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update doctors
set on_call =false

‘ Aaliyah False

where name ="Aaliyah’
and shift_id = 1234
}

5 Commit transaction

name on_call
Aaliyah True
Bryce  True
Caleb False
‘Bryce False ‘
name on_call
Aaliyah False
Bryce  False
Caleb False

1

N

4
D)

Bryce:

Begin transaction

currently_on_call = (
select count(*) from doctors
where on_call = true
and shift_id = 1234

)

Now currently_on_call =2

if (currently_on_call >=2) {
update doctors
set on_call =false
where name ='Bryce’
and shift_id = 1234

}

Commit transaction
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Before:

| ref ‘310‘ ref ‘333‘ ref ‘345‘ ref ‘ (spare space)

A » \
333 < key < 345 h

|333‘ val ‘335‘ val ‘337 val ‘340‘ val ‘342‘ val |

After adding key 334:

| ref ‘310‘ ref ‘333‘ ref ‘337‘ ref ‘345‘ ref ‘ (spare)
e Y P\

333 < key < 337 337 < key < 345

|333 ‘ val ‘334‘ val ‘ 335 ‘ val ‘ (spare space) |

337 | val | 340 | val | 342 | val (spare space)
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| ref ‘111‘ ref ‘135‘ ref ‘152‘ ref ‘169‘ ref ‘190‘ ref |

A 9 I\ < P “A

| ref ‘210‘ ref ‘230‘ ref ‘250‘ ref ‘270‘ ref ‘290‘ ref |
i Y N < A

250 < key < 270

|250‘ val ‘251 ‘ val ‘252‘ val ‘253‘ val ‘254‘ val |
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SELECT SUM(net_price)

FROM fact_sales

WHERE date_key = 260101

SELECT SUM(net_price)
FROM fact_sales
WHERE date_key = 260101

AND product_sk =32 product_sk
\ 32 33 34 35 | e total )
“ }
260101 14/9\.60-@)—31 01-(+)84.58«(+)-28.18 (+ ——= 40710.53
&/
260102 132.18 19.78 82.91 1096 | ...... 73091.28
n @)
X L/
" 260103 196.75 0.00 12.52 64.67 | ...... 54688.10
& (@)
© N
260104 178.36 9.98 88.75 56.16 | ...... 95121.09
SELECT SUM(net_price) | | .. | .. l.. | o | | e |
FROM fact_sales
WHERE productU ; 4967.09 | 591043 | 7328.85 | 688539 | ...... lots
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product_sk=30: 5,4, 3,3 (5 zeros, 4 ones, 3 zeros, 3 ones, rest zeros)

( o.o/jjo oo {110 00T T 10} 0]O0

store sk=3: 4,1,1,2,5,3 (4zeros, 1 one, 1 zero, 2ones, 5 zeros, 3 ones, rest zeros)

o.o/jjojo 10 1{{1T 0O OO OT T 1] 0]O0

y

& ) Bitwise AND:
o .o0/loo0 0O 1T{{T}O0O/O0OO0/|O]OT 1T 0] 0]O

Compressed: 6,2,5,2 (6 zeros, 2 ones, 5 zeros, 2 ones, rest zeros)
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Column values:

product_sk:

6969 69 69 74 30 30|30 3029 31 |31 /30 30 30 68 69 69

Bitmap for each possible value:

product_sk = 29:
product_sk = 30:
product_sk =31:
product_sk = 68:
product_sk = 69:

product_sk = 74:

Run-length encoding:

product_sk = 29:
product_sk = 30:
product_sk =31:
product_sk = 68:
product_sk = 69:
product_sk = 74:

0 0
0 0
0 0
0 0
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0 0
9,1
5473,3
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0
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9 zeros, 1 one, rest zeros)

5 zeros, 4 ones, 3 zeros, 3 ones, rest zeros)
10 zeros, 2 ones, rest zeros)

15 zeros, 1 one, rest zeros)

0 zeros, 4 ones, 12 zeros, 2 ones)

4 zeros, 1 one, rest zeros)





OEBPS/assets/ddia_0407.png
fact sales table

date_key product_sk store sk promotion_sk customer_sk quantity net_price discount_price
260102 69 4 NULL NULL 1 13.99 13.99
260102 69 5 19 NULL 3 14.99 9.99
260102 69 5 NULL 191 1 14.99 14.99
260102 74 3 23 202 5 0.99 0.89
260103 30 2 NULL NULL 1 2.49 2.49
260103 30 3 NULL NULL 3 14.99 9.99
260103 30 3 21 123 1 49.99 39.99
260103 30 8 NULL 233 1 0.99 0.99

Columnar storage layout

date_key:
product_sk:
store_sk:

promotion_sk:
customer_sk:

quantity:
net_price:

discount_price:

260102, 260102, 260102, 260102, 260103, 260103, 260103, 260103
69, 69, 69, 74, 30, 30, 30, 30
4,5,5,3,2,3,3,8

NULL, 19, NULL, 23, NULL, NULL, 21, NULL

NULL, NULL, 191, 202, NULL, NULL, 123, 233
1,3,1,51,31,1
13.99,14.99, 14.99, 0.99, 2.49, 14.99, 49.99, 0.99

13.99, 9.99, 14.99, 0.89, 2.49, 9.99, 39.99, 0.99
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Protocol Buffers

Byte sequence (33 bytes):

loa|06{4d 61 72 74 69 6e|10[b9 0a|1afob|64 61 79 64 72 65 61

6d 69 6e 67|1a|07(68 61 63 6b 69 6e 67|

Breakdown:

fleldtag=1 type 2 (string)

‘00001‘010‘

fleldtag=2 type 0 (varint)

‘OOOlO‘OOO‘

fleldtag=3 type 2 (string)

‘00011‘010‘

fleldtag=3 type 2 (string)

‘00011‘010‘

length 6

Oa

1337

‘0001010‘0111001‘

06| |4d 61 72 74 69 6e |

b9 Oa ‘1‘01 1100 ﬂ ‘ﬂo 0010 10‘

10
length 11

|1a| [ob| [64 61 79 64 72 65 61 6d 69 6e 67 |
length 7

l1a| [07]| |68 61 63 6b 69 6e 67
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insert into emails update mailboxes

(recipient_id, body, unread_flag) set unread = unread + 1

values(2, ‘Hello’ true) where recipient_id =2 Time
User 1 !
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MessagePack

Byte sequence (66 bytes):

183[a8(75 73 65 72 4e 61 6d 65|a6|4d 61 72 74 69 6e|ac|66 61

76 6€ 72 69 74 65 4e 75 6d 62 65 72|cd|05 39|a9|69 6e 74 65
72 65 73 74 73|92|ab|64 61 79 64 72 65 61 6d 69 6e 67|a7|68
61 63 6b 69 6e 67|
Breakdown:
object string string
(3 entries) (length 8) (length 6)

6d 65 [a6| [4d 61 72 74 69 6e

74 65 4de 75 6d 62 65 72|

6e 74 65 72 65 73 74 73|

a8| |75 73 65 72 4e 61
string
(length 14)
ac| |66 61 76 6£ 72 69
string
uint16 1337 (length 9)
cd| |05 39| [a9| |69
array string

(2 entries) (length 11)

|64 61 79 64 72 65

61 6d 69 6e 67

)
string
(length 7)

a7|

|68 61 63 6b 69 6e
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insert into emails update mailboxes
(recipient_id, body, unread_flag) set unread = unread + 1

values(2, ‘Hello’ true) where recipient_id =2 Time
User 1 ’ : ooy

Database @ __________________________ >

(‘Hello’, true)

User 2 a ————————————————————— >
select body, unread_flag select unread
from emails from mailboxes
where recipient_id =2 where recipient_id =2

limit 50
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public class Person { Person person = db.read(...);
private String userName; person.setFavoriteNumber(42);
private Long favoriteNumber; |  dPrite(person-toJSONO);
private List<String> interests;
// getters and setters...

Read and decode
into model object

}
Update, reencode,
Old version of code (does not know and write back
about photoURL field)
{ {
lluserl\!ame : Mat’tln f lluserl\!ame : Mat’tln f
favoriteNumber”: 1337, favoriteNumber”: 42,
“interests”: [“hacking”], “interests”: [“hacking”]
“photoURL": “http://..” }
}
Value of photoURL field is lost

Data written by new version of code
(including new photoURL field)
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[42 +1=43]

set counter =43

get counter
User 1 ’ :

get counter

[42 +1=43]

set counter =43

e -
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Lock a Lease held by client 1 Lease held by client 2 Time

S s T - - - - - >
service
Get OK, Lease OK,
lease token: 33 expired token: 34
Client 1 R - - I Process paused I \ I - >
Get Write
lease token: 33
CIientza --------------------------
Write Rejected:
token: 34 OK old token

Storage @ ——————————————————————————————————————————————— - >
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select count(*)

from doctors

where on_call = true
and shift_id = 1234

Transaction 42 -

update doctors

set on_call =false

where name ="Aaliyah’

and shift_id = 1234 Commit Time

Database @

Transaction 43

select count(¥)

from doctors

where on_call = true
and shift_id = 1234

update doctors Commit Retry...
set on_call =false

where name ='Bryce’

and shift_id = 1234

Key range

Information

shift_id Name on_call

1234
1234

Read by transaction 42
Read by transaction 43

Old | 1234 Aaliyah true

| New| 1234 Aaliyah false

Index-range locks on
doctors.shift_id index

Note: update by transaction 42
affects read by transaction 43
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Operational Transformation

User 1: op, =
insert(0, “n”)

User 2: op, =
insert(3,“1")

n

T(op,, op,) =

insert(4, “1)

>
y

T(op,, Opz)
insert(0,

n’)

CRDT for Text

User 1:0p, =
insert(nil, 4A,“n")

n i c
|l  C | e

i c|le
User 2:0p, =
insert(3A, 4B, “1")

op, =
insert(3A, 4B, “1")

y

op, =
insert(nil, 4A,“n")
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Cart=
{DVD, Book}

{DVD, Book}

Remove Book and
add Soap to Cart
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from Cart

Time
___________________________________ )
Merge:
Cart = {DVD, Book, Soap}
________________ )
________________ )
Merge:
Cart = {DVD, Book, Soap}
___________________________________ )
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update pages
set title =B’
where id =123

(0]

2] <C
v [l
2 _ 2
2 m
—_— EN
s o X
= O
‘— (©

£ a7

Conflict: can’t change title from Ato C,
because title is now B

_______________________________________ )
_______________________________________ )
: can't change title from A to B,
because title is now C
_____________________________________ >

update pages
set title ='C’
where id = 123





OEBPS/assets/2.png





OEBPS/assets/ddia_0608.png
values ('’x’ 1)
Client A z - - -

insert into data
(key, value)

insert...
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insert...
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update...
value=2

update... Dependent update
value=2 arrives before insert
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set value = value + 1
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C
X 5 set key: cart S set key: cart
é set key: cart é value: [milk, flour] 8 value: [milk, flour, eggs, bacon]
+ + +

value: [milk] version: 1 version: 3
Client 1 ﬁ ———————————————————————————— >
Time
OK OK OK
version: 1 version: 3 version: 5
value: [milk] value: [milk, flour] value: [milk, flour,
value: [eggs] eggs, bacon]

value: [eggs, milk, ham]

Database@ —————————— N A L >
1 3 5

OK

version: 2
value: [milk]
value: [eggs]

OK

version: 4

value: [eggs, milk, ham]
value: [milk, flour]

Client2 8 -~ ---------"--"-- 4+ L ¥ >
set key: cart set key: cart

- S

o))

9 value: [eggs] 2 value: [eggs, milk, ham]
+ + version: 2
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set key = users.1234.picture_url

value ='me-new.jpg’ Time
User 1234 ‘ i s 5 BA I >

value ='me-new.jpg’
version =7

value ='me-new.jpg’
version =7

Replica 3 i | Node offline L N U >

value ='me-old.jpg’
version =6

- >
get key = users.1234.picture_url set value ='me-new.jpg’
version =7
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users table

user_id first_name last_name photo_url region_id headline
251 - Barack Obama 46175777 .jpg us:91 Former President of the United...
positions table \
id user_id start end job_title org_id
458 251 ¢| 2009 2017 President 513 o
457 251 ®| 2005 2008 US Senator (D-IL) p 514
organizations table
org_id ) organization_name logo_image
513”7 United States of America 8640426.png
514 United States Senate 3181887.png
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https://www.linkedin.com/in/barackobama/ users table

user_id first_name last_name photo_url
Barack Obama f 251 Barack Obama 46175777 .jpg
Washington, DC, United States region_id headline
* us:91 Former President of the United...
Former President of the United States of
America regions table
. id region_name
Experience
President « United States of America us:/ Greater Boston Area
2009-2017 us:91 | Washington, DC, United States
US Senator (D-IL) « United States Senate B
2005 — 2008 positions table
\
id user_id job_title organization
Education . . .
458 p 251 President United States of America
Juris Doctor, Law « Harvard University
1988 — 1991 457 |® 251 US Senator (D-IL) United States Senate
Bachelor of Arts - Columbia University education table
1981 - 1983
id user_id school_name start end
Contact Info 807 |@ 251 Harvard University 1988 | 1991
Website: barackobama.com 806 |¢ 251 Columbia University | 1981 | 1983
X: @barackobama
contact_info table
id user_id type url
155 |e 251 website https://barackobama.com
156 |® 251 X https://x.com/barackobama
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dim_product table

dim_store table

product_sk sku description brand category store_sk | state city
30 OK4012 Bananas Freshmax Fresh fruit 1 WA Seattle
31 Y KA9511 Fish food Aquatech Pet supplies 2 CA San Francisco
32 \ AB1234 Croissant Dealicious Bakery P 4 3 CA Palo Alto
fact_sales table \ /
date_key | product_ sk) store_sk promotlon sk customer_sk | quantity | net_price discount_price
260102 e | 3¢ N NULL 1 2.49 2.49
260102 69 5 19 . NULL 3 14.99 9.99
260102 74 3 23 \\ 191 o 1 4.49 3.89
e 260102 33 8 NULL N\ 235\ 4 0.99 0.99
dim_date table dim_customer table
date_key | year | month | day | weekday is_holiday customer_sk name date_of birth
260101 2026 jan 1 mon yes X 190 Aaliyah 1979-03-29
A\ 260102 2026 jan 2 tue no \) 191 Bryce 1961-09-02
260103 2026 jan 3 wed no 192 Caleb 1991-12-13
dim_promotion table
promotion_sk name ad_type coupon_type
L 18 New Year sale Poster NULL
\> 19 Aquarium deal Newsletter Discount code
20 Coffee & cake bundle In-store sign NULL
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Node 1 Node 2
88— 309-
198 308 0-88 511-672 128-309
930- 672-
1004 702-930 398-511 0
0 88 128 309 398 511 672 702 930 1024
ni no n2 no n2 ni n2 ni no

After adding Node 3 (with hash range boundaries 60, 276, and 551):

0 60 88 128 276 309 398 511 551 672 702 930 1024
n1 |n3| nO n2 n3 no n2 ni n3 n2 ni no
Node O Node 1 Node 2 Node 3
88— 309- 0- 511- 60-| [276-

128 398 60 551 lae=27e g
930- 672-
1004 702-930 398-511 0 551-672
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Before rebalancing (4 nodes in cluster)
Node 1

Node 2 Node 3
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s3|s7 |s11]|s15|s19
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sO s8 | s12 | s16 s s5 | s13 | s17 s2 s6 | s10 | s18 s3 s7 | s11 | s15 s4 s9 | s14 | s19
Node 0 Node 1 Node 2 Node 3 Node 4
Legend

After rebalancing (5 nodes in cluster)
Shard remains on the same node

—» Shard migrates to another node
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Keys that exist in the SSTable:
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Bloom filter
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11 2
Key being queried: Hash("handheld”) = [0110[1011]0010

Bits at those indexes= | 0 0 1 Thus, “handheld”is not present
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Shard 0

Shard 1

PRIMARY KEY INDEX

191 — {color:“red”

306 — {color:“red” make:“Ford”

make: “Honda" location:“Palo Alto”}
214 — {color:“black’, make:“Dodge”, location:“San Jose"}
location: “Sunnyvale”}

PRIMARY KEY INDEX

768 — {color:“red”

515 — {color:“silver”, make:“Ford”, location:“Milpitas”}
make: “Volvo”, location:“Cupertino”}

.
Py

SECONDARY INDEXES (global across all shards) ,»" E‘SECONDARY INDEXES (global across all shards)
color:black — [214] color:silver — [515, 893]

color:red — [191, 306, 768] <
make:Audi  — [893] -----""""""
make:Dodge — [214]
make:Ford — [306, 515]

color:yellow — ]
make:Honda — [191]
make:Volvo — [768]

‘
A
1
1
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“I am looking for a red car”
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Shard 0

Shard 1

PRIMARY KEY INDEX

191 — {color:“red” make:“Honda" location:“Palo Alto"}
214 — {color:“black’, make:“Dodge”, location:“San Jose"}
306 — {color:“red”, make:“Ford”, location:“Sunnyvale”}

PRIMARY KEY INDEX

515 — {color:“silver’, make:“Ford”, location:“Milpitas”}
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— [191, 306]
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color:red

color:yellow
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make:Honda — [191]

SECONDARY INDEXES (local to the shard)

color:black —[]

D¢ color:red — [768]
color:silver — [515, 893]
make:Audi  — [893]
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“I am looking for a red car”
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