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I. IDENTIFICATION DATA

Thesis title: Branch Prediction with Visualization for RISC-V Educational Simulator
Author’s name: Bc. Jifi Stefan

Type of thesis : master

Faculty/Institute: Faculty of Electrical Engineering (FEE)

Department: Department of Control Engineering

Thesis reviewer: Ing. Pavel PiSa, Ph.D.

Reviewer’s department: Department of Control Engineering

Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment ordinarily
challenging

How demanding was the assigned project?

The QtRvSim is becoming one of the most referenced graphic simulators for the basic level of computer architectures
education (over 400 starts at GitHub, references form universities over the world, from RISC-V International, etc). Its
extension to make it valuable for branch predictor principle teaching and demonstration is the most needed enhancement
for now. The required framework to connect predictor into processor pipeline has been already provided in Jakub Dupak's
work on switch of the simulator to RISC-V ISA.

Fulfilment of assignment flllflllEd With minor
objections

How well does the thesis fulfil the assigned task? Have the primary goals been achieved? Which assigned tasks have been
incompletely covered, and which parts of the thesis are overextended? Justify your answer.

The original task list includes request to provide visual Smith's predictor state automaton graphical visualization to help
understanding of the predictor. The final implementation includes only table/textual widgets to demonstrate the principle.
But internal mechanism as well as chosen visualization is educative and well designed so added value which would be
provided by automaton graphical visualization is not crucial. The BHR (global branch history register) has been
implemented above the goals specified in assignment. The result is fully functional for education in the single-cycle
processor configuration. The proper function in pipelined configuration creates additional problems mainly for BHR based
predictions. The problems has been discussed when the work has been presented the first time but there has not been
time reserve to come with optimal solution. The discussion is ongoing and the student expressed interest to contribute to
solution. Actual code needs minor cleanups even in other/implementation aspects but | believe that it will be included in
mainline and provides valuable teaching aid in the next B35APO computer architectures course cycle at CTU as we as for
already negotiated seminaries for RISC-V International.

Activity and independence when creating final thesis D - satisfactory.

Assess whether the student had a positive approach, whether the time limits were met, whether the conception was
regularly consulted and whether the student was well prepared for the consultations. Assess the student’s ability to work
independently.

I and Jakub Dupaak heve offered our time to familiarize student with the project. Only single meeting has been realized
before start of the second attempt. On the other hand, implementation has been really done in independent manner and
presented short before deadline. There has been identified some problems by both B35APO lecturers (Pavel Pisa and Petr
St&pan) but project structure and student orientation in the code have been on good level and problems have been solved
before final thesis text submission.

Technical level B - very good.
Is the thesis technically sound? How well did the student employ expertise in his/her field of study? Does the student
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explain clearly what he/she has done?
The code is at good quality and needs only minor cleanup for basic mode utilization.

Formal level and language level, scope of thesis B - very good.

Are formalisms and notations used properly? Is the thesis organized in a logical way? Is the thesis sufficiently extensive? Is
the thesis well-presented? Is the language clear and understandable? Is the English satisfactory?

The thesis structure is logical, contains analysis, description of the predictors principles, references to similar educational
simulators, provides basic manual for use. All key points are included but some of them show lack of remaining time for
more detailed description.

Selection of sources, citation correctness B - very good.

Does the thesis make adequate reference to earlier work on the topic? Was the selection of sources adequate? Is the
student’s original work clearly distinguished from earlier work in the field? Do the bibliographic citations meet the
standards?

The list of references is relatively short but the citation practice is correct.

Additional commentary and evaluation (optional)

Comment on the overall quality of the thesis, its novelty and its impact on the field, its strengths and weaknesses, the
utility of the solution that is presented, the theoretical/formal level, the student’s skillfulness, etc.

I have question/plea to student to prepare slide(s) for followup discussion about possible solution of problems with BHR
use in PC computation stage but its update in memory stage. Modern CPUs usually solve problem by pre-decoding
instruction during their load into L1 cache to know which are branch and jump instructions in the fetch stage. They add
trace cache as well. But this solution is not aligned with simple approach presented in introductory lectures. Solution
which limits missing classification of branches during fetch should be solved probably by suboptimal mechanism which
limits only to single incorrect/missing BHR update when the instruction is found the first time.

I1l. OVERALL EVALUATION, QUESTIONS FOR THE PRESENTATION AND DEFENSE OF THE THESIS, SUGGESTED
GRADE
Summarize your opinion on the thesis and explain your final grading.

| propose to grade the thesis as it is submitted as C - good. On the other hand student has implemented valuable
work and when he defends its quality during presentation, | have no objections against better final grade.

Date: 10.6.2024 Signature:
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I. IDENTIFIKACNi UDAJE

Nazev prace: Navrh a vizualizace prediktoru skokd pro vyukovy RISC-V simulator
Jméno autora: Bc. Stefan Jii

Typ prace: diplomova

Fakulta/ustav: Fakulta elektrotechnicka (FEL)

Katedra/ustav: Katedra fidici techniky

Oponent prace: Ing. Karel Koci

Pracovisté oponenta prace: Elektroline a.s.

Il. HODNOCENIi JEDNOTLIVYCH KRITERIi

Zadani primérné narocné
Hodnoceni ndroc¢nosti zaddni zavérecné prdce.
Implementace prediktor(i nepovazuji za naro¢nou. Jedna se o znamé algoritmy, které jsou predstaveny v pfedmétu

vvvvvv

hodnotim zadani jako primérné narocné.

Spinéni zadani splnéno

Posudte, zda predloZend zdveérecna prdce splriuje zadani. V komentdri pfipadné uvedte body zaddni, které nebyly zcela
splnény, nebo zda je prdce oproti zaddni rozsifena. Nebylo-li zaddni zcela spIinéno, pokuste se posoudit zdvazZnost, dopady a
pripadné i priciny jednotlivych nedostatkd.

Zadani bylo splnéno. Prace dokonce obsahuje nad rdmec zadani implementaci Branch History Register.

Zvoleny postup Feseni spravny
Posudte, zda student zvolil spravny postup nebo metody reseni.
Zvoleny postup feseni navazuje na jiz existujici kod a samotné feseni odpovida poZzadavkim zadani.

Odborna troven A - vyborné

Posudte uroveri odbornosti zavérecné prdce, vyuZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladi a
dat ziskanych z praxe.

Prace je na dostate¢né odborné Urovni a splfiuje kritéria kladené na diplomové prace.

Formalni a jazykova uroven, rozsah prace C - dobfe

Posudte spravnost pouZivdni formdinich zdpisi obsaZenych v prdci. Posudte typografickou a jazykovou strdnku.

Prace je psana v anglickém jazyce a jeji jazykova uroven je velmi dobrda. Rozsah pro diplomovou praci je taktéz dostatecny.
Mdam ovsem formalni vyhrady k teoretické ¢asti. Teoretickd ¢ast dopodrobna rozebira kédovani instrukci. Tento rozbor ale
pro implementaci prediktord neni nutny. Naopak pfesouva do Ustrani dlleZité informace jako rozdily mezi skokovymi
instrukcemi. Kapitola 3 pak neoddéluje vysvétleni a teoreticky rozbor “branch history” a “branch target” prediktord.
Rozdéleni by zde pomohlo k lepSimu popisu. Praci by také prospél seznam zkratek. Napftiklad vyznam BTFNT neni pfi
uvedeni v teoretické ¢asti vysvétlen.
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Vybér zdroju, korektnost citaci B - velmi dobie

Vyjddrete se k aktivité studenta pri ziskavani a vyuZivani studijnich materidl( k reseni zavérecné prdce. Charakterizujte
vybér pramend. Posudte, zda student vyuZil vSsechny relevantni zdroje. Ovérte, zda jsou vsechny prevzaté prvky radné
odliseny od vlastnich vysledk( a tvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace uplné a v souladu
s citacnimi zvyklostmi a normami.

Vybrané zdroje zcela vychazeji ze zdrojli ze zadani a jsou adekvatni.

Dalsi komentare a hodnoceni

Vyjddrete se k urovni dosaZenych hlavnich vysledki zdvérecné prdce, napf. k urovni teoretickych vysledki, nebo k trovni a
funkcnosti technického nebo programového vytvoreného reseni, publikacnim vystupim, experimentdlini zru¢nosti apod.
Provedené rozsifeni simuldtoru QtRvSim umozni redlné predvedeni feseni fidicich hazardd pomoci predikovani ve vyuce, a
tak snad lepsi pochopeni této problematicky studentd. Student se ale vice zaméfil na moznosti prediktor(i nez na jejich
vizualizaci. Vypracované reseni dobre predvadi stav prediktor( pro lidi obeznameni s problematikou, ale mze byt méné
informativni pro studenty. Napfiklad by bylo mnohem informativnéjsi, pokud by Smith prediktory byly nékde skute¢né
zobrazeny jako stavové diagramy, jak je to vyobrazeno v doprovodném textu. Vhodnym mistem by byl popis minulé
predikce a aktualizace. Dalsi vylepseni, které bych ocenil je moZnost dvojitym poklikem na adresu v Branch Target prejit na
danou adresu v programové paméti.

11l. CELKOVE HODNOCENI, OTAZKY K OBHAJOBE, NAVRH KLASIFIKACE

Shrrite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni. Uvedte pripadné otdzky, které by
mél student zodpovédét pri obhajobé zdvérecné prdce pred komisi.

Vypracovana DP demonstruje Ze student chape problematiku fidicich hazard( ve vicestupriové pipeline. Dale
prokdzal schopnost se zorientovat v existujicim projektu a pfidat pozadovanou funkcionalitu dle zadani. Mé
nejvétsi vyhrady sméruji na teoretickou ¢ast zavérecné price. Podle mé presné neidentifikuje problematiku,
kterou se prace zabyva v praktické ¢asti a diky tomu obsahuje nadbytecné informace, které upozaduji skutecné
nutny rozbor, ke kterému by se nasledné odkazovala praktickd ¢ast.

Otdazky k obhajobé:

e Vkapitole 3 zmifujete, Ze moZna optimalizace je aktualizace Branch prediktoru jiZz v Decode fazi pro
instrukce JAL a JALR. Jaky efekt by tato optimalizace méla?

e Jak by implementaci ovlivnilo, kdyby se ménila pipeline (doslo by k rozdéleni nebo naopak sjednoceni
stupnu)?

Predlozenou zavérecnou praci hodnotim klasifikacnim stupném B - velmi dobfe.

Datum: 9.6.2024 Podpis:
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