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Background
Why GPU Hashing Matters?



Background

 In computer graphics, many applications need to store a sparse data set into a 
dense representation, and requires super-fast lookups.

Frame Surface Intersection Detection Photo Segments Alignment



Background

 Solution: Hash Tables

 On GPUs, efficient hash tables are hard to implement:
 Synchronization

 Closed addressing: synchronization on linked lists
 Open addressing: synchronization on the chaining process

 Big table size requires global memory
 …



Paper Reading
“Real-Time Parallel Hashing on the GPU”
SIGGRAPH’09



Motivation

 FKS Perfect Hashing

 Cuckoo Hashing

Key idea: Multi-level

Key idea: Eviction chain



Algorithm: 2-Level Hashing

 Combine multi-level hashing with cuckoo evictions

 Use 2 hash phases:

Distribute n keys into 
b buckets

Do local cuckoo 
hashing on each 

bucket

Choose bucket size = 512, suppose inserting n keys into a table of size 512 * b



Algorithm: Procedure

PARALLEL FOR each key 𝑘𝑘:
bucket_number[𝑘𝑘] = ℎ1(𝑘𝑘);
bucket_offset[𝑘𝑘] = atomicAdd(count[bucket_number[𝑘𝑘]]);
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Algorithm: Procedure

PARALLEL FOR each key 𝑘𝑘:
bucket_number[𝑘𝑘] = ℎ1(𝑘𝑘);
bucket_offset[𝑘𝑘] = atomicAdd(count[bucket_number[𝑘𝑘]]);

PARALLEL prefix sum on count[];  // Gets start[];

PARALLEL FOR each key 𝑘𝑘:
store 𝑘𝑘 into buffer[start[bucket_number[𝑘𝑘]] + offset[𝑘𝑘]];

PARALLEL FOR each bucket 𝑏𝑏:
do local cuckoo hash inside shared memory;

write back results to global table;

4 Kernels



Algorithm: Details

 Choice of ℎ1(𝑘𝑘): 𝑘𝑘 → bucket number
1. Naive: ℎ1 𝑘𝑘 = 𝑘𝑘 mod |buckets|
2. Better: ℎ1 𝑘𝑘 = 𝑐𝑐0 + 𝑐𝑐1𝑘𝑘 mod 1900813 mod |buckets|

 In the 4th phase, assign 1 thread block  / bucket

 Hashing with (multiple) satellite values…

 Key compaction…



Results

Overall Time Performance Construction Time Breakdown



Our Implementation
A Simplified Version to Verify This Paper



Prerequisites

 We assume:
 Input values are uniformly random
 Only inserting into an empty table
 No satellite values
 Not considering key compression



Insertion Procedure

Scenery: Inserting 6 keys into a table of size 8; bucket size = 4; 3 cuckoo sub-tables
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Results

Insert 𝟐𝟐𝒔𝒔 keys into table of size 𝟐𝟐𝒔𝒔+𝟏𝟏
Achieves~10x speedup then naïve implementation

Lookup 𝟐𝟐𝒔𝒔 keys in a table of size 𝟐𝟐𝒔𝒔+𝟏𝟏
Basically the same performance



Command-Line Demo
To Show You the Actual Speedup
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Thank You!
Questions?
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