Module 2 - Week 2
NoSQL - Part 2

TimeSeries Team

Ngay 15 thang 7 nam 2025

I. Aggregation Framework

Néu Mongo Query Language (MQL) - ngon ngit ding dé tuong tac vé6i dit lieu trong MongoDB - 1a
cong cu phit hgp cho cac truy van co ban thi Aggregation Framework md rong kha nang xit Iy dit liéu
lén muc nang cao, hd trg cac thao tac phic tap mot cidch higu qué va linh hoat.

Aggregation Pipeline 14 mot phan quan trong trong framework d6 — né cho phép ban truyen dit
lieu qua nhiéu “stage” noi tiép nhau, mdi stage sé thuc hien mot phép xit 1y cu thé.

Giéi thiéu vé Aggregation Pipeline
Thanh phan chinh trong mot aggregation pipeline bao gom céc “stage” chinh sau:
e Stage 1:$match - Loc va giit lai cac document théa méan diéu kien nhat dinh.

e Stage 2: $project - Chon cac truong cu thé, tinh toan thém cac truong mdéi, hoac loai bd cac
truong khong can thiét.

e Stage 3: $group — Nhom cac document dita theo mot trudng cu thé dé thiyc hién tinh toan tong
hop nhu tinh téng, trung binh, sé lugng,...

Luwu v4j: Céc stage can duge thuc hién theo tht tu logic. Vi duy, ta khong thé thyc hién tinh toidn
trén céc trudng ma trude do ta da thyc hién bude loc hoidc loai bo.

1.1. $match

Toan tit $match duge ding dé loc cac document theo pham vi hoiic danh séch gia tri cu thé. Gia st
chiing ta c¢6 mot bo dit liéu vé cac cong ty, v muc tiéu la lay ra nhitng cong ty duge thanh lap trong
khodng thoi gian tit nam 2005 dén nam 2010.

Céch dau tien, sit dung $gte va $lte dé loc theo khoang gia tri:

Vi du st dung $gte va $lte

db.companies.aggregate ([
{ $match: { "founded_year": { $gte: 2005, $1lte: 2010 } } }
D

Trong doan lénh trén:

e $gte (greater than or equal): 16n hon hodc bang 2005

e Slte (less than or equal): nhé hon hodic biang 2010

Cach thtt hai, sit dung $in dé loc theo danh sach gié tri cu thé:

Vi du st dung $gte va $lte

db.companies.aggregate ([
{ $match: { "founded_year": { $in: [2005, 2006, 2007, 2008, 2009, 2010] } } }
D)
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Trong truong hgp nay:
Toan tit $in sé kiém tra xem gia tri ciia founded_year c6 thudc danh sich cac nam da cung cap
hay khong, sau dé né sé loc ra céac gia tri thudoc nhitng nam trén.

1.2. $project

Toan tit $project duge ding dé:

e Chon ra nhing truong (fields) can gitt lai trong mdi document.
e An hodc loai bé nhitng truong khong can thiét.

e Tao ra trudng mdi dua trén trudng cé sdn hodc biéu thrc.

Vi du 1: Gitt lai mot s6 trudng cu thé

db.companies.aggregate(
[{ $project: { "founded_year": 1, "category_code": 1 }
}

Lénh trén sé chi giit lai hai trudng: founded_year va category_code, dong thdi an tat ci cac trudng
khac.

Vi du 2: Két hgp $match va $project

db.companies.aggregate(
[{ $match: { "founded_year": { $gte: 2005, $lte: 2010 1}}},
{ $project: { "founded_year": 1, category_code: 1}
]

J

Loc ra cac cong ty thanh lap tit 2005-2010 va chi gitt lai hai trudng can thiét. Diéu nay tuong tu
nhw cau léenh SELECT trong SQL

Vi du 3: Tao trudng méi bing cach ddi ten

db.companies.aggregate (
[{ $project:
{ "number_of_employees": 1,
"no_of_employees": "$number_of_employees"}

3]

.

0 day, no_of _employees la mot truong mdi dugc tao, c6 gia tri bing véi number_of _employees.
Day 1a cach thuong ding dé ddi tén truong hodc tao alias, tuong tu nhu cach ding cau lénh AS trong
SQL.

1.3. Arthmetic Expression Operators

MongoDB cung cap mot loat toan tt s6 hoc cho phép ban thic hién cac phép tinh truyc tiép trong
cac stage nhu $project, $addFields, hozc $group. Mot s6 toan tit thuong dung gom:
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Bang 1: Mot s toan tit s6 hoc trong Aggregation Framework

Toan t& Mo ta

$add Cong céc bieu thiic

$subtract | Trit hai biéu thiic

$multiply | Nhan cic biéu thic

$divide Chia hai biéu thitc

$round Lam tron s6 theo so chit s6 thap phan
$abs Tri tuyet doéi

$ceil Lam tron lén (ceil)

$floor Lam tron xudng (floor)

$mod Lay phan du (modulo)

$pow Liy thtra

$sqrt Can bac hai

$exp Lity thita co sb e

$1n Logarit tu nhién

$log Logarit theo co s6 tity chon
$trunc Cat phan thap phan (truncate)

Vi du 1: St dung $divide dé chuyén phit thanh gis

db.companies.aggregate (
[{ $project:
{ "tripduration": 1,
"tripduration_hrs": {$divide: ["$tripduration",60]}}
1

Vi du 2: Két hop $divide va $round dé lam tron dén 1 chit s6

db.companies.aggregate (
[{ $project:
{ "tripduration": 1,
"tripduration_hrs": {$round: [${$divide: ["$tripduration",60]1},1]1}}
}
)

So sanh hai cach dung biéu thic toan hoc trong $match
X Cach sai — khong dung $expr

db.companies.aggregate(
[{ $match:
{ "birth_year": {$gt: {$multiply: ["$tripduration",3]}}}
]

MongoDB sé khong bao 161, tuy nhién ciing khong in ra gi vi n6é khong tir thye hién duge cac
phép tinh toan expression trén $match
v Céach ding — diing $expr dé so sanh biéu thiic
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db.companies.aggregate(
[{ $match:
{$expr:
{$gt:
[{$multiply: ["$tripduration",3]},
"birth_year"]}
1}

$expr cho phép ban nhiing cac phép toan va biéu thiic logic ngay trong $match.
1.4. String Expression Operators
MongoDB cung cap cac toan tit xit 1y chudi gitup thao tac, dinh dang va trich xuat thong tin

tit cac truong vin ban. Dudi day 1a mot s6 toan tit chudi phd bién:

Bang 2: Mot sb toan tit chudi trong Aggregation Framework

Toan ti Mo ta

$concat N6i nhiéu chudi lai v6i nhau

$toUpper Chuyén chudi sang chit in hoa

$toLower Chuyén chudi sang chit thuong

$split Tach chudi thanh mang theo ky tu phan cach
$index0fBytes Vi tri xuat hién ctia chudi con

$substrBytes Trich xuét chudi con tit vi tri va do dai

$1trim / $rtrim | Loai bd khodng trang dau/cudi chudi
$regexMatch Kiém tra chudi c6 khép véi regex khong
$regexFind Tra vé két qua dau tien khép véi regex
$toString Chuyén doi sang kiéu chudi

$dateToString Chuyén kiéu ngay sang chudi dinh dang tity chon
$dateFromString | Chuyén chudi dinh dang ngay sang kiéu ngay (ISODate)

db.trips.aggregate(
[{$project:
{"start station name": 1,

"journey": {$concat: ["$start station name",

n n
3

"$end station name"]

D

{
_id: ObjectId("572bb8222b288919bbé8abféa"),

journey:

Hinh 1: Output ctia toan tit $concat
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1.5. Date Expression Operators

MongoDB hé trg nhiéu toan tit xit 1y ngay thang dé trich xuét, chuyén déi va thao téac véi dit
lieu thoi gian. Duéi day 1a mot s6 toan tit ngay thang thuong diing trong Aggregation Framework:

Bang 3: Mot sb toan tit ngay thang trong Aggregation Framework

Toan ti& Mo ta
$dateAdd Cong thém thai gian vio mot ngay cu theé
$dateDiff Tinh khodng cach gitta hai thoi diém theo don vi cu thé

$dateFromParts | Tao ngay tit cac thanh phan (ndm, thing, ngay, gio...)
$dateFromString | Chuyén chudi ngay sang dinh dang ngay ISO
$dateToString Chuyén kiéu ngay sang chudi theo dinh dang tity chinh

$isoWeek Tra vé s6 tuan ISO (theo chuan qubc té)
$month Trich xuat s6 thang tir trudng ngay
$day0fMonth Trich xuit ngay trong thang
$day0fWeek Trich xuat thit trong tuan

$hour, $second Trich xuat gis, giay tu thoi gian

Vi du stt dung $month

db.trips.aggregate(
[{$project:
{"start time": 1,
"month_no": { $month: "$start time" }}

)

1.6. Comparison Expression Operators

Céc toan t1t so sanh duge stt dung dé danh gia biéu thic logic giita hai gié tri hoac hai truong
dit licu. Chiing c6 thé duge ding trong cac stage nhu $match, $project, hodc két hop trong
$expr dé biéu dién biéu thitc dong.

Bang 4: Mot s6 toan tit so sanh trong Aggregation Framework

Toan t&¢ | Mo ta

$eq So sanh bing (equal)

$ne So sanh khéc (not equal)

$gt Lén hon (greater than)

$1t Nho hon (less than)

$gte Lén hon hodc bang

$1lte Nhé hon hoiic bang

$cmp Tra vé -1, 0, 1 tuong tng vdi so sanh nhé hon, bing, 16n hon

field:[operator, value]
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Vi du 1: So sanh véi gia tri trong $match

db.trips.aggregate([
{ $match: { "tripduration": { $gt: 100 }}}]
)

operator:[expl, exp2]

Vi du 2: So sanh véi biéu thiic trong $expr

db.trips.aggregate ([
{ $match:
{ $expr: { $gt: ["$tripduration", 100] } }
D

Vi du 3: So sanh trong $project dé tao trudng logic

db.trips.aggregate ([

{
$project:
{"tripduration": 1,
"over100flag": { $gt: ["$tripduration", 100] }}
D

Ouput tra vé cho over100flag 1a True/ False (True ddi véi tripduration 16n hon 100, False
d6i véi tripduration nho hon 100

1.7. Array Expression Operators

MongoDB cung cap nhiéu toan tit dé thao tac véi dit lieu dang mang. Nhitng toan tit nay
gitp kiém tra, truy xuat, noi, loc hodc xit Iy cAc phan tit trong mang mot cach linh hoat trong
Aggregation Pipeline.
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Bang 5: Mot s6 toan tit xtt Iy mang trong Aggregation Framework

Toan t& Mb ta

$isArray Kiém tra xem gi4 tri c6 phai I3 mang khong (trd vé true/-
false)

$arrayElemAt Truy xuat phan ti tai chi s6 cu thé trong méang

$first Lay phan tit dau tién ctia mang

$last Lay phan ti cudi cing clia mang

$size Tra vé s6 luong phan ti trong mang

$in Kiém tra gia tri c6 ton tai trong mang khong

$concatArrays | N&i nhiéu mang lai thanh mot mang 16n

$range Tao mang s6 nguyén theo khodng

$slice Cat ra mot phan clia mang

$reverseArray | Dao ngudc thit ty phan ti trong mang

$reduce Rit gon mang theo biéu thic

$zip GOp cac mang thanh mang cac cip

$index0fArray | Tra vé vi trf phan tit trong mang

$objectToArray | Chuyén déi tugng thanh mang cac cip key-value

Vi du 1: sit dung $isArray

db.grades.aggregate ([
{$project: {
"scores": 1,
"is_array": { $isArray: "$scores" }}

)

Truong is_array sé tra vé True néu $score 13 mang, ngugce lai 1a False.

Vi du 2: stt dung $first

db.grades.aggregate ([
{$project: {
"first_element": { $first: "$scores" }}

)

Truong first element sé chita gia tri dau tién trong mang $scores.
1.8. Conditional Expression Operators

Céc toan tit dicu kien trong Aggregation Pipeline cho phép kiém tra va phan nhanh logic
tuong tu nhu cau lenh if - else trong cic ngon ngit lap trinh. Ching rat hitu ich khi muén xt
Iy dit lieu tuy theo dieu kien.
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Bang 6: Mot s toan tit diéu kién trong Aggregation Framework

Toan ti& | Mo ta

$cond Cau tric if-then-else dé thyc hien phan nhanh logic

$ifNull | Tra vé gia tri thay thé néu bicéu thitc 13 null hosic khong
ton tai

$switch | Cho phép kiém tra nhiéu diéu kien phan nhanh phiic tap
hon

Vi du 1: Diing $ifNull dé gan gia tri mac dinh néu trudsng bi null

db.companies.aggregate(
[{$project:
{"number_of_employees":
{$ifNull: ["$number_of_employees", 0]}}
)

Néu number_of _employees khong c6 gia tri ho#c bi null, MongoDB sé thay thé bang 0.

Vi du 2: Ding $cond dé phan loai cong ty theo quy mé nhan sy

db.companies.aggregate(
[{$project:

{"number_of_employees": 1,

"size_employees":

{$cond:
{if: { $gt: ["$number_of_employees", 1000] },
then: "large",
else: "not large"}}}

igD)

Truong size_employees sé chita "large” néu s6 nhan vien > 1000, ngudc lai 1a "not large .
1.9. $addFields

Toan tit $addFields dudc ding dé thém hodc tinh toan cac trudng mdéi trong document ma
khong loai bd céc truong cit — diéu nay khéac biét véi $project vi néu ta thic hién tinh toan
tao mot truong mdéi véi $project, cac truong khac sé bi loai bé trtt khi ban ghi r6 giw
lai né.

$addFields c6 thé sit dung truc tiép cac toan tit biéu thitc nhu $divide, $round, v.v. ma
khong can bao bén ngoai bdi $expr nhu trong $match.

Vi du: Tao truong tripduration_hrs tit tripduration béng cach chia cho 60

db.trips.aggregate(
[{$addFields:
{"tripduration_hrs": { $divide: ["$tripduration", 60] }}
i 3D
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Truong méi tripduration_hrs dugce them vao mdéi document, chita thoi lugng chuyén di tinh
theo gio, trong khi céc truong ctt van duge gitt nguyen.

1.10. Cursor Stages

Cursor Stages la cac stage chuyén ding dé thao tac véi két qua dau ra ctia pipeline nhu sip
xép, dém, phan trang hodc gidi han s6 luong document tra vé. Day la nhitng budc thuong xuat
hién & cudi pipeline dé chuan bi dit liéu cho viéc hién thi hoic xuat ra giao dien ngudi ding.

Mot s6 toan tit cursor thuong ding gom:

e $sort — Sap xép két qua theo mot hosic nhidu truong.

e $1imit — Gidi han s6 luong document tra ve.

e $skip — Bo qua mot s6 luong document dau tien.

e $count — Dém s6 lugng document con lai sau cac bude truée.

Céc stage nay thuong dugc két hop dé thuc hién phan trang, truy van hiéu sudt cao, hoac
hién thi top-N ban ghi.

Vi du 1: $sort sdp xép cac chuyén di theo thoi lugng giam dan:

db.trips.aggregate(
[{ $sort: { "tripduration": -1 }
)

Vi du 2: $sort + $limit 14y 2 chuyén di c6 thoi lugng dai nhat:

db.trips.aggregate ([
{ $sort: { "tripduration": -1 } },
{ $limit: 2 }

D)

Vi du 3: $sort + $limit + $skip 1ay 2 chuyén di dai nhat

db.trips.aggregate ([
{ $sort: { "tripduration": -1 } },
{ $limit: 2 3,
{ $skip: 1 }

D

Vi du 3: $match + $count dém tong s6 chuyén cé thsi lugng 16n hon 100 phit:

db.trips.aggregate([
{ $match: { "tripduration": { $gt: 100 } } I},
{ $count: "total" }

D

Luu y: $count sé trd vé diung mot document duy nhat dusi dang {"total": s& luong},
con $1limit va $skip thuong dimng két hop dé phan trang dit lieu.
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1.11. $group

Stage $group trong Aggregation Pipeline c¢6 chitc nang tuong tu nhu cau lénh GROUP BY trong
SQL. N6 dimng dé nhém cac document theo mot truong nhat dinh va tinh toan céc gia tri tong
hop trén tung nhom.

e _id: Bidu thiic dinh nghia diéu kién nhom — thuong 1a mot truong cu thé nhu " $category_code".

e Cac trudng con lai 1a nhitng biéu thitc tinh todn (accumulators) nhu: $sum, $avg, $min,
$max, $push, $addToSet, v.v.

Template $group

{
$group: {
"_id": <group_key_expression>,
"fieldl": { <accumulatorl>: <expressionl> },
"field2": { <accumulator2>: <expression2> },
}
}

Vi du 1: Nhom theo category

db.companies.aggregate ([
{ $group: { "_id": "$category_code" } }
D

Nhoém tat ca cdc document theo truong category_code, nhung chua c6 tinh toan nao khac.

Vi du 2: Tinh trung binh nhan vién méi nhém

db.companies.aggregate ([
{
$group: {
"_id": "$category_code",
"avg employees": { $avg: "$number_of_employees" }
}
}
D

V6i mdi nhém theo category_code, tinh s6 nhan vien trung binh.

10
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db.companies.aggregate ([

{
$group: {
"_id": "$category_code",
"avg employees": { $avg: "$number_of_employees" }
}
I
{ $sort: { "avg employees": 1 } }
D

Sau khi nhém va tinh trung binh, két qua dugc sap xép theo s6 nhan vién trung binh ting
dan.

Luu y: Truong _id la bat budc trong $group, vi né dai dién cho mdi nhém. Néu ban mudn
gop toan bo dataset thanh 1 nhém duy nhéat, chi can dat "_id": null.

1.12. $bucket and $bucketAuto

$bucket va $bucketAuto la hai stage trong Aggregation Pipeline diing dé phan loai dit licu
lién tuc thanh cac “khoédng nhém" (buckets), tuong tu nhu cach ban chia di liéu thanh cac bins
trong biéu do histogram.

$bucket
Toan tit $bucket cho phép ban tu dinh nghia cac “ranh giéi" phan nhém cu thé.

Template $bucket

$bucket: {
groupBy: <expression>,
boundaries: [lowerBoundl, lowerBound2, ..., upperBound],
default: <"default bucket label">,
output: {

<outputFieldl>: { <accumulator>: <expression> },
<outputField2>: { <accumulator>: <expression> },

11
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Vi du: Chia tripduration thanh cac bucket theo boundaries

db.trips.aggregate ([
{$bucket: {
groupBy: "$tripduration",
boundaries: [0, 100, 1000, 10000],
default: "other",
output: {
"avg duration": { $avg: "$tripduration" },
"count": { $sum: 1 }}}
D

Giai thich:

e groupBy: Truong ding dé nhom dit lieu theo khoang.

e boundaries: Danh sach cac gia tri ranh giéi cho cac bucket.

e default: (tuy chon) — Ten bucket danh cho cac gia tri ndm ngoai khoang.

e output: (tuy chon) — Cho phép tinh toan nhu $avg, $sum trong timg bucket.
$bucketAuto

Khac v6i $bucket, toan tit $bucketAuto sé ty dong xac dinh cac khoang bucket sao cho phan
phdi dit ligu tuong doi déu (equal distribution of documents).

Template $bucketAuto

$bucketAuto: {
groupBy: <expression>,
buckets: <number>,
output: {
<outputField1>: { <accumulator>: <expression> },
<outputField2>: { <accumulator>: <expression> },

Vi du: Chia tripduration thanh s6 bucket mong mudn

db.trips.aggregate([
{$bucketAuto: {
groupBy: "$tripduration",
buckets: 5,
output: {
"avg duration": { $avg: "$tripduration" },
"count": { $sum: 1 }}}
)

12
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Giai thich:
e buckets: S6 luong bucket ban mudn tao.

e MongoDB sé chia dit lieu thanh s6 bucket tuong ting sao cho mdi bucket c6 s6 luong
document gan bang nhau.

e "count": $sum: 1 & day nghia 14 mdi document ta cong thém 1 vao gia tri $sum

1.13. $facet

Toan tit $facet trong Aggregation Pipeline cho phép chay nhiéu pipeline nhé (sub-pipelines)
song song trén ciing mot tap dit lieu dau vao. Két qua sé tra vé dudi dang mot document, trong
d6 méi truong tuong ting vdi két qua tit mot pipeline con. Dung khi ban muén thyc hién nhicu
phan tich dong thoi trén cuing dit lieu — vi du nhu vita nhém thi cong bang $bucket, vita nhom
tu dong bang $bucketAuto. Hodc khi ban mudn tao ra cac pipeline song song doc lap nhau,
pipeline 1 tinh sum, pipeline 2 tinh binh phuong, pipeline 3 tinh can bac hai

Template $facet

$facet: {
subPipelinel: [ <stagel>, <stage2>, ... ],
subPipeline2: [ <stagel>, <stage2>, ... ],
}

db.trips.aggregate([

{$facet: {
"BucketManual": [
{$bucket: {

groupBy: "$tripduration",
boundaries: [0, 100, 1000],
default: "other"
}
}
1,
"BucketAuto": [
{$bucketAuto: {
groupBy: "$tripduration",
buckets: 5 }}1}
13D

Giai thich:
e BucketManual: Pipeline con diing $bucket dé phan loai dira trén khoang thii cong.

e BucketAuto: Pipeline con diing $bucketAuto dé phan chia thanh 5 nhom tit dong.

13
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Két qua tra vé 1a mot document c6 hai truong: BucketManual va BucketAuto, mdi trudng
chita mang két qua ctia pipeline tuong ng.

1.14. $sortByCount

Toan tit $sortByCount la mot shortcut tién lgi trong Aggregation Pipeline, tuong duong véi
viec két hop $group va $sort dé dém sb lugng va sdp xép giam dan theo tan suit xuat hién ctia
mot truong cu thé.

Template $sortByCount

$sortByCount: <expression>
($group = $sort)

Vi du 1: $sortByCount dém s6 lugng nguoi dung theo loai tai khodan:

db.trips.aggregate([
{ $sortByCount: "$usertype" }
D

Két qua tra vé la danh sach cdc nhém theo truong usertype, kém theo sé lugng "count", va
dugc sap xép giam dan theo s6 lugng.

Cach viét tuong duong bang $group + $sort:

Viét tuong duong thi cong

db.trips.aggregate([
{$group: {
"_id": "$usertype",
"count": { $sum: 1 }}},
{ $sort: { "count": -1 } }
D

Luu y:

e $sortByCount chi dung dugc tryc tiép trong pipeline, khong dung dugc trong cic stage
con nhu trong $facet.

e Néu can tuy bién phiic tap hon, nén dung két hop $group + $sort.

1.15. User Variable

Trong MongoDB Aggregation, ban c6 thé gan tiing stage ctia pipeline vao cac bién rieng biét
trude khi thue thi truy van. Cach lam nay gitp doan ma dé doc, dé bao tri, va dé md rong néu
can thém stage mdi sau nay.

Tinh hudéng vi du: Truy van yéu cau:

e Tim tat cd cong ty duge thanh lap tir 2005 dén 2010.

14
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e Gift lai truong category_code.

e Dém s6 lugng cong ty theo tiing loai nganh (category_code).

Cach viét truc tiép:

Truy van lién mach

db.companies.aggregate ([
{ $match: { "founded_year": { $gte: 2005, $lte: 2010 } } 1},
{ $project: { "category_code": 1 } 1},
{ $sortByCount: "$category_code" }

D

Cach viét tach bién - sit dung user-defined stage variables:

Gan ting stage vao bién riéng

stagel = { $match: { "founded_year": { $gte: 2005, $lte: 2010 } } };
stage2 = { $project: { "category_code": 1 } };
stage3 = { $sortByCount: "$category_code" I};

db.companies.aggregate([ stagel, stage2, stage3 1);

Lgi ich:

e D& doc va hiéu timg budc logic ciia pipeline.

e Dé tai sit dung va md rong — néu can them $group hay $match méi, chi can dinh nghia
thém bién.

1.16. System Variable

MongoDB cung cap mot s6 bién hé thdng (system variables) ding trong Aggregation
Pipeline dé lay thong tin hé théng tai thoi diém truy van nhu thoi gian, timestamp dong bo
theo cluster, hoac truy cap root document.

Mot sé bién hé théng phd bién:
e $$NOW: Ngay gio hien tai tai thoi diém thuc hién truy van.
e $$CLUSTER_TIME: Thoi diém dong bo ciia cluster (phit hgp trong moi trudng phan tan).

e $$RO0T: Tham chiéu toan bo document gbc tai thoi diém hien tai trong pipeline.
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Gan thoi gian hé thong vao két qua

db.grades.aggregate ([
{$project: {
"student_id": 1,
"scores": 1,
"datetime": "$INOW",
"timestamp": "$$CLUSTER_TIME"}
D

[j’ng dung thuc té:
e Theo doi thoi diém xit 1§ pipeline.
e K&ét hop vdi cac diéu kien loc ngay ($gt: $$NOW) trong cac hé thong thoi gian thuc.

e Truy xuat dit licu gbc khi duing $replaceRoot hodc $mergeObjects.
II. Indexes

2.1. Indexes

Trong MongoDB, Index (chi muc) 1a mot cau tric dit lieu dic biet giap ting hieu suat truy
van bang cach cho phép truy cap nhanh hon vao cdc document trong collection. Néu khong
c6 index, MongoDB phai thiyc hién COLLSCAN — ttic 1a quét toan bo collection — dé tim cac
document phu hgp.

Truy van don gian khong c6 index tim document c6 truong name la "Thai":

db.collection.find({ "name": "Thai" })

Néu khong c6 index trén trudng name, MongoDB sé quét timg document mot dé tim gia tri
tuong ung.

Cau tric dit ligu chi muc: MongoDB stt dung cau tric cay B-Tree dé luu trit index. B-
Tree 1a viét tat ctia Balanced Tree. Tuong ty nhut thuat toan cay can bang, cau tric nay gitp
MongoDB téi wu héa tim kiém. Dudi day 1a minh hoa don gian:

B_TREE {
‘name’ : ‘Chi’

}

{ {

‘name’: ‘Anh’ ‘name’: ‘Thai’

} }

{ {

‘name’: ‘Hoa’ ‘name’: ‘Thao’
} }

Hinh 2: Céu tric chi muc dang B-Tree trong MongoDB
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Phan bo theo cau tric cay can bang gitip MongoDB chi ré nhanh dén nhing gia tri né can
tim, tiét kiem thoi gian truy van va xit li dit lieu.

Tao chi muc:

Tao va xoa chi muc

db.collection.createIndex({
"first_name": 1,
"last_name": -1

9]

db.collection.dropIndex("last_name")

Kiém tra hiéu suat vdi chi muc: Ban c6 thé kiém tra qua trinh thuyec thi va hiéu suat truy
van béang ‘.explain("executionStats"):

db.companies.aggregate ([
{ $match: { number_of_employees: { $gt: 1000 } } }
1) .explain("executionStats")

Not use Index

executionStats: {
executionSuccess: true,
nReturned: 114,
executionTimeMillis: 87,
totalKeysExamined: @,

totalDocsExamined: 95880,
executionStages: {

stage: 'COLLSCAN',
filter: { number_of_employees: { '$gt': 1600 } },
nReturned: 114,

Hinh 3: Output cta ‘.explain("executionStats") khi khong tao index

db.companies.createIndex({ number_of_employees: 1 })

17
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executionStats: {
executionSuccess: true,
nReturned: 114,
executionTimeMillis: 7,
totalKeysExamined: 114,

totalDocsExamined: 114,
inputStage: {
stage: 'IXSCAN',
nReturned: 114,
executionTimeMillisEstimate: 2,

Hinh 4: Output clia ‘.explain("executionStats") khi tao index

Ban thay thoi gian execution ctia khong stt dung index tit 87 mili giay gidm con 7 mili giay
khi ta sit dung index.

Lgi ich chinh ctia Index:

e Ting téc do truy van dang ke.

e Giam chi phi tinh toan khi x1t 1y cac truy van phic tap.

e Tranh COLLSCAN, gitip hé théng hoat dong hiéu qua hon.

2.2. Compound Indexes

Compound Index 1a loai chi muc bao gom nhiéu truong trong mot index duy nhat. Dieu
nay rat hitu ich trong cac truy van ma ban loc theo nhiéu truong cting lic.

Vi du: Gia sit ban thuong xuyeén thuc hién truy van theo cip student_id va class_id:
db.grades.find({ "student_id": 1, "class_id": 329 })
.explain("executionStats")

Két qua sé stt dung COLLSCAN néu khong c6 index phit hgp.

Not use Index

winningPlan: {
stage: '(
filter: {

¢ [ { class_id: { q't 329 } }, { student_id: {
H
direction:
h
rejectedPlans: []

executionStats: {
executionSuccess: true,
nReturned: 1,
executionTimeMillis: 58
totalKeysExamined: @,
totalDocsExamined: 1000600,

Hinh 5: Output cta ‘.explain("executionStats") khi khong tao index
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Thoi gian execution la 58 mili giay

Tao Compound Index:

db.grades.createIndex({ "student_id": 1, "class_id": 1 })

db.grades.find({ "student_id": 1, "class_id": 329 })
.explain("executionStats")

Compound Indexes db.grades.createlndex({"student id":1,"class id":1})

winningPlan: {
stage: 5
inputStage: {
stage: 5
keyPattern: { student_id: 1, class_id: 1 },
indexName:
isMultiKey: false,

multiKeyPaths: { student_id: [], class_id: [] },

executionStats: {
executionSuccess: true,
nReturned: 1,
executionTimeMillis: 1,
totalKeysExamined: 1,
totalDocsExamined: 1,

Hinh 6: Output ctia ‘.explain("executionStats") khi tao index

Thoi gian execution 1a 1 mili giay
Luu y: Compound index hoat dong hiéu qua theo thit tu cac truong duge dinh nghia.
Vi du:

e Truy van theo student_id — st dung dugc index.

e Truy van theo class_id — khong sit dung dugc index néu n6é khong phai truong dau tien
tao compound index.

Kiém tra hiéu suat khi goi student_id

db.grades.find({ "student_id": 1 }).explain("executionStats")
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db.grades.find({"student id":1})

.explain("executionStats")

winningPlan: {
stage:
inputStage: {
stage:

r

keyPattern: { student_id: 1, class_id: 1 },
indexName:

[
executionStats: {
executionSuccess: true,
nReturned: 16,
executionTimeMillis: @,
totalKeysExamined: 18,
totalDocsExamined: 18,

Hinh 7: Output ctia ‘.explain("executionStats") khi goi student_id

Kiém tra hiéu suat khi goi class_id

db.grades.find({ "class_id": 329 }).explain("executionStats")

db.grades.find({"class 1d": )
.explain("executionStats")

winningPlan: {
stage: .
filter: { class_id:
direction:
},
rejectedPlans: []
}r

executionStats: {
executionSuccess: true,
nReturned: 203,
executionTimeMillis: 57,
totalKeysExamined: @,
totalDocsExamined: 1660680,

Hinh 8: Output ctia ‘.explain("executionStats") khi goi class_id

Két qua stt dung COLLSCAN vi class_id khong phai 1a truong dau tién khi ta tao compound
index
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Tém lai: Compound index rat hiéu qué trong cac truy van nhiéu truong, nhung nén can
than vdi thi ty truong vi né anh hudéng dén kha nang t6i uu hoa truy van.

2.3. Partial Indexes

Partial Index (chi muc mot phan) 14 loai index chi 4p dung cho cac document thdéa man
diéu kien nhat dinh (dugc xac dinh bdi partialFilterExpression). Diéu nay gitp tiét kiem bo
nhé va t6i wu truy van khi ban chi quan tam t6i mot phan dit lieu cu thé.

Template tao Partial Index

db.collection.createIndex(
{ fieldl: 1, field2: -1, ... },
{
partialFilterExpression: {
fieldX: { <toan tu>: <gii tri> }
b
b
)

db.trips.createIndex(

{ "tripduration": 1 },

{ partialFilterExpression: { "tripduration": { $gt: 100 } } }
)

Truy van théa diéu kién partial index — st dung index

db.trips.find({ "tripduration": { $gt: 150 } })
.explain("executionStats")

stage: 'FETCH',
inputStage: {

stage: 'IXSCAN'
keyPattern: { trlpduratlon* 1},
indexName: 'tripduratio -

Hinh 9: Output cta ‘.explain("executionStats") khi goi trong pham vi tao Partial Index

Ta tim cac chuyén di c¢6 thoi lugng trén 150 phut, ciing 1a cic chuyén di duge tao index nén
két qua st dung IXSCAN
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Truy van ngoai dieu kien — KHONG stt dung index

db.trips.find({ "tripduration": { $1t: 100 } })
.explain("executionStats")

winningPlan: {
stage: N,

filter: { tripduration: {
direction:
Y,

Hinh 10: Output ctia ‘.explain("executionStats") khi goi ngoai pham vi tao Partial Index

Ta tim cac chuyén di c¢6 thoi lugng dudi 100 phuat, khong thuge nhém da tao Partial Index
nén két qua st dung COLLSCAN

Lgi ich cua Partial Index:
e Gidm kich thudc index, tiét kiem bo nhd.
e Ting téc do truy van khi ban chi can quan tam dén mot phan khic dit lieu cu theé.

e Hitu ich cho cac truy van c6 diéu kién (vi du: dit lieu “active”, “non-null”, “> threshold”).

III: MongoDB Drivers

3.1. PyMongo Overview

PyMongo la thu vién chinh thitc duge MongoDB cung cap dé két néi co sé dit lieu MongoDB
bang ngon ngit lap trinh Python. Thu vién nay cho phép thuc hién day du cac thao tac truy van
va quan ly da liéu nhu:

e C: Create — Tao tai liéu (insert).
e R: Read — Truy van dit li¢u (find, find _one).
e U: Update — Cap nhat noi dung tai liéu.

e D: Delete — Xo4 tai liéu khéi collection.

Ung dung chinh:
e Két noi ting dung Python véi MongoDB Server (local hogc cloud).
e Thao tac CRUD véi dit lieu mot cach thuan tién.

e HO tro Aggregation Framework, Indexes, Transactions, v.v.
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Cai dat PyMongo:

Cai dat thu vien PyMongo

pip install pymongo

3.2. Connecting to MongoDB

Dé bit dau thao tac véi MongoDB tit Python, ta can tao mot két néi dén co sé dit lieu thong
qua PyMongo.
Vi du két néi dén MongoDB local:

Két n6i MongoDB local qua PyMongo

from pymongo import MongoClient

client = MongoClient("mongodb://localhost:27017/")
db = client["mydatabase"]
collection = db["mycollection"]

Ghi chua:
e "localhost:27017" 1a dia chi méc dinh cho MongoDB server chay local.
e "mydatabase" va "mycollection" 1a tén co sé dit lieu va collection ban muén st dung.

Néu ban st dung MongoDB Atlas (cloud), thi can thay "localhost" bang URI két ndi dugc
cung cap.
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