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More and more features—but what about the infrastructure cost?
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SW-CNI SR-IOV Sub-Func. TOE SG-IOV
HW Offload X
Scalability X
Flexibility X X X
Granular HW
Virtualization X X X X

*SW-CNI: Software CNI; Sub-Func: NVIDIA Scalable Functions; TOE: TCP Offload Engine



Enabler: SmartNIC Offers Diverse Processing Units



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host Containers || Host CPU || Host Memory
SoC-Based SmartNIC
ASIC NIC SoC Subsys
[ ] Subsys Look-aside
} DMA = ARM Accelerators
Inline Accel.
I | DPA | SoC Memory
[ RDMA | :
| _E-Switch | RShim| DMA
T | Ethernet | FIFO | Engine

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys
[ ] Subsys Look-aside
} DMA = ARM Accelerators
Inline Accel.
I | DPA | SoC Memory
[ RDMA | :
| _E-Switch | RShim| DMA
T | Ethernet | FIFO | Engine

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC
[ ] Subsys Look-aside ARM Cores
} DMA = ARM Accelerators
Inline Accel.
I | DPA | SoC Memory
[ RDMA | :
| _E-Switch | RShim| DMA
T |__Ethernet | FIFO | Engine

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC

] Subsys Look-aside ARM Cores
{ _DMA II ARM Accelerators

I | Inhrgpiccel' | SoC Memory Domain-Specific
 RDMA | . Accelerators
| E-Switch | RShim|{ DMA

T | _Ethernet | FIFO | Engine

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC
] Subsys Look-aside ARM Cores
{ _DMA II ARM Accelerators
I | Inhrgpiccel' | SoC Memory Domain-Specific
 RDMA | . Accelerators
| E-Switch | RShim|{ DMA
T | Ethernet | FIFO | Engine Host-NIC
Communication

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units
¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC
RISC-V Core ] Subsys ARM Look-aside ARM Cores
{ DMA II Accelerators
1 Inhrgliccel' | SoC Memory Domain-Specific
[ RDMA | Accelerators
1
| E-Switch | RShim|{ DMA
T | Ethernet | FIFO | Engine Host-NIC
Communication

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units

¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC
RISC-V Core Subsys ARM Look-aside ARM Cores
{ _DMA II Accelerators
Transport IJ‘I ( Inhrgpiccel' | SoC Memory Domain-Specific
ASIC | T RDMA | Accelerators
| _E-Switch | RShim| DMA
| Ethernet | FIFO | Engine Host-NIC
Communication

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units

¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86 Host Containers || Host CPU || Host Memory
Cores SoC-Based SmartNIC
ASIC NIC SoC Subsys SoC
RISC-V Core Subsys ARM Look-aside ARM Cores
{ .DMA II Accelerators
Transport |J‘|| ( Inhrgpiccel' | SoC Memory Domain-Specific
ASIC L_|  RDMA | . Accelerators
| E-Switch | RShim|{ DMA
Match-Action | | Ethernet | FIFO | Engine Host-NIC
Tables Communication

[NVIDIA BlueField-3 SmartNIC as an Example]



Enabler: SmartNIC Offers Diverse Processing Units

¢ End Host w/ SmartNIC Enclosing Heterogeneous Units

Host x86
Cores

RISC-V Core

Transport
ASIC

Match-Action
Tables

Host Containers || Host CPU || Host Memory
SoC-Based SmartNIC
ASIC NIC SoC Subsys
Subsys Look-aside
|;:| I _DMA | ARM Accelerators
| Inline Accel. | SoC Memory
- |C_DPA | B
|-.-| [ RDMA || || .
| E-Switch | RShim|{ DMA
| | Ethernet | FIFO | Engine

[NVIDIA BlueField-3 SmartNIC as an Example]

SoC
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Domain-Specific
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Host-NIC
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SR-IOV (2007 V1) was invented ~20 years ago
New devices and scenarios call for rethinking IOV
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e How to support more devices?
o0 SR-IOV: Device Count = Queue Pair Count
0 SG-IOV: Device Count >> Queue Pair Count
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4T T I Al
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Approaching L5 socket scale, FIFO efficiency is crucial
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See the paper for detailed MMIO/RDMA primitives
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See the paper for the Recursive Strategy that covers all cases
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Next, how do we use such a queuing system to schedule jobs?
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See the paper for the formal mathematical analysis
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See the paper for detailed characterization
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Our SG-IOV Deployment Model
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See the paper for SGIOV-CNI support for traditional containers
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See the paper for more results on functionality, scalability, and cost
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