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Hi Dima,

Thank you for sending me your resume. At this time, we are pretty full

for the interviews, so we are only considering candidates that have at

least 5+ years of experience. I will send your resume over to other teams
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URL Shortener Web Crawler  Notification System
News Feed System  Chat System
Search Autocomplete System  Youtube Google Drive
Proximity Service Nearby Friends  Google Maps
Distributed Message Queue Metrics Monitoring
Ad Event Aggregation  Hotel Reservation
Distributed Email Service  S3-like Object Storage
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Rate Limiter ID Generation Consistent Hashing
Key-Value Store News Feed Chat GeoHash
Search Autocomplete System  S3
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PYHKLMOHANbHbIE
TpeboBaHus
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3TO Balla 3ajjauva




uTO

N

He-An3atHitv

an3anHuUM

& 4 MUHYTDI
YTO MHTEPBbIOEP peanbHO XO04YeT 3a4U3aNHNTL?
X YyeM b6onblle HanuwleMm, a 3aTeM ybepem, TEM MeHbLUE AN3aNHUTb



COLlMMaAJNIbHaAQA CeThb
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Menuna pannbl

Hoenayderine-chimneka-
¥ Apy3eit
JNlanku MEHHATFOPHHF
KoOMMeHTapuu Nora

[Togpnncka Ha apy3eun



YOU ARE A LEADER
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CKOJIbKO

YTO 3a ckenn? MaclTabupoBaHue, LWapXnUpoBaHue, pennnkauns
OTKyOa 6yaeTt Harpyska - MacliTabupoBaHue & 3 MUHYThI
roe camoe cnaboe 3BeHO B CUCTEME Daily/Monthly Active Users



DAILY & MONTHLY ACTIVE USERS

DAU/MAU



TanmnavH - 5 pa3 B AeHb

JleHTa HOBOCTEN DAU - 1 Mmunnuapg,
[10CThl [MocTbl - 10 MUIIMOHOB NOCTOB AEHb
Mepguna dannbl Hpy3en 500 B cpegHem

Latency < 200 Mmc
Durability > Availability
CAP — Component

® otkypa 6ynet Harpyska - macwTabupoBaHue MaclTabupoBaHue, WapanpoBaHue, pennmkauuns
roe camoe cnaboe 3BeHO B CUCTEME & 3 MUHYTb



UeKNMOUHTDI
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pacnpeneneHHan
cucremMma?

2 nnbo Parking Lot



! Traffic - Request Per Second (RPS)
. Bandwidth - Daily/Monthly

& 3 MUHYTbI: 1 MUHYTa Ha Kaxabl 610K



TRAFFIC

YteHme: DAU*5/10 "5 =
10°9*5/10°5=5*10"4

50000 RPS

3anucb: 1OM /10°5=10"7/10"5
100 RPS

UteHue K 3anucu: 500 : 1

#3600 * 24 = 86400 ~ 10"5
Ba>kHO Ana Bbibopa b/l



STORAGE

10Kb * 10M = 10"4 * 10"°7=10"11 bytes
100Gb Daily
30 * 100Gb = 3Tb Monthly

&1 MUHYTa Jnpoaymatb 3anac B /0%
CKOJIbKO XpaHWUM gaHHble? 3 - 5 neT? BaXXHO ansa cucteM Google Drive, Dropbox, Youtube
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COMMODITY HARDWARE
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2 Anck 10T6
RAM 256-512 16

2 With 1 billion DAU system should be distributed



High Level
AU3auH




Read API

B ——> | API Gateway —> | DB

Write API

& 8 MUHYT X NErko CKemnuTb
\ 310 nepBas cxema 3a 12 MUH An3aiHa ©® BMecTO LB MOXHO MOCTaBUTb YeroBeyKa



/////)7|Read AP]
LB —> |API Gateway 5 DR

\‘ Write AP! |

2 nNerko go6aBnATb CYLWHOCTY ¢ NEerko rnorpysntbcs B KaXXabln 610K



Low Level
nAn3aviH







Rate Limiter ID Generation Consistent Hashing
Key-Value Store News Feed Chat GeoHash
Search Autocomplete System  S3

2 KOMMOHeHTb! Low level an3anHa






LB

BbibpaTb KOHKpeTHYI0 b/l

——> |API Gateway

/////27|Read AP]

\ Write AP! |
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DB




Key Value,
RDBMS,

Document based,

Wide Column,
Column based,
Time series,
SQL, NoSQL,
NewSQL, ACID

A HYXeH nn SQL
A HY)KHa NN cXemMa JaHHbIX

Blree

YTeHUue

LSM Tree

3anucb



Key Value RDBMS
RocksDB, Redis Postgres, MySQL

Document based Column based
DynamoDB, MongoDB DuckDB, Clickhouse

Time series SQL/NoSQL/NewSQL
Clickhouse, Driud CocroachDB

Wide Column
Cassandra



LB

APl Gateway

/\

Read API

Read DB

Write API

Write DB




“ineu a He TexXHoNnormm

BENEATH THIS MASK
THERE IS MORE THAN FLESH

BENEATH THIS MASK
THERE IS AN IDEA, AND

IDEAS

A=

BUIERENRROICIE




7

Postgres BTree 6a3a oaHHbIX Kak Postgres
Mnn opyras 6asa gaHHbIX,
ONTUMUN3NPOBAHHAA HA YTEHUE



7

MongoDB [JOKYMEHTHO OpPMEeHTMPOBaHas
ba3a gaHHbIX
C MYJZIbTU MacTep pennmkaumeu
N lWapaANHIOM



‘q He paboTan ¢ Cassandra, HO ncnonb3oBasi HBase
B OQHOM 13 Pet npoeKkToB”

Begem MHTEPBbLIO B CTOPOHY NOAXo4a B KOTOPOM Bbl pa3bupaeTech



KackagHoe nageHume

1, 06Ccy)Xaalo NaTTepHbI,
Ha UHTEepPBbIO B HOBYIO KOMMAaHUIO



LB —> | API Gateway

\

2 YTO eCclin Bbl pacnpenennnn gaHHble no wapaam
N OOVH U3 WapaoB ynan?

Read APl | —» |[Read DB
100 shard_0O
100
Write API —> | shard_1
100
shard_2




Write API

~ Harpy3ka Ha ognH U3 WwapanoB yaBounsiacCb

200

100

shard_0O

shard_]

shard_2




Write API

A a YTo ecnm Mbl co3gaanm 6onblue BUPTYalbHbIX

LapaoB YEM CEPBEPOB?

e §>

BupTyanbHble y3nbl
- VNodes



CONSISTENT HASHING

key A is now
3

associated with \

the server S,

NEw sSernver

sServer

.. the data [areviouslﬂ stored o

D.E,F S, has been transferred to

Trana?emnﬂ data whose keys
! are located between S, and S,

kQHS D, E are now

associated with the server S,

https://towardsdatascience.com/system-design-consistent-hashing-43ddf48d2d32



e Amazon Dynamo
e Voldemort
e Cassandra

@Override
public List<Node> routeRequest(bytel[] key) {
List<Integer> partitionList = getPartitionList(key);

if(partitionList.size() == 0)
return new ArrayList<Node>(0);
// pull out the nodes corresponding to the target partitions
List<Node> preferencelList = new ArrayList<Node>(partitionList.size());
for(int partition: partitionList) {
preferenceList.add(partitionToNode[partition]l);
+
if(logger.isDebugEnabled()) {
List<Integer> nodeldlList = new ArrayList<Integer>();
for(int partition: partitionList) {
nodeIdList.add(partitionToNode[partition].getId());
s
logger.debug("Key " + ByteUtils.toHexString(key) + " mapped to Nodes "™ + no
+ " Partitions " + partitionList);
}

return preferencelList;

ITOT noaxon ncnonbdyertcd B Amazon Dynamo, Cassandra n Voldemort
https://github.com/voldemort/voldemort/blob/master/src/java/voldemort/routing/ConsistentRoutingStrategy.java



@0verride
public List<Integer> getPartitionList(bytel] key) {
// hash the key and perform a modulo on the total number of partitions,
// to get the master partition
int index = getMasterPartition(key);
if(logger.isDebugEnabled()) {
logger.debug("Key " + ByteUtils.toHexStrin

primary partition " + index

}

// Now based on the preference list, pick the replicating partitions and
// return
return getReplicatingPartitionList(index);

@0verride
public Integer getMasterPartition(byte[]l key) {
return abs(hash.hash(key)) % (Math.max(1, this.partitionToNode.length));

https://github.com/voldemort/voldemort/blob/master/src/java/voldemort/routing/ConsistentRoutingStrategy.java



@0verride
public List<Integer> getPartitionList(bytel[] key) {

// hash the key and perform a modulo on the total number of partitions,

// to get the master partition

int index = getMasterPartition(key);

if(logger.isDebugEnabled()) {

logger.debug("Key " + ByteUtils.toHexString(key) + " primary partition " + index

s

// Now based on the preference list, pick the replicating partitions and

// return

return getReplicatingPartitionList(index);

https://github.com/voldemort/voldemort/blob/master/src/java/voldemort/routing/ConsistentRoutingStrategy.java



T

137 v public List<Integer> getReplicatingPartitionList(int index) {

138 List<Node> preferencelList = new ArraylList<Node>(numReplicas);
139 List<Integer> replicationPartitionsList = new ArrayList<Integer>(numReplicas);
140

141 if(partitionToNode.length == 0) {

142 return new ArrayList<Integer>(0);

143 }

144 // go over clockwise to find the next 'numReplicas' unique nodes
145 // to replicate to

146 for(int 1 = @; i < partitionToNode.length; i++) {

147 // add this one if we haven't already

148 if(!preferenceList.contains(partitionToNode[index])) {
149 preferenceList.add(partitionToNode[index]);

150 replicationPartitionsList.add(index);

151 }

152

153 // if we have enough, go home

154 if(preferenceList.size() >= numReplicas)

155 return replicationPartitionsList;

156 // move to next clockwise slot on the ring

157 index = (index + 1) % partitionToNode.length;

158 }

159

160 // we don't have enough, but that may be okay

161 return replicationPartitionsList;

https://github.com/voldemort/voldemort/blob/master/src/java/voldemort/routing/ConsistentRoutingStrategy.java
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DISCORD_EPOCH = 1420070400000

BUCKET SIZE = 1000 * 60 * 60 * 24 * 10 CREATE TABLE messages (

channel_1d bigint,
bucket 1int,

def.make_bucket(@owﬂake): message_1id bigint,
1T Snoyflake 1S N(E)I‘IE. | | aUthDr_Ld blglnt,
timestamp = int(time.time() * 1000) - DISCORD_EPOCH
eice: content Tpr:
# When a Snowflake 1s created i1t contains the number of PRIMARY KEY ((CharmE]-—id: b”Ck":'t): meSSage—i-d)
# seconds since the DISCORD_ EPOCH. ) WITH CLUSTERING ORDER BY (message_id DESC);

timestamp = snowflake_1d >> 22
return wnt(timestamp / BUCKET_SIZE)

def make buckets(start i1d, end id=None):

return range(make_bucket(start_id), make_bucket(end_id) + 1) If we stored about 10 days of messages within a bucket

that we could comfortably stay under T00MB

https://discord.com/blog/how-discord-stores-billions-of-messages



YT10 3a Showflake Takoun?

DISCORD_EPOCH = 1420070400000
BUCKET_SIZE = 1000 * 60 * 60 * 24 * 10

def make bucket(snowflake):
1f snowflake ts Nore:
timestamp = int(time.time() * 1000) - DISCORD_EPOCH
else:
# When a Snowflake is created it contains the number of
# seconds since the DISCORD_EPOCH.
timestamp = snowflake_1id >> 22
return int(timestamp / BUCKET_SIZE)

def make_buckets(start _id, end_id=None):
return range(make_bucket(start_id), make_bucket(end_id) + 1)

https://discord.com/blog/how-discord-stores-billions-of-messages
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| timestamp (milliseconds since epoch) |worker| seguence |
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LB

APl Gateway

/ |Read API

™~

—

Write API

ID Generator

X single server
A MOXHO pasgennTb No YeTHbIM U HeYeTHbIM ID
2 CJTOXHO MacliTabupoBaTh - Kak A06aBUTb HOBbIE?

DB




JAVA.UTIL.UUID

|Read API ?
— > | AP| Gateway DB

\ Write API| //

ID Generator

jshell> java.util.UUID.randomUUID()
31ee5e0b-630f-44a2-93ed-80e4f9046183

X HeT KasyanbHOCTU - HEBO3MOXHO yriopsagounts % UUID v4 paHOOMHbIN, HE YNCNOBOM
2 PK 0BObI4YHO YrIOpAA0YEHHbIE ¢ Cnuwkom bonblion - 128 6ut



SNOWFLAKE 1D

timestamp: 41 bits worker_id: 10 bits counter: 12 bits

X KaCTOMHbIN epoch_time
2 Unix timestamp - Ttonbko 1000 ID B cekyHAy



<> Code () Issues 2 i9 Pull requests 2 (>) Actions [f] Projects () Security |~ Insights . IdWorker.scala X

-

rc > main > scala > com > twitter > service > snowflake > Z |dWorker.scala

Releases - 16  extends Snowflake.Iface {
70
71 protected [snowflake] def nextId(): Long = synchronized {
anowf:te;z;(z snowflake-2010 72 var timestamp = timeGen()
@ badd tagged this May 29, 2014 /3
Compare ~ 74 if (timestamp < lastTimestamp) {
Snowflake first open source release. May 2010--May 2014 : :
75 exceptionCounter.incr(1)
76 log.error("clock is moving backwards. Rejecting requests until
vAssets 2 17 throw new InvalidSystemClock("Clock moved backwards. Refusing
i | 78 lastTimestamp — timestamp))
[2)Source code (zip)
79 s
M naiirca frada (tar A7) 30
81 if (lastTimestamp == timestamp) {
82 sequence = (sequence + 1) & sequenceMask
83 if (sequence == 0) {
84 timestamp = tilNextMillis(lastTimestamp)
85 ¥
86 } else {
87 sequence = 0
88 s
89
90 lastTimestamp = timestamp
91 ((timestamp - twepoch) << timestampLeftShift) |
92 (datacenterId << datacenterIdShift) |
93 (workerId << workerIdShift) |
94 sequence

95 }



CREATE OR REPLACE FUNCTION unsta5.next_1d(OUT result bigint) AS
DECLARE |
our_epoch bigint :
seq_1d bigint;
now_millis bigint;
shard_i1d int := 5;
BEGIN
SELECT nextval( ‘instab.table_id seq') %% 1024 INTO seq_1d;
SELECT FLOOR(EXTRACT(EPOCH FROM clock_timestamp()) * 1000)
INTO now_millis;

1314220021721; 00

CREATE TABLE instab5.our table (
"1d" bigint NOT NULL DEFAULT insta5.n
...rest of table schema...

o

result := (now_millis - our_epoch) << 23;
result := result | (shard_id <<10);
result := result | (seq_1d);

END;

https://instagram-engineering.com/sharding-ids-at-instagram-1cf5a/1e5asc



CREATE OR REPLACE FUNCTION insta5.next_i1d(OUT result bigint) AS

DECLARE
our_epoch bigint :
seq_1d bigint;
now_millis bigint;
shard _1d int := 5:
BEGIN
SELECT nextval( ‘instas. ta ~1d_seq') %% 1024 INTO seq_1d;
SELECT FLOOR(EXTRACT(EPOCH FROM clock_timestamp()) * 1000)

INTO now_milltis;

1314220021721;
LUapaupoBaHue no ID !

result := (now_millis - our_epoch) << 23;
result := result | (shard_id <<10);
result := result | (seq_1d);

END ;

https://instagram-engineering.com/sharding-ids-at-instagram-1cf5a/1e5asc



KawupoBaHue

A HY>XHO N WapgnpoBaHmne?



LB

APl Gateway

/ |Read API

DB

\ Write API




Kakou k3w?

First In First Out (FIFO) Write-through cache
Last In First Out (LIFO) Write—around cache
Least Recently Used (LRU)

Most Recently Used (MRU)

Least Frequently Used (LFU)
Adaptive replacement cache(ARC)

Write-back cache

Random Replacement (RR)



¥

public class ARCMemoryCache
extends AbstractMemoryCache

private static final long serialVersionUID = 1L;

private static final Log log = LogFactory.getlLog( ARCMemoryCache.class );

// private int[] loc = new int[@];

J/ maximum size
private int maxSize;

private DoubleLinkedList T1 = new DoublelLinkedList();

private DoubleLinkedList T2

new DoubleLinkedList();

private DoubleLinkedList B1 = new DoubleLinkedList();

private DoubleLinkedList B2

new DoubleLinkedList();

170
LI |
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

/ %k
* This 1is the primary method for the ARC. It handles both puts and gets.
*x <p>
* The ARC has 4 linked lists: T1, T2, Bl, and B2. The 'T' lists are tops
* and the 'B' lists are bottoms. Bottom lists do not hold object, only
* keys.
* <p>
* The T1 list is an LRU (Least Recently Used) list. The T2 1list is a near
* LFU (Least Frequently Used) list.
* <p>
* After items are removed from Tl and T2, their keys are stored in Bl and
* B2. The number of keys in B1 and B2 is restricted to the number of max
* items.
X <p>
* When there is a put or a get for an item whose key exists on one of the
* bottom lists, the maximum number of items in Tl is adjusted. If the item
* was found on B2 (the bottom LFU list) the maximum allowed in T1 (the top
* LRU list) is reduced. If the item is found in Bl list (the bottom LRU)
* the maximum allowed in T1 is increased.
X <p>

ARC has a better performance than LRU. It is achieved by keeping both the most frequently and frequently used entries,
as well as a history for eviction. (Keeping MRU+MFU+eviction history.)



LB

AP| Gateway

/ |Read API

T~

Write API

é

A 4TO ecnu KoY 13 Kella TOIbKO YTO nponar
M NPULLIIO OYeHb 60/bLLOE KOJ1-BO 3arMpPOCOB Mo 3TOMY KJIHO4y?

Cache

DB




“MaHnvyeckKoe bercteo”



public class MyCache < K, V > {

private Lock lock = new ReentrantLock();
NaHnyeckoe 6eI-CTBO final Map < K, V > cache = new HashMap <K, V>()

public V get(K key) {
V value = cache.get(key);
k:///’/////, if (value != null) {
return value;

Locking External Computation iry {

(CrOﬂ) lock. lock():

value = cache.get(key);
if (value != null) {

Internal Computation return value;

: e L cy }
using Probabillistic early expiration AlUeN AetErOnDBI kAT

put (key, value);

. finally {
Request Coalescing } lqzck?unlﬂck( i

}

return value;

Locking



“Celebrity Problem”



LB

APl Gateway

/ |Read API

\‘ Write API

Timeline Cache

=

Kak TBUT cenebbl nonageT Ko BCceM nognncymkam B TanmnamH?
[1of1>KeH N TBUT HOYHelMa OOHOBNATbL TaMMNaHbI?

DB




f'mbpuaHaa Mmopenb

Pull

Push

Ceneba Timeline Cache



Rate Limiter




LB

—

APl Gateway

T~

Rate Limiter / |Read API

Write API

DB




e Fixed Windows Counter

e [oken Bucket

e | eaky Bucket

e Sliding Window Log/Counter

2 OKOHHble aTrfOpPUTMbl MOABEPXEHbI BCMNJIeCKaM
4 Leaky Bucket ncnonbsyet noTok
% Token Bucket MOXXHO HanuncaTtb 6e3 AoNo/IbHUTENbHbLIX MOTOKOB



FIXED WINDOW

Fixed Window Counter
/N
(0))
2 —
g
E : o B
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— . —
— - — N
E I BN I
- 1:00:00 1:00:01 1:00:02 1:00:03

—
)
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o
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1:00:01 1:00:02

A 4YTO eCcnih Mbl NONYYUSIN © 3aNPOCOB Ha CTblke?
[Tonly4yaeTca Ha CTbiKax MHTepBaNoB Mbl byaeM MMeTb 60oblle YeM 3 3anpoca B CeKYHAY?



TOKEN BUCKET

public class TokenBucketRatelLimiter {
private final long capacity;
private final AtomicLong tokens;
private final Duration refillPeriod;
private volatile Instant lastReftillTime;
// constructor ommited

public synchronized boolean isAllowed() {
refillTokens();

long currentTokens = tokens.get();

if (currentTokens > 0) {
tokens.decrementAndGet( );
return true; // Request is allowed

return false; // Request is not allowed

Token Refill Rate R
¥ ‘ Token processed for
’ ‘ ‘ ‘ ﬁ every Request

pmm— (Vo] )i of certain
capacity

private synchronized void refillTokens() {
Instant now = Instant.now();
long timeElapsed = Duration.between(lastRefillTime, now).toMillis();
long tokensToAdd = timeElapsed / refillPeriod.toMillis();

if (tokensToAdd > 0) {
lastRefillTime = now;
tokens.getAndUpdate(currentTokens -> Math.min(capacity, currentTokens +
tokensTokdd) );

}
}

Hy>eH nu refill thread?
Hy>eH nn synchronized?



20 v public class LockFreeTokenBucket implements RateLimiter { # public final class BucketState {
21

long availableTokens;

22 private final BucketParams params; long lastRefillNanoTime;

23 private final AtomicReference<BucketState> stateReference;

24 public BucketState(BucketParams params, long nanoTime

25 public LockFreeTokenBucket(long permits, Duration period) { th%s'IESFREfﬂmamTimE i nanuTimE:.
this.availableTokens = params.capacity;

26 this.params = new BucketParams(permits, period); }

27 this.stateReference = new AtomicReference<>(new BucketState(params, nanoTime())).

28 }

29

30 v public boolean tryAcquire(int permits) {

31 while (true) {

32 long nanoTime = nanoTime();

33 BucketState previousState = stateReference.get();

34 BucketState newState = new BucketState(previousState);

35 newState.refill(params, nanoTime);

36 if (newState.availableTokens < permits) {

37 return false;

38 s

39 newState.availableTokens —-= permits;

40 if (stateReference.compareAndSet(previousState, newState)) {

41 return true;

42 s

43 s

44 }

45 ¥

BnaauMmup byxrtoapos

NMuueM pacnpeneneHHbin rate-limiter
I T X https://github.com/bucket4j/bucket4



DISTRIBUTED RATE LIMITER

Pt | =N
~

Requests — Load Balancer Exceeds global limit
of 2 requests

R |

Redis



RDBMS + Select for Update —_— 3 ceTeBbIX 3anpoca

MemCached, MongoDB _— 2 CeTeBbIX 3aenpoca
yepes CompareAndSwap

Redis, Aerospike, Taranatool + XpaHUMK©n —— 1 ceTeBOW 3anpoc
Hazelcast, Coherence, Ignite






LB

AP| Gateway

/ |Read API

\ Write API
Location API

Proximity API

4 CRUD pnsa koopawnHat pecTtapaHoBrestaurant information
A TTonck 6nmxanunx pecTtopaHoB No KoopauHaTe 1 paguycy

DB




GEOHASH

[-90, 0] neBasa nonoBmHa O
[0, 90] npaBas nonoBuHa 1
[-180, O] HMXKHA9 nonoBuHa O
[0, 180] BepxHaa nonoBmHa 1

!
0




SELECT * FROM geohash_index
WHERE geohash LIKE 01%




class Solution {
public Node construct(int[][] grid) {
int n = grid. length;
return build(grid, 0, @, n);
¥

Node build(int[][] grid, int i, int j, int n) {

if (n = 1) {
return new Node(grid[i] [j] == 1, true);
}
Node node = new Node(grid[i][j] == 1, false);

node.topLeft = build(grid, i, j, n/2);

node. topRight = build(grid, i, j + n/2, n/2);
node.bottomLeft = build(grid, i + n/2, j, n/2);
node.bottomRight = build(grid, 1 + n/2, j + n/2, n/2);

if (node.toplLeft.islLeaf && node.topRight.isleaf
&& node.bottomLeft.islLeaf && node.bottomRight.isleaf) {

55 80)(80 90) && node.toplLeft.val == node.bottomRight.val) {
node.val = node.toplLeft.val;

node.islLeaf = true;

node.topLeft = null;

"{:..LEISS Node { | node.topRight = null;

: node.bottomLeft = null;
pUbllC boolean Val: node.bottomRight = null;
public boolean islLeaf; }
public Node toplLeft; }
public Node topRight; return node;
public Node bottomLeft; ; }

if (node.topLeft.val == node.topRight.val && node.toplLeft.val =



SYSTEM DESIGN 101

JTO HE BCe CUCTEM OAN3aUHbI

bnok npo mopgenb AaHHbIX, AP]

System Design ona Ballero npoekTa
System Design ona MHTepBbO B KOMMAHUKO
Bbl BegeTe MHTePBbIO

CTpyKTYypa

KoHUuenumn, a He TEXHOJTOrnn
MOK-NHTEBbLIO



OREILLY"

- Cnacmoo!
Designing
Dataintensivef] A BOT TeNepb KabaH4MK

Applications 3a JTyYLLUIN BOMPOC

THE BIG IDEAS BEHIND RELIABLE, SCALABLE,
AND MAINTAINABLE SYSTEMS

javaswag

Martin Kleppmann

@jawaswag @faangtalk










AUTOCOMPLETION SYSTEM

Trie (Prefix Tree)
Distributed Trie

N

Tc— S 0 ¢— 4 ¢ 0 «— X

class Trie {
static final int R =
Trie[] next =
boolean islLeaf;

public Trie() {

}

public void insert(String word) {
Trie node = thtis;
for (char c: word.toCharArray()) 1
Trie curr = node.next[c];
AT (curr == ) {
curr = new Trie();

}

node.next[c] = curr;
node = curr;

b

node. isLeaf =

public boolean search(String word) {
Trie node = this;
for (char c: word.toCharArray()) {
Trie curr = node.next[c];
if (curr == ) {
return :
}
node.next[c] = curr;
node = curr;
t

return node. islLeaf;

ZGl)J>
O T

-14 N
N



SEARCH

e Inverted Index
® Page Rank - Dncum:n:fTerm Dncum:n:fTerm
e MapReduce

Forward Index Inverted Index

Dog Dog




XpaHeHue pannos



LB

APl Gateway

/ |Read API

\ Write API

|ChatServer|

Y
=
AN

OF:-Teigl=

DB

MetadataDB

DataStore




33 - SIMPLE STORAGE SERVIGE

e Name Nodes / Data Nodes
e Journaling/Checkpointing

S3 like storage

Google Drive
Dropbox
Google Photo

e Roles
e URL Shortener
e Notifications

* Youtube e Protocol Encoding
. Neth.IX e Streaming
e Spotify e Smart Chunk splitting



Application| . . | . 1 ) ,
2 (file name, chunk index) GFS master = /foo/bar

® M a Ste I GFS client File namespace ,* - | chunk 2ef0

!
!

(chunk handle, ,

o C h u n k S e rve r chunk locations) — Fespei

mmd)  Data messages
—_— -

: i . :8a9eS
Instructions to chunkserver Control messages

_. ., Chunkserver state
(chunk handle, byte range)

GFS chunkserver

chunk data . -
Linux file system




HOFS

e Name Nodes
e Data Nodes/Chunks

HDFS Architecture

Metadata (Name, replicas, ...):

Metadata ops -*[ Namenode /home/foo/data, 3, ...

CCI'B"D Blodk._, ops

i
Read Datanodes \_  Datanodes

Q = Replication D -
B locks

erte

(aféh})




' Directory Haystack

Store

e FiInding a needle In Haystack

Haystack
Cache




SIGN BIT TIMESTAMP WORKER ID COUNTER
1BITS 41BITS 10BITS 12 BITS

Length and OVERFLOW in
e 38 bits = 8.7 years
e 39 bits = 17.4 years
e 40 bits = 34.8 years
e 41 bits = 69.7 years

https://github.com/callicoder/java-snowflake/tree/master

48
49
50
51
52
53
54
33
56
57
58
59
60
61
P
63
64
65
66
67
68
69
70
71
712
73
74
75
76
77

public Snowflake() {

this.nodeId = createNodeId():
this.customEpoch = DEFAULT_CUSTOM_EPOCH;

public synchronized long nextId() {

long currentTimestamp = timestamp();

if(currentTimestamp < lastTimestamp) {
throw new IllegalStateException("Invalid System Clock!");

+
if (currentTimestamp == lastTimestamp) {
sequence = (sequence + 1) & maxSequence;
if(sequence == 0) {
// Sequence Exhausted, wait till next millisecond.
currentTimestamp = waitNextMillis(currentTimestamp);
s
} else {
// reset sequence to start with zero for the next millisecond
sequence = 0;
s

lastTimestamp = currentTimestamp;

long id = currentTimestamp << (NODE_ID_BITS + SEQUENCE_BITS)
| (nodeId << SEQUENCE_BITS)
| sequence;

return id;



MONGODB OBJECTID

public final class ObjectId implements

{

private final
private final

private final

private final




VECTOR CLOCKS

(1,0,0) —(2,0,0) —— (3,0,0) —— (4, 4,1) —— (5, 4,1)

\2, 0, 0) /

(2,2,0) — (2,3,1)

/

(0,1,0)

e Time, Clocks, and the Ordering of Events in a Distributed System
e Google way: TrueTime API for Spanner



FOREIGN KEYS



TAQ

« One DataMode to rule them all!
- TAO paper - associations and objects

 Object: (id) — (otype, (key value)*)
. Assoc.: (id1, atype, id2) — (time, (key value)*)



e Object APIl: CRUD
e Assoc API
e assoc_add(id1, atype, id2, time, (k=>v)*)
e assoc_delete(id1, atype, id2)
e assoc_change type(id1, atype, id2, newtype)

e Association List:
e assoc_get(id1, atype, id2set, high?, low?)
e assoc_count(id1, atype)
e assoc_range(id1, atype, pos, limit)
e assoc_time_range(id1, atype, high, low, limit)



