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A Typical NFV Scenario: PVP

Guest iofwd

Ring ops Ring ops

vhost | vhost
MEMCPY Eupy Ry @ MEMCPy

Host iofwd |

NIC NIC
RX X

DATA PLANE DEVELOPMENT KIT



Overview of Memory System
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Overview of Memory System (cont’d)
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Let’s Do It!

Target for our analysis Guest iofwd

— Where the data flows Ring ops
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First Impression 0'C
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Unexpectedly...
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Under The Hood
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Guest Read The Packet @
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Still Doesn’t Feel Right...

vhost memcpy: Guest on the same node
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Under The Hood

Guest -> Host

Cache line can be shared when no modification
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Guest Edit The Packet 9@

Host "
iofwd

Core
N-1

Core
N

Memory O

Host FWD

RY f+roam NITC
TY tn vhnet

RY from vhocet
TY to NIC

Core
N+1

Core
2N-1

VM FWD

RX from virtio
Fdit nacket

TX to virtio

DATA PLANE DEVELOPMENT KIT




Write-back
vhost memcpy: Guest on the same node m
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Go See Some C Code

’—_————~

/ desc_addr = gpa_to_vva(dev, desc->addr): =~
rte_prefetch0((void *) (uintptr_t)desc_addr); )

— . — =~ T Lo e i o b - -

d e S C_a d d r‘ — g pa_t o_vva ( d ev -’ d e S C - > a d d r‘ ) , hdr = (struct virtio_net_hdr *) {(uintptr_t)desc_addr);

desc_avail = desc->len - vg->vhost_hlen:

rte_prefetcho((void *)(uintptr_t)desc_addr);

mbuf_offset = 0;

mbuf_avail = m-»buf len - RTE_PXTMBUF HEADROOM;

while (desc_avail != 0 || (desc->flags & VRING_DESC_F_NEXI) != 0) {
/% This desc reaches to its end, get the next one ¥/
if (desc avail = 0) {

if (unlikely(desc->next >= vg->size ||
++nr_desc »= vq->size))
return -1;
desc = &vg->desc[desc->next] ;

Oh | see - S/W Prefetching to reduce latency S e

ERINT_EACKET (dev, (uintptr t)desc_sddr, desc->len, 0}

}

ra
+ This mbuf reaches to its end, get a new one
+ to hold more data.

rte_memcpy(rte_pktmbuf_mtod offset(cur, void *, mbuf_offset), [

ikely{cur = NULL}) {

RTE_LOG(ERR, VEOST DATA, "

(void *)((uintptr_t)(desc_addr + desc_offset)), —

cpy_len); \ T v

TESPEC_len += mbuf_offser;
prev = cur;

mbuf_offset = 0;
Tbuf_avail = cur->buf_len - RTE_EXKIMBUF_HEADRCOM:
}
I el .
EFY_len = RIE_MIN(desc_avail, mbuf_avail): —

bl
( rte_memcpy(rte_pktwbuf_mtod_offset (cur, woid *, mbuf_cffset), \
(void *) ((uintptr_t) (desc_addr + desc offset)),
-~ cpy_len) -
_—

e mm omm omm wm == T
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Without S/W Prefetching

vhost memcpy: Guest on the same node
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Guest edit packet; No prefetching
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How About Guest In Another

Node?
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Better NOT...

vhost memcpy: Guest on the same node vhost memcpy: Guest on a diff node
1036
. Keep related processes on the same node

800
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Guest edit packet; No prefetching
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rte_memcpy()? Why Even Bother?

. Warm copy — DPDK’s scenario

8%

8%

1024 1518

Throughput

AVX load/store

Alignment handling

dCKeETL slZe | bytes

—e—rte_memcpy advantage

B rte_memcpy Elibc memcpy
Guest edit packet; Guest on the same node
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AVX For Bandwidth

vhost memcpy with 128-bit AVX vhost memcpy with 256-bit AVX

1090 1 xmme = _mm_loadu_si128(src); ‘ 1000 | yime = _mm256_loadu_si256(src);
800 _mm_storeu_sil28(dst, xmmo); 800 _mm256_storeu_si256(dst, ymmo);
L 600 2x peak bandwidth
>
> o +53%
=3
O O
215 231 236
200 200 159 66
2 27 B =
o mm ' o mm " ]
60 1020 1514 60 1020 1514
memcpy size (bytes AVX5 12 iS coming memcpy size (bytes)
M Host -> Guest M Guest -> Host W Host -> Guest M Guest -> Host

Guest read packet; Guest on the same node
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Alignment Matters

vhost unaligned memcpy vhost 64 bytes alighed memcpy

rte_memcpy((void *)((uint8_t *)dst + 1), JOO

rte_memcpy(dst, src, len);

g 600 Just like coupons
3 (1)
S 400 _ . . +17%
2 FREE g_l_fts if you use them a6

200

. 178 117 58 200 - 159 93 166
am B am ™ B
o wm " o mm

59 1019 1513 60 1020 1514
memcpy size (bytes) memcpy size (bytes)
M Host -> Guest M Guest -> Host M Host -> Guest M Guest -> Host

Guest read packet; Guest on the same node
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Takeaways

e See actual memory behaviors under the hood

— Intel® 64 and IA-32 Architectures Optimization
Reference Manual

* Benefit from new IA technologies
— AVX, DDIO...
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Cache Allocation Technology

Core Core @ Core Core Core
0 1 N N+1 | 7 | 2N-1

LLC

Noisy neighbor:

B One core is requesting huge amount of data
B What if another priority core is very latency sensitive?
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