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Existing dyn. memory allocators for GPUs [4] are fast in allocation but slow in
memory access (do-all). Our allocator (SoaAlloc) is good at both. It outperforms
other allocators by 2x or more through SOA data layout for better memory
bandwidth utilization, block states for lower fragmentation and hierarchical
lock-free bitmaps for Faster allocations.

- Frequent pattern in HPC code: Run Same Instruction on Multiple Data (SIMD).

- In Object-oriented Programming Terms: Run Same Method on Multiple Objects (SMMO).
- Examples: Agent-based Simulations (traffic flow, Fish-and-Shark, ...), Barnes-Hut, ...

- Corner Stone of OOP: Dynamic Memory Management (new/delete)

Data Layout Strategies: AOS and SOA
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Cell* Fish::position[64] ] Cell* Shark::position[56]
Cell* Fish::new_position[64] Data Segment Cell* Shark::new_position[56]
iInt Fish::random_state[64] (SOA arrays) Int Shark::random_state[50]
iInt Fish::egg timer[64] int Shark::egg_timer[50]
Int Shark::health[56]

For more memory coalescing: : _
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Implementation of do-all operation:
Assign 64/S threads to each allocated block, where S is SIMD width.
In CUDA terminology: Assign 64 consecutive CUDA threads to a block.
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Lock-free Allocation: while (true) {
. . pos = ffs(~obj _alloc_bitmap); // find-first-set
Select a blt, try to set it if (pos == NONE) return FAIL;
H . before = atomicOr(&obj _alloc_bitmap, 1 << pos);
(atomlfauy)' ChECkIfthe if ((before & (1 << pos)) == 0) return pos;
operation was successful. }

Block States: To keep fragmentation low, allocate new objects in active blocks.
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This Work: Goals and Challenges

- Goal: Object-oriented programming with good cache/memory
performance on SIMD architectures (via SOA data layout)

- Focus: Dynamic memory management (C++ new [delete)
-APl:Allocator: :new<T>(...), Allocator: :delete<T>(ptr),

- Challenge: When to allocate SOA ararys? How large? Al AT s
- Challenge: Memory fragmentation reduces the benefit of SOA.

Allocator::do all<T>(void (T::*method)())
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For better performance:

Free Block Bitmap (M bits): Maintain bitmap indices for block
1T I H e states instead of scanning the heap.
Block Allocation Bitmap for Fish (M bits): Block Allocation Bitmap for Shark (M bits):

Active Block Bitmap for Fish (M bits): Active Block Bitmap for Shark (M bits):

For even better performance: Hierarchical bitmaps. EREEINNETTIEIS
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