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Scalable Communication Architectures for GPU-centric Systems
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strate that GPUs are climbing up the food-chain to become peer processors.
Although computation runs efficiently on GPUs, they have lacked the ability to source and sink
networking traffic accordingly. Communication is traditionally controlled by the CPU. Con-
sequently, many MPI implementations have become GPU-aware, which allows pointers to GPU
memory to be passed to MPI routines. However, control flow still has to be returned to the CPU
for every communication phase. This not only adds latency, but also reduces programmability
and usability.

Due to GPUDirect, a Network Interface Controller (NIC) can access GPU memory via PCle’s
many CPU chipsets significantly limit the bandwidth of remote read accesses through their PCle
root complex. In this case, a store-only programming model becomes inevitable.

NVIDIA recently released the NVLink-capable Pascal architecture, which enables complex
communication semantics on the GPU itself. Nonetheless, the question what are the right
communication semantics for such highly parallel processors remains still open.

Communication Models and GPU-NIC Interactions

NVIDIA’s introduction of NVLink allows to bypass the CPU and to communicate with GPU peers
directly at high bandwidth. Furthermore, GPUs offer a tremendous amount of massively parallel
streaming multiprocessors (SM), ranging up to more than 50 in the current Pascal architecture.
Instead of offloading communication to a NIC, one SM is dedicated to perform communica-
tion, implementing a software-defined NIC.

Although NVLink enables a virtual shared global address space (GAS) across connected GPUs,
it seems promising to explore managed communication, like message passing or one-sided
communication on top. In particular at scale, it seems questionable whether it’s feasible to fully
expose buffer management without any management library in between. Additionally, send/recv
semantics have proven to be easy to understand with its exposed access costs. Put/get-based
communication, on the other hand, keeps the overhead to a minimum. This creates familiarity
with CPU-based message passing, but also offers a simple data exchange model many ap-
plications can be mapped to.

the following key findings:

Fig. 5: Message/receive request matching performance for various re-
strictions, such us no wildcards and no ordering. Performance is shown
for three generations of GPUs.

KEY FINDINGS OF OUR EXASCALE APPLICATION ANALYSIS

4+ Send/Recyv is still the majority of MPI calls in most applications

4+ None of the applications uses tag wildcards, only two applications apply source
wildcards

4+ Both the Unexpected Message Queue (UMQ) and the Posted Receive Queue
(PRQ) are mostly smaller than 1024 entries

4+ The number of peers for an MPI rank ranges between 20 and 50 for most ap-
plications
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vided into two parts: writing descriptors
and triggering communication. Infini-
band requires descriptors to be written to
work queues and then to ring a doorbell
register, informing the NIC about newly
arrived work. EXTOLL, as an example for
another network architecture, fuses these
operations into a single write operation to
the device’s PCle BAR region [2].
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Fig. 3: Inter-CTA queuing performance for various number of
warps. The Queue length is 4K Work Requests (4B/WR). 32 WRs
are enqueued per CTA. One thread dequeues from one queue.
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Fig. 2: Device-sided communication model where the NIC is con-
trolled by the GPU and the CPU is bypassed.

Queues are essential data structures for communication as they preserve ordering and allow for
dynamic resource management. Fig. 3 and 4 depict performance results of some benchmarks.

Hardware mechanisms are needed to yield high message rates on GPUs.
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