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EXHIBITD
New Tweets per second record, and how!
https://blog.twitter.com/engineering/en_us/a/2013/new-tweets-per-second-record-and-

how.html

(10 pages)
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, Engineering

New Tweets per second record,

and how!

By @raffi
Friday, 16 August 2013

Recently, something remarkable happened on Twitter: On Saturday, August 3 in
Japan, people watched an airing of Castle in the Sky

much that we hit a one-second peak of 143,199 Tweets per second. (August 2 at
7:21:50 PDT; August 3 at 11:21:50 JST)

To give you some context of how that compares to typical numbers, we normally
take in more than 500 million Tweets a day which means about 5,700 Tweets a
second, on average. This particular spike was around 25 times greater than our
steady state.
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During this spike, our users didn’t experience a blip on Twitter. That’s one of our
goals: to make sure Twitter is always available no matter what is happening around
the world.
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New Tweets per second (TPS) record: 143,199 TPS. Typical day: more
than 500 million Tweets sent; average 5,700 TPS.
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This goal felt unattainable three years ago, when the 2010 World Cup put Twitter
squarely in the center of a real-time,_global conversation

every shot on goal, penalty kick and yellow or red card — repeatedly took its toll and
made Twitter unavailable for short periods of time. Engineering worked throughout
the nights during this time, desperately lrying to find and implement order-of-
magnitudes of efficiency gains. Unfortunately, those gains were quickly swamped by
Twitter's rapid growth, and engineering had started to run out of low-hanging fruit to
fix.

After that experience, we determined v/~ needed to step back. We t::en determined
we needed to re-architect the site to support the continued growth of Twitter and to
keep it running smoothly. Since then we've worked hard to make sure that the
service is resilient to the world’s impulses. We're now able to withstand events like
Castle in the Sky viewings, the Super Bowl, and the global New Yonr's Eve
celebration. This re-architecture has n-t only made the service mor- resilient when
traffic spikes to record highs, but also provides a more flexitie platform on which to
build more features faster, including synchronizing direct messages across devices,
Twitter cards that allow Tweets to become richer and contain mo-» content, and a
rich search experience that includes s! :ies and usarc. A "o f 1res are
coming.

Below, we detail how we did this. We learned a lot. We changed our engineering
organization. And, over the next few waeks, we'll be publishing & rli*ional posts that
go into more detail about some of th~ * nics v cover b

Starting to re-architect

After the 2010 World Cup dust settled, we surveyed the state »f «r onjineering. Our
findings:
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* We were running one of the world’s largest Ruby on Rails inst~llations, and we
had pushed it pretty far — at the time, about 200 engineers were contributing
to it and it had gotten Twitter through some explosive growth, both in terms of
new users as well as the sheer amount of traffic that it was handling. This
system was also monolithic where everything v/e did, from managing raw
database and memcache conncc.tions through o rerdering ' site and
presenting the public APIs, was in one codebase. Not only was it increasingly
difficult for an engineer to be an expert in how it was pul together, but also it
was organizationally challenging for us to manage and paral.clizc our
engineering team.

* We had reached the limit of throu:jnput on our stora e systa ~ — we were
relying on a MySQL storage system that was temporally shard-»{ and had a
single master. That system was having trouble ingesting tw:-2t5 1t the rate that
they were showing up, and we were operationaily having to Sreate new
databases at an ever increasina rate. We were axperiancin~ »~1d4 and write hot
spots throughout our databases.

¢ We were “throwing machines at the problem” instead of en:.inve ring thorough

solutions — our front-end Ruby 1> 1chines were not narcling - umber of
transactions per second that we ihought was - asonrabic, ¢ 7 eir
horsepower. From previous ex: «+ nces, v« vk o b i;hines could
do a lot more.

* Finally, from a software standpoir:t. we found ¢ wser - pus - to an
“optimization corner” where we |« started o 'rade circa 7 and

flexibility of the codebase for peiformance and -:fiic«ncy.

We concluded that we needed to start a project to re-envision our ~ - tem. We set
three goals and challenges for oursciv: ::
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* We wanted big infrastructure wins in performa-:ce, efficiency. and reliability —
we wanted to improve the median latency that users experi-ncc on Twitter as
well as bring in the outliers to give a uniform experience to Twitter. We wanted
to reduce the number of machines needed to run Twitler by 10+. We also
wanted to isolate failures across ~tir infrastructire to prevent ":ra2 outages —
this is especially important as th-: number of i1 :Chines we 1 2 o up, because
it means that the chance of any single machine iailing is higner. Failures are
also inevitable, so we wanted to have them happen in a much more
controllable manner.

¢ We wanted cleaner boundaries ‘-1 “relateri™ | wjic hoing in - lace — we
feit the downsides of running o1 articular me - olith : cods -« =, so we
wanted to experiment with a loosaiy coupled services orien:2d model. Our goal
was to encourage the best practices of encap:.ulation and moriularity, but this

time at the systems level rather thnn at the class, meo-lule, or v kage level.
* Most importantly, we wanted to nch .::i v+ .50 Ve ito be able to
run small and empowered enqi cingtear o o dd o al decisions

and ship user-facing changes, in:...yendent ol Hier teans.

We prototyped the building blocks for  roof «“ e ot et i Not
everything we tried worked and not Ahiee o S e _the above
goals. But we were ableto settleorn « iy . s ane o drastructure

that has gotten us to a much more d - nie and reli o state tocay.

The JVM vs the Ruby VM

First, we evaluated our front-end sc: ~ : tor = 0 o dineng ons. SPU, RAM,
and network. Our Ruby-based maclin -y was being . ush-.ri to th-: ' mit on the CPU
and RAM dimensions — but we weren'! serving that manv roque~'~ - machine nor

were we coming close to saturating o ~etwe o i e orvers, at the
time, had to be effectively single thronc! cf ancl hnerie ante a0 At a time.
Each Rails host was running a numi =~ «iniwao g0 Loes to o Hvide host-level
concurrency, but the duplication theic runsiated o aste o reaovre » itilization.
When it came down to it, our Rails ser s w0 s o 1 200 - 300

requests / sec / host.

Twitter’s usage is always growing ra. «  an coin - peatk the 2, it would take a
lot of machines to keep up with the g th curve,
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At the time, Twitter had experience de: ~ving fai-" - wr1e scile JVM-besed services
— our search engine was written in Java, and our Strean: g Api f structure as
written in Scala. We were enamored 7. the lcvel of 1+ -formance that the JVM gave
us. It wasn’t going to be easy to get o': nerformnan--, relia>ility. anr! ~“iciency goals
out of the Ruby VM, so we embarkec b « t3 be i on the JVM instead.
We estimated that rewriting our codebiase could get us > ix 0 Iraance
improvement, on the same hardwar - «ianeceg v e s st 0 e order of 10
- 20K requests / sec / host.

There was a level of trust that we all hag intive 1. 4 ‘ot < “ 1« h~f coime from
companies where we had experience working with. tunind. ana ©; ~:thg large scale
JVM installations. We were confidenr: = conici Cocacna crior Twitter inthe
world of the JVM. Now, we had to dc - -mpose our ai-chitecture and fianre out how
these different services would interac!.

Programming model

In Twitter's Ruby systems, concurrei: . 15 manaaari 1 the rvocns s &0 a single
network request is queued up for a a5 tn b e Tha' piocess is completely
consumed until the network request is fiffilled. - 'dinci te - 2o ~r plovitey
architecturally, we were taking Twittor i b dives a0 i '.‘ce compose
the responses of other services. Giv + + at ti iy, ~ocessis o -threaded,
Twitter's “response time” would be ¢ : ve and ¢ onely csiny. the variances
in the back-end systems’ latencies. i: v we - -+ “'uby o tions that gave us
concurrency; however, there wasn’t on«: stand. . way ¢ o wo o the different
VM options. The JVM had construc'z -~ @ = g wurrency and
would let us build a real concurrent . AV e

It became evident that we needed a s.nqgie and - i we - L thisk aweul
concurrency in our systems and, spoct aally i aveay e it networking.
As we all know, writing concurrent ¢+ 1. : D de) is hard
and can take many forms. In fact, v AN e started to
decompose the system into service~  ~hteo cligh'ly “lifferer  approaches.
For example, the failure semantics fron ciient: < om0 tevn L well: we
had no consistent back-pressure m:c' e o ‘o clients
and we experienced “thundering h¢ N L Ay latent
services. These failure domains infor -+ s - Lt ; a unified,

and complementary, client and serve itoary - chuna innos Ses of
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connection pools, failover strategies, and load bai..¢crrg. in i’ s 7 getin the

same mindset, we put together both Futures - e
(hitps://blog.twitter.com/2011/finagle-protocol-n nostic-r: = water:

Now, not only did we have a unifor+ ~to -~ > " - v went 0 edinto our
core libraries everything that all our systems nei: ..+ v.¢ couwa ¢ i the ground
faster. And rather than worry too much uout -+ ar ferary syclam operated,
we could focus on the application and - vics BERES

Independent systems

The largest architectural change we "« ic we b fr oy o e vithic Ruby
application to one that is more service izt .. o d i on soeating Tweet,

timeline, and user services — our “cor “ouns”. “his irava alfordd us cleaner
abstraction boundaries and team-level ownershin and indcaond pea v our

monolithic world, we either needec! experts wh~ -+ "~ ~tocd tne ertir codebase or
clear owners at the module or class I+ . Siv Lo v ringtoo large
to have global experts and, in practice. = v . © il noe cie or class
level wasn’t working. Our codebase w.: Hecor: ¢ aide ' niintain, and teams
constantly spent time going on “archeology digs™ - und ri v ¢ functionality.
Or we’d organize “whale hunting exj=dlitons™ - ncerernd e scale
failures that occurred. At the end oi t+. v 0 RN is than on

shipping features, which we weren't »

Our theory was, and still is, that a services orienlo. - archiicoe al o us to develop
the system in parallel — we agrece o - vort . Cooe .0 go
develop the system internals inciepcrne v - e Lt . iogic for
each system was self-contained wit -~ ~ I, © + « Aded to ~hare somathing
about Tweets, we could make that chang: in onn Incatior, *»r 7 -act cervice, and
then that change would flow throughout our arch o0y i “rjever, we
find that not all teams plan for chang  the oo SR s ange in the
Tweet service may require other sci- - 10 o o ... e orsentation

changed. On balance, though, thisv.c.  owi 0 s hu o b
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Zg‘kin rv,ﬁ‘ig‘é*.?EgWi?'Ai‘;ﬂ'.‘:ﬂ CQfndat

This system architecture also mirror~r the way v va~. and now do, run the
Twitter engineering organization. Engir - ring i~ = ' . wit® ‘me~tly) self-contained
teams that can run independently and very quick!v. This « - e *h b v - bias toward

teams spinning up and running their ¢+ servic Lo it ~nd
systems. This has huge implications on operations, ho . .

Storage

Even if we broke apart our monolitnic ipplication iiiiu - 2 vices, au . ottleneck
that remained was storage. Twitter, at the time, was sic - ¢ twontsin a single master

MySQL database. We had taken the ~' ~teqy of = rin dita temperally — each row
in the database was a single tweet, we stored ! = fwects - or o 'n the database,

and when the database filled up we spunup a~-"" >~ ~n- drn 0.7 edthe
software to start populating the next datapase. This stratev inad he g, - us some
time, but, we were still having issucs hiasting rowsive Do Loes because they
would all be serialized into a single « = w50 v wen < speriencing read
load concentration on a small number of datat-y - oy 500 o I~ a different

partitioning strategy for Tweet storage.

We took Gizzard, our framework 1o «r o sy rci 1 onet 1o torant distributed
databases, and applied it to tweets. . e hoois o o Gizzard was
fronting a series of MySQL datapases — every t v “tig system,
Gizzard hashes it, and then chooses ¢~ ~ppropt at-. ¢ coasc. Of e e, this means
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we lose the ability to rely on MySQL " =i ' eeoratinn, Eneeeflnke
(https://blog.twitter.com/2010/announcing-sn- vz lake) Wans Hove o oty thiat e b lamy,
Snowflake allows us to create an almost-quarar'~ et Ly urique - entifier. We
rely on it to create new tweet IDs, at the tradeoff of no ioncar having “increment by
1” identifiers. Once we have an identif'~ we car rety an Siesae ! then ty store it
Assuming our hashing algorithim wo- Cow dos 0 mnormly
distributed, we increase our throughput by the nue v v - abases. Our
reads are also then distributed across i1 entire i 0L cciner than: g pinned to
the “most recent” database, allowing 1153 {0 increase thio it thea too,

Observability and statistics
We've traded our fragile monolithic aptiication for ¢ ez ropust an: capsulated,

but also complex, services oriented - heation, oo ha s 0 e to make
managing this beast possible. Giver posl T i ga e A aling NeW
services, we needed to make it incrediblv easy to axtt v vl each
service was doing. By default, we war!~dto mnat - a0 ey -, sowe

needed to make it trivial and frictionle. - 1o get that -

As we were going to be spinning u, c i . -igly large
system, we had to make this casier for wverypony, v 1 zam
created two tools for engineering: Vic -~ : Bt _/cistributed-
systems-tracing-zipkin). Both of these tor - o oexp Cineeestetw o Finagle, SO
all services that are built using Finar™ -t ac~ o g Cea

stats.timeFuture("request tatrro mot)
// dispatch to do work

}
The above code block is all that is nescind for very o0 0 © 4 cinto Viz.
From there, anybody using Viz c.in w Y - 3 < ries and
graph of interesting data like the 50t 1 99th . A A ol VA o - R

Runtime configuration and testing

Finally, as we were putting this all toc: fher we bt v e 0 a0 snags:
launches had to be coordinated acro: - ser 0 v we didnt
have a place to stage services that .. = “lwi: . . - . agerrelyon
deployment as the vehicle togetne - .r-fivo- o v, Sordination

was going to be required across the o olicatinn, In ac i - a've oo relative size of
Twitter, it was becoming difficult for . o g e e iy olated
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environment. We had, relatively, no i=: ' a5 testina frr ~oreatinens in ~oigolated
systems — we needed a way to test ‘v larg> sc - terstions. We o ivracnd runtime
configuration.

We integrated a system we call Decic! " 1cross n't =+ - ~rings I 2"~ 2 us to flip a
single switch and have multiple syst- ' s across 1 RRFIORTREES 1 to that
change in near-real time. This means .. itwai anc: vy 'e systems can go into
production when teams are reacly, but a particular feature :ncan’t neac o be
“active”. Decider also allows us to hav~ the flexibiliv: '~ Linary o' percentage

based switching such as having a fe. - avaiaoie - e ers, We can
deploy code in the fully “off” and sa tana, o Aty i and

down until we are confident it's operai:g correctly «1n - i:as can handie the new
load. All this alleviates our need to do anv coordinst =0 < 0 o il and instead

we can do it at runtime.

Today
Twitter is more performant, efficient i+ r2iciin o Loe 2 sped up the
site incredibly across the 50th (p50) +* - igh a2 - ant © utions and
the number of machines involved in ~ ing th- =t SR ~aned
anywhere from 5x-12x. Over the last cix months, Twitt» - as firter! - 1 {c v 9s of
availability.
: 3 Ofégmf;‘! O i U iu s
statuses/sho ~ntic
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Twitter engineering is now set up to ~inic our ~oftware stacle. Ve have teams that
are ready for long term ownership and to be experts on their part of the Twitter
infrastructure. Those teams own their interfaces and thair problem domains. Not
every team at Twitter needs to worry ~:nut scaling Tnnts for evamp'~, Only a few
teams — those that are involved in tr -~ ~mnin- e 7 ef aut tystem (the Tweet
service team, the storage team, the cacning teim, etc.) —nan to ssa’ - the writes
and reads of Tweets, and the rest of Twitter engineering gets At’is to help them use
it.

Two goals drive us as we did all this v i fwic i sne alvay be nvailable for our
users, and we should spend our timea making i.itter more < o noore useful
and simply better for our users. Our systems and our enriineering team now enable
us to launch new features faster and in parallel. We o <oclicate diff~nt teams to
work on improvements simultaneou~" 1nd have st tagisee forvhen those
features collide. Services can be laurc - - d ana depi o oo o daly from each
other (in the last week, for example, “we had more than 53 de; s aarcss al Twitter

services), and we can defer putting everything togeth~-  ~tii v 2 ready to make a
new build for iOS or Android.

Keep an eye on this blog and @uwitt~ g (hit /70y tgee e ot 5 for more
posts that will dive into details ¢ some of the topics mention - above.

Thanks goes to Jonathan Reichhold + woichhold 7o - e ~m" - i~hhold)),
David Helder (@dhelder (https://iviitierce eler 1y @a
(https:/ftwittercom/a a)), Marcel Moiiia ~  acic. o iene oL aidlatt
Harris (@themattharris (https://tic: Prcom/themallhams)) for he:ping - itnibute to this blog
post.
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