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Summary of Findings

Looking specifically at mobile queries on browsers, Bing consistently serves search results
faster than Google today:

1. Bingresults arrive ~300ms faster
Not including differences due to SSL, Bing search results start to arrive and render
~300ms faster than Google search results.

2. Google has a larger latency penalty for logging-in than Bing
Results for logged-in user queries on Google arrive ~350ms later than queries by logged-
out users. Logged-in queries on Bing are only ~100ms slower.

3. Bingis faster in part due to our server-side latency increasing since 03 2016
Latency trends show that, while user connections are gradually improving, server-side
_latency is getting worse at ajaslef rate. Roughly ~150ms of the gain comes from

| Conﬂdemial ‘and ~80ms from“"‘"“"l‘fs elf.

4. T ing
The Google SRP comes down in four distinct chunks (header, bedy, footer, late footer).
Bing delivers their SRP in many more granular chunks.

5. Bing has a smaller payload size
On average, the Bing /search page is half the size of Google a google /search page
(~200kb vs ~100kb uncompressed, excluding external resources).

6. Bing and Google's client-side rendering times are comparable
While there may be room for optimization, the client-side rendering times for both Bing
and Google are roughly the same.

7. Bingdoes not use SSL by default
Using SSL incurs an amortized ~26ms loss per query relative to Bing without SSL.

8. Bing does not support HTTP/2 and QUIC
This may cause a higher response time on high-latency networks for Bing due to the TLS
negotiation process on every query,

9. Bingis more adversely aff s
Under poor network conditions, Google is actually faster than Bing.

10. Google's mobile traffic incurs more server-s Nggﬁg;gggy_j‘hm;_kl_p_mm
The latency is spread evenly between Confidential | and differs by ~50ms.
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Looking at the Bing App on Android and 10S:

11. Bing uses native rendering
The SRP is implemented with native widgets on Android and {most likely) on i0S as well
and shows approximately the same ~300ms difference in performance.

12. Bing implements infinite scrofiing
The Bing App impiements tap-for-more-results infinite scrolling.

Furthermare, ramiroguerrai@ has done an analysis.of Bing Mohile web.

Background

As part of the Folly effort, it was observed that today Bing appears to serve search results faster
than Google. In one of the worst cases found, the query "san diege to lax train” takes 3.6%s for
content download on Google versus only 565ms for Bing {see transport query discussion). We
set out to quantify the difference and try to drill down into possible reasons as to why this could
be.

2014 Latency Lab study

This question has come up before. In 2014 latency lab studies, Bing was faster than Google
mairtly due to ite lack of 8SL. However, in 31 of the 100 queries, Google was also slower than
Bing with SSL. The reasons identified are fisted i\p{ﬁ Itis possible that since then Bing has
made even more performance gains (e.g. Windows 8
Bing search latency reduction).

Findings

For more details, see the additional information in the Appendix.

Bing results arrive ~300ms faster

Using 1000 random queries to get a more realistic sample of what real traffic would look like
{rather than using "slath’” queries or common queries) and an automated query too! we gathered
latency data for both search engines on different networks. Both search engines return the first
byte quickly and at about relatively the same time (chart).

However, we see a large difference when we look at the time that the first byte of the search
results|arrives:

| Comment [1]: Are theré Tassons 1o be icamed
i wee Took at spe.cirual!y !he quevjes of sloth?

; Cmument{l} You will tikely find pages where: |
“Googla has ons or more heavy features aind
-Bing has a faature-fight paga 1 dontthink the -

- Bing-vs-Google contex is adding mere nsight
rather than just looking at Goagle sloth quenas
independently,

:
|
|
|
|
I

Commant [3}: Woulg this ba a useful talenqr ]

)
|
|

e {0 track. E-sf SRF"P .

mm 41 Mayba Isulany gam here wlll
i reflect i in AFT dwecllv

. Cmnment[s} b mnder L] use!ul
analysis o bie done on the gan Detween TTF8B
i and TTFR. The pags is peresived ac fagfer

" when the Brst result somes in mare quickly, bt

L AFAIK we doa'thave quantitatve data on the

. effects. If we're geing to expend effort closing
. pthe TTFR gap, this might gue U some idesof -
S the teadroom, .

1 gumea:dﬂélmeyr.-ﬁha_rsééms 6 md%c'sté thét
I wea collact chunk boundany metses, but the doc
[ rafarancsd ia from 2013 - +

i do we sl collect these?
: hupssidocs.google comidocunient/d T RETDCYAL
i z:!SSeM?UMKLcGOUSdeonT‘A el
e

Comment [6]: Foan't f-mr me s
InstrementationService in gur codebase !

~anymore. Not sure how difficult i would be-to
irmptement cifd 11663771 0 our curent state

GOOG-DOJ-04681591

REDACTED FOR PUBLIC FILING & ABRIDGED



Msec, first bvte of search resylls TR
Goorie BB Sy

When the connection is fast, Bing results arrive 120-370ms earlier depending on the region. This
effect is more easily seen when looking at the difference between the time of the first byte
{"header chunk") and the first byte of the search resuits ("body chunk™):

Msec, first byte to first search result ” oTTR
songe B Sy
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The La,r_gesl_smmp _EQUFQMIVQMQ! appearstobe from| Cu nf dentral
je=eeee i) particular, rather than wﬁh{ﬁwu itself. Full data is avaalah%e hei:e

The Google header is 9.5kb compressed on Tier 1 and renders in under 100ms on even the
slowest devices. The time between the header and the first byte of the results is a particularly
pernicious place to have a latency gap because even the slowest of client devices will be sitting
idle while waiting for the search results bytes to arrive.

Bing is faster in part due to our server-side latency increasing since
Q3 2106

The server-side latency difference between Bing and Google is quite significant and this

difference seems to be a recent development. Much of the latency that Google lags behind Bing
_has been gained over the prev;qus two quarters. Looking at mobile traffic, roughly ~150ms from
Conf‘dantlal and ~80ms from | i
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Much of these losses have been masked by increasingly fast user connections.

Google has a significant logged in penalty that Bing does not have

On Google, for logged-in user queries, the first byte of the header arrives ~100ms later than for
logged-out users. Additionally, the first byte of the results will arrive ~240ms later. This gap is
server-side processing. Not clear what exactly but this latency shows up on the end-user latency
dashboards split betweerl Conﬁdentlal {Response size is about the same. For Bing, no

significant difference between logged-in and’ ugged out queries was observed.
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Msec, MTV logged-infout, first byte and first byte to first result Logged-in/out
B coogle W Bing

Bing has more granular streaming

We investigated the loading behavior of both Google and Bing search and noticed differences in
how results are streamed to the client. Using a tool to analyze the time that bytes arrive, the
Google SRP comes down in four distinct response chunks (header, body, footer, late footer).
However, Bing delivers their SRP in many more granular chunks.

Bing's streaming approach may allow better latency with poor network connectivity but does

not appear to impact latency on good connections.| During testing using the corpnetwork and . | c«nmnt[n] ‘Why else magm B&'ng have o
with a home cable connection, the average time between the first result byte andthelast byte of | zjﬂﬁgm”f;’w&ﬂ‘gmm;‘m?
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breakdowns for a set of 1000 random queries. For the /search page, Bing loads much fewer

bytes than Goegle does. On average, the Bing /search page is half the size of Google a google o mm':ﬁ mﬂgﬁm{:‘“ﬁgx,
/search page (~207kb vs ~112kb uncompressed, ~66kb vs ~35kb compressed). i dal: ;:-;vreceh'e earfier. Bevond that there is -
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A byte-breakdown comparison between Bing and Google further shows that Bing SERPs are
much smaller in most byte categories. Of the roughly -95kb difference going from Google to
Bing, about -33kb comes from HTML markup, +19kb comes from HTML text {guite a bit of this
is in fact CDATA containing JS), -19kb comes from style blocks, and -62kb comes from script
blocks Of the difference due to script blocks, -31kb comes frem JS inlined images. Of the
difference due to style biocks, -2kb comes from CSS infined images.

Bing loads fewer bytes of external resources than Google: [168kb versus 403kb of XJS)and 16kb rE_n;iinemInL Do e v measom of -
versus 37kb of external images. However, Google does much fewer XJS fetches (exactly one) [i}:‘;‘;j‘,‘;‘?;ﬁg‘:ﬁ;;gg;:‘* faReni poves

than Bing, which does about 15.8 XJS fetches on average. ) { Comment [15]: We can see s in s |

performen‘e profiles bt 58 of tnam
pmessnghme-sanerAF'f L |

Bing and Google's client-side rendering times are comparable

Although it depends on the device used, the client-side rendering latency of Google and Bing are
largely comparable. We gathered aggregate data on overall latency using Latency Lab by
running 1000 random queries on both Google and Bing on a slower Nexus 5 phone and a fast
Pixel phone and recording the time that each search page reached 99% visual completion above
the fold.

The following graph plots the latency difference distribution for each phone:

Googie - Bing, VC2%9 - TTFE, Distribution

on foxus 5 e Pixel e Mediah ATTE (MTY)

Each biue point in the graph plots the difference in time to 99% visually complete minus time to
first byte {to control for network effacts) between Google and Bing for a particular query run on
a Nexus 5. The red line plots the same for a Pixel phone. Points above the horizontal axis
indicate that Google is slower and paints below indicate that Bing is slower. This graph shows
that today 25% of queries in this set are faster on Google on a Nexus 5 and 35% are fasterona
Pixel phone.
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The orange line highlights the median server-side latency gap (as measured in MTV) to highlight
the fact that, had the search results reached the client at the same time for both Google and
Bing, Google latency would actually be just slightly worse than Bing on a Nexus 5 (45% faster)
and in fact better than Bing's on a Pixel (55% faster}.

An in-depth lock at client-gide latency for “queries of sioth’ (queries specifically chosen because
they are slow on Google) actually showed that the above-the-fold area rendered /ater for Bing in
most cases.

Bing uses more images

This can likely be attributed to more prolific use of images on Bing above the fold. The following
data is for ~600 random English queries:
Google  Bing
Average images above the foid:  4.82 6.94
Average number of image pixels above the fold: 70k 138k
Average totalimages: 24.5%4  14.58

accounts for 10k of abov&thefold pixels on Google.

Bing does not use SSL by default

Bing does not use SSL by default; Google does. SSL traditionally required cne or two extra round
trips, but protocols such as QUIC have sped up SSL, and in practice only 11% of HTTPS queries
require a SSL handshake, delaying the search by ~240ms’ when a handshake is required, This
amortizes to 26ms per query.

Bing does not support HTTP/2 and QUIC

Bing does not appear to support HTTP/2 (test) or use QUIC (as evidenced by the lack of UDP
traffic at the packet level). This may cause a higher response time on high-latency networks due

to the TLS namlation process on every query. In contrast, abouie-ﬁwmf Google's traffic uses
HTTP/2,and| W} QuIC.

For Google, using HTTP/2 appears to give only a minor benefit to latency for new connections
on a simulated 3G network:

' As measured by the Mavigation Timing AP connectEnd - secureConnectionStart in
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Google HTTRM . vs HTTRZ
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Bing is more adversely affected by poor networks

Perhaps because Bing and Google use a different method of SSL negotiation, HTTP protocol,
and a different number of images and other resources, the two search engines do not appear to
be proportionately affected by increasing network latency. It seems that in general, Bing
appears to be much more adversely affected by poor network connections in termis of both time
to first byte and loading images. This effect can be seen in the GIN 20 timeto-firstresull data
presented below.

For itlustration, the foilowing film strips were taken with different amounts of network throttling:

{philz coffee] with no network throttling
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lphilz coﬁee} with simulated 3G

Google's mobile traffic incurs more server-side latency than desktop
traffic

Server side latency is ~50ms larger for mobile: - { comment [21]: Ha\.'eyoudug intowhythis
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This latency is about gvenly spread meePri Confldentlal Th|3 difference can be
measured when issuing the same guery on mobile and Desktop which suggests that the latency
has an infrastructure or feature source rather than a being due to query mix.

The Bing App uses native rendering

The Bing App only uses WebViews for rendering results pages and using the Hierarchy
Snapshot Viewer we can see that the Bing App SRP itself uses native widgets:

GOOG-DOJ-04681599
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Itis not as easy to do this kind of analysis on i0S but the visual and functional similarity
between the two apps suggests that both are natively implemented. One cenfirmation that Bing
does use native rendering on i0S is that they use Apple Maps in results, which is native only.

The Bing app renders resulie faster than the GSA on Android and 108 by 300-400ms, which is
about equal to the server-side latency difference. See the side-by-side videos on Android and
15 for an exampie query (note the longer App startup time for Bing on both platforms).

The Bing App implements infinite scrolling

While the Web interface of Bing does not have infinite serelling, native scrolling is easier to
implement with a native widget based interface so it's not surprising that this is a feature of the
Bing App:

|ummeFauebock. ]

Cmrmt[ls}r What's fun 16 i ooks Tk b!ng
simohy appends the new cards data then e
{rantiers all tha tards & hag received 1o date -
After paginating 5+ fmes tha render speadon |
‘i phone got iy sl {18+ saconds whala
“app focking m}mﬁﬂﬂﬂmﬂ to# Mhaxof 0T
TI0MB. Thay aven' soived for rec;rolhg

{Cmnnuzm [211

S-a I'q qaﬂ; h!hﬁe giver infinite:
FAR BN CPU

GOOG-DOJ-04681600

REDACTED FOR PUBLIC FILING & ABRIDGED



incididunt ut kabore et delore magna aliqua. Ut
enim ad minim veniam, quis nostred ...

Dummy Text Generator | Lorem ipsum ...
www biindtextgenerator.com

A handy Lorem [psum Generator that helps 1o
creare dumimy text for atl layoul needs.

Sea mare -

RELATED SEARCHES

lorem ipsum copy paste
lorem ipsum full text
lorem ipsum meaning
funny lorem ipsum
lorem ipsum english
lorem ipsum hipster
lorem ipsum parsgraph

lorem ipsum word generator

O 0

The Bing App still requires the user to tap to see additional results rather than loading them as

the user scrolls.

Appendix

Server-side latency analysis

incididunt ut labore et dolore magna aliqua Ut
enim ad manim veniam, quis nestrud |

Dummy Text Generator | Lorem ipsum ...
www, blindtexigenarator.com

Ahandy Lotern Ipsum Generator that helpsto
create dummy tex for 2l layout needs.

Lorem Ipsum - All the facts - Lipsum g...
by linsum com

Reference site about Lorem Ipsum, giving
information on its origins, as weil as a random
Lipsum generator

Lorem Ipsum Generator - Clagsic lpsu...

slipsum comy/ipsum

Bamise
it uses quotes from films which Samuel L
Jackson has starred in place of the standard
ipsum text. (Classic Ipsum).

psum is s Lorem lpsum Generator,

Baceon Ipsum - A Meatier Lorem lpsum..

< O O

User connections are steadily improving

This chart shows SRT over non-GSA browsers as an approximation of time to first byte:
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Mabite!Tablet OKR SRY (weekly)

Ameiit Browcser ddtie Tolded OKR | one Vorninieg Arimseralhndrot Chrore i

540

S5

D I

50 - -
2 (e Q4 1 2047

SRT ig the time from query commit until javaseript in the header chunk is executed. The chart ;
exciudes G5A because the WebView does not receive the header data (and record SRT} until the
body chunk arrives.

Largest source of latency

The following screenshot is from the Joroducerz graph for the query “22 jump street release
date” (which has an AFT greater than 2s on the Google corp network!):

ConE BRI WS DO ginlrgsah'_Ea‘e;é,'ﬁam.R&én&"n%r!nmﬁs?mduﬁcmﬁﬁumséwmm&m&mé

; L T ey i L g R, 0 LU SR
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Iateny: E20% s

¢
e,

The same query is answeréd by Bing in ~500ms.

Time to first byte on various networks

The time of the first byte is consistently about equal for both search engines across different
networks:
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Msec, first byte TTFe
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The only exception is the GIN-2G run. It's not clear whether Google is actually faster on slow
networks or that this is an artifact of the GIN WiFi networks.

Logged-infout query analysis

Looking at end-user latency dashboards we see that there is an overall ~70ms increase in
server-side latency for logged-in queries over logged-out queries:

Nohile/Tablet OKR

W Signed Cut
B sgnedin

Q2 Q3 24 12017

This latency is divided about evenly beMeenE Confidential :
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[t e (weekly)
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Additionally there is a ~25ms increase in the time to render the header:
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imm"mHeader Time (weekly)

s Eiahies Table! OKR UserAgent

B A8 Browser, Signed Qut
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Note that this graph excludes AGSA since AGSA header time was severely affected by the
native SRP QBT rollout.

Using 1000 random queries, in MTY and HOT datacenters:

Google MTV median of 1000 random queries _ Googhe
B Logged-out 8 Logged-i R i
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Bing MTV median of 1000 random queries Fing
Bl Logged-out B Logged-in
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Google HOT median of 1000 random queries gasge-hol
B Logged-out 8 Logged-n
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Bing HOT meadian of 1000 random queries Bing-het

B togoed-out BB Logoed-n

Full data is available here.

Bing uses more granular streaming

Using a Python script that records the time that bytes arrive, we can easily see the four Google
SRP chunks (header, body, foeter, late footer):

& curl -3 “hittps://wew.goonle.confsearch?g=cassinirspace+probe" A "Mozilla/s.@
{iPhane; CPU iPhone 05 9 1 Tike Bac 0% %) ApplebebKit/691.1.46 (KHTML, like Cecks)
Version/9.0 Mobilef138137 3afari/601.1" | data_rate.py

J0ms; FEESATNEEEEERGR SRR AT LR Es O NEREEERE 50 K

SO Grmian t A A 0 R M I R S R R
128k

S575Ms ! ANSSERDEEEENNE SRR S SRS REE RS 0k

587M5 ! SNEESERITEERREEENIEEEIEENN RN SEARRSSD NN EnSEASRnENE . 05k

Bing appears to stream results in'many more churiks than this]

$ curl -5 “httoe: [fuww bing. comfsearchiascassiniespacerprobe” -4 “Mozillajs.g
[iPhona; CPU iPhone 0S 9 1 Like Mac 05 X) AppleWebKit/601.1,45 (KHTML, like Cecko)
Version/e.0 Mobilef13B137 zafari/661.1" | data_rate.py

134ms: eeswResmemEs 17k

157ms . INGIESYERRRREREESREEE O

1868ms: smmegnmsg ok

A4G7ms sReEsaEmEREnmenn 10k

; ':m hink we .,an dos braajcdownoﬂ how this
‘ visually iooks an the page? | think that

. Comment [30] Ewn ook into i but my hunch
. is that e chunk at 407ms here fur Bing would
mwm all rﬁlhe M? mmenl aﬂer Ihe neadef
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43 0ms
45 3ms ¢
470ms:
498ms

TRERS R SRRy D
ENREERNEEEAERE TSR RRRarEsm Bk
IEPeNRSERTIYEEREREEAEESIERRNERE AN nENEEERRENEEE (0K
EEEREReTEEERED 1k

Bing's streaming approach may allow better latency with paor network connectivity but does
not appear to impact fatency on good connections. During testing using the corp network and
with a home cable connection, the average time between the first result byte and the last byte of
the SRP was ~30ms for both search engines.

Queries of "slothier than Bing”

We can sort the list of 1000 gueries by the most negative delta between Bing and Google first-
byte to first-result time to find the slowest queries in the query set relative to Bing:
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]
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Mobile vs Deskiop server-side latency
Graphs from the End-User Latency dashboard:

Comment {33] Fm not sure. unkx doesn‘t '

seem o work wall with the loreign characiers
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Bing does not appear o pre-compute SRPs

Timings taken of randomly generated 7-word tail queries (usually getting only one or two dozen
results) did not show any significant difference from extremely head queries ("facebook”). if
Bing does precompute any part of the SRP, the latency effect is too small to make any
difference.

Bing has a smaller payload size

Byte-size and page-load times for some of the suggested gueries from the project slides. Byte-
breakdown comparison between Bing and Google for 1000 random queries is available in this
cwiool report. Bing seems to be much smaller in most byte categories excepting HTML text and

GOOG-DQJ-04681609
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inlined CSS images, and head JS. in particular, Bing loads a smaller amount of external
resources {XJS and images) than Google. On average Bing does about 15 more XJS fetches,
and about one less image fetch than Google.

CDATA

A Bing SERP has much more HTML text than a Google SERP {25.4kb versus &,3kb). Much of
Bing's HTML apoears to come from embedding J$ wrapped within 2 CDATA section and placed
as a comment in a non-displaying div. For example:

celiy M.yle:’-"display:I'u.\i‘ie"'»%!‘f;_-_'f FetLEBAYATvar PushiPin=_ Fi]]scss«/dive

This seems to have something to do with XML parsing athough it's not clear what,  Comment {38]: Maybe 1 heips tne docament |
Ejlgmfinm%:w m‘aueﬂimmﬁﬁﬁ‘n.\mmv '

Click tracking Eicuna sectin Necessn i s ot g

Gaogle uses a combination of click tracking methods that take roughly 50 to 100 compressed

bytes per url. Bing's click tracking mechanism is much shorter than Google's and appears to

take just a few bytes. It appears to rely on JavaScript to pick up extra information stored in the

“h" attribute. Below we compare the markup for the wikipedia link from the “trump” SRP.

Bing on Deskiop

<g hrefs"https://en. wikipedia org/wiki/Donald_Trump” h="ID=3ERP, 5138 1"
«strong»Donald Trump</strong> -~ Wikipedia

</a=

{httesy/fsereenshot googleniex.com/akeGsh

GHT)

Gongle on Desikiop (HREE rewrite cClickiracking)
<a href="https://en.wikipedia.org/wiki/Donald_Trump”
onmousedown="return rwt{this ' "' ", 1127,
"AFQICNHD Sy veT 80Ty 107V BOLYKw ',
"CE3IvyViDcUTuPIIYCiSGA™.
"BahUKEwixloTCGM i TANWRIFQRHST sCPwlf gheMas ",
Yo event) >
Donald Trump - Wikipedis
<ja=
{https//soresnshot.googlaples com/preobZ20BLz)

Bing on Mobhile

<@ href="https://en.m.wikipedia.org/wiki/Donald_trump"” n="10=8ERP 5246 7"
=strong=Donald Trump=/strong> - Wikipedia

</ax

{https./screenshot. googleplex. comy/iZrw3iLWsDW)
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