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Strange JavaScript performance

4 When | was implementing ChaCha20 in JavaScript, | stumbled upon some strange behavior.
B My first version was build like this (let's call it "Encapsulated Version"™):

v function quarterRoundix, a, b, ¢, d} {

x[a]l += x[b]l; x[d] = ({xId] * x[al) =< 16} | ((x[d] * xl[a]l} === 16);
xle] += x[d); x(b] = ({x(b] = x[c)) << 12) | ((x[b] * x[c]) »>> 28);
x[a]l += x[bl; x[d] = ({x[d] ~ x[al) == B8} | ((x[d] ~ x[a]) === 24);
2 x[cl += x[d]l; x[b] = {({xIb] ~ x[cl) == T} | ((x[b] ™ x[c]} === 25);

function getBlockibuffer) {
var x = new Uint32Array(16);

for (var 1 = 16; i—:) =li] = input[il;
for (var 1 = 28; i > @8:; 1 == 2) {

quarterfound(x, 8, 4, 8,12);
quarterfound(x, 1, 5, 9,13);
quarterRound(x, 2, &,18,14);
quarterRound(=, 3, 7,11,15);
quarterRound(x, @, 5,18,15);
quarterfound(x, 1, 6,11,12);
quarterRound(x, 2, ¥, 8,13);
quarterRound(x, 3, 4, 9,14);

}
for (i = 16; i—;]) x[i] += inputli];
for (i = 16; i==;) U32TOB_LE(buffer, 4 % i, x[i]};
input [12]++;
; return buffer;

To reduce unnecessary function calls (with parameter overhead etc.) | removed the
quarterfound -function and put it's contents inling (it's correct; | verified it against some test
wectors):

function getBlock{buffer) {
var x = new Uint32Array{16);




ChaCha20



function getBlock(buffer) {
var X = new Uint32Array(l6):;

for (var i = 16;
for (var i = 20;
quarterRound(x, 0,
quarterRound(x, 1, 5, 9,13);
guarterRound(x, 2, 6,10,14)
quarterRound(x, 3, 7,11,15)
quarterRound(x, 0, 5,10,15)
quarterRound(x, 1, 6,11,12)
quarterRound(x, 2, 7, 8,13)
quarterRound(x, 3, 4, 9,14)

mE ME ME WS WmE WS

}

for (i = 16; i--
for (i = 16; i-
input[1l2]++;
return buffer;

X[1] += input[i]:

i)
;) U32TO8 LE(buffer, 4 * i, x[i]);



19MB/s



function getBlock(buffer) {
var X = new Uint32Array(l6):;

for (var i = 16; i--3;) x[1i] = input[i]:

for (var i = 20; 1 > 0; i -= 2) {
quarterRound(x, 0, 4, 8,12);
quarterRound(x, 1, 5, 9,13);
gquarterRound(x, 2, 6,10,14);
quarterRound(x, 3, 7,11,15);
quarterRound(x, 0, 5,10,15);
quarterRound(x, 1, 6,11,12);
quarterRound(x, 2, 7, 8,13);
quarterRound(x, 3, 4, 9,14);

}

for (i = 16; i--

for (i = 16; i-

input[1l2]++;

return buffer;

X[1] += input[i]:

i)
;) U32TO8 LE(buffer, 4 * i, x[i]);



function getBlock(buffer) {
var X = new Uint32Array(l6):;

for (var i = 16; i--;) x[i] = input[i];
for (var i = 20; 1 > 0; 1 -= 2) {
// quarterRound(x, 0, 4, 8,12);

X[ 0] += x[ 4]; x[12] = ((x[12] ° x[
X[ 8] += x[12]; x[ 4] = ((x[ 4] ° x[
X[ 0] += x[ 4]; x[12] = ((x[12] "~ x[
X[ 8] += x[12]; x[ 4] = ((x[ 4] ° x[

I/ veae 80 ON s

}

for (1 = 16; i--;) X[1] += input[i]:
for (i = 16; i--;) U32T08 LE(buffer, 4
input[1l2]++;

return buffer;

<< 16)
<< 12)
<< 8)
<< 7)

oo o0 o
e ) )
T T To® o

* i, x[i]);

P, e,
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2MB/s






function U32TO08 LE(x, 1, u) {

X[1] = u; u >>>= 8§8;
X[1+1l] = u; u >>>= 8;
X[1+2] = u; u >>>= 8;
X[1+3] = u;




function U32TO8 LE(x, i, u) {

/
'
f/

*
-
+
(¥4 ]
i
=

mnm
ECE

u >>>= Hi
U === E;
n kb= g

S )




19MB/s



function U32TO8 LE(x, i, u) {

/A -
720 = T T

i

’f | U O .
S0ttt Don't remove this comment it makes the code 10x faster. “°"""°

x[i] = 1; u >>>= §;
X[i+l] = u; u >>>= §;
%[i+2] = u; u >>>= §;
x[i+3] = u;






we say performance
we mean |sperf.com



Count the oocurrences of a single character in a siring.

Freparation code

wsoripts
Bencheark. protokyees. setup = funckien() {
vor matcher = osig;
war beskitring = “We the People of the Unlted States, im Oeder to form o sore perfect Unlon, estoblisk
Juitice, fnmiwre domestic Trengquility, provide for the common defence proscte the gereral Belfore, end secwre
the Blessings of Liberty to curselwes ond cer Posterity, do ordoin ond estoblish this Constituticon for the
Unfted States of keerica,”™;
| H
=/ seripts

regular expresslon | eestString.setchimetcher).length;

sl pestitring.split("e™). length -

vor count = B
for {vor 4 = 8; § < testString. length; d+s) {
iF CtastString.chardb(i) === "¢") |
counk &= 1;
)]
1

war count = B
while (testiiring.length) |
if (testString. chordt(@) s== e} {
coufik &= 1;

¥
testitring = bestitring.slice(l};
}




£ Browserscope
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// split
str.split("e").length - 1;

// while
var count = 0;

while (str.length) {
if (str.charAt(0) === "e") {
count += 1:;

}

str = str.slice(l);



// split (IT'S OVER 9000K OP/S ON FF!)
str.split("e").length - 1;

// while
var count = 0;

while (str.length) {
if (str.charAt(0) === "e") {
count += 1:;

}

str = str.slice(1l);



DOUBT
EVERYTHING



ubench 101



the cost of
OP?



function benchmark() {
var start = Date.now();
/* OP */
return (Date.now() - start);

}



what if OP

faster than
clock?



function benchmark(N) {
var start = Date.now();
for (var 1 = 0; 1 < N; 1++) {
/* OP */
}

return (Date.now() - start) / N;

}






C XN









while (str.length) {
if (str.charAt(0) === "e") {
count += 1;

}

str = str.slice(l);



function benchmark() {
var str = "...";
var start = Date.now();
for (var i = 0; 1 < N; i++) {
var count = 0;

while (str.length) {

if (str.charAt(0) === "e") {
count += 1;
}
str = str.slice(l);
}
}
return (Date.now() - start) / N;

}



function benchmark() {
var str = "...";
var start = Date.now();
for (var i = 0; i < N; i++) {
var count = 0;

while (str.length) {

if (str.charAt(0) === "e") {
count += 1;
}
str = str.slice(l);
}
}
return (Date.now() - start) / N;

}



repetitions start
with str === ""



C XN



CX1+0xXN-1)



CX1I+0XN-1)
N









|sperf
misuse

OP should take the same time

when repeatedly executed



Preparation code

<scripts
Benchmark, prototype. setup = function() {
var 1= "15861%65°, j,
superParselnt = function(a) {
return —parselnt{a, 18);

J--Fiii‘

j = parseInt(i, 18);
j = ishaM(j) 7 @ : j:

j = ~—porselnt(i, 180;




Firefox 19.0 (1)

Firefox 21.0 (1)
Double Tilde; 607,665,833 ops/sec

Firefon 21.0 (1)



«~~ for the




NOPE



JITs are
clever



JITs optimize
as program runs



C XN



C,N, + C,N,

[unoptimized + optimized version]



2 C;N;

[multiple unoptimized and
optimized versions]



1 _&
D CiN; + Nor / C(&)e™ T dé

[math gets too complicated to
approach analytically]



JI'Ts are
clever

to measure you need to outsmart



Disclaimer: On slides |
will show optimizations
as source-to-source
transformations. In reality
compilers operate on
more sophisticated
representations.



function benchmark() {
var 1 = '1561565", 7;
var start = Date.now();
for (var n = 0; n < N; n++) {
] = ~~1;
}

return (Date.now() - start) / N;



function benchmark() {
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {
J = & lSSGSN
}

return (Date.now() - start) / N;



function benchmark() {
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {
J = ~=1561566;
}

return (Date.now() - start) / N;



function benchmark() {
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {
J = 1561565;
}

return (Date.now() - start) / N;



constant
propagation




«hey, | can
trick the
compiler!»



function benchmark() {

var 1 = Date.now().toString(), 3J;
// " not a constant any more
var start = Date.now();
for (var n = 0; n < N; n++) {

] = ~~1i;
}

return (Date.now() - start) / N;

}



«Wrong

answer,
McFly!»




function benchmark() {
var i = Date.now().toString(), 3J;
var start = Date.now();
for (var n = 0; n < N; n++) {
J = ~~1i;
//  ~"" loop invariant

}

return (Date.now() - start) / N;

}



function benchmark() {
var i = Date.now().toString(), 3J;

var start = Date.now();
var Jj0 = ~~1;

[/ ~hnnnannn hoisted from the loop
for (var n = 0; n < N; n++) {
J = 3J0;
}
return (Date.now() - start) / N;



loop Invariant
code motion



function benchmark() {

var i = Date.now().toString(), 3J;
var start = Date.now();
var J0 = ~~1;
for (var n = 0; n < N; n++) {
J = J0;
}

return (Date.now() - start) / N;

}



function benchmark() {

var i = Date.now().toString(), 3I:
var start = Date.now();
var J0 = ~~1;
for (var n = 0; n < N; n++) {
J = J0;
}

return (Date.now() - start) / N;

}



function benchmark() {
var i = Date.now().toString(), 3I:
var start = Date.now();
var jO0 = ~~1i;
for (var n = 0; n < N; n++) {
J = J0;
}

return (Date.now() - start) / N;

}



function benchmark() {
var 1 = Date.now().toString(), J;
var start = Date.now();
var jO0 = ~~1i;
for (var n = 0; n < N; n++) {
J = J0;
}

return (Date.now() - start) / N;

}



function benchmark() {
var start = Date.now();
for (var n = 0; n < N; n++) {
/* sound of silence */

}

return (Date.now() - start) / N;

}



function benchmark() {
var start = Date.now();
[ *
* sound of silence
*/
return (Date.now() - start) / N;

}



dead code
elimination



// Remember this one?
// split (IT'S OVER 9000K OP/S ON FF!)
str.split("e").length - 1;



// Remember this one?

// split (IT'S OVER 9000K OP/S ON FF!)
str.split("e").length - 1;

// it's full of dead code.



optimizer eats
ubenchmarks
for breakfast



chew proof
ubenchmarks?



do not try
to write them



2. no constants
3. no loop invariants
4. no dead code



1. verify results
2. no constants
3. no loop invariants

4. no dead code



function benchmark() {

var J;
var start = Date.now();
for (var n = 0; n < N; n++) {

j = ~~i;

}

return (Date.now() - start) / N;



function benchmark() {
var 1 = Date.now().toString(),
1l Date.now().toString(), t;
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {

return (Date.now() - start) / N;



function benchmark() {
var 1 = Date.now().toString(),
1l Date.now().toString(), t;
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {
ER=EN = ar = e

return (Date.now() - start) / N;



function benchmark() {
var 1 = Date.now().toString(),
1l Date.now().toString(), t;
var J;
var start = Date.now();
for (var n = 0; n < N; n++) {
t=1; 1= 11; 11 = t;

] = ~~1;
}
if (i !'= 3 || i1 '= j) throw "whoa?";
return (Date.now() - start) / N;



not bad



(potentially)

still not
enough



for (var n = 0; n < N; n++) {
t=1; 1 =11;: 11 = t;



for (var n = 0; n < (N / 2); n++) {
t=1; 1= 11; 11 = t;

] = ~~1;
= e = e =
] = —~1;

}

if ((N & 2) === 1) {
t=1; 1= 11; 11 = t;
] = ~~1i;



for (var n

}

J
(o

]

~~11]1:
11:

0

-

n < (N / 2); nt+) {



for (var n=20;

}

J
(o

]

11:

/* dead */
/* dead */
/* invariant */

n < (N / 2);

n++) {



loop
unrolling



V8 doesn't
do it




V8 doesn't
do it

but | want to induce paranoia ©




ubench x VM



=5 cripts
Benchmark . prototype.setup = function) {
var testl -
ot JFiofwefio]ewl jewal jewal joflejioe JFAwlel Jlefwiowef joime o] floerolwe e Fiwefl jeaf oot freef Lowe] £osf ] ol ] Loty
ieowt jewf i jewl iewf jweiojewliojenfioeiFlewf jiewhe” ;
war testd =
*owi JFiojwefiojewi jewoi jewoi jofiejioe jFhwiedi jiefwiowe fjoime jiow]fiowfoiwejowi Fiwefi jonfiojoost jwefiowe j Fiowfjiewf jiewf]
ieowf jewfi jewl i ewf jweiojewfiojewfioe] Flewf jiewfo" |
function outsideScopel) {
return testl + testd;
}
function imsideScope() {
rekurn
"ot Flojwefiodewl jewol jewol joflejioe jFfwlejl jlefwiowef jotwe]iew] Flewfolwe ] ewi Fiwefi jenfiojoesd fref Lowe] Flewf | Lewf ] Lewf]
i esoer jewfi jewt L ewf jeeiojofio]enfion] flewt jlewfo” +
ot P lofwe o] ewl jewal jeval joflejioe TRl el Jlefwiowef joime ]l ow) FLosrolwe e Fiwefl jeaf Lo fomd freef Lowe] FLowt ] Lot ] Loty
i etm Jewf 1 ] ewh 1wl el o] ewh 107 ewf Loe ) FLewt Jlewta" |
}

j H
< seripts

Test runner

—_— v

SRS | nsideScope0); ready

ready




$ d8 concat.js
Inside x 198,893,290 ops/sec *1.08%
Outside x 674,248,118 ops/sec *+1.08%
Fastest 1s Outside



«quick! move all
your strings out
of functions»






time to look
at the code

we expect both variants to be DCEd



IRHydra?2

all samples from this talk
are demos within the tool



why
Outside IS
fast(er)?




® 00 | Fmalephiimydrasze x| el
&= & C | mrale.ph/irhydra/2/# =

= O
Demos

Try clicking on the links below to explore features that IRHydra provides. Each link
loads compilation artifacts collected from a single V8 or Dart VM run on a given
source file,

- V8

o demo #1 [source file]
o demo #2 [source file]
o demo #3 [source file]

. DartVM

e demo #4 [source file]

. WebRebels 2014

: 8) [source file]

s Prototype chaln trauersal (node v0.10.x): data property [source filg]

o Prototype chain traversal (node v0.10.x): getter [source file]

o Prototype chain traversal (newer VB): data property, 2 runs [source file]



= O §

o — OPTIMIZED
outsideScope FUNCTIONS

Banchmark
Outside

outsideScope

Benchmark
Outside

String

autsideScope




= O §

Benchmark

Outside B4

result L
tB87 Phi

outsideScope +92 Phi

. : d95 Phi

Outside t96 Phi
t98 Phi

outsideScope

IH ER‘PH Eu UHﬂE {!_} Hid! Dlllllll‘l‘lhlj - d!'ﬂpt @H.Iﬁd'

_— o = = ==

[

t2 t62 ]

tl t81 ]
t53 t70 ]
dl90 di19l1 ]
£40 t74 )
t13 t76 ]

v118 BlockEntry

v11l9 Simulate id=158

Benclamark
Outside

dl189 Constant

-1

t138 CheckValue t98 0x492f388d <JS Function outs

String

autsideScope

t139 Constant 0x49222e89 <J5 Global Object> [map
t140 Constant 0x492£f£386d <FixedArray[6]> [map 0x

ETAT T aandfiandk sawdb@T-4de 7401147



the forest hidden
behind the trees



= O §

Benchmark
Outside

result
outsideScope

Banchmark
Outside

outsideScope

Benchmark
Outside

String

autsideScope

IH ER‘PH Eu anE {g} Hid! Dlsal!'mhly - d!'ﬂpt @H.Iﬁd'

B4
tB4Phi [ t2 t6NM ]
t87Phi [ t1 t8 ]
t92Phi [ t53 t7

el INTERESTING
or1s mrocues MIODE

v11l9 Simulate id=158

dl89 Constant -1

t138 CheckValue t9%8 0x492£388d <JS5 Function outs
t139 Constant 0x49222e89 <J5 Global Object> [map
t140 Constant 0x492£f£386d <FixedArray[6]> [map 0x

ETAT T aandfiandk sawdb@T-4de 7401147



v120 Goto BS

B5

dll2 gPhi [ d95 dl25 ]

dl2s
vlzdi

B6
v130

B7
vl52

BB
v1lao

dll2 4dlB89 1
ranch d112 goto (B&, B9) (Smi,HeapNumber)

.»  LOOP
= NESTING

1140572340519441

SOURCE



v120 Goto BS

B5
dl12§Phi [ d95 d125 ]
' 30! : | 1140572340519441
dl2s dll2 alg9 |
v127 §Branch d112 goto (B&, B9) (Smi,HeapNumber)

Bb6

v130 jGoto E?\

B7 k—— LOOP IS EMPTY!

v152

BB
v1l55 o BS



Outside Is fast
at doing nothing



V8 failed to
constant fold

[bug!]



lets fix i1t!



-=-= gro/hydrogen.cc (revision 21348)
+++ src/hydrogen.cc (working copy)
HE =9539,.6 +9639,14 HE

return left;

}

if (FLAG fold constants &&
left->IsConstant() && HConstant::cast(left)->HasStringValue() &&
right->IsConstant() && HConstant::cast(right)->HasStringValue()) {

return AddUncasted<HStringhdd>(
left, right, allocation mode.GetPretenureMode( ).

STRING ADD CHECK NOME, allocation mode.feedback site());
}

// Register the dependent code with the allocation site.
if (!allocation mode.feedback site().is null()) {
ASSERT( !graph( )->info()->Isstub());

+ o+



$ d8 concat.js
Inside x 758,530,478 ops/sec *1.82%

Outside x 674,248,118 ops/sec *1.14%
Fastest 1s Inside



both are now
doing nothing!



presumption of
performance



reasonable code
reasonably fast



confirmation
bias



«prototype chains
are slow»



var obj =
Object.create(
Object.create(
Object.create(
Object.create(
Object.create({prop: 10})))));



var obj =
Object.create(
Object.create(
Object.create(
Object.create(
Object.create({prop: 10})))));
// LISP tribute *""""



function doManyLookups() {
var counter = 0;
for(var 1 = 0; 1 <
for(var j = 0; j < 1000; j++)
for(var k = 0; k < 1000; k++)
counter += obj.prop;
print('In total: ' + counter);

}

10003 1++)



function lookupAndCache() {

var counter = 0;

var value = obj.prop;

for(var i = 0; i < 1000; i++)
for(var j = 0; j < 1000; j++)

for(var k = 0; k < 1000; k++)
counter += wvalue;
print('In total: ' + counter);

}



// State of art benchmark driver.
function measure(f) {
var start = Date.now();
£();:
var end = Date.now();
print(f.name + ' took ' +
(end - start) + ' ms.');

r



measure (doManyLookups) ;
measure ( lookupAndCache) ;



$ node prototype.js

In total: 10000000000
doManyLookups took 8243 ms.
In total: 10000000000
lookupAndCache took 1058 ms.



00000004
ook 1058 ms.

$ nodeprOtotype. ] ED
otal: ‘ﬂ

doM Tﬁt 43 mg

3.9)

pEKupAndCe



lets make It
harder



- Object.create({ prop: 10 })))));
+ Object.create({ get prop () { return 10 } })))));



$ node prototype.js

In total: 10000000000
doManyLookups took 1082 ms.
In total: 10000000000
lookupAndCache took 1061 ms.



«what kind of
voodoo is this?»



B1l3
v96
v97
v98
v103
v104
v106
v107
v108

BlockEntry

Simulate id=90

StackCheck

Simulate 1d=113 push d81, push t99
nterInlined prcp,_id=d_
LeaveInlined W In I I ned
Simulate id=111 sh t105

oto Bl4

Bl4
v109
dl1l0

o Constant 10 range[10,10,m0=0] ShEEARENELUIETE
v11l3 §Simulate 1d=86 pop 2 var[2] = d110, wvar

BlockEntry
Add d81 d147 !



v96 gBlockEntry
v97 BSimulate id=90
v98 gStackCheck

Simulate id=111 push d81, push t100

hange t100 t to d

Add d81 d139 !
1104 gAdd 154 1103 range|-214/453647,1000,mO=(
v105 §Simulate id=86 pop 2 / var[2] = dl02, wve
v106 gGoto Bll




very old V8 did not
Inline loads from data
properties defined on
prototypes



trying
newer V38



$ d8 prototype.]js

In total: 10000000000
doManyLookups took 1294 ms.
In total: 10000000000
lookupAndCache took 1189 ms.



$ d8 prototype.]js
In total: 10000000000

doManyLookups took 11294 ms.

In total: 10000000000
lookupAndCache took 1189 ms.



prototype chain

traversal got
LICMed



... and now for
something
completely

different



what if we run
benchmark
twice?



measure (doManyLookups) ;
measure (doManyLookups) ;
measure(lookupAndCache);
measure (lookupAndCache);



$ d8 prototype.js | grep took
doManyLookups took 1301 ms.
doManyLookups took 3408 ms.
lookupAndCache took 1204 ms.
lookupAndCache took 3406 ms.



what just
happened
here?



toString

domanyLookups <@ deopt: smi overflow
doManyLookups < deOpt: int32 overflow

doManyLookups * deopt: Ioop end
doManyLookups H HE=-
10 — stabilized

lookupAndCache



Bl3
counter oD

d221 gChange t87 t to d allow-undefined-as-nan l]'1t}<))(
counter += obj.prop

d120 fadd d221 d222 1| add 10

5125 d s90 s124

. k ]
£223 flchange d120 d to t rebox

v1iZg to Ell



'In total: ' + counter type-
feedback leaks upwards into the loop
and causes excessive boxing of the
counter variable



workaround: hide + from
representation inference



- print('In total: + counter);
+ print('In total: ' + counter.toString());



$ d8 prototype.js | grep took
doManyLookups took 1298 ms.
doManyLookups took 1119 ms.
lookupAndCache took 1188 ms.
lookupAndCache took 982 ms.



now desert!



method call
VS.
function call



function mk(word) {
var len = word.length;

1f (len > 255) return undefined;

var 1 = len >> 2;

return String.fromCharCode (
(word.charCodeAt ( 0) &
(word.charCodeAt ( i) &
(word.charCodeAt( 1+1) &
(word.charCodeAt(i+i+i) &
len

0x03)
0x03)
0x03)
0x03)

<<
<<
<<
<<

14
12
10




Benchmark.prototype.setup = function() {
function mk(word) {
/* co. */
}

var MK = function() { };
MK.prototype.mk = mk;
var mker = new MK;

}i



suite

.add(’

var
key
key
key
})

.add('

var

key

key

key
})

Function', function() {

key = mk( 'www.wired.com');

= mk( ' 'www.youtube.com'):

= mk( 'scorecardresearch.com');

= mk( 'www.google-analytics.com');

Method', function() {

key = mker.mk( 'www.wired.com');

= mker.mk( 'www.youtube.com');

= mker.mk( 'scorecardresearch.com');

= mker.mk( ' 'www.google-analytics.com');



$ d8 method-vs-function.js

Functionx 4,149,776 ops/sec *0.62%
Method x 682,273,122 ops/sec *0.72%
Fastest 1s Method



method call
Is faster?



keep secret
what | am
going to show
you NOw



--- a/method-function.js

+++ b/method-function.js
@@ -2,6 +2,9 @a
load("../benchmark.js");

Benchmark.prototype.setup = function() {

+ n SPE‘Ed ] + "YDur" + “JS L] + “With 1] +
+ "thiE" + "DHE" + Hweirdll + "trick" :
+

function mk(word) {
var len = word.length;
if (len > 255) return undefined;



$ d8 method-vs-function.js
Function x 695,708,197 ops/sec *0.38%
Method x 692,496,013 ops/sec *0.29%
Fastest 1s Function,Method






isFunction

)

<& no optimized instances!

/

——0—0—0—0—0—0 00009

P filter by name




Function was
never optimized!



— heuristics that decide when to
optimize are based (among other
things) on the amount of initialized
inline caches

— function call does not go through
an IC, but method call does

— Method had enough initialized ICs
to trigger optimizations, but
Function didn't!

— Until fake + ICs were added in the
setup section



inlin

aC, ut method

— Met enough initialized ICs
rigger optimizations, but
Function didn't!

— Until fake + ICs were added in the
setup section

it at decide when
Imize are based (amon
things).on the aWY
doeg™ o

tgot




Benchmark
Function function mk(word) {

B O $ IR G*E SOURCE | BenchmarkSFunction »

MK

Baemchimmrk

Function
values
[TI&

Baenchmairk

[ var MK = function() { }:

P ey ks inlining marker

ALl on 5140572296482617= 296482617.now( ) jwhile(i140572296

L key = 'www.wired.com');

key = { "www.youtube.com');
IrTrEE key = { "scorecardresearch.com'):
Function key = { "www.google-analytics.com');

}r140572296482617=(nl140572296482617.now( ) A-514057229648.
mk



L

Benchmark
Function

MK

Banchimaii
Function

values

MK

Banichmark
Function

charCodeAt

MK

Banichmark
Function

MK

IR GRAPH SOURCE R:[TIO0TL-FARN | BenchmarkSFunction » mk @

var len = word.length;

1f (len >_255) return undefined;

b0
. fromCharCode (

var 1 =1
return 5t

(word.ch@gCodeht ( 0)
(word.chadgodeAt ( i)
(word.cha eAt( i+i)
(word.charColgAt (i+i+i)

inside inlined

0x03)
0x03)
0x03)
0x03)

=
L
=

function

14
12
10

8

this wasn't LICM'ed

background indicates
LICM'ed code



measuring almost
empty loop again!



can function call
be faster than
method call?



// for (var item in list[i]) { ... }
var sum = 0;
for (var 1 = 0, L = arr.length;
1 < arr.length;
++1) {
1f (arr.length !== L)
H.throwConcurrentModificationError(arr);
var item = list[i];
sum += item:



// for (var item in list[i]) { ... }
var sum = 0;
for (var 1 = 0, L = arr.length;
1 < arr.length;
++1) {
// if (arr.length !== L)
//  H.throwConcurrentModificationError(arr)
var item = list[i];
sum += item:



S d8 iteration.s

WithCheck X 396,792 ops/sec +0.37%
WithoutCheck x 456,653 ops/sec 10.82%
Fastest 1s WithoutCheck (by 18%)



// for (var item in list[i]) { ... }
var sum = 0;
for (var 1 = 0, L = arr.length;
1 < arr.length;
++1) {
1f (arr.length !== L)
H.throwConcurrentModificationError(arr);
var item = list[i];
sum += item:



// for (var item in list[i]) { ... }
var sum = 0;
for (var 1 = 0, L = arr.length;
1 < arr.length;
++1) {
1f (arr.length !== L)
(0,H.throwConcurrentModificationError) (arr
var item = list[i];
sum += item:



S d8 iteration.js

WithCheck x 396,792 ops/sec 10.37%
WithoutCheck x 456,653 ops/sec *0.82%
WithHack X 462,698 ops/sec +0.48%
Fastest is WithoutCheck,WithHack



18% speedup by replacing
o.f()
with
(0,0.£) ()
in the code that never executes



(window,t1l4313604834667) { var global = window, clearTimecut = global.cl
var rl4313604834667,514313604834667,m14313604834667=this,f14313604834667

for (var 1 = 0; i < 1000; i++) arr.push(i):;
514313604834667=n14313604834667.now();while(i14313604834667--){

for (var 1 = 0, 1 = arr.length; i < arr.length; ++i) {

if (arr.length l== 1)
H.throwConcurrentModificationError(arr):
sum rr[i];

yr1as13s0as3ase e NENEI€XECUted. and. ¢q7)/1e3;

e ule bl - W

return{elapsed:r143138\ & doesn:itknow:where it goes



(window,t1l4313604834667) { var global = window, clearTimecut = global.cl
var rl4313604834667,51431360483 57 m 1] IENAPAIARE TI=+ g €145, A04834667
+has'to.assume’length

for (var 1 = 0; 1 < 1000;
514313604834667=n1431360 EET nnw{] whlle{1143135ﬂ483455?--]{
Ccdn chan

for (var i 1l = arr.lenycu; 1 = EleLE;EEh} ++i)
if (arr. gth == 1)
H.throwConcurrentModificationError(arr);
sum += arr[i];

}r14313604834667=(nl4313604834667.now()dh-514313604834667)/1e3;

return{elapsed:rl14313604834667 ,uid: "uidl14313604834667"}}



(window,t143136048346657) { var global = window, clearTimeout = global.c

var r143136048346657,5143136048346657, ml143136048346657=this, £14313604834
for (var i = 0; i < 1000; i++) arr.push(i);

5143136048346657=n143136048346657.now();while(1143136048346657--){

for (var i = 0, 1 = arr.length:; i < arr.length; ++i) {

(0, H. thruwﬂuncurrentﬂudlf1cat1ﬂnEerr}{arr},

sSum += a
also never executed
}rl43136048B346657=(n 3136ﬂ45346557.nuw{111-514313504534665?}IIEE:

return{elapsed: rlHlJEL c...-.u p o peﬂ; Ioads are SPECia]

-'ﬁ-i'"-'ni"'\-'-f--



(window,t143136048346657) { var glcbal = w1ndnw clearTimerut = mlobal.c

var rl43136048346657, sldElEEﬂassume at pathSLlead|ng!34
for (var i = 0; 1 { 1000; ++; arr.pusni);

£143136048346657=n143136

i R .t:r-p"n

to’never executed’loads’

= arr.length; i < arr.lencth; ++1i) {

are never taken

(0, H.throwConcurrentmodificationsrror)(arr);
sum += arr[i]:

for (var i

}r143136048346657=(n143136048346657.now()A-s143136048346657)/1e3;
return{elapsed:r143136048346657,uid: "uid143136048346657"}}



(window,t1l43136048346657) { var global = window, clearTimeout = global.c

var rl43136048346657,5143136048346657,m143136048346657=this,f14313604834
for (var i = 0; 1 < 1000; 4++) arcv.pnsh(i);

5143136048346657=nl 43136{}455hﬁ|$ted:while (1143136048346657--){

for (var i = = arr.length; i < arr.length; ++i) {
(0, H.throwCo ntModificationError) (arr);
Bum 3= arziily folded away

}r143136048346657=(nl43136048346657.now()dh-5143136048346657)/1e3;

return{elapsed:rl43136048346657 ,uid: "uidl143136048346657"}}



algorithms first
ubenchmarks last



THANK
YOU



WAIT.

what about the first example?



function getBlock(buffer) {
var X = new Uint32Array(l6):;

for (var i = 16; i--;) x[i] = input[i];
for (var i = 20; 1 > 0; 1 -= 2) {
// quarterRound(x, 0, 4, 8,12);

X[ 0] += x[ 4]; x[12] = ((x[12] ° x[
X[ 8] += x[12]; x[ 4] = ((x[ 4] ° x[
X[ 0] += x[ 4]; x[12] = ((x[12] "~ x[
X[ 8] += x[12]; x[ 4] = ((x[ 4] ° x[

I/ veae 80 ON s

}

for (1 = 16; i--;) X[1] += input[i]:
for (i = 16; i--;) U32T08 LE(buffer, 4
input[1l2]++;

return buffer;

<< 16)
<< 12)
<< 8)
<< 7)

oo o0 o
e ) )
T T To® o

* i, x[i]);

P, e,
— e, e,



U3ZTOB_LE

getBlock
getBlock
getBlock
getBlock
getBlock
getBlock
getBlock
getBlock
getBlock
getBlock

getBlock

= repetitiv

14]; x[ 6] = ((x[ 6] ™ x[10]) << 7)
T1: x[15] = ((x[15]) * x[ 3]) << 16)
15]; x[ 7] = ((x[ 7] * x[ll]j << 12)
?i: 15]) = Ji{x[151 2 3]) << 8)
E;dEﬂptIMIzatlﬂnn << 7)
51: x[15)= ((x[15] " 01) << 16)
15]; x[ 5) = ({(x[ 5] ° x[ln]} << 12)
51: xX[15] = ((x[15] " X[ 0]) << 8)
15]1; X[ 5] = ((x[ 5] © x[10]) << 7)
6]; x[12]) = ((x[12] * =x[ 1]) << 16)
12]; x[ 6] = ((x[ 6] " x[11l]) =< 12)
6]1; X[12] = ((x[12] * X[ 1l]) << 8)
12]1; X[ 6] = ((x[ 6] © x[11l]) << 7)
71 x[13] = ((x[13] © x[ 2]) << 16)
13]1; %[ 7] = ((x[ 7] © x[ 8]) =< 12)
71; x[13) = {{x[lJ] * x[ 2]1) << 8)
13]1; x[ 7] = ((x][ ~oRr B1Y << T)
417 %141 - (xdeopt marker
14]; x[ 4) = ((x[ 4] ""x[ g]) =< 1)
41:; %x[14] = ((x[14] " %[ << B)
14]; x[ 4) = ((xX[ 4] © x[ 9I1&=<< T)
=:) X[1i] 4= input[i];

U32TOB LE(buffer,

I
]
T

4 * i, xd(i));

((x[ 6]

PR O¥F O OF ¥ ¥ ¥ M ¥ OF ¥ P O¥ ¥ OF ¥ ¥ OF D



repetitive deopt Is
always V8 bug



— inlining U32T08 LE used to
break safe-uint32 analysis

— adding long comment into
U32TO8 LE disables inlining

— there are more sane
workarounds



function getBlock(buffer) {
var X = new Uint32Array(l6);

for (var i = 16; i--3) X[1i] = input[i]:
for (var i = 20; 1 > 0; i -= 2) {
" J——
}
for (1 = 16; i--;) X[1] += input[i]:
for (i = 16; i--;) U32T08 LE(buffer, 4 * i, x[i]|0);
/i immediately truncate to int32 *°
input[1l2]++;

return buffer:



never assume that
a language feature
has to be slow



talk to VM people
report bugs



talk to VM people
report bugs



