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Journey to GPU Datalog



Research Area & Philosophy 

• Focus on building high performance 
Datalog systems.


• Key is hardware and software co-
design.


• High-quality research with 
reproducibility.

HPC
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Systems



Datalog : Syntax
Database query language only has 2 syntax forms: 

Head( . . . ) ← Body1( . . . ), Bodyn( . . . )

Fact(x1, . . . ) .

First order predicate … holds (Extensional Database)

If all body clauses hold ,head clause is True 
(Intentional Database)

Horn clause
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Fixpoint semantics: Finding Ancestor 

Ancestor(x, y) ← Parent(x, y)

Ancestor(x, z) ← Ancestor(x, y), Parent(y, z) .
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Fixpoint semantics: Finding Ancestor 

Ancestor(x, y) ← Parent(x, y)

Ancestor(x, z) ← Ancestor(x, y), Parent(y, z) .
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If we apply rules in 3rd 
iteration again no more 
tuples generated.



Datalog


Ancestor(x, y) ← Parent(x, y)

Ancestor(x, z) ← Ancestor(x, y), Parent(y, z) .

Ancestor = 𝒪(Πx,z(Parent ⋈y Ancestor) ∪ Ancestor)

Ancestor = Πx,yParent

Recursion

Fixpoint Operator!
Translate to  ℛ𝒜+



CPU: Pipeline stall

For  (a, b) in relation Foo: 
    if a in  relation  Bar ’s column 1: 
        for (a, c) in Bar: 
             if c in relation baz ….: 
                   …..

If a match return true, next 
instruction is body; If not match, ….

c=1, c=100, c=1000 in relation baz, 
need access memory. DDR5 need 
600 cycle to access!  

7



CPU Threads and Latency
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Stall caused by memory access



CPU Threads and Latency
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Context switch to T2, but this 
can cause overhead.


We can use more register to 
keep this cheap

Threads on CPU 0



The ideal CPU we want….

• Don’t have branch predication


• Can run multiple threads on the same 
CPU


• More registers for context switch


• More cache for memory speed


• Multiple threads can request memory at 
same time (more memory controller)

General Purpose GPU 



Migrating Datalog to GPU
• Most Datalog engines are 
CPU based. 
• High bandwidth memory 
(H100 ~4TB/s) vs. 576GB/
s(EPYC 9665) 



Challenge in Join : Index Data Structure 

(p, y) = (1, 2) ⋈

(p, y) = (3, 2) ⋈

Task 1:

Task 2:
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• Sort the right relation 
• Join become range query 
• GPUs excel at sorting, but the operation is 
memory-bound! 
• However, GPUs perform poorly with binary 
search.
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Challenge in Join : Index Data Structure 

(p, y) = (1, 2) ⋈

(p, y) = (3, 2) ⋈

Task 1:

Task 2:
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• Use a hash map for range 
query 
• Hash table on GPU  

• Unique key to range mapping 
• GPUs are highly efficient with 
open-addressing hash maps

hash map

Key: 0 
Value: [0,2) 0
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Key: 1 
Value: [2,5)

Key: 2 
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Key: 3 
Value: [6,7)

Key: 4 
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Key: 5 
Value: [9,10)
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Permutation
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Allocate buffer 
size  = 2 * 10

No in-place merge!
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LSM like pointer chasing, need 
compaction after N iteration, 

but still 10 extra memory!
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HISA: SIMT friendly Relation Storage
• Fast range query. 
• Fast index merge. 
• Open-addressing Hash with linear probing  + Sorted compact 
data Array (HISA)

“Optimizing Datalog for the GPU” 
ASPLOS 2025



GDlog vs. the SOTA

Same Generation (SG): GDlog vs. Soufflé 
(using 32 threads) and cuDF

- GDlog always fastest 

- 10x more performance 
improvement against 
Soufflé 

- Nvidia has performance 
better than AMD in similar  
theoretical performance.
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Program Analysis Benchmark
Polonius: Rust’s experimental borrow check in Datalog

Dataset 
comes 
from 
popular 
large rust  
project Very sequential, but 

GPU did still very well, 
7x speed up!

Dense computation, 
accelerated very 
well.100x+ speed up



Recap

• Background of Datalog


• Why we want migrating Datalog to GPU


• Data structure for GPU Datalog


• 10x speed up comparing to CPU based Datalog engine

Yihao Sun     ysun67@syr.edu


