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Goal:
Implement and compare parallel graph coloring on CPU and GPU

Platforms:
CPU: OpenMP on GHC 8-core Intel CPU
GPU: CUDA on NVIDIA RTX 2080

Best CPU Implementation:
★ Multi-phase speculative coloring
★ Achieved 6.7× compute-time speedup on 8 threads
★ Maintained near-zero conflict rates (< 0.02%)
★ Preserved color quality matching baseline

GPU Implementation:
★ CUDA speculative coloring
★ Achieved strong kernel-only 

speedups on large graphs

Experimental Setup:
Benchmarked on 11 graphs that included both synthetic and real-world datasets
Graph sizes ranged from 10K to 1M vertices
All experiments run on the GHC cluster

Problem:
Assign a color to each vertex in an undirected graph
Adjacent vertices must have different colors
Goal: use as few colors as possible

Key Data Structures:
CSR graph format
● row_offsets stores the start/end of each vertex’s neighbor list
● col_indices stores neighbor IDs contiguously
● gives O(1) degree lookup
● enables efficientneighbor traversal

Color state
● colors[0..n-1]
● initialized to -1 for uncolored vertices

Temporary color tracking
● CPU: per-thread used[] byte array
● GPU: 128-bit register bitmask

Core Algorithm:
For each vertex v:
● scan neighbor colors
● mark used colors
● assign the smallest available color
Work per vertex is O(degree(v))
Total sequential work is O(V + E)

Parallel Strategy Pseudocode:
Speculative coloring with conflict resolution
● Color vertices in parallel
● Detect conflicts between 

○ adjacent same-colored vertices
● Recolor only conflicting vertices 

○ in the next round
● Repeat rounds until converge
● Typically converges in 1–2 rounds

CPU Optimizations:
Hub preprocessing:
● sequentially color very high-degree vertices first
● greatly reduces conflicts on power-law graphs
Largest-Degree-First (LDF) ordering:
● prioritize high-degree vertices before 
    speculative coloring
Adaptive scheduling:
static for regular graphs
dynamic,256 for irregular graphs
Faster preprocessing:
● precomputed degree array
● counting sort for LDF
● skip sorting on regular graphs

GPU:
Language / platform: CUDA C++ on the NVIDIA RTX 2080
Data layout: same CSR graph format as CPU
Mapping: one CUDA thread per active vertex in the worklist
Per round: two kernels
● tentative coloring
● conflict detection / next-worklist compaction

CPU:
Language / platform: C++17 + OpenMP on the GHC 8-core Intel CPU
Data layout: CSR graph representation with shared colors[] array and per-thread used[] array
Baseline: sequential greedy first-fit coloring
Parallelization strategy: speculative coloring with conflict resolution
● color active vertices in parallel
● detect adjacent same-color conflicts
● reset losing vertices and recolor in the next round

Kernel 1: Tentative Coloring
● One thread per active vertex
● Scans the vertex’s neighbors
● Marks neighbor colors
● Assigns the smallest available color

Kernel 2: Conflict Detection
● One thread per active vertex
● same as GPU 
● Conflicting vertices are appended to the 

next worklist using atomics

Execution Flow
● CPU launches Kernel 1 and 2 in a loop
● After each round, the CPU reads back 

the conflict count / next worklist size
● If conflicts remain, another round is 

launched
● Stops when worklist empty
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Why this layout
● good cache behavior for sparse graph traversal
● compact and efficient on both CPU & GPU


