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PrefaceThis master-thesis is written after we bothhave passed the seminar about code genera-tion, where we read a lot of papers you will�nd in the bibliography. This seminar wascombined with a project-study and lead us �-nally to a poster-presentation- at SuperCom-puting 1993 (Portland, Oregon, USA), wherewe �nd a lot of interest in our project. Af-ter this unique experience, we got the permis-sion to improve the CVT and graduate on thisproject. After a year of programming, we stillfeel there can be many things improved, butthis masters- thesis must be su�cient for fur-ther research done by other scientists.We'll contribute this master-thesis to:Elana D. Granston, who taught us the ba-sic knowledge of caches in her seminar andproject-study.Olivier Temam,who designed the original planfor the CVT and is the brain behind all thecache design decisions.Harry Wijsho�, who supervised all our coursesand encouraged our enthusiasm in this project.A picture shows me at a glance what ittakes dozens of pages of a book toexpound.Ivan S. Turgenev,Fathers and Sons, 1862Scientific data are often complex,and relationships among theingredients of an experiment canbe difficult to visualize.Graphics provide a superbtool for presenting scientificinformation in a way that caneasily be grasped.F.S. Hill Jr., 1990
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Chapter 1IntroductionThis tool is a cache simulator especiallydeveloped in order to gain insight into un-predictable cache phenomena which cause atrementous performance slow down on highperformance super- computers. Other previ-ous simulators could only unveil bad perfor-mance by indicaters like performance, miss-and hit- ratio. This simulator can not onlyshow global �gures about the performance ofa program, but also visualize the bottle- neckand thus deal with the roots of this prob-lem. The scien- tist is now able to deal withcomplex reference patterns which are hard tounderstand without visualization. With thistool, research can be done to all kind of pro-grams on all kind of cache hierarchies.The CVT supports two kind of software;traces and programs. Traces are made bythe user; a suspicious code can be transla-ted into a trace-�le where program counter,base address and a read or a write are stored.Simulation gives an overall view of perfor-mance of this particular code. Bottle-necksare visualized by the statistics, where pro-gram counters with a high miss-ratio indicatea bad performance. Often, when you look inthe original program of this trace, this pro-gram counter is often used in nested DO-loops.These structures are highly sensitive to inter-ferences and therefor need a closer look. Theuser can translate a suspicious nested DO-loop from the orignal program to the CVT-program format. These programs compiledby the CVT contain only nested DO-loops.These loops can do a lot of iterations and somedata might be used multip- le times. This op-portunity of reuse must be exploited by thecache in order the improve the performance.Though, instead of reuse the data, it can alsobe bumped out of cache before it is reused.Now we're forced to get the data from mem-

ory instead of cache, which is a high pricewe have to pay because we don't exploit thecache which is developed to improve the per-formance. This miss-penalty is high becauseof the enormous development in cpu-speedand relatively slow memory. Misses causedby cross-, self- and capacity-interferences mustthere- for be avoided!Numerical codes are typical examples wherenested-loops and arrays are often used andthus can severely su�er from cross- and self-intereferences. Because of these phenomena,the potential capacity of some supercomput-ers lacks with the �nal performance, whichis crucial for some programs. This tool canbe used to learn about the basic cache be-haviour as well for scienti�c research to unpre-dictable cache phenomena in all kind of di�er-ent hard- and software environments. Next tothe software support, the CVT supports dif-ferent hardware environments. New develop-ments can be tested on this tool. The onlydrawback in this tool is that the visualizationof only one level in a hierarchy is possible ata time. The user will need to slightly changethe simulator and do the simulation for an-other level in this hierarchy. But in fact theuser can simulate any architecture.This CVT is a complete tool and can beused for developping new soft- and/or hard-ware solutions by visualizing the cache be-haviour cristal clear and makes the cache be-haviour more predictable and understandable.This is an improvement to previous simulatorsbecause only global �gures implied a worseperformance, where there was no understand-ing about the cause of the performance slow-down. Now there is a possiblity to see theproblems we'll deal with and solution can bethought of (which can also be tested, of course)The next section is a theoretical chapter5



about caches, where locality is discussed aswell as the problems arising in cache followedby cache policies and set-associativity caches.Chap- ter three is written as a user-manual.Every possibility in the CVT is thoroughly dis-cussed and an additional picture will clearifythe text. Chapter four discusses the knownsoftware techniques to improve the perfor-mance and shows the user how to use the toolin order to detect cache phenomena. Chap-ter �ve will test a few known hardware opti-mazations and compare several hardware hier-archies. Finally chapter six will give our con-clusions about this subject.
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