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Introduction

* This Is a real-world use-case of performance improvement
using performance analysis tools — in this case “Intel® VTune™
Amplifier”

* The issues discovered here were largely discovered by accident
when investigating other DPDK behaviour

 Hope the walk-through of the issue debug may be of use to
others when dealing with performance issues
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Intel® Vtune Amplifier

e Tool for performance
analysis and debugging

» Uses hardware event
counters to report on
Issues affecting program
execution, e.g. CPU
stalls due to memory
access

@ |ntel® VTune™ Amplifie. X

&« c 0 ‘ @ https://software.intel.com/en-us/intel-vtune-amplifier-xe

% |

HH Apps D DPDK Patchwork D DPDK - Patchwork [I: AIB Internet Banking @ Intel Intrinsics Guide @ IBM Rational ClearQw G UBS One Source x ES Homepage

intel' Developer Zone

Development » Tools » Resources »

Intel® VTune™ Amplifier 2017

Performance Profiler

« Create faster code: Get accurate data, low overhead
= More data: CPU, GPU, FPU, threading, memory......

« Fast answers: Easy analysis turns data into insight

%

Modern Processor Performance Analysis

Performance on modern processors requires much more than optimizing single thread
performance. High-performing code must be:

Look for us on: f

Join Today > Log in

powered by Google o,

Get Free Downloads & Trials

Please select OS

From $899

Buy Now >

Product Support »

Trme © Dons

» St @ Erelish>

2)DPDK

DATA PLANE DEVELOPMENT KIT



Test Setup

2 X Intel® Ethernet Converged Network
Adapter XL710-QDA1

DUT
Traffic (Intel® Xeon®

Generator E5-2699 v3
@ 2.30GHz)
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Intel VTune Amplifier XE 2016

Elap
Clockticks:
nstructions Retired:

CPl Rate “';

L1 Bound

sed Time  1.321s

3.087.200,000
3,604,800,000
0.856

0.288

This metric shows how often machine was stalled without missing the L1 data cache. The L1 cache typically has the shortest latency. However, in
certain cases like loads blocked on older stores, a load might suffer a high latency even though it is being satisfied by the L1, Note that this metric
value may be highlighted due to DTLE Overhead or Cycles of 1 Port Utilized issues.

DTLE Overhead
Loads Blocked by Store Forwarding

Loads are blocked during store fon
identify the problematically-forwarde
smaller than the load, change the st
Split Loads

4K Aliasing

FE Full

This metric does a rough estimation

L2 Bound
L3 Bound

0.000
0.189

- aim -

To streamline memory operations in the 25, Use sourcefassembly view to identify the blocked loads, then

pipeling, a load can avoid waiting for memory 2N dynamic instructions prior to the load. If the forwarding store is
if @ prior store, still in flight, is writing the

data that the load wants to read (a 'store

forwarding' process). Howewver, in some

cases, generally when the prior store is

writing a smaller region than the load is

reading, the load is blocked for a signficant

time pending the store forward. This metric

th rf | f h .
LTEEEE“J‘Tiad:_ VeI [l ted additional demand L1D demand requests to proceed.

0.000
0.179

This metric shows how often CPU was stalled on L3 cache, or contended with a sibling Core. Avoiding cache misses (L2 misses/L3 hits) improves the

latency and increases performance.

This metric shows how often CPU was stalled on L3 cache. or contended with a sibling Core. Avoiding cache misses (L2 misses/L3 hits) improves the
latency and increases performance

Contested Accessas 7
Data Sharimg =2

3 LATEmeYy

0.915

This metric shows a fraction of cycles with demand load accesses that hit the L3 cache under unloaded scenarios (possibly L3 latency limited).
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What does this mean?

 We are doing a write to a memory location
 We are subsequently doing a read from that memory location

 The read is getting blocked by the write because the read is for
more data than just the write

e |f the write is for the same amount of data, then we can do “store
forwarding” to return the data write to the read without hitting
cache/mem

* |f the read can be delayed till later, the write can complete and the read
can come from cache

* This should not generally show up as a problem in good code
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334 ria_prafabeB0| Sra_phitsl pos) - >cachal anal 'S Zedidleen 341 moy Srde, Srli
] rie_prafabsRd| Sra_phtd[ped & 1] -renchal arall, Oafi2dde] 341 Bave Sedx, -GuEnifrag)
156 rta_prafat<hdfra_pkta[poa = 3] -=cachaliralil, Oufdddoil Hajl mhr $Eci8, %Wrld
T ria_prafatchd| fra_pktulpon * 3] -=cachalirsl] _ OuwS3ddca B4 novw wridw, -Ox2al%rip
338 3 OwiIdddy 341 mov wrdx, SWrip
335 OwSidddd 341 she $0wsl, Yrds
340 sogkify the pitlen §islds/ DuB2eddT 341 she $0e20, %rlD
341 daze_phitlen_alignldescsl; = Ot ddidd 341 maoww  fds, -dan{%rsp)
T o OeBidied 341 .
3 £ avoud cospiler recrdar optimpystion *F O3 2ot T vesvdaEr -OlH{%Nrepl, Soamad]
344 OwS 2ddes ymovdoes  -GadB8{%repl, Samsl 208 0.0% 0,385 [ .
L] Dt 2ddi2 ooy -GN rEDp), Yamad 348
kS 701 phit B 4 corviart Format Trom desc to plisboad ¥/ Oa52ddia
347 Pt _mbd = ap Bl chicss 3] 3] . Al mahi ) OeS 2 ld wphddy Samet Yxaal, Saaed
ETY:] phi mhi s e sbdile spifii desca| 3], shol ssk); Ol 3801 ymavdagae  -OudEiLrmp), forssd
1 e wpahuflh Soma®, %xaal Saned
5] £ 0.1 #=ed Filter wiaterr anfo only [ Fat e vpunpokihdg Tamal  bew . Wamm)
31 sterr_tapd = _ss_unpackhl_eoi3Zdescsl 3], descs{211; DS 25 vpunpcikved Samall, wemsl Samsl
2 » e ST Y. a2 ®rail mann
it 2e
D F
/* D.1 pkt 3,4 convert format from desc to pktmbuf * -4 Vmovdgax -0x18(%rsp), %xmmll
- Bk
pkt mb4 = mm_shuffle epi8(descs[3], shuf _msk); vz VMovdgax -0x28(%rsp), %xmml
- - - - - D32,
pkt mb3 = mm_shuffle _epi8(descs[2], shuf _msk); =4 vmovdgax -0x48(%rsp), %xmm3
Oxaac
B | 5 LT utiin T
] gt _mbl = s g Fle_epiBidesce| 0], shaf ssk| T ] ] wpor woeag  amal  gassg
] Dud2ds 30 vl e, “rdu
36D YT w4 phts stetarr velue DS Zadila 363 wpamilb SeEed, Saoaal
BEE sara = ;e wor sinl3 dd check, dd_chech); TS 255 i wpaddy ammd, YraaT
3T siatarr = _sm ureocklo_spillisterr_tepl, wterr tmpll] Oxasdsay E navee %Wdn, Sabp
wn {11t T ) ATy wpaddy Somml, GreaT, wossd
ang ™ B3 capy farml 3. 4 daks to ri_phis ¥/ [ s movg Srbe, GelB{%rlO)
g _mm_storey silZ80{weld *)Ers_phts]pos+3] > ra_descriptor_fisldal, Dud2ddET I sy (%rEal, “rbp
Elp | phi_misd ), Dwd2d=Es % oy Srde, %rlid
Sabictad L rewial: | 571 473 L3098 O04% 00w 0000 Highbigtited 3 rerveials | 1 4% O0W 0000 OEES 0003 4
— — = M
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Reading this case

e In this case, both the instruction highlighted and the previous
one are 128-bit loads.

* Therefore either one Is a potential candidate for the source of
the delay

e If we assume that this iIs the read, then we need to find the
offending write:

e Occurs previous to these [nice and easy to find in C, as there is a
compiler barrier]

e |s of a size smaller than 128-bits
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Other Welrdness...

 Why does the code:
pkt_ mb3 = mm_shuffle epi8(descs[2], shuf msk);
cause a read from memory at all?

e Shouldn’t descs[2] have already been loaded to xmm register
previously at the line?
descs[2] = mm loadu si1128((__m1281 *)(rxdp + 2));

o Let's look at that previous load lines in vtune...
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311 __ w178y mhpl, shed, /" tve sbuf pounter in ors XHA reg *) DSl e ] npr maw, “wean

32 — Dulddela E v wispydgeE  QEdlEInlhripl, “wessld
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314 shpl = s Vomdu 301200 | =12381 "ibss_ring|pss]i; = Ouhlddds T3 wpunpekldy Nansl, Sossl Siss?
315 /* Rapd dese shhtided bethvards o wiodd Feie condatisn *f Cu2adH O vt kL aby %amsl, Soesd, “wsed
i o o T G 2cbi B Tl vpunpe k]l gdg hieesd, SasaT, Some?
desta[ 8] = _sm_Leshy 3i128|__ald®e *jire RS ETR TR T | oxt2d438 Black #:
il@ o OxSldidd X4 1l
35 i 8.2 copy 2 whof poant soto ro_phts %/ T DetiTdand £ ik wmordgpuy S0l N rS), Yol
10 Jmm wharsu sild80__eldd: ®ldrs_phte]pos], sbpli; = eA3dHE  #7 mowapps  Samnd, - GclB{%rapf -
321 LSRR 1 roi] ST L T e TR 1
1232 ™Y Load 1 wkaf paant "f —. Owh2diia t vgvdgus D4 %rEE, Yamal]
a2 mhp2 = _wm Losdy wild@i(_ wl2¥i *l&we_runglpoesd]); Owh2disa g vecwidguE  GE10I%NFIL), "wcmmd
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7 B.1 Losd 2 whf pownt = TS D G varyapEs el <0035 %rep)

descs[3] = mm_loadu _si1128((_m1281 *)(rxdp + 3))

vmovdqux O0x60(%r9), %xmm3
vmovapsx %xmm3, -0x18(%rsp)
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What Is happening?

A load instrinsic is resulting in an xmm load followed by a store?
* We have a second mystery.

 Let’s trace back through what happens to the descriptors
through the code between the two points...
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desc_pktlen_align

e Only work done between desc|[2] load and the offending line is
function “desc_pktlen_align”

» Again look at assembler listing
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e Amplifier
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37 ria_praf ek Gra_phtslpos + 3 g s b, g LB - DSzl E '] -p-nnrl..! iy Somml  Soamag ol
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The Source of the problem

 When assigning the lengths,

pktlenO = mm_srli_epi132(pktlen0, PKTLEN_SHIFT);

we use 16-b|t ertes: pktlen0 = mm_and si1128(pktlen0, pktlen_msk);
e have to go to memory (can’t
aSSign to an xmm register) pktlen0 = _mm_packs_epi32(pktlen0, zero);

e causes the Xmm |Oad to vol _.dword = _mm_cvtsil128_si64(pktlenO);

Immedlately store to StaCk_ /* let the descriptor byte 15-14 store the pkt len */
e causes the shuffle op to trigger | =cinti6 t *)sdescs[0]1+7) = vol.e[0]:

a second load *((uintl6_t *)&descs[1]+7) = vol.e[1];
*((uintle_t *)&descs[2]+7) = vol.e[2];
* That Second Ioad (128b) *((uintle_t *)&descs|[3]+7) = vol.e[3];

blocks on 16b write
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The Fix

Rewrite to use entirely vector
operations:

 keeps things in xmm
registers

e saves unnecessary loads
and stores

* prevents store forward errors

e Improves performance.
 makes people happy*

*NOTE: happiness not guaranteed

16

pktlenO = mm_srli_epi32(pktlenO, PKTLEN_SHIFT);

pktlenO = mm_and_si1128(pktlen0, pktlen_msk);

pktlen0O = mm_packs _epi32(pktlen0, pktlen0);

descs[3] = mm blend epil6(descs[3], pktlenO,
pktlenO = mm_slli_epi64(pktlen0, 16);
descs[2] = mm_blend epil6(descs[2], pktlen0O,
pktlenO = mm_slli_epi64(pktlen0, 16);
descs[1] = _mm_blend _epil6(descs[1l], pktlenO,
pktlenO = mm_slli_epi64(pktlen0, 16);
descs[0] = mm_blend_epil6(descs[0], pktlen0O,

0x80) ;

0x80) ;

0x80) ;

0x80) ;
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Result
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T L T e

] Lt ef -]
&R
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e Stalls due to Loads Blocked
by Store Forwarding
dropped about 19x:

 Before: 0.189
o After: 0.010

e Overall PMD performance
measured by testpmd
Increased by over 5%.
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