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V8 engine of Node.js on IA: JavaScript-JITTED x86 machine code
mapping profiling support and X87 Quark processor enabling
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« JavaScript-JITTED x86 machine code mapping profiling
support in VTune

 Background: Scan of current profiling tools for Node.js
« What’s Intel VTune and and the JavaScript code / machine code mapping

« How to use it in Node.js

« X87 Quark processor enabling for V8 / Node.|s

« Background
* Intel's effort for X87 Quark processor enabling

* How to build Node.js for Quark processor

c Q/A?
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[JavaScript]:
ticks total nonlib name
2065 10.9% 11.1% LazyCompile: *montReduce crypto.js:583:20
1484 7.8% 8.0% LazyCompile: *1in_solve navier-stokes.js:128:23

1307 6.9% 7.0% LazyCompile: *Scheduler.schedule richards.js:188:41
1058 5.6% 5.7% LazyCompile: *bnpSquareTo crypto.js:431:21
646 3.4% 3.5% LazyCompile: *one_way_unifyl_nboyer earley-boyer.js:3635:37
620 3.3% 3.3% LazyCompile: *rewrite_nboyer earley-boyer.js:3604:30
523 2.8% 2.8% LazyCompile: *Plan.execute deltablue.js:773:35
464 2.4% 2.5% LazyCompile: *GeneratePayloadTree splay.js:49:29
414 2.2% 2.2% LazyCompile: *HandlerTask.run richards.js:465:38
485 2.1% 2.2% LazyCompile: *SplayTree.splay_ splay.js:293:38
323 1.7% 1.7% LazyCompile: *loop2 earley-boyer.js:4272:65
301 1.6% 1.6% LazyCompile: *loop3 earley-boyer.js:4286:85
286 1.5% 1.5% LazyCompile: *Flog.RayTracer.Shape.Sphere.intersect raytrace.js:426:24
270 1.4% 1.5% LazyCompile: *Flog.RayTracer.Engine.rayTrace raytrace.js:709:23
262 1.4% 1.4% LazyCompile: *Constraint.satisfy deltablue.js:172:41
246 1.3% 1.3% LazyCompile: *montMulTo crypto.js:606:19
244 1.3% 1lg LazyCompile: *Flog.RayTracer.Vector.normalize raytrace.js:235:25
232 1.2% 1lg LazyCompile: *exec native regexp.js:B88:22
191 1.0% 1lg LazyCompile: *deriv_trees earley-boyer.js:4254:43
180 0.9% 1 LazyCompile: *advect navier-stokes.js:204:20
176 0.9% 0 LazyCompile: *sc_loopl 98 earley-boyer.js:4258:251
143 0.8% 0 LazyCompile: *bnpFromString crypto.js:203:23
Ticks per symbal:
194079  9.6% LazyCompile:*montReduce crypto.js:583 [js]
0.02 0: 55 push ebp
0.01 1: 89 e5 mov ebp, esp
3: 56 push esi
0.01 4: 37 push edi
. . . 5: 83 ec 68 sub esp, 0x68
rT] 8: c7 45 £4 00 00 00 00 mov  DWORD PTR [ebp-Oxc],0x0
¢ A b I g I S S I n g f: 8b 45 fc mov eax, DWORD }!‘TRp[ebPIOx'i]
12: 89 45 f0 mov DWORD PTR [ebp-0x10],eax
15: 89 cé mnov esi, eax
17: 3b 25 4c 87 ea 08 cup esp, DWORD PTR ds:0xBea874c
1d: 73 05 jae 0x24
1f: 2§ be 96 99 d4 call  0xd43996e0
24: Bb 5d 08 mov ebx, DWORD PTR [ebp+0xB]
27: £7 c3 01 00 00 00 test  ebx,0xl
2d: OF 84 37 80 £3 dd je  Oxddf3a0ea
33: 81 Tb £f 8d 16 f1 2b cnp  DWORD PTR [ebx-0x1],0x2bf1168d
0.02 3a: OF 85 34 80 £3 dd jne  Oxddf38074
40: 8b Tb 0b mov  edi,DWORD PTR [ebx+0xb]
43: 89 7d ec nov DWORD PTR [ebp-0x14],edi
46: &b 45 Oc nov eax, DWORD PIR [ebpt0xc]
49: £7 c0 01 00 00 00 test eax,Oxl
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Intel VTune Amplifier XE 2016

* What'’s Intel VTune profiler?

* A commercial application for
software performance analysis.

o s -
og | @ Analysis Target

mmary QBouom-up % Caller/Callee  «

Data Of Interest (CPU Metrics) 2
*rViewing 4 10of 56 P selected stack(s)

Grouping: | Function / Call Stack v| B [&] %]

CPU Timew

T E A
Function / Call Stack Effective Time by Utilization Spin | Overheaa | L 260K N2038s of 7.6505) ]
Time Time s,
LS R Ko T Rl ! SystemProceduralFire....ion - fireobject.cpp
£ FireObject::checkCollision 7.650= ] | os]

. . Os Z = 2
° h b h G U d d I f & func@0x1000e190 3.312- e oF SystemProceduralFire... fireobject.cpp: 1459
| t aS Ot | an C O m m a n I n e I n te r aC eS ’ = FireObject::ProcessFireCollisionsRange = 5.013s T Os Os SystemProceduralfire.. fircobjectapp:1377
. . . . . @ ™ FireObject::FireCollisionCallback< | 4.025: (T S Os Os _Smoke.exe!Parallelf...managertbb.cpp:573
° |t IS aVaI | ab | e for LI n u X , WI n d OWS an d An d ro I d @ ™ FireObject::EmitterCollisionCheck+< 0.928s I8 Os Os Smoke.exe![TBB parall... - parallel_for.h:212
. ) func@0x75453064 3.211s TN 0.675s Os Smoke.exeltbb:intern...- parallel_for.h:150
0] p eratin g SySte ms. Selecten | row(s): mma 8 95 ¥ I Smoke.exe!TaskMan...anagertbb.cpp:606
< >l< > = = g = o =
Thread lj ~

* It provides functionality(API) to profile runtime
generated code.

It runs on top of Intel processors ( please visit
Intel VTune Amplifier for details )

QoQFQ—Qw 5. 32s 325 3 335, 34, 5 35<
Frame Rate

WWinMainCRTStartup (TID: 3496 ~
2 [func@0x7854345e (TID: 9332)
= [func@0x7854345e (TID: 12704)

func@0x7854345e (TID: 10792) ~

CPU Usage

D Running
idule CPU Time
s Spin and Overhead Time
1= CPU Sample
= Tasks
CPU Usage
iufe CPU Time

il Spin and Overhead Time Vv

v | Any Utlzation ~ 2

No filters are applied.

(e RS ST QUL Y User functions + 1

[ ntine Mode: ERIIIER Loor Mode: it v

* VTune’s JITTED code and source code mapping API:

« Easy to use.

* Provide detailed dynamic generated code line <-> machine code level profiling/mapping capacity


https://software.intel.com/en-us/intel-vtune-amplifier-xe
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Enable Node.js’ JavaScript-JITTED x86 mchine code
mapping profiling support in VTune

 Upstream Status:

« This feature is landed in Node.js by pull S . _ —
request #3785. € 2> C |§ sitHub, Inc [US]|https:ffg|thub.comjnod9Jsjrmdefpulljm/ 7 & =
i*f Apps ¥ Bookmarks & Google+ Hangouts E Hangouts crashing c.. & Content module - T... m Bug 2627 — [M38 V5... »

» Thanks for Ben Noordhuis and others’ timely
I’eVieW o This repository  Search Pull requests Issues Gist

It should be available since Node.js V5.2.0.

C B

nodejs / node ®@Watch~ 1219 %
 How to build a Vtune-enable Node.|s:
- Step 1: Download Node.js code from github. src, build: Enable Intel Vtune profiling for JavaScript
» Step 2: Compile Node.js with special flag: #3785

on Windows OS: i

(W17l cdal2 wants to merge 1 commit into nodejs:master fTOM cdaiz:master

Jvcbuild.bat —enable-vtune [other flags]

on Linux and android:

.Jconfigure —enable-vtune-profiling [other flags]
./make

™ Conversation 18 0 Commits 1 Files changed 4

cdai2 commented 18 days ago

src, build: Enable Intel Viune profiling for JavaScript.

This feature supports the Intel Viune profiling support for JiTted
JavaScript on IA32 [ X64 / X32 platform. The advantage of this

nrofilinn is that the naer 7 develnner nf NnAde 1S annlicatinn can



https://github.com/nodejs/node/pull/3785
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Profile JavaScript in Vtune (1)

Project name: [nodej5| l Y

 How to do Node.|s profiling
In Vtune:
« Step 1: Get/Install Vtune . t I

| Create Project| | Cancel

Location: |,."home,."cdaiz,."intelfamplxefprojects | | Browse... |

« Step 2 : Open Intel VTune and R—
create one project in it. -

Target | Binary/Symbol Search Source Search

Target type |Launch Application -

« Step 3 : Configure VTune project. Launch Application -

sSpecify and configure your analysis target: an application or a script to execute. Press F1 For
more details.

Application: Shome/fcdai2fworking/node/node * | | Brow
Application parameters: [WebKPRT2013—stoc_kslibrary.js| =~ Modi

B uUse application directory as working directory

working directory: Brow

User-defined environment variables:

| Modify... |
Managed code profiling mode: | Auto -
[ Automatically resume collection after (sec):

[ Automatically stop collection afFter (sec):

® storeresultinthe project directory: |/home/fcdaizfintel/amplxe/projects/nodejs

O CShnra racullk in fand rreabka link Fila ol annbhar diraecknmre

l__ oK J | cCancel



https://software.intel.com/en-us/intel-vtune-amplifier-xe

nedecs. .

INTERACTIY e

Profile JavaScript in Vtune (2)

» Step 4 : configure profiling type and start profiling « Step 5: show result do analysis.

% Ch Analysis T une Amplifie T - . f
: ys's o [home fedai2fintel famplxe/projects/nodejs - Intel VTune Amplifier
Project Navigat o
Ak Basic Hotspots copy ectavanr = B M P & 4 | welcome Openin... X

@ Alf)mi:_hm_A_ml):,«\ Identify your most time-consuming source code. This analysis type cannot be used to profile the system but must either launch an application/process or attach to one. This

F.Y 6asic Hotspots | analysis type uses user-mode sampling and tracing collection. Press 1 for more details. 0 Start Paused m ,"home,ﬂ'(dalﬂlntel}am...

A Advanced Hotspots A m nUdEjS

A Concurrency

@ Finalizing result... Intel VTune Amplifier XE 2013
CPU sampling interval, ms: |10

| G Project Properties

A Locks and Waits Analyze uses tasks B roz7hs @ Analysis Target| | © Analysis Typ
P Il Core 2Processor o
L Nt Wesonee 5o gy v Analysisi leted full
_,;;;‘e.a.lz;/lo,gu;n e o nalysis Is completed successrutly.
i g Collect CPU sampling data Withstacks y - . .
Aondvidth | e onalingapidats: Mo The result file '/home/cdai2fintel/amplxe/projects/nodejs/ro27hs/r027hs.a
A Access Contention | o ¢ nehronization APl data: No successfully created and added to the project nodejs.
A Banchanalysis Collect 1/0 API dats No
A Client Analysis Analyze user tasks: No s s s
A Core Port Saturatiol | analyze user synchronization:  No “r Flnallz"‘g reSUIts
A Cycles and uOps. Stack uwinding mode: After collection 4
A Memory Access stitchstacks: Yes . |
A Port Saturation Collect timeline data: Yes
* 7 Intel Atom Processor /. | Collect sleep data: No ingi i ' !
¥ L Knights Corner Platfor | Collect frequency data: No Resol\'lng Informa“on for nOde

» (& Power Analysis
& Custom Analysis

Application Output

{3 Command Line...
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rofile JavaScript in Vtune

« Step 5: show result do analysis.

Ll "D nbon PO wre [ = e &
ik romefodiiefntelfam # Basic Hotspots 3 ntel YTune Amplif i O home/cdaiaintelfam... * Basic Hotspots
" i nadi T &l nodejs
[ L 3 2 - tﬁButtnm-up "y Tap-down Tree rasks and Frames n 027 hs @ An S
Crauping | Function Call Stack P e ruxtio-\fcwgtack-cpﬂi. ¥ Source || Assembly D @ 4@ 2 ¥ assemblygrouping: | Address
— |
Function [ Call Stack CPUTime by Wizatiz ¥E o, Medule Functian {Ful Spurce File tart I_W sl.?:e Source CPL Time: Total by utilization™ CPL Time: Self by Utilization bl T
@idle Wroo Dok Widesl Wower > . Address d ! Didle @Focr Dok @ideal B 'Didle B Poor Dok Bideal B Over
Falcualatility AT 5 [Dynamic code] calcvolatiiy WeDNPRTIO kstnckslibrarys  Dndbfsa3nd | [Comamic code]ealcvelasby - W
ewalatilityasPercent &000; [ s [Dymamic code] calcvolatbtphsPercent WebHPRTE0 3atocksbbraryys  DodbéTzoen | [Dumamic code)ealcalTechivdics
FoakgksT ey ] o [Dynamic code] calcrsT WelPRTIN BtecksBrarys  Daabe7uze0 | [ymamic codedisalayTecheicall..
Fraleshaday o I s [ymamic cede] calciMaday WebXPRTE0 3stockshbrarys  Dndbfezaen | [Dynamic codeli e saesdsbd
FialShAalStochese 1675 [ & [Dynanmis code] caleSManiSrachise WeBKPRTHN Batockebararyls  Dadbrsszd | [oymami codelaplyr ot
rraleallTechindicatons 150z [ 05 [oymamic code] calcalTechindicaars WebPRTI0N3stocksbbrary)s  Dndbfrasan | [Dynami <<Me' Wil eomp
P oalePrigeChange asis i [Enamic code| calcPricechangs WeHPRTEN Fstocksibraryis  DadbiaTion
Fmin pEEE] | 05 [Cymamiz code] min makive math.je Dxdbfaied0
Fmax a7sss [l 5 [Dnamic ncle] may i math s b4l 230 n = parselntin);
Fabs orzn [l 05 [Dymamic code] abs rizkive math.js Oxdbéazcan Y [Domanmic codely wwule::ruwe n 231 var resultwalare = [];
*LeadFastElemenia a7 0 [Dymaimic code] LaadFastElementstit Dgateascan N [oynamic codestartupsdnega - 232 var priceArraylength = priceArray.length;
Py | s [oymamic code] & x285icsed | [Dynamic code) 233 for { war i = n; i < (pricedrraylength);
[ | o [Cynamis eode] A 05 dasd  J [oymami ccnd:,JsEmrmnn' 234 var sum = @;
l-Auntime Founddumd o574 [l 05 node wazinternal:Runime._Acundbumberlint, vezinternal:... 0xBB02910 [Crmamic gode USEntryStuneu5e,, mn__—
sl 5 [enamic code) calcas) WenkPRTIO Bstocksitrary s adbe3ded | nodewviintema-ExecutioncCal... 236 cedrray[i - j 1.74zs I .- I
sl 0 [Dymamic code] apply 028520120 | il Furction Call e - 237 1
assll i [Cymamic coda] & nxznsaeest  J nedevaFunctioeCall0use [ 238 VEF sma = —isum /£ n); oosssl oosss
B EnaryOnlCSn ozl 5 [Cymamic code] BinarypicStub 0x28513a80 |} nodelnodeleadEnviranment+4 239 wvar sumsgdDey = @;
FraleStechong axssl i [ymamic codu] aloitacts WEDNPRTION Bstockelbraryjs  Dadbfs5000  f nodeinede:Start+0x25F - [Unkne... 240 for [ war j = 8; j = n; jwe) { XN | ouoeds il
ForpwArrayElementsiua azusll s [Eymamic code] CrowdrrayElementsStub Dndbfzafen [ noddeimainsdn ¥ - fnknawa]:Un.., 241 var price sma = pricearray[i - 1] 120z N 1.zozs [N
B DplCi ansl i [Cymam <<Me' BmarrOpCStub 0’:20523360 lib<-2.18.50!_lib< start main+d... 242 sumsgdoey += Math.powi{price sma, | 1.725: [N -7+ N
= selected ot | O e 243 ¥
244 var stdbDev = Math.round{{Math.sqrtisu o.220s[l o.z20: [
BB B s S e T B 9 W U T v i i i U W s ds o b 2 s s s o s M 3 3s s 3 s 3 [AThead s resultvolarrli - nl = stdbev: c.0ss ] coessll
A | - (0 iy
[+] ke U Time
[k Chanrhea,,
% oAU sample
[ CRU Lisage
H [ ik CPU Time:
I [k et
=
P Licane
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Profile JavaScript in Vtune (4)

= (13 B 5 e [ Welcome ro27hs *
" Basic Hotspots
» Step 5: show result do analysis
p ’ y ’ Source || Assembly| B2 || E 4 2| |®  Assembly grouping:  Address =
f';-?:e <ource CPU Time: Total by UL'[liz.al:in:mm CPU Time: Address~ ?-?:E assembly CPU Time: Total by Lt
B idle B Foor @Ok Bideal @ @idle B Foor @idle @Foor Dok B idea
Ox4bFG456F 235 vdivsd xmmd, xmmd, =mm2 0.012s
ox4bfeaserf Block 44:
Oxabfed56d 235 imp ©x4bfE4508 <Block 33=
Oxdbf6456a 235 add edi, oxl 1.592: [N
Ox4bf64566 236 vaddsd xmmd, xmm3, xmm4 0.0z0s|
0x4bFE4566 Block 43:
OxdbFE4562 236 cvtsi2sd xmmS, eax
Ox4bre455f 236 XQrps xmmS, xmmS
230 n = parseInt{n}; 0x4bfe455d 236 sar eax, 8xl
231 var resultvolarr = []; Ox4bFe455b 236 mov eax, ecx
232 var priceArraylLength = price. 0xdbFe455hb Block 42:
233 for ( wvar i = n; i = (priceA. Ox4bFE4559 236 jmp @x4bf64566 =<Block 43>
234 war sum = 8; 0x4bF54555 236 pcmpeqd xXmm5S, xXmmS
235 for { var j = @; j = ni . 1.644: [INNINIEG 1544;_ Ox4dbFE4555 Block 41:
EE oxabfeesaf 236 jnz @xdbf6ds6ec <Block 113>
237 0Ox4bfe454% 236 cmp ecx, Bx51e0B8c3
238 var sma = ——{sum / n); 0.056s 0.056s | Oxdbfe4549 Block 46: -
239 var sumSqdDev = @; Ox4bl64547 236 jmp Oxdbf64566 <Block 43> 1.462< [INNNEGE
240 for ( var j = 8; j = n; | o.06asl 0.064s | Oxabf64542 236 movsd xmmS, qword ptr [ecx+8x3] 0.032s |
241 var price sma = pric. 1.zozs 1.202s I Ox4bfe4542 Block 39: =
242 sumsqdbev += Math.po. 1.726: N .7:c- B oxqbrfcds530 236 jnz @xdbf64549 <Block 48> o.108s [l -
243 } 0x4bf6453% 236 cmp dword ptr [ecx-@xl], @x32aesz2ed D.EI'ZGSI =
244 var stdDev = Math.round( . o.zzosl 0.220s 0x4bF64539 Block 38: =
245 resultvolArr[i - n]l = st. o.06ssl 0.068s | Oxq4bFE4537 236 jz OxabTed455h <Block 42> -
Ox4bf54534 236  test cl, 6xl 0.060s ] =
0x4bf64530 236 mov ecx, dword ptr [esi+ecx*4+0x7] 0.008s =
Ox4bFe4530 Block 37: ;
Ox4br6452a 236 jnb @x4bfE4867 =Block 112>
0x4bf64528 236 cmp ecx, ebx
ox4bfe4528 Block 36:
Ox4bF64522 236 i 4 =| =
Dx4bf64520 235 sub ecx, edi
OxdbfFe451d 236 mov ecx, dword ptr [ebp-8xd4c] 0.0325 )
ox4dbFeasid Block 35:
Ox4bf64517 235 jb Gxdbf647ee <Block 96
OxgbfFe4511 235 cmp esp, dword ptr [@xacBc8bE] o.040s
0x4bFs4511 Block 34:
Ox4bre450b 235 inl @xdbfE456F =Black 44=
Oxdbf54508 235 emp edi, dword ptr [ebp-8x4a]
Selected 1 row(s): 1.7425 1.3 Highlighted 29 row(s): 1.5

H Mo filters are applied. An\_».r Process - IAny Thread - I.-'-\.ny Module - IAny utilization - Ionlyuscr functions |«

- I Functions onl
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Agenda

« JavaScript-JITTED x86 machine code mapping profiling support in VTune
« Background: Scan of current profiling tools for Node.js

 What's Intel VTune and and the JavaScript code / machine code mapping
 How to use it in Node.js

« X87 Quark processor enabling for V8 / Node.js
 Background

 Intel’s effort for X87 Quark processor enabling

 How to build Node.js for Quark processor
« Q/A?
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X87 Quark processor enabling for V8 / Node.|s

* Background

* Intel X87:
. x87 is only floating point ISA of the x86 architecture instruction set before SSE debut

. X87 co-exist with SSE enable processor
* Intel Quark Family processor :
. Quark processor is designed for ubiquitous computing markets and the Internet of Things (loT), from
automotive to industrial to wearables
. Quark processor’s float point currently is x87-only ISA
« Google V8’s original roadmap of IA32 support :
. SSE/none-SSE V8 co-existing in unified 1A32/X64 V8 main port before V8 v3.26

. SSE/none-SSE V8 port is forked since V8 3.27
. V8 embedded applications such as Node.js needs a dedicated V8 port for X87-only platform after V8 3.26

_ <= 3.26 release > 3.26 release

With SSE2 (1A32/X64) Yes. With optimized compilers Yes. With optimized compilers

Non-SSE (including X87-  Yes. But Low priority. No optimized Not in major x86 master port
only Quark processor) compiler support. (Need Intel’s work on X87 port)
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X87 Quark processor enabllng for V8 / Node |S
* Intel’s effort for Node.|s enabling on Quark:

* Functionality

* Intel created and being maintainer of V8 X87 port inside V8 upstream code
repository

* From V8 v3.27 to current V8 4.8’s release branch and future V8 release branch

* Intel is making sure every release of Node.js works well on Quark since node.js
0.12

 Performance

* Intel implemented optimized compilers for v8 x87: 1) Crankshaft compiler since
V8 release v3.27 2)Turbofan compiler since V8 release v4.5



nodc®

X87 Quark processor enabllng for V8 / Node |S

 How to build Node.|s on Intel Quark processor specifically.

Step 1: download node.js source code.
Step 2: do configuration
Jconfigure —dest-cpu=ia32
Step 3: modify the config.gypi, add one line as below (marked Red)
'target_arch': 'ila32',
'v8 no_strict_aliasing': 1,
'v8_optimized_debug'": 0,
'v8 random_seed': O,
'v8 use_snapshot': 'true’,
'v8_target_arch': 'x87",
'want_separate_host_toolset": 1}}
Step 4: ./make
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Q/A.

* You can also reach me by emaill:
chunyang.dai@intel.com



