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Memory Bottleneck
• Fused Multiply Add

➡  Double Precision A += B * C 

➡ 2 FLOPS, 3+1 Operands (32 bytes) 

• Example

➡ 2x AVX512 on Intel core = 32 FLOP/cycle 

➡ 96 GF/core @3GHz 

‣ Needed 1536 GB/s memory bandwidth/core 

➡ Compare DDR4:  Throughput ~25GB/s

Latency can be hidden 
    A[i] += B[i]*C[i] 
     A[i+1] += B[i+1]*C[i+1] 
     A[i+2] += B[i+2]*C[i+2] 
     A[i+3] += B[i+3]*C[i+3]

Caches can help with throughput 
       but working set can be large  

✴ Must be used wisely
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Memory Gap Mitigation

~600 GB/site
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AI Engines and Their Applications

A Comparison of AI Engine VLIW SIMD Architecture vs. GPUs
GPUs are software programmable and can handle various type of workloads. However, data flow in 
a GPU is predominantly defined by software and is governed by the GPU's rigid and complex 
memory hierarchy. If the compute and efficiency potential of the GPU is to be realized, a workload's 
data flow must map precisely to the GPU memory hierarchy. Because of this data flow constraint 
and memory hierarchy, the GPU cannot deliver deterministic throughput and latency at the same 
time. Also, because of the memory hierarchy and the different level of caches, GPUs are not the 
most efficient when it comes to device and power utilization.

As GPUs, the AI Engines are software programmable. But they are also hardware adaptable— 
meaning they can handle wide ranges of workloads because the workload dataflows can be directly 
remapped on the device. Also, Versal ACAP devices including the AI Engine have local memory 
placed close to the compute cores, which enables high energy efficiency and no cache misses as 
GPUs. Also because the hardware can be adapted to the workload, AI Engines can deliver 
deterministic low latency and high throughput while achieving great power and device efficiency 
compared to GPUs. See Table 1.

X-Ref Target - Figure 4

Figure 4: AIE-ML Array Interface
WP506_04_101122
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R1 = x 
R2 = y 
Z = R1+R2

Access x 
. 
. 

volatile int x;
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• Routing algorithm

➡ Address, Low latency, High bandwidth

• Metrics

➡ Number of links required 

➡ Number of ports on a node 

➡ Distance between nodes 

➡ Redundancy in routes

Interconnect

• Diameter: Longest path
• Bisection width: Min #links failures to bi-partition the nodes 
• Blocking: If independent pairs can communicate at each step

src

dst

user program?
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Memory Organization

• Unified memory addressing

➡ Non-uniform access (NUMA) 

• Address-based mapping

➡ Requires memory agents/controllers 

‣ And a network path to them (with routers) 

• Distributed memory

➡ Goes through a thread of control (code) 


