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Notice



Submission
• Deadline: 23:59:59, Sunday, June 14th, 2026 (KST, +0900)

• GitHub server clock

• To submit your assignment, two things must be done BEFORE deadline.
• You must push your commit to your repository
• You must comment the last commit id (SHA-1 hash) in github issue board
• You must match username of pushed commits with GitHub username

• The last commit in the issue board BEFORE deadline will be considered as 
submitted assignment.

• Local timestamp in your commit will be ignored. GitHub server timestamp used 
instead
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How to comment a commit id
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1. Go to your assignment repository
2. Click “Commits”
3. Click copy button of your last commit
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How to comment a commit id
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4. Go to issues tab
5. Click “New Issue”
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How to comment a commit id
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6. Paste your latest commit id (ctrl-v)
7. Click “Create”
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Policies
• In following cases, your grade for this PA will be “0”

• Late submission
• late push after deadline or late last commit id comment on issue board

• Build/execution failure

• Making public of your assignment repository

• Mismatch of username in a submitted local commit with the submitter’s GitHub username

• API use of a library that gives the solution directly, instead of working your assignment on your 
own

• Your final grade will be “F”
• Copy (We will run a copy detector)
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Assignment Overview



Task 1. Naïve Path Tracer
• Path tracer is a ray tracer that constructs “paths” and integrates the rendering equation

• Refer to the “Global illumination” lecture note in the course page for further details

• Goal: implement a naïve path tracer with only BSDF sampling

• Subtasks
1. Antialiasing and convergence: more samples per pixel (spp) lead to reduce aliasing and produce a more 

accurate pixel color

2. Materials: diffuse, mirror, dielectric
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Task 1-1. Antialiasing & Convergence
• Multiple random samples reduce aliasing and lead to convergence of a pixel color

• Goal: implement a block rendering function based on samples per pixel (spp)
• The rendering framework works in a parallel way by dividing a whole image into multiple blocks
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Task 1-2. Materials
• Materials are represented by BSDFs (Bidirectional Scattering Distribution Function)

• Goal: implement diffuse (lambertian surface), mirror (perfect specular reflection), and dielectric (perfect specular transmission)

materials
• Complete stub methods(sample, eval, pdf) in those materials
• At least, include and use material’s elements in test scenes as member variables
• For the dielectric material, you have to apply Fresnel equation (or Schlick approximation)
• Refer to Physically Based Rendering: From Theory to Implementation (PBRT) for more details about 

each material (Reflection Models)
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Initial Appearance
• Skeleton code just returns a black image for all provided scenes, but has incomplete framework 

lacking processing a block of pixels
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Task 2. Path Tracer with Next Event Estimation
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• Too hard to find a light with only BSDF sampling, introducing the emitter (light) sampling will decrease the pixel 
variance

• Goal: implement the emitter sampling into the 𝐿௜ function of the rendering equation
• Consider light contributions from emitters (i.e. direct lighting) well because estimated pixel values could be biased if they are 

mishandled

• Multiple emitters must be considered

• Number of shadow rays is a free parameter, but we recommend to set it 1 due to slow rendering time
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Shadow rays

Emitter Sampling

Solid angle measure formulation [1]

Area measure formulation [2]

[1] Kajiya, J. T. 1986. The rendering equation. In Computer Graphics (SIGGRAPH ’86 Proceedings) 20, 143–50

[2] Veach, E. 1997. Robust Monte Carlo methods for light transport simulation. Ph.D. thesis, Stanford University.

The rendering equation



Test Scenes
• Three scenes are prepared for your testing

• cbox-sphere: canonical cornell box scene

• cbox-ajax (optional): modified cornell box scene in which spheres are replaced with ajax busts

• bubble: 8 spheres with different materials on the ground

• You can set low spp (e.g. 64) for development because the default spp (1024) requires high computation resources

• You can turn on or off states of nee by specifying nee scene parameter to true or false

• Don’t remove m_nee member variable and relevant conditional branches!

• For grading, we will utilize cbox-sphere and bubble scenes, and could try modifying them

• For example, changing number of emitters, a camera view, objects’ material parameters or etc. might be considered
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Statistical testing
• Special scenes of student’s t-test is provided

• Check your path tracer is well implemented statistically

• ttest-furance.xml for energy conservation

• ttest-direct.xml for direct lighting

15
ttest-direct.xml

…

ttest-furance.xml

…



Additional Resource
• If you are having difficulty with this programming assignment, please check the 

following material as well

• Physically Based Rendering: From Theory to Implementation (3rd/4th edition)

• Book: there are a lot of books in GIST library

• E-Book: https://www.pbr-book.org/

• Code: https://github.com/mmp/pbrt-v3 (v3 is recommended)
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Task List
1. Implement a naïve path tracer with only BSDF sampling [15 Points]

• Use the cbox-sphere test scene to prepare result images for the report [3 Points]

• At least, set the maximum depth as 8 [1 Points]

• Port the ray-sphere intersection function from PA3 to this assignment [1 Points]

• Turn off nee by changing the nee scene parameter to false for your result images [1 Points]

• Show antialiasing and convergence as number of samples increases [2 Points]

• Implement material classes (diffuse, mirror, dielectric) [3 Points]

• Implement the integration function 𝐿௜ with only BSDF sampling in the nee-off branch [7 points]

2. Implement the emitter sampling into the 𝐿௜ function of the rendering equation [10 Points]

• Use the bubble test scene to prepare result images for the report [2 Points]

• At least, set the maximum depth as 8 [1 Points]

• Turn on nee by changing the nee scene parameter to true for your result images [1 Points]

• Introduce the emitter sampling into the 𝐿௜ in the nee-on branch[5 Points]

• Multiple emitters are considered [3 Points]

3. Write a report [10 Points]

• Describe your submission into a final report concretely; anything is fine, but it should be meaningful and persuasive [10 Points]

• Prepare minimum materials in the report for your arguments [8 points]

• Include rendered images of test scenes [3 points]

• Describe how you implemented each component of the function for block rendering, materials, 𝐿௜ function, emitter sampling, multiple emitters, and the rest [5 Points]

• Comply the following rules [2 points]

• Write your name, student id, GitHub username

• Place the report in docs directory

• Admissible file format: markdown (md), pdf

4. Challenge [Optional: Not graded]
• Apply the acceleration data structure to your path tracer
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Accept your PA4!
https://classroom.github.com/a/7uKEyNEz



Q & A
• Email

• Seongil Kim: sngillkym@gm.gist.ac.kr
• Hyunjin Jung: hjjung0810@gm.gist.ac.kr

• Office: 104 Dasan Bldg
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