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System Overview



Hardware Algorithm



Hardware Rasterizer Overview

- Software submits triangle packets to a 
hardware FIFO

- Dispatcher waits until all 16 PUs report 
ready

- PU0 receives the initial seed, chain forwards 
it down the line

- Each PU owns one column bank: PU_ID = 
x[3:0]



Pixel Unit Algorithm

- E(x,y) = ax + by + c
- Latch seed + triangle constants on 

dispatch
- Walk down rows: e += b, z += z_step_y 

each cycle
- At bottom, jump +16 columns using 

16·a from saved column-top
- Queue one candidate pixel per active 

cycle for the Z-test



Pixel Unit Walkthrough

4 Stages

- S_INIT_CLEAR: clears local memories 
after reset (everything)

- S_IDLE: waits for a triangle seed or 
frame-clear request

- S_ACTIVE: rasterizes the current 
triangle

- S_CLEAR: clears the Z-buffer and 
current back buffer between frame



Cycle Overview
Cycle 0: PU0 latches seed/constants, forwards seed + a to PU1 (IDLE)

Cycle 1: PU0 tests pixel 0, queues q_*, reads Z, steps +b. PU1 latches seed

Cycle 2: PU0 Z-tests/writes pixel 0 while testing pixel 1. PU1 tests pixel 0. PU2 
latches seed

Cycles 3-15: seed wave fills the chain; active PUs keep walking rows

Steady state: each active PU queues 1 pixel/cycle; previous pixel gets 
Z-tested/written

End column: if col + 16 > last_col, stop; else jump +16 columns using col_top + 
16*a



Local memories allocation and Z-test

- Local address: { x[7:4], y[7:0] }
- 12 bits, 4096 entries

- Local memories: FB_A, FB_B, and Z-buffer (M10K)
- Z-test is pipelined over 2 cycles (sync read -> compare/write)
- Sustains one candidate per active PU per cycle after fill



VGA + frame swap

- Internal 256 x 240 buffer scaled 2x to 512 x 480, centered in 640 x 480
- VGA selects PU using fb_x[3:0]
- Local addr uses { fb_x[7:4], fb_y }
- Present waits for: frame done, FIFO empty, all PUs idle
- Then swap buffers + clear new back buffer (FB -> 0, Z -> 0xFFFF)



Software Algorithm



Software Algorithm (Overview of Per-Frame Render)

1. Check Keyboard Status. 
2. Update Rotation, Zoom, Model
3. Render Frame

a. Geometry Calculations
b. Triangle Packet Setup
c. Send Triangle Packet



Software Algorithm (Geometry)

- Using Keyboard Status information, find MVP matrix
- (perspective * translation * rotation x,y,z)

- Using MVP, for each vertex, find the screen pixel coordinates
- (Object Space -> Clip Space -> NDC Space -> Screen Pixels)

- Triangle Face Shading
- Calculate the cross product to find the orientation of the face.
- Calculate the dot product to of that face with light vector to find the shading.



Software Algorithm (Triangle Setup) - 1/

1. Calculate Pineda’s Edge Equations
a. E(x,y) = a*x + b*y + c
b. a = A.sy − B.sy   (row delta)
c. b = B.sx − A.sx   (column delta)
d. c = A.sx*B.sy − B.sx*A.sy  (constant term)
e. COMPUTE E0(x,y), E1(x,y), E2(x,y):

i. Edge 0: v1 → v2
ii. Edge 1: v2 → v0
iii. Edge 2: v0 → v1

2. Rejecting Triangles
a. According to Pineda’s formulation, area is E0 evaluation with V0 (consistency).
b. That value is proportional to twice signed area of the triangle.
c. Calculate Triangle Face Area. If Area is 0 or close to 0, (specifically, 1e-6f), RETURN -1



Software Algorithm (Triangle Setup) - 2/

3. Bounding Box Calculations
a. x-min, x-max (A.x, B.x, C.x)
b. y-min, y-max (A.y, B.y, C.y)

4. Edge Equation Values
a. e0_initf
b. e1_initf
c. e2_initf

5. Depth Interpolation
a. z_origin
b. z_step_y
c. Z_step_x



Hardware-Software Interface

Triangle Submission 
Speedup



Hardware-Software Interface

Status

Bbox

Floating point values



Hardware-Software Interface



Resource Summary



Performance Analysis

Metric 15k model 50k model 160k model

Demo FPS 30 12 4.5

Setup time 23ms 75ms 247ms

Submit time 10ms 40ms 194ms

Present time 16.26 ms 11.95 ms 6.44 ms

FIFO Stalls 0 0 0



Thank You!


