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AbstratValidation is a major task in the proessor design yle. Simulation based val-idation is among the most widely aepted methodologies adopted for veri�ationof large sale industrial designs. Modern simulation based validation attempts toinorporate as muh of formal and semi-formal tehniques in its ambit. In this the-sis, we examine several new approahes to simulation based validation for pipelinedproessors. We address the problem of pipeline validation from the view point ofInstrution Set Arhiteture (ISA) equivalene, Assertion Based Veri�ation andTest Generation, respetively. We address three problems in this thesis.Firstly, we address the problem of validating and debugging a pipeline simula-tor from the spei� perspetive of instrution sheduling. We propose a generalframework that applies to most standard pipeline models. The framework doesnot need any formal spei�ation of the pipeline logi and hene an be readilyintegrated into a simulation and iteration-based arhitetural design spae ex-ploration proess. We propose a onept of semanti equivalene between twosimulations alled D* equivalene whih e�etively aptures the data�ow betweeninstrutions through registers. We then proeed to propose an algorithm whihdeides this equivalene in time polynomial in the number of instrutions exeutedand the number of registers. We implement the algorithm and demonstrate howthe framework failitates fault loation and debugging.Seondly, we propose a spei�ation logi alled Temporally Attributed Boolean(TAB) Logi for Assertion Based Veri�ation whih allows us to: (i) represent as-sertions suintly, (ii) inorporate data-orientation and (iii) assoiate timing todesign intentions. TAB Logi allows us to write spei�ations funtionally linkingsystem variables from di�erent temporal ontexts. We present examples to showthe motivation for this logi espeially in the ontext of high level modeling ofomplex real time systems. We formally de�ne TAB Logi, formulate the prob-lem of veri�ation on a simulation trae and present e�ient algorithms to hekTAB assertions, both o�ine and online. We present results of appliation of TABLogi for Instrution Semantis, Bus Transation and Interrupt mode behaviorVeri�ation of a bus integrated pipelined proessor ore implementation.Finally, we present a direted test generation framework to generate test asesfor miroproessor pipelines targeted towards user de�ned senarios. The frame-work has three important omponents: a language for desription of the userspei� senario, pipeline spei�ation and test generation algorithms. We �rstlyintrodue SDL (Senario Desription Language) whih is de�ned using prediatesand is used for speifying the desired user senarios. We present two approahesfor generating test ases for pipelined proessors whih inlude generation of haz-ard free and hazard based test ases. We present test generation results for threedi�erent on�gurations of DLX pipeline.This thesis advanes the �eld of pipeline veri�ation by allowing the user tovalidate pipelines in the presene as well as absene of detailed pipeline spei�-ation, at various re�nement stages in arhiteture design. The approah basedon ISA equivalene works on the availability of register aesses and does notxv
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xvineed a detailed pipelined spei�ation, whih is often not readily available. Writ-ing assertions on the other hand needs a detailed pipeline spei�ation as theyspeify timing and data-oriented behavior of the instrutions, interrupts and bustransations. Generating the test ases for omplex user de�ned senarios alsorequire the user to be aware of the pipeline arhiteture. We believe that the pro-posed methods ater to spei� veri�ation needs in the design �ow of pipelinedproessors.Keywords: Veri�ation, Pipeline, Equivalene, Simulation, Temporal Logi,Test Generation


