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ABSTRACT
Jaroslav Křivánek’s research aimed at finding that one robust light
transport simulation algorithm that would efficient render any
scene with arbitrary illumination complexity. He had a clear and
unique vision how to reach this ambitious goal. On his way, he
created an impressive track of research contributions. In this course,
his collaborators will tell the story of Jaroslav’s quest for that “one”
algorithm and discuss his impact and legacy.
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1 IN MEMORIAM
Jaroslav Křivánek has been an outstanding and highly respected
rendering researcher who passed away far ahead of time. Through
his numerous contributions to light transport simulation, he pro-
foundly influenced an entire domain of academia and industry.

In this course, we will recap many important contributions of
Jaroslav’s career, underlining their practicality and piecing them
together as subsequent steps to finding the “one” robust light trans-
port simulation algorithm that would efficiently render any given
scene. Rarely has a single person had such an impact, and we believe
it is worth remembering and continuing his legacy.

2 IRRADIANCE AND RADIANCE CACHING
Irradiance caching has been a popular method to amortize the
computation of diffuse inter-reflections over entire scene regions.
This ideamarked the beginning of Jaroslav’s search for a generalized
and efficient light transport solution, and he extended the principle
to global illumination on glossy surfaces [Křivánek et al. 2005].
While effective in principle, (ir)radiance caching has numerous
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caveats, such as restricted surface roughness range, interpolation
artifacts, and corner oversampling. We will elaborate on solutions
towards practical, robust (ir)radiance caching and its applications
in production rendering.

3 SAMPLING PATHS
Monte Carlo rendering methods are all based on stochastically
sampling light transport paths that connect emitters and sensors.
The key to achieving efficiency is to importance sample the paths’
contribution, i.e. to find those paths that bring significant amount
of light to the camera. Jaroslav recognized that devising a single
robust path sampling technique that can handle all types of scenes
is an elusive challenge. Instead, he focused on multiple, simple
techniques, each specialized for a different illumination effect, and
on efficiently combining these techniques. A recurring theme in
Jaroslav’s research, this effort has pushed the state of the art in both
surface [Georgiev et al. 2012] and volumetric [Křivánek et al. 2014;
Georgiev et al. 2013, 2019] rendering. We will review such tech-
niques and will discuss the valuable insights they have provided.

4 ZERO-VARIANCEWALKS
The theory of zero-variance estimators from neutron transport can
inform the design of low-variance estimators by making globally-
informed (as opposed to purely local) importance sampling deci-
sions at every scattering event in a medium to guide paths towards
light sources in a way that balances their final contributions back
at the camera. We demonstrate the theory using a novel perfectly
zero-variance estimator due to Jaroslav, and also review a practical
variance reduction scheme for subsurface scattering [Křivánek and
d’Eon 2014].

5 PATH GUIDING
Traditional path sampling techniques are inefficient in scenes with
complex geometric occlusion. This can be addressed by designing
an estimator inspired by the zero-variance theory, which guide
paths towards relevant regions of the scene. The work of Vorba
et al. [2014], under Jaroslav’s supervision, has resumed the interest
in such path guiding methods, showing their practical potential
on scenes with complex visibility and as a complement to meth-
ods like VCM [Georgiev et al. 2012]. More importantly, this was
the first work to point out that path guiding can be viewed as
learning uncertainty, and as such an abundant toolbox of machine
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learning techniques can be explored within the rendering context.
We cover path guiding techniques explored by the team around
Jaroslav [Vorba and Křivánek 2016; Herholz et al. 2016, 2019], show
their connection to zero-variance theory and neutron transport,
and discuss the impact of these works in research and industry.

6 DIRECT LIGHTING
Direct and indirect illumination calculations are two important
components of any physically-based renderer. While the indirect
component has been traditionally considered a more complex prob-
lem and has been studied in many research works, Jaroslav acknowl-
edged that improving the efficiency of direct illumination could
have a substantial impact on the overall rendering performance,
especially with complex visibility and in the presence of large num-
bers of light sources. In this part, we will cover direct illumination
sampling based on online learning of light selection probability dis-
tributions. We will show how to formulate the learning process as
Bayesian regression to prevent over-fitting and ensure robustness
even in the early stages of computation [Vévoda et al. 2018].

7 MULTIPLE IMPORTANCE SAMPLING
Efficiently combining various sampling techniques is vital in mod-
ern realistic rendering. For over a decade, the balance and power
multiple importance sampling (MIS) heuristics have been univer-
sally accepted, and the problem was largely deemed solved by the
community. Jaroslav’s search for the “one” algorithm led him to
challenge these widespread beliefs. We will discuss how the optimal
weights can be far better than the balance heuristic [Kondapaneni
et al. 2019], and we show that injecting variance information can
improve robustness [Grittmann et al. 2019]. We further discuss how
the theoretical insights around MIS have been used to make algo-
rithms more lightweight, robust, and efficient [Karlík et al. 2019].

8 MARKOV CHAIN METHODS
Jaroslav saw the Markov chain methods as an alternative way
towards the “one” rendering algorithm. These methods generate
sequences of correlated samples, which yield faster convergence
than independent Monte Carlo sampling. However, that conver-
gence can be irregular and unpredictable, which had been over-
looked [Křivánek et al. 2014; Šik and Křivánek 2019b]. We will
discuss how to achieve more uniform convergence in Markov chain
Monte Carlo [Šik and Křivánek 2016; Gruson et al. 2016; Šik et al.
2016] to improve its viability in practice [Šik and Křivánek 2019a].

9 THE LEGACY
Despite all the excellent contributions, ranging from the amorti-
zation of computations, over the efficient construction and combi-
nation of light transport paths, to machine learning, there is still
unfinished business. Jaroslav Křivánek with his students and col-
laborators laid out a clear vision of research directions. With this
course, we invite you to continue contributing to the search of the
“one” robust and efficient light transport simulation algorithm.
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