PM

6 of 19

CacheHitRates

Hit Rate for Load Instructions

Poor Moderate High

0

5

10

15

20

25 Percent of T otal Cache Misses

Target instructions w ith poor cache hit rate (show n in red).

2:23 PM

7 of 19

AlocationStrategy

How many instructions must be targeted?

Veryfe w (approx. 1% of load instru cti ons)

How can these instructions be identified?

Based onprevious cache hit behavior

2:23 PM

8 of 19

StaticCacheAllocationPolicy

Compiler Selection of Cac he

Allocation Policy

Require sinstruction se tsupport

Require sprofile information

Determine w hich load instructions have poor cache performance

Don´t Allocate i f pasthi trate ispoor

2:23 PM

9 of 19

EffectonBandw idth

Reference Category

C/NA Inc N C Dec

B a n d w i d t h

0

50

100

150 Original

After C/NA

30% decrease in bandw idth

Significant increase in cache misses

2:23 PM

10 of 19

ImprovingStaticAnalysis

Reduce number of C/NA loads

Some l oadswith poorhit rate p erform a useful allocation forothe rinstructions

Modify static analysis to inc lude the usefulness of the load

2:23 PM

11 of 19

EffectonBandw idth

Reference Category

C/NA Inc N C Dec

B a n d w i d t h

0

20

40

60

80 Original

After C/NA

30% decrease in bandw idth

Almost no change in hit rate

2:23 PM

12 of 19

DynamicApproachtoC/NA

Cacheabl e C/NA

Miss

Hit Hit Hit

Miss Miss

Use branch prediction techniques

2-bit history table w ith 3 cac heable states and 1 C/NA state

2:23 PM

13 of 19

EffectonBandw idth

Reference Category

C/NA Increased No Change Decreased

B a n d w i d t h

0

50

100

150 Original

After C/NA

Similar characteristics to static

2:23 PM

14 of 19

ImprovingtheDynamicScheme

Cache Table

Allow cache hits on a line to decrement the 2-bit counter

2:24 PM

15 of 19

EffectonBandw idth

Reference Category

C/NA Increased No Change Decreased

B a n d w i d t h

0

20

40

60

80

100

Original

After C/NA

20% reduction in bandw idth

NoISAchangeor profilingrequired

2:24 PM

16 of 19

Conclusions

Branch prediction techniques can

(and should) be applied to memory operations

Selective allocation can improve memory system performance

These techniquescanbeappliedtoa large set of problems

2:24 PM

17 of 19

FutureWork

Allocation for multi-level caches

Datamovementincacheconsistency schemes for sharedmemor y systems dynamicallyswitchbetween writeupd ateand write invalidate sch emes

Selective cache prefetching

Target cache hit rate

2:24 PM

18 of 19

OptimizingforHitRate

Can w e optimize for hit rate?

Yes(20 % improvement for8K direct mapped cache)

Why?

Reduced contention forcache lines

Transient addressesdo n´teffect working set

2:24 PM

19 of 19

Questions?

Ga ryT ys o n t ys o n@ c s . u c r. ed u ht t p: / / c s . uc r. ed u/ ~t ys on / t ec h/ 8- 95