Exploiting Dead Value Information

To appear in MICRO-30

Milo M. Martin, Amir Roth, and Charles N. Fischer

1997 University of Wisconsin-Madison Architecture Affiliates Meeting October 15, 1997

This document contains the text and graphs from a poster presentation. The pseudo code examples have not been included but are included in the MICRO-30 paper.

Paper available at: http://www.cs.wisc.edu/~milo/micro30.ps

Motivation

• The hard ware does not kno w when a r egister value is dead

• A dead value is no longer needed f or continued corr ect execution

• However, the compiler has inf ormation about futur e register usage

*** An opportunity for compiler/hardware interaction ***

• Communicating this Dead V alue Information (D VI) to the hard ware enables optimizations

Providing DVI

• The information can be pr ovided in tw o ways:

- Explicitly by new instructions - Implicitly by pr ocedur e calling conventions • A bit table is used to track the dead/li ve status of each register • Newlive-load and live-store instructions added f or saves and restores

Register File Size Reduction

• Registers holding dead v alues can be fr eed and used f or register r enaming

• This reduces the size r equir ements of the ph ysical register file • Allows for a higher IPC f or a given register size:

• If the register file is constraining the clock cycle time, reducing the r egister file size can lead to o verall performance gains

• Here we use a r egister file timing model to calculate o verall performance (IPC x clock rate)

Procedure Call Save/Restore Elimination

• Dead registers do not need to be sa ved on pr ocedur e calls or restored on pr ocedur e retur ns • Problem: The compiler does not kno w what r egisters ar e live into a pr ocedur e • Solution: Use dead v alue information to track li veness dynamically

Context Switch Save/Restore Elimination

• Dead values do not need to be sa ved or r estored on context switches or thr ead switches • Register save and r estore time can be significant f or thr ead switches

Results

• Reduces physical register size by 22% • Removes 51% of context switch sa ve and r estores • Eliminates 46% of callee sa ves which r esults in IPC impr ovements of nearly 5%

Conclusions

• Our use of DVI requir es:

+ Only a few new instructions + Well known compiler techniques + Limited additional hard ware structur es

• Our optimizations becomes mor e important as C++ and Java become widespr ead • Open question: What implications do these r esults have for futur e ISAs and calling con ventions