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= MMIO: Guest’'s MMIOs are regular loads/stores from/to guest memory
pages, so the hypervisor can arrange for these memory accesses to trap
by mapping the pages as reserved/non-present (both loads and stores
trigger exits) or as read-only (only stores trigger exits).

= PlO: Guest's PIOs are privileged instructions, and the hypervisor can
configure the guest's VMCS to trap upon them.

= DMA: Emulating DMAs to/from guest memory is trivial for the hypervisor,
because it can read from and write to this memory as it pleases.

= Interrupt: the hypervisor can use the VMCS to inject interrupts
to the guest. Each interrupt causes at least two VM-Exit(direct interrupt
delivery and VT-d posted interrupt).
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* Encapsulate VM state->VM Suspend/Resume, Live Upgrade and
Live migration.

- FE A BIAY 1/0 REIAML:

= High performance I/O: throughput, latency.

= Forgo certain virtualization benefits.
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= |/O interposition (I/0O emulation and Paravirtualization)

= Direct Device Assignment (Passthrough)
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20 LR

‘ — | IUF — |10
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(a) Emulation/paravirtualization (b) Direct device assignment
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| Metric e1000 | Virtio-net | Ratio

Guest throughput (Mbps) 239 5230 | 22x
exits per second 33,783 1,126 | 1/30x

interrupts per second 3,667 257 | 1/14x

TCP segments per exit 1/9 25| 225x
per interrupt 1 118 | 118x

per second 3,669 30,252 Bx

avg. size (bytes) 8,168 21,611 3x

avg. processing time (cycles) | 652,443 79.132 | 1/8x

Ethernet frames | per second 23,804 - -
avg. size (bytes) 1,259 - -

SO

Netperf TCP stream running in a Linux 3.13 VM on top of Linux/KVM (same
version) and QEMU 2.2, equipped with €1000 or virtio-net NICs, on a Dell

Powerkdge R610 host with a 2.40GHz Xeon E5620 CPU.
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A 'bare-metal server' is a computer server that is a 'single-tenant

physical server.
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tHREEAMIIEN/ EIUNEE R 1EEERILL (2017 IEEE paper)
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Fig. 2. Architecture of the API remoting approach.
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. gRemote (HPDC’20) expands CPU resources from only server-side to both sides

. Sharerender (MM’16) replace VM with container

. Pliant (HPCA’19) lowers data precision to save CPU resources
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* WNETFIEFE (motivation)

FPS Bandwidth (MiB/s)
blender 56 39.6
dinoshade 55 28.6
scube 60 34.2
spot 61 37.8
glxgears 58 36.5

PS. One command in google earth will bring more than 10 MB data.
glVertexAttribPointer in Uginine Heaven will bring nearly 100 MB data.
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