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Khoa hoc dir liéu
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DAI HOC BACH KHOA HA NOI
VIEN CONG NGHE THONG TIN VA TRUYEN THONG

NOi dung mon hoc Noi dung

« Lecture 1: Téng quan vé& Khoa hoc di liéu . Tf‘)ng quan vé quan tri di liéu I&n
Lecture 2: Thu thap va tién x ly di liéu « Hé sinh thai Hadoop

Lecture 3: Lam sach va tich hop di liéu

Lecture 4: Phan tich va kham pha di liéu

Lecture 5: Trec quan hoa di liéu

Lecture 6: Trwc quan hoa dir liéu da bién

Lecture 7: Hoc may

Lecture 8: Phan tich di liéu Ion

Lecture 9: Bao cdo tién do bai tap lon va hwéng dan
Lecture 10+11: Phan tich mét s6 kiéu di liéu
Lecture 12: Danh gia két qua phan tich
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D liéu dwoc vi nhw ngudn tai nguyén dau mo
mai

Theresa Moy vBrussels DUBAI 1990
ifhe % e yearson: bakingahterth s

‘South Korea's nfinished revolution

Bilagy, but without the els

: 'I'ile world's most
valuable resource

Téng quan

Data and the new rules
of competition
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Dac diém 5’V cla di liéu Ion

ligu truyen théng khéng dap tng duorc.

Cac tang cong nghé cho di liéu I1&n

Big Data
Management

Data
Centers

laaS
Cloud
Virtualization

ejeg

Compute
Storage
DBMS
NoSQL

Scalable Data
Storage

Big Data Big Data Big Data
Platforms Analytics Utilization
Hadoop Data Domain
Ecosystem Science Expertise
Efficiency Machine Reporting &

Trust Learning Dashboards
Workload Analysis Alerting &
Tools Query ions.
Platform Performance Business
Programming Transform Intelligence

Parallel Warehousing Text Analysis
and Search
Data
Ingestion Transform Asking the
And question to right
Processing algorithm question

|
1
1
I
|
1
1
]
!
|
1
1
I Network
1
1
1
1
!
)
]
|
|
]
1
|
1
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Quan ly di¥ liéu phai kha mé

* Scalability
» Kha nang quan ly lwgng di¥ liéu I&n khdng ngirng
tang Ién theo thoi gian.
* Accessibility
+ Cho phép doc ghi I/O di liéu hiéu qua.
» Transparency
* Truy cap dir liéu dé dang vi tri lwu trie d@ liéu trén
hé théng 1a trong sudt véi nguwdi diing cubi.
* Availability
+ Kha nang chéng chiu 16i, khi tdng sb lwong ngudi
dung, khi héng hoc.

L =n| == VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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! SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG.
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X0 Iy va tich hop d liéu phai kha m&

 Tich hop di liéu
« DU liéu cé dinh dang khac nhau

« Dir liéu tdn tai & cac mo hinh va lwoc db div liéu khac nhau
« Céac van dé lién quan dén an toan an ninh théng tin, quyén

riéng tw

» Xt ly di liéu

o Xt ly khoi lwong dir lidu rét lon
o X ly ludng d liéu Ién

. ')\(/Iulslly d liéu song song, phan tan truyén théng (OpenMP,

« Phtrc tap, khé hoc
+ Kha néng kha mé c6 giéi han
+ Coché chiu 16i kém
+ Chi phi ha tng dét do

« Kién trac xt Iy dr liéu ludng dir liéu lon

« Spark mini-batch
« Apache Flink

Cac giai thuat phan tich dir lieu kha mé&

* Lam nhd lai di¥ liéu cho phu hop véi cac giai
thuat truyén théng
» Eg. Sub-sampling
» Eg. Principal component analysis
» Eg. Feature extraction and feature selection
« Song song hoa céac giai thuat hoc may
» Eg. k-nn classification based on MapReduce

*» Eg. scaling-up support vector machines (SVM) by a
divide and-conquer approach

LI SOICT VN CONG NGHE THONG TN VA TRUYEN THONG
SVl

Eg. Sw bung né sb chiéu trong di liéu
(Curse of dimensionality)

+S6 Iuo’ng mau can cho md hinh hoc tang lén

khi s& chiéu di¥ lieu ting
« Trong thuc tién: Sé lwgng mau dé hoc thwong

cb dinh
=> Df)
trong d

Classifier performance
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T T T
Dimensionality (number of features)

Optimal number of features
VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hé sinh thai Hadoop

Apache Hadoop

Hé théng tép tin Hadoop (HDFS)

M6 thire xt ly div liéu MapReduce

Cac thanh phan khac trong hé sinh thai Hadoop

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

sl SOICT

Gii thiéu vé Apache Hadoop

+ Lwu triv va xtv ly div liéu kha mé, tiét kiém chi phi
* X ly di liéu phan tan véi moé hinh 1ap trinh don
gian, than thién hon nhw MapReduce
+ Hadoop thiét ké d& mé rong thdng qua k¥ thuat
scale-out, tdng sO lwgng may chu
+ Thiét ké dé van hanh trén phan cirng phd thong, c6 kha nang
chong chiu 16i phan cirng
» LAy cdm hirng tr kién tric di¥ liéu ctia Google

l SOICT VN CONGNGHEHONG TN VA TRUYEN THONG
el S0 1

Muc tiéu cua Hadoop

* Muc tiéu chinh
* Lwu trir div lieu kha mé, tin cay
» Powerful data processing
« Efficient visualization
« Vé&i thach thirc
« Thiét bj lwu trir tbc do cham, may tinh thiéu tin cay,
1ap trinh song song phan tan khéng.d¢ dang

¥

SOICT VN CONG NGHE THONG TN VA TRUYEN THONG
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Hadoop giai quyét bai toan kha mé

» Thiét ké hwéng “phan tan” ngay tir dau
+ Hadoop méc dinh thiét ké dé trién khai trén cum

may chud
« Cac may chu tham gia vao cum dwoc goi la
cac Nodes
+ M&i node tham gia vao ca 2 vai tro lwu tri va tinh
toan

+ Hadoop mé& rong bang ky thuat scale-out
+ C6 thé ting cum Hadoop 1&n hang chuc ngan
nodes

L SCICT

Céc thanh phan chinh ctia Hadoop

+ Lwu triv div liéu: Hé thdng tép tin phan tan
Hadoop (HDFS)
* Xt ly di¥ liéu: MapReduce framework
« C4c tién ich hé thdng:
« Hadoop Common: Céc tién ich chung hb tro' cac
thanh phan ctia Hadoop.
» Hadoop YARN: Mot framework quén ly tai nguyén
va lap lich trong cum Hadoop.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

OICT VIt CONG NGHE HONG TIN VA TRUYEN THONG
~IC 1
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Hadoop giai quyét bai toan chiju 6

« Vi viéc trién khai trén cum may chl phd théng
« Hdng héc phan civng la chuyén thwéng ngay, khong phai 1a
ngoai lé B
» Hadoop chiu 16i théng qua k§ thuat “dw thwra”
» Cac tép tin trong HDFS dwoc phan manh, nhan ban ra cac
nodes trong cum
« Néu mot node gap 16i, di¥ liéu trng véi nodes d6 duwoc tai nhan
ban qua cac nodes khac
. C,(“)n?,viéc xr ly di¥ liéu dwoc phan manh thanh
cac tac vu déc’lap
« Méi tac vu x& ly moét phan di liéu dau vao
« Céc tac vu dwoc thuc thi song song voi céc tac vu khac
« Tac vu 16i sé dwoc tai 1ap lich thwe thi trén node khac
+ Hé théng Hadoop thiét ké sao_cho_cac 16i xay ra trong hé
thong duoc xi ly tw ddng, khong anh hwéng toi cac eng
dung phia trén

OICT VIt CONG NGHE THONG TIN VA TRUYEN THONG
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Téng quan vé HDFS

« HDFS cung cép kha néng lwu tri tin cay va chi
phi hop ly cho khoi lwvong di liéu 1&n
+ Téi wu cho cac tap tin kich thwéc Ién (tir vai tram MB
toi vai TB)
+ HDFS c6 khong gian cay thw muc phan cip nhw UNIX
(vd., /hust/soict/hello.txt)
+ Hb tro co ché phan quyén va kiém soat ngudi dung nhw ctia
UNIX
* Khac biét so v&i hé th6ng tap tin trén UNIX
+ Chi hé tro thao tac ghi thém di liéu vao cubi tép (APPEND)
+ Ghi mét Ian va doc nhiéu lan

l :’nr—— VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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Nguyén ly thiét ké cbt 16i cia HDFS

* 1/O pattern
+ Chi ghi thém (Append)-> gidm chi phi diéu khién twong tranh
* Phan tan di liéu
* Tép dworc chia thanh cac chunks I&n (64 MB)
-> Giam kich thuwéc metadata
- Giam chi phi truyén di liéu
* Nhan ban di liéu
+ Méi chunk théng thwéng dwoc sao lam 3 nhan ban
« Co ché chiu 16i
+ Data node: st dung co’ ché tai nhan ban
» Name node
« St dung Secondary Name Node

« SNN héi data nodes khi khdi dong thay vi phai thic hién co ché déng bo
phtrc tap v&i primary NN

L SOICT Vit CONG NGHETHONGTIN VATRUYEN THONG
el S0 1

A MR job = {Isolated Tasks}n

+ M&i chuong trinh MapReduce 1a mét céng viéc (job)
dwoc phan ra lam nhieu tac vu ddc lap (task) va cac
tac vu nay dwoc phan tan trén cac nodes khac nhau
ctia cum dé thuce thi

+ Méi tac vu duwoc thwe thi doc lap véi cac tac vu khac
dé dat duoc tinh kha mé
+ Gidm truyé&n théng gira cac node may chi
« Tranh phai thwe hién co ché ddng b gitra cac tac vu

SO|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
!-\:0'!. T Ve ¢

Kién trac ciia HDFS

« Kién tric Master/Slave HDFS Architecture

* HDFS master: name node
* Quan ly khong gian tén va
siéu di¥ liéu anh xa tép tin
t&i vi tri cac chunks
« Giam sat cac data node

* HDFS slave: data node

« Truec tiép thao tac I/0 cac
chunks

Meta data (Name, replicas,..):

Ihomeffooidata, 3, ..

Replication

| | gy
Blocks
L Data Nodes ) |__DataNodes )

Y |l
Rack 1 Rack 2

l' ‘-'-"ICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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M6 thire xtr ly div liéu MapReduce

» MapReduce la mo thire xtr ly div liéu mac dinh trong
Hadoop
* MapReduce khéng phai la ngén ngi 1ap trinh, dwoc dé
xuat bé&i Google
« Pac diém ctia MapReduce
« DBon gian (Simplicity)
« Linh hoat (Flexibility)
* Kha mé (Scalability)

!' :h' & VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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D{ liéu cho MapReduce

* MapReduce trong méi trwong Hadoop thwong lam viéc
voi di¥ liéu da co san trén HDFS

» Khi thye thi, ma chwong trinh MapReduce dwoc g
t&i cac node da co dir liéu twong rng

et

Node 2 Node 3

U ST VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Chuwong trinh MapReduce

«+ Lap trinh v&i MapReduce can cai dat 2 ham Map va Reduce
* 2 ham nay duwoc thyc thi boi cac tién trinh Mapper va Reducer twong
ng.
« Trong chwong trinh MapReduce, di¥ liéu dwgc nhin nhan nhw |a cac cap
khoa — gia tri (key — value)
+ Céac ham Map va Reduce nhan dau vao va tra vé dau ra cac cap (key —
value)

Input Splits ] Intermediate Outputs Final Outputs ]

(K, V)
Pairs

OICT VIEN CONG NGHE THONG TIN VA TRUVEN THONG
el S 10 1

Buwéc Map

+ D liéu dau vao duoc x ly béi nhidu tac vu Mapping déc lap
+ S6 lwong cac tac vu Mapping duoc xac dinh theo lugng di liéu du vao (~ sb
chunks)
+ Méi tac vu Mapping x& Iy mot phan di liéu (chunk) cla khéi dif liéu ban dau
+ V&i méi tac vu Mapping, Mapper x& ly 1&n lwot tirng ban ghi dau
vao
« V&i mi ban ghi dau vao (key-value), Mapper dwa ra 0 hoac nhidu ban ghi dau
ra (key — value trung gian)
« Trong vi du nay, tdc vu Mapping don gian doc tirng dong van ban va dwa
ra tén nhan vién va doanh sé tuwong tng

Job Input
i o Map phase
3 Alice 893 g

-
H
2% Alice 2139 Output
s
40 Diana 3581 from
HE Cartos 109 Map
:
7 AL 4823 Tasks
8 c: Alice 5834
i
_ Cartos 352
! b Diane 1004
) &= === VIENC
SCICT 27

Bwdéc Reduce

« Reducer nhan di¥ liéu dau vao tir bwéc shuffle & sort
« TAt ca cac ban ghi key — value twong (rng voi mot key dugc xi Iy
béi mot Reducer duy nhét
+ Gibng bwéc Map, Reducer x( ly 1an Iwgt tirng key, mdi 14n véi toan
b céac values twong trng
« Trong vi du, ham reduce don gian Ia tinh tdng doanh sb cho tirng
nhan vién, dau ra |a cac cdp key — value twong (rng voi tén nhan
vién — doanh s téng

Job Output

rrels (Output of Reduce Tasks)

Input to Reduce Task #1

carlos 1431

9997
5385

Reduce phase

\ Alice 12891

Input to Reduce Task #2

D | M VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du vé MapReduce

« DAu vao: tép van ban chira thong tin vé& order ID,
employee name, and sale amount

+ PAu ra : Doanh sb ban (sales) theo tirng nhan vién

(employee)

Job Input

0 Alice 3625

H- 7 Job Output
2 Alice 893

3 Alice 2139 Alice 12491
4 Diana 3581 B 9997
5 Carlos 1039 Carlos 1431
6 B 4823 Diana 5385
7 Alice 5834

8 Carlos 392

9 Diana 1804

P [ &7 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Buwdc shuffle & sort

+ Hadoop tw déng sap xép va gop dau ra clia cac
Mappers theo cac partitions
+ M&i partitions la dau vao cho mét Reducer

Map Task #1 Output Alice 3625

Alice 893
Map Task #2 Output Mice %t | Inputto Reduce Task #1

Diana 3561 carlos 392

Map Task #3 Output | c.r10s 1039

e ) B
Map Task #4 Output | jce se31 ob 493 | Inputto Reduce Task #2

Py m Diana 1804
Map Task #5 Output

Shuffle & sort phase

oICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
~IC 1

n

Ludng dir liéu

Alice 3625
B 5174 5

Alice 893
Alice 2139

Alice 3625
Alice 893
Alice 2139

Alice 5834
carlos 1039 Alice 12491
carlos 392 carlos 1431

= 9997
B 5174 Diana 5385
B 4823

Diana 3581
Diana 1804

0 Alice 3625
138

2 Alice 893

Diana 3581
carlos 1035 [ ||

4823 “

Alice 5834 [

carlos 392
Diana 1804

65 4823
7 Alice 5834
8 carlos 392
9 Diana 1804
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Ludng di liéu véi bai toan Word Count

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result

A Bear, 2
3 X Car, 3
g / River, 2

Deer Bear River
Car Car River
Deer Car Bear

D :ﬁ' &7 VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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Chuwong trinh Word Count thuc té (2)

public static class extends

ppe Text, Text,
public void map(Longwritable key, Text value, Context con) throws IOException,
8 {

9 String line = value.toString();

40 string[] words=line.split(",");

| for(string word: words )

a2/

InterruptedException

Text outputkey = new Text (word.toUpperCase().trin());
Intiiritable outputvalue = new IntWritable(l);
con.urite(outputkey, outputvalue);

51

47}

8}

) public static class extends
i
2 public void reduce(Text word, Iterable<IntWritable> values, Context con) throws IOException, InterruptedE
53 (
I int sum = 0;
for(Inthritable value : values)
1
sum += value.get();
3
con.write(vord, new IntWritable(sum));

60}

. Text,

LI =n| == VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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Vai tro clia Job tracker va Task tracker

Map Phase Reduce Phase

D | &= (M. VIEN CONG NGHE THONG TIN VA TRUYEN THONG
!-J SQHET N

Chuwong trinh Word Count thuc té (1)

) import org.apache.hadoop.mapreduce.Job;

10 import org.apache.hadoop.mapreduce.Mapper;

11 import org.apache.hadoop.mapreduce.Reducer;

12 import he.. had 1ib. input.FileInp i
13 import he . had, 1ib.output.Fil

14 import org.apache.hadoop.util. icopti

1

1

=

1

19 public class WordCount {

20 public static void main(String [] args) throws Exception
214

Configuration c=new Configuration();

23 string[] files—new GenericOptionsParser(c,args).getRemainingArgs();
24 Path input=new Path(files[0]);

’5 Path output=new Path(files[1]);

ob j=new Job(c, "wordcount”);

j.setJarByClass (WordCount.class);
3.setMapperClass (MapForiordCount.class) ;
29/ lass( class);
J.setOutputKeyClass (Text.class);

31 j.setoutputValueClass(IntWritable.class);
32 FileInputFormat.addInputPath(j, input);

33 FileOutputFormat.setOutputPath(j, output);
14 system.exit(j.waitForCompletion(true)?0:1);

35}

8 SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG.
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MapReduce trén mdi trwdng phén tan

Node 1 Node 2 Node 3
Pre-loaded local
™ QOO0 GROORET 1GERERERS
| Mapping process ‘ | Mapping process ‘ [ Mapping process |

rwees | OO000 | | OO0O0 | | D000

Values exchanged
by shuffie process

\ )

Node 1 Node 2 Node 3
reswrgpe: | LI QGGG ) GG
generates outputs

| Reducing process. \ | Reducing process \ \ Reducing process |

Outputs stored
locally

n

oICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
~IC 1

SOCT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
LJ SOICT

Céc thanh phan khac trong hé sinh
thai Hadoop

* Ngoai HDFS va MapReduce, hé sinh thai Hadoop con
nhiéu hé thong, thanh phan khac phuc vu
« Phén tich di liéu
« Tich hop di¥ liéu
* Quan ly luéng
* Vw
» Cac thanh phén nay khong phai la ‘core Hadoop’
nhwng la 1 phan cda hé sinh thai Hadoop
« H&u hét la ma ngudn mé trén Apache




Apache Pig

+ Apache Pig cung cép giao dién xt ly di liéu mic cao

» Pig dac biét tdt cho céac phép toan Join va Transformation
« Trinh bién dich cla Pig chay trén may client

+ Bién dbi PigLatin script thanh cac jobs clia MapReduce

+ Dé trinh cac cong viéc nay 1én cum tinh toan

people = LOAD '/user/training/customers' AS (cust_id, name);
orders = LOAD '/user/training/orders' AS (ord_id, cust id, cost);
groups = GROUP orders BY cust_id;

totals = FOREACH groups GENERATE group, SUM(orders.cost) AS t;
result = JOIN totals BY group, people BY cust_id;

DUMP result;

. SOICT VIEN CONG NGHE THONG TIN VA TRUVEN THONG
C ~IC 1
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APACHE
ApaChe Hbase HBASE

HBase la mot CSDL cdt mé rdng phan tan, lwu trie div liéu trén
HDFS
* Puwoc xem nhuw la hé quan tri CSDL ctia Hadoop

Dir liéu dwoc t& chirc vé mat logic 1a cac bang, bao gom rat nhiéu
dong va cot

+ Kich thwéc bang co thé 1én dén hang Terabyte, Petabyte

+ Bang c6 thé c6 hang ngan cot
C6 tinh kha mé cao, dap trng béng théng ghi di liéu toc do cao

+ Hb tro hang trdm ngan thao tac INSERT méi gidy (/s)
Tuy nhién vé& cac chirc nang thi con rat han ché khi so sanh voi
hé QTCSDL truyén thong

+ La NoSQL : khdng c6 ngdn ngi truy van murc cao nhw SQL

+ Phai sy dung API d& scan/ put/ get/ di¥ liéu theo khéa

! SOICT Vit CONG NGHETHONGTIN VATRUYEN THONG
el S0 1

Apache Kafka

Producers khong can biét
Consumers

Producer

Dam bao su linh hoat va tin cdy
Producers trong qud trinh trung chuyén dir
liéu gitra cac bén
Kafka
Cluster
Zookeeper
Consumers Offets

Consumer Consumer

Kafka cho phép phan tach mach lac cic thanh phan
tham gia vao luéng dit liéu

l SOICT VN CONG NGHETHONGTIN VATRUYEN THONG
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Apache Hive

» Ciing la mét 1&p triru twgng mirc cao clia MapReduce
« Giam thoi gian phat trién
« Cung cp ngdn ngir HiveQL: SQL-like language
* Trinh bién dich Hive chay trén may client
+ Chuyén HiveQL script thanh MapReduce jobs
« Dé trinh cac cong viéc nay Ién cum tinh toan

SELECT customers.cust id, SUM(cost) AS total
FROM customers
JOIN orders
ON customers.cust_id = orders.cust_id
GROUP BY customers.cust_id
ORDER BY total DESC;

.‘ =n' &7 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Apache Sqoop

* Sqoop la mét cégg cu cho
phép trung chuyen dir liéu
theo khoi tr Apache Hadoop

va cac CSDL c6 cau trdc nhw =

CSDL quan hé
+ Hb tro import tat c& céc bang, Tl <::|M”‘“m

mét bang hay 1 phan cla ﬁ

bang vao HDFS s

« Thoéng qua Map only hodc {
MapReduce job — o

«+ Két qua la 1 thw muc trong Sqoop Export |:/ Siens
HDFS ch cac tap tin van
ban phan tach cac truong External Datastores
theo ky tw phan tach (vd. ,
hoac \t)

+ Hb tro export di¥ liéu nguoc
tré lai tr Hadoop ra bén ngoai

SOJCT VN CONG NGHE THONG TN VA TRUYEN THONG
e SCICT 0

Apache Oozie

+ Oozie |a mot hé théng lap lich ludng cong viéc
dé quan ly cac cong viéc thiwc thi trén cum
Hadoop

« Ludng workflow ctia Oozie 13 db thj vong cé
huwéng (Directed Acyclical Graphs (DAGSs))
cua cac khoi cong viéc

+ Oozie hd tro da dang céc loai cdng viéc

* Thyc thi MapReduce jobs

» Thyc thi Pig hay Hive scripts

* Thyc thi cac chwong trinh Java hoac Shell
» Twong tac véi di liéu trén HDFS

» Chay chuwong trinh tr xa qua SSH @
« GG nhan email Wiﬂlui’

l‘ :’nl &7 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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PAXOS algorithm

+ Apache ZooKeeper 1a mét dich vu cung cap e

PREPARE 5  ACCEPT-REQUEST 5, 'cat’

Apache Zookeeper

cac chirc nang phdi hop phan tan do tin cay

cao

* Quan ly thanh vién trong nhém may chu

« B4u ctr leader

* Quan ly théng tin cAu hinh déng
« Giam sat trang thai hé théng
« Pay |a cac service 16i, t6i quan trong trong

hé théng phan tan

[ever] (sner) T [sene] [seve]

= =3 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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YARN - Yet Another Resource Negotiator

« Nodes c6 tai nguyén la — bdé nhé va CPU cores
+ YARN déng vai trd cap phat lwong tai nguyén phu hop cho cac

( Acceptor \9

/

OPREPARE 4 PREPARE 6

PROMISE 5

ACCEPT 5, ‘cat’
jority! consensu
= wants to propose a certain value:
It sends PREPARE IDp to a majority (or all) of Acceptors.
1Dp must be unique, e.g. slotted timestamp in nanoseconds.
eg 1 chooses IDs 1,3, 5.
2 chooses IDs 2, 4,6....etc.
Timeout? retry with a new (higher) IDp.
= Acceptor receives a PREPARE message for IDp:
Did it promise to ignore requests with this IDp?
Yes -> then ignore
No > Will promise to ignore any request lower than IDp.
Has it ever accepted anything? (assume accepted ID=IDa)
Yes ->Reply with PROMISE IDp accepted 1Da, value
No -> Reply with PROMISE IDp.

FK 1f a majorty of acceptors promise, o ID<IDp can make it through.

PROMISE 6 accepted 5, 'cat’

= gets majority of PROMISE messages for a specific IDp:
It sends ACCEPT-REQUEST IDp, VALUE to a majority (or all) of Acceptors.
Has it got any already accepted value from promises?
Yes -> It picks the value with the highest IDa that it got.
No -> It picks any value it wants.
© Acceptor receives an ACCEPT-REQUEST message for IDp, value:
Did it promise to ignore requests with this IDp?
Yes > then ignore
No-> Reply with ACCEPT 1D, value. Also send it to all Learners.
! @ malority of acceptors accept IDp, valu, consensus is eached.
Consensus is and will always be on value (not necessarily IDp).

° or Learner get ACCEPT messages for IDp, value:
! a proposer/learner gats majorty of accept for aspecific I0p,
they know that consensus has been reached on value (not IDp).

https://www.youtube.com/watch?v=d7nAGI_NZPk
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