Evolutionary Compilation to Long Instruction Superscalar Microarchitectures for Exploiting ParallelismAt All Levels

T homas M. Conte

Department o f Electrical and Co mp uter Engineering

North Carolina State University conte@ncsu.edu, http:// www. ece.ncsu.edu/tinker

The proble m

Independence between tasks occurs at a wide range of distances. Exploiting it is relativelyeasywhen all run-time behavior is entirelypredictable. T he run time behavior includes (1) branch direction and target location , (2) load latencies (cache hit/miss) , and (3) memory dependencies. Consider the canonical solutio ns today, sho wn in T able 1.

Table 1: Exploiting parallelism today

Time Distance Predictability solutions

At co mpile time One source file Profiling, static estimates, static memor ydisambiguation

At instructio n fetch time

Size of hard ware windo w Branch prediction hard ware, dependence prediction

VLIW seeks to perfor mall prediction before run-time, if possible. Superscalar hopes it can get reaso nable perfor mance even if the co mpiler disappears. Let’s assume the solutio n includes d ynamic scheduling hard ware (superscalar), but with explicit parallelism expressed in the ISA (i.e., an EPIC ISA). T he compiler ’s predictions via profiling are input dependent, and are assumed to hold true for the entire life of the program. Co mmo n sense tells us that programs are used differentlyeven b ythe same user (say as the user transitio ns to a "power user"). T he hard ware predictions are ver yaccurate, but the potential parallelism exploited b ythemis limited to a small distance (the size o f the hard ware windo w). So the co mp iler has the right scope (large), but poor prediction. T he hardware has great prediction, but terrible scope. T here has been a war raging between the two approaches. Instead of warring, it is temp ting to tr yto combine the two. I propose that we add so me levels to the current, rather stunted hierarchyo f parallelism exploitatio n.

Our suggestion

Consider T able 1 again. What other times does the machine handle code? T he answers and their associated levels are sho wn in T able 2.

Table 2: So me new times to exploit parallelism.

Time Distance Predictability solutions

At co mpile time One source file Profiling, static estimates, static memor ydisambiguation

At progra mexit Entire executable Recent profile data from current run

At page faults Size of a page Recent profile data fromlast run

At Icache misses Size of a miss repair fetch unit Recent profile data fromlast replacement

At instructio n fetch

Size of hard ware windo w Branch prediction hard ware, dependence prediction

A programcan no w evolve its code over time based on the mo st recent past behavior of branches, loads and memor y dependencies. (T here is actuallyanother level, resched uling code while it remains dor mant between executions˙

`flossing´ the executable, if you will.) A keychallenge is the collection of profiles all the time. T hat implies it shouldn´t impact perfor mance at all. T his rules out software profiling. We introduced techniq ues to allowbranch predictors [1] or performance mo nitors [2],[3] to collect profile data in real time in hard ware, witho ut significant overhead. T hese hard ware buffer s are actually perfor ming prediction of events, just like branch and memor y dependence predictors. But theyare predicting events for future r uns of the code, rather than current runs. T his addresses the problemof the user beco ming a "power user". The system can no wreact to changes in the co mp iler ’s assumptio ns and re-co mpile the affected code.

Ho wcan parallelismbe extracted at page fault time? T echniques such as DAISY [4] have demo nstrated it is possible to convert fro m Java to sched uled VLIW code at page fault time. Sumedh Sathaye looked at techniques to reschedule

VLIW instructio ns at page fault time for code compatibility[5],[6] and for performance [6].

Ho wcan parallelismbe extracted at Icache miss time? Nair and Hopkins [7] suggested a techniq ue they called DIF.

We proposed a hardware technique that is similar in spirit but different in implementation called miss path scheduling

[8]. T hese are just earlystudies, and more work needs to be done here.

The architecture of an evolutionary processor

What does this mean for architecture? One view is that the co mpiler will dissolve into the operating system(i.e., pagefault-time or program-exit-time scheduling) and the memor yhierarchy (i.e., page-fault-time or miss-path scheduling).

T he microarchitecture needs new profiling hard ware to record events for the future. It may need new structures to allo wthe co mpilatio n to proceed with minimal overhead. Further more, the ISA sho uld contain as many hints to the microarchitecture as possible, whereas the microarchitecture should exploit d ynamic parallelism as much as possible.

T o introduce a newb uzzword, let´s call this a Long Instruction Super-Scalar architecture ( LISS ). Open questions include: (1) If code is being rescheduled, does the instructio n set for mat have to remain rigid ( what is an ISA for)? (2)

What does this mean for code compatibility? (3) Can the OS or hard ware do more than just reschedule code (i.e., code transfor matio ns as in [9])? (4) Can users ever trust such a system to not introduce new bugs into their code? (As for the last question-- we wisely didn’t tell users about the co mplexity o f speculative superscalar microarchitectures.)

References

[1] T . M. Conte, B. A. Patel, and J. S. Cox, "Using branch handling hard ware to support profile-driven optimizatio n, ’’ in Proc. 27th Annual International Symposium on Microarchitecture , (San Jose, CA), Dec. 1994.

[2] T . M. Conte, K. N. Menezes and M. A. Hirsch, "Accurate and practical profile-driven co mpilatio n using the profile buffer," in Proc. the 29th Annual International Symposium on Microarchitecture , (Paris, France), Nov. 1996.

[3] K. N. P. Menezes, "Hardware-based profiling for programoptimization," Ph.D. thesis, Department of Electrical and Co mp uter Engineering, North Carolina State University, Raleigh, North Carolina, 1997.

[4] Eric Altman and Kemal Ebcioglu, "DAISY: Dynamic compilation for 100 architectural co mpatibility," Proc. 24th

International Symposium on Computer Architecture , (Denver, CO), June, 1997.

[5] T . M. Conte and S. W. Sathaye, "Dynamic resched uling: A technique for object code compatibilityin VLIW architectures," in Proc. 28th Annual International Symposium on Microarchitecture , (Ann Arbor, MI), Nov. 1995.

[6] S. W. Sathaye, "Evolutio naryco mpilation for code compatibilityand perfor mance," Ph.D. thesis, Department of

Electrical and Co mp uter Engineering, North Carolina State University, Raleigh, North Carolina, 1998.

[7] R. Nair and M. E. Hopkins, " Exploting instruction level parallelism in processors b ycaching scheduled groups,"

Proc. 24th International Symposium on Computer Architecture , (Denver, CO), June, 1997.

[8] S. Banerjia, S. W. Sathaye, K. N. Menezes and T . M. Conte, "MPS: Miss path scheduling for multiple-issue processors," IEEE Transactions on Computers (to appear) , 1998.

[9] J. Auslander, M. Philipose, C. Chambers, S. J. Eggers, and B. N. Bershad "Fast, Effective Dynamic Co mpilation",

Proc. SIGPLAN Conf. On Programming Languages Design and I mplementation, June 1996.