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TOM TAT

Tén dé tai: Xay dung hé théng AutoTuner benchmark va dé xuat t6i uu tai nguyén
Sinh vién thyc hién: Nguyén Viét Nhat Long
Lép: 21TCLC_DT4 S6 thé SV: 102210260

Trong bdi canh dién toan dam may ngay cang phat trién, viéc lya chon
c4u hinh tai nguyén phu hop cho cac ing dung phu trg (backend) tro thanh thach thic
16n d6i voi cacnha phat trién vaky su van hanh hé théng. Nén ting dam may
nhu Amazon Web Services (AWS) cungcip hiang trim loai may ao EC2
v6i cac thong s6 ky thuat da dang vé s6 161 xir 1y, dung luong bd nhé, kién tric
vi xtr Iy va mirc gia khac nhau. Viéc lya chon sai cau hinh c6 thé din dén lang phi
chi phi hodc hiéu nang khong dap Gmg duoc yéu cau cia tng dung.

Céc cong cu danh gia hi¢u nang hién c6 nhu Apache Benchmark, wrk hay k6
chi hd tro do luong tir mot diém duy nhat va khong cung cip kha ning so sanh
tu dong gitra nhiéu cAu hinh. Trong khi d6, cac cong cu tdi wu cia AWS nhu Com-
pute Optimizer chi hoat dong sau khi img dung da dugc trién khai va co dit liéu
sir dung thuc té. Diéu niy tao ra khoang tréng trong viéc hd trg ra quyét dinh
trude khi trién khai.

Xuat phat tir thuc tién d6, dé tai "Xay dung hé thong AutoTuner benchmark va
dé xuat toi uu tai nguyén" dugc nghién ciru va phat trién nham giai quyét bai toan tdi
wu hoa lya chon ciu hinh may chu ddm may. Muc tiéu ¢t 16 cua dé tai 1a xay dung
mot nén tang web hoan chinh cho phép ngudi dung thyc hién benchmark trén
cac may do EC2 thuc té, thu thap cac chi s6 hiéu ning chi tiét va nhan dugc khuyén
nghi t6i wu tir hé thong tri tué nhan tao.

Piém nbi bat ciia hé thong AutoTuner so voi cac giai phap hién ¢ bao gom:
(1) Benchmark trén tai nguyén thyc té thay vi mé phong, dam béo dir liéu do ludong
phan anh chinh x4c hiéu ning thuc té; (2) Tich hop mé hinh ngén ngir 16n (Large
Language Model - LLM) thong qua OpenAl API dé phan tich dir liéu va dua ra
khuyén nghi thong minh; (3) Hd tro phat hién bat thuong tw dong trong két qua bench-
mark bang phuong phap théng ké IQR; (4) Thu thap chi sé s dung tai nguyén tir
CloudWatch dé danh gia mitc do phu hop cta cau hinh hién tai.

Vé mit cong nghé, hé théng duoc xay dung véi kién trac hién dai bao g@)m:
phan phu tro sir dung FastAPI va Celery cho xir Iy bat dong bo, phan giao dién ngudi
dung st dung React két hop TypeScript, co s dit liéu PostgreSQL cho luu trit ¢6 cau
trac va Redis cho by dém. Hé théng hd trg trién khai béng Docker va c6 thé md rong
theo chiéu ngang.

Két qua dat dugc cua dé tai bao gdm mot hé thong hoan chinh véi ddy dua cac
churc nang: quan ly du an va c4u hinh, thuc thi benchmark tu dong trén EC2, thu thap
va phan tich chi s6 hiéu nang, dé xuéat tdi wu béng tri tué nhan tao va hién thi két qua
tryc quan trén giao dién web.
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Ho tén sinh vién: Nguyén Viét Nhat Long. S thé sinh vién: 102210260

Lép: 21TCLC_DT4 Khoa: Cong nghé thong tin Nganh: Céng nghé phan mém

1. Tén dé tai d6 an: XAY DUNG HE THONG AUTOTUNER BENCHMARK
VA DE XUAT TOI UU TAINGUYEN

2. Dé tai thuc dién:

O C6 ky két théa thudn sé hitu tri tué doi véi két qua thuwce hién

3. Cc s6 liéu va dit ligu ban ddu:

Khong co.

4. Néi dung cdc phan thuyét minh va tinh todn:

Noi dung thuyét minh gom:

Chuong 1: Phan m¢& dau cua luan van, gidi thiéu vé nhu cau thuc té va 1y do thuc

hién dé tai, dong thoi gidi thidu so lugc vé dé tai va muc tiéu phai dat dugc, tinh

nang va ddi tuong st dung.

Chuwong 2: Co so 1y thuyét va cong nghé: trinh bay nhiing 1y thuyét, cong nghé hoc

duogc va da ap dung vao hé thong.

Chuwong 3: Phén tich va thiét ké hé thong: Phan tich yéu cau chtic nang, phi chirc

nang, mo hinh hoa cac nghi¢p vu chinh cua h¢ théng, thiét ké co so dit liéu, thuat

toan va api, giao dién nguoi dung.

Chuwong 4: Xay dyung va trién khai hé thong: Mo ta chirc nang van hanh hé théng

Chuwong 5: Tong két két qua dat duoc, han ché va huéng phat trién.

5. Cdc bdn vé, do thi ( ghi ré cdc logi va kich thuéc ban vé ):

Khong co.

6. Ho tén nguwoi huéng dan: TS. Trinh Céng Duy

7. Ngay giao nhiém vu do an:  17/11/2025

8. Ngay hoan thanh dé dan: 21/01/2026.

Pa Nang, ngay 20 thing 01 ndam 2026
Truong BOmon .......................... Nguwoi hwéng din
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LOI NOI PAU

Trong bdi canh cong nghé thong tin phat trién manh mé, viéc trién khai ing
dung 1én nén tang dién todn ddm may da trd thanh xu hudng tat yéu. Tuy nhién, viéc
lwa chon cAu hinh tai nguyén phu hop cho cac tmg dung backend ludn 1a thach thic
16n ddi voi cac nha phat trién va k¥ su van hanh hé théng. Véi hang trim loai may
40 EC2 khac nhau vé thong sb ky thuat va muc gia, viéc so sanh va lya chon thu cong
tr& nén khong kha thi va ton kém.

Xuat phat tir thuc tién do, dé tai "Xay dung hé thong AutoTuner benchmark
va dé xuat t6i wu tai nguyén" dugc nghién ciru va phét trién nham giai quyét bai toan
t6i wu hoa lya chon cdu hinh may chu dam may. Hé thong cho phép ngudi ding
tu dong hoa viéc benchmark cac cau hinh EC2 trén tai nguyén thuc té, thu thap cac
chi sb hiéu nang chi tiét va nhan duoc khuyén nghi tb1 uu tir hé théng tri tu¢ nhan tao.

Db 4n nay duoc thuc hién dudi sy huéng dan tan tinh caa TS. Trinh Cong
Duy - gidng vién Khoa Cong ngh¢ Thong tin, Truong DPai hoc Bach Khoa - Pai hoc
Pa Néng. Tac gia xin chan thanh cam on thay da danh thoi gian hudng dan, dong gop
¥ kién quy bau va tao diéu kién thuan loi trong sudt qua trinh thuc hién do an.

Tac gia cling xin guri 101 cam on dén cac thay c6 trong Khoa Céng nghé Thong
tin dd truyén dat kién thirc nén tang, gitp tac gia co di nén tang dé hoan thanh do
an nay.

Mic du dd c¢b gang hét strc, @6 an khong tranh khoi nhitng thiéu sot. Tac gia
rat mong nhan duoc nhitng ¥ kién dong gép quy bau tir cac thay co va ban bé dé dd
an duoc hoan thién hon.

Em xin chan thanh cam on!

il



CAM DOAN

T6i xin cam doan:

1. D6 an tot nghiép "Xay dung hé thong AutoTuner benchmark va dé xuét t6i wu
tai nguyén" 1a cong trinh nghién ciru ctia chinh ban than t6i dudi sw huéng dan
cua TS. Trinh Cong Duy.

2. TAt cé cac két qua, s6 liéu, hinh anh, biéu dd va cac ndi dung khéac trong dd an
nay déu trung thuce, chinh xac va c¢6 ngudn gdc rd rang.

3. Céc tai li€u, cong trinh nghién ctru cta céc tac gia khac dugce tham khéo trong
d6 an déu dugc trich dan va ghi rd ngudn trong phan Tai liéu tham khao.

4. Tbi hoan toan chiu trach nhiém vé tinh chinh x4c va trung thuc ctia do an nay.

5. Toéi khong sao chép hodc sir dung cac cong trinh nghién clru cia nguoi
khac ma khong dugc phép.

Néu phat hién c6 bat ky vi pham nao vé tinh trung thuc trong dd 4n, toi xin chiu hoan
toan trach nhiém trudc Hoi dong danh gia do an tot nghiép.
Pa Nang, ngay — thang  ndm 2026
Sinh vién thyuc hién

Nguyén Viét Nhat Long
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Xay dung hé théng Auto Tuner Benchmark va @é xudt t6i wu tdi nguyén

CHUONG 1: TONG QUAN PE TAI

1.1. Tong quan d@ tai
1.1.1. Bdi canh

Trong thoi dai chuyén doi sd, dién toan dam may (Cloud Computing) da trd
thanh nén tang quan trong cho viéc phat trién va trién khai tmg dung. Amazon Web
Services (AWS) 1a mot trong nhitng nha cung cap dich vu dam may hang dau thé
gidi, cung cap hon 200 loai may a0 EC2 véi cac thong s ki thuat da dang vé kién
trac vi xu 1y (x86_64, ARM64/Graviton), s6 16i CPU, dung luong bd nhd, hiéu ning
mang va murc gid khac nhau.

Viéc lya chon cu hinh may 4o pht hop c6 anh huéng truc tiép dén:

 Hiéu nang wng dung: Latency, throughput, response time

« Chi phi van hanh: Chi phi co6 thé dao dong tir vai do la d¢én hang traim d6 la

modi thang
« Trii nghi¢m nguwoi dung: Higu niang kém din dén trai nghiém ngudi dung
kém

« Khi ning mé rong: Cau hinh khong pht hop co thé gay kho khan khi scale
1.1.2. Vén dé thuc té

Khi trién khai cic ing dung backend 1én AWS, cac nha phat trién va k¥ su
véan hanh h¢ thdng thudng gap phai cac thach thic:
Thach thire 1: Qua nhiéu lya chon

AWS cung cip hang tram loai may a0 EC2 véi cac ho khac nhau:

« General Purpose: t3, t4g, m6g, m7g (can bang CPU, memory, network)

« Compute Optimized: c6g, c7g (t6i vu cho CPU-intensive workloads)

« Memory Optimized: r6g, r7g (t6i wu cho memory-intensive workloads)

« Storage Optimized: i3, i4i (tdi uu cho I/O-intensive workloads)

M&i ho lai c6 nhiéu kich thuéc tir nano dén 24xlarge, tao ra hang trim
lya chon. Vi¢e so sanh thu cong gitra cac lya chon nay 1a khong kha thi.
Thach thie 2: Thiéu dir liéu do lwong thue té

Hau hét cac quyét dinh hién tai dua trén:

o Tai licu k¥ thuat tr AWS

« Kinh nghi¢ém ca nhan

o Uc tinh chi phi tirt AWS Pricing Calculator

Tuy nhién, hiéu ning thyc té ctia tng dung phu thudc vao nhiéu yéu to:

« Dic diém workload (CPU-intensive, memory-intensive, I/O-intensive)

SVTH: Nguyén Viét Nhat Long 21TCLC_DT4 GVHD: TS. Trinh Cong Duy 1



Xay dung hé théng Auto Tuner Benchmark va @é xudt t6i wu tdi nguyén

« Kién tric ing dung (monolithic, microservices)

« Viing dia 1y va diéu kién mang

« Thoi diém sir dung (peak hours, off-peak hours)

Khong ¢ cich nao dé biét chinh xac mot cAu hinh s& hoat dong nhu thé nao
cho dén khi trién khai thuc té.
Thach thire 3: Chi phi thir nghiém cao

Viéc trién khai va kiém thir nhiéu cAu hinh khac nhau trén AWS c6 thé ton
kém:

« M&i 1an thir nghiém c6 thé mét hang gio dé thiét 1ap va do ludong

« Chi phi c6 thé 1én dén hang chyc d6 la My cho mét 1an so sanh day du

« Rili ro quén don dep tai nguyén din dén chi phi phat sinh
Thach thirc 4: Cong cu hién c6 ¢6 han ché

Céac cong cu benchmark hién c6 (Apache Benchmark, wrk, k6) chi hd trg do
ludong tir mot diém duy nhat, khong phan anh hiéu ning thyc té tir cac vung dia 1y
khac nhau. Céac cong cu toi wu cia AWS nhu Compute Optimizer chi hoat dong
sau khi tmg dung d3 duoc trién khai va co dit liéu sir dung trong it nhat 14 ngay.
Thach thire 5: Thiéu khuyén nghi théng minh

Ngay ca khi c6 dit liéu benchmark, viéc phén tich va dua ra quyét dinh t6i uu
van doi hoi:

« Chuyén mén sau vé kién triic hé thong

« Hiéu biét vé dac diém workload

« Kha ning can bang giira nhiéu tiéu chi (latency, cost, reliability)
1.1.3. Giai phap dé xuat

Pé tai "Xay dung hé thdng AutoTuner benchmark va dé& xudt t6i wu tai
nguyén" duoc nghién clru va phat trién nham giai quyét cac thach thirc trén bang
cach:

1. Tw dong hoa quy trinh benchmark: Trién khai cdc may a0 EC2 thyc té,

thuc thi benchmark voi workload c¢6 thé cau hinh, va tu dong don dep

tai nguyén.

2. Thu thip metrics toan dién: Po ludng latency ¢ nhiéu phan vi (P50, P95,

P99), phat hién cold start, thu thap chi s6 sir dung tai nguyén tir CloudWatch,

va phat hién bat thuong trong két qua.

3. P¢ xuat toi wu bang AI: Sir dung mo hinh ngén ngit 16n (LLM) dé

phan tich két qua benchmark va dua ra khuyén nghi t6i wu véi giai thich chi

tict.

4. Giao dién true quan: Hién thi két qua dudi dang biéu do va bang so
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sanh, gitip nguoi dung dé dang dua ra quyét dinh.
1.2. Ly do chon dé tai
1.2.1. Tinh cap thiét va thyc tién
Tinh cép thiét:

Trong bi canh doanh nghiép ngay cang chuyén dich 1én ddm may, viéc ti wu
hoa chi phi va hiéu ning tré thanh wvu tién hang dau. Theo béo céo cia Gartner, chi
phi ddm may co thé chiém dén 30% té)ng chi phi IT ctia doanh nghiép. Viéc lya chon
sai cau hinh c6 thé dan dén:

« Lang phi hang nghin d6 la mdi thang

« Hiéu ning khong dap g dugc yéu cau

o Trai nghiém nguoi dung kém
Tinh thwe tién:

Pé tai giai quyét mot van dé thuc t& ma cac nha phat trién va k¥ su van hanh
hé thong dang gap phai hang ngay. Hé thong cé thé dugc 4p dung ngay vao thuc té dé:

« T6i wu héa chi phi cho cac du an dang chay

« Panh gia va so sanh céac cau hinh trude khi trién khai

« Phat hién over-provisioning hoac under-provisioning
1.2.2. Tinh mai va sang tao
Tinh méi:

Mic du ¢6 nhiéu cong cu benchmark va t6i uwu héa hién c6, nhung khong co
cong cu nao két hop duoc:

« Benchmark trén tai nguyén thyc té (khong phai mo phong)

« So sanh da cau hinh ty dong

« Dé xuét toi vu bﬁng tri tué nhan tao

« Tich hop CloudWatch metrics dé danh gia toan dién
Tinh sang tao:

Hé thong sir dung céc ki thuat méi:

LLM (Large Language Model): Sir dung OpenAI GPT dé phan tich dit liéu
va dua ra khuyén nghi théng minh, thay vi cac quy tic c6 dinh

Statistical Anomaly Detection: Str dung phuong phap IQR dé phéat hién
bat thuong trong két qua benchmark

Ephemeral Infrastructure: Ty dong trién khai va don dep tai nguyén,
giam thiéu chi phi
1.2.3. Phu h¢p véi chuyén nganh

Pé tai phu hop véi chuyén nganh Cong nghé Phian mém vi:
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1. Kién tric phin mém: Thiét ké va xay dung hé thong phan tan v&i micro-
services architecture
2. Cong nghé web: Phat trién full-stack application v&i React va FastAPI
3. Database: Thiét ké va t6i wu hoa co sd dir liéu v6i PostgreSQL
4. DevOps: Tich hgp Docker, CI/CD, va cloud infrastructure
5. Tri tué nhan tao: Ung dung AI/ML trong phan tich dir liéu va dé xuét toi
uu
1.2.4. Kha nang ing dung
Hé thong c6 kha ning Gmg dung cao trong thuc té:
1. Doanh nghiép: Céac cong ty dang sir dung AWS c6 thé sir dung hé thong
dé t6i wu hoa chi phi va hiéu nang
2. Nha phat trién: Cac developer co thé sir dung dé danh gia va so sanh cac
c4u hinh trude khi trién khai
3. DevOps Engineers: Cac k¥ su van hanh c6 thé sir dung dé monitor va op-
timize infrastructure
4. Startups: Cac startup c6 thé sir dung dé toi wu héa chi phi trong giai doan
dau
1.2.5. Hirng tha va dam mé
Pé tai két hop nhiéu linh vyc ma tac gia quan tim:
« Cloud Computing: Hiéu sdu vé AWS va cloud infrastructure
« Performance Engineering: Do luong va t6i wu hoa hiéu ning
« Artificial Intelligence: Ung dung Al trong giai quyét van dé thuc té
« Full-stack Development: Xay dung hé théng hoan chinh tir backend dén
frontend
Pé tai cling mang lai co hoi hoc hoi va ap dung cac cong nghé mai nhét, gitp
tac gia nang cao k¥ nang va kién thuc trong linh vuc cong nghé thong tin.
1.2.6. Muc tiéu va nhiém vy dé tai
a) Muc tiéu tong quat
X4y dyng mot hé théng web hoan chinh cho phép ngudi dung ty dong hoa
viéc benchmark céc cau hinh may ao EC2 trén AWS va nhéan duogc khuyén nghi tdi
uu dya trén phan tich dir li¢u thuc té bﬁng tri tu€ nhan tao.
b) Muc tiéu cu thé
XAy dung hé thong benchmark ty dong trén tai nguyén thue té
« Trién khai ty dong cac may a0 EC2 trong tai khoan AWS ctia nguoi dung
« Thuc thi benchmark v&i workload ¢6 thé cdu hinh

« Thu thap céc chi sb hiéu niang chi tiét (latency, throughput, error rate)
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e Ty dong don dep tai nguyén sau khi hoan thanh
Thu thip va phén tich chi s6 hiéu ning toan dién
« Do ludng latency ¢ nhiéu phan vi (P50, P95, P99)
« Phat hién cold start va do luong warm performance
« Thu thép chi s6 sir dung tai nguyén tir CloudWatch (CPU, disk I/0, network
I/O)
« Phat hién bat thuong trong két qua benchmark bang phuong phap thong ké
Tich hop tri tué nhan tao dé dé xuat toi wu
« Sir dung mé hinh ngdn ngir 1én (LLM) dé phan tich dac diém workload
« D& xuit cac loai may 4o thay thé dua trén két qua benchmark baseline
« Cung cap giai thich chi tiét vé 1y do dé xuét
« Udc tinh cai thién hiéu nang va tiét kiém chi phi
Xay dung giao dién nguoi dung truc quan
« Quan 1y dy an va cdu hinh benchmark
« Hién thi két qua benchmark dudi dang biéu d6 va bang so sanh
« Trinh bay khuyén nghi voi giai thich 16 rang
« Theo ddi tién trinh benchmark real-time
Pam bio kiém soat chi phi va hiéu qua
« Gi6i han ngan sach cho mdi 1an benchmark
« Téi str dung két qua benchmark da luu (caching)
e Ty dong don dep tai nguyén dé tranh chi phi phat sinh
o Uéc tinh chi phi truéce khi thyc thi
1.2.7. Pham vi nghién ctru
a) Pham vi chirc nang
Vé dich vu AWS:
« HO trg Amazon EC2 (Elastic Compute Cloud) - may a0
« HO tro cac ving AWS phé bién: us-east-1, us-east-2, us-west-1, us-west-2,
eu-west-1, eu-central-1, ap-southeast-1, ap-northeast-1
« HO tro cac loai may 4o phd bién: t3, t4g, m6g, m7g, c6g, c7g, 16g, r7g va cac
bién thé x86_64 tuong tng
Vé chirc ning:
e Quan ly nguoi dung va xac thuc (JWT)
« Quan 1y dy an va cau hinh AWS
« Thyc thi benchmark trén may ao EC2 thyc té
« Thu thép chi s6 tir CloudWatch
« Phén tich dir liéu va phat hién bat thuong
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« Dé xuit t6i wu bang Al (OpenAl GPT)
« Hién thi két qua va khuyén nghi trén giao dién web
Vé ché @6 hoat dong:
« Optimization Mode: Phan tich may 4o hién c6 va dé xuat cac lwa chon tbi
uu hon
b) Pham vi cong nghé
Backend:
o Python 3.11+ v&i FastAPI cho REST API
« Celery + Redis cho xtr Iy tac vu bat ddng bod
e SQLAIchemy ORM v6i PostgreSQL cho co s¢ dit li¢u
e boto3 (AWS SDK) cho tuong tac véi AWS
« OpenAl API cho khuyén nghi Al
Frontend:
 React 18 voi TypeScript
« TanStack Query cho quan ly state va data fetching
« Tailwind CSS cho styling
« Recharts cho biéu d6
DevOps:
« Docker va Docker Compose cho containerization
 Alembic cho database migrations
1.2.8. Pbi twong va phuong phap nghién ciru
a) Po6i twong nghién ciru
e Nghién ctru cac phuong phap do luong hi€u nang (performance benchmark-
ing)
« Nghién ctru cac ki thuat phat hién bat thudong trong dit liéu (anomaly detec-
tion)
« Nghién ciru ing dung tri tué nhan tao trong t6i wu héa tai nguyén ddm may
« Nghién ciru kién trac hé théng phan tan va xir 1y bat dong bo
e Nghién ctru AWS EC2, CloudWatch va céac dich vu lién quan
b) Phwong phap nghién ciru
« Phit trién h¢ thong theo m6 hinh MVP (Minimum Viable Product)
« Str dung phuong phap Agile v6i cac sprint ngan
«Kiém thir ting thanh phan (unit testing) va kiém tht tich hop (integra-
tion testing)
« Panh gia hiéu qua théng qua céc case study thuc té

« So sanh két qua véi cac cong cu benchmark truyén thong
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1.3. Y nghia thue tién
1.3.1. Y nghia vé mit kinh té
Tiét kiém chi phi cho doanh nghiép:

Hé théng AutoTuner gitip doanh nghiép tiét kiém chi phi dang ké thong qua:

. Toi wu hda cau hinh tai nguyén:

« Phét hién over-provisioning (c4u hinh qua 16n so véi nhu cau)

« Dé xuat downsizing dé giam chi phi ma van dam bao hiéu ning

« Vi du: Chuyén tir t3.large ($60/thang) sang t3.medium ($30/thang) khi
CPU utilization < 20% c6 thé tiét kiém $30/thang

Giam chi phi thir nghiém:

« Thay vi phai trién khai va test nhiéu c4u hinh thu cong (tén hang chuc db la),
hé théng tu dong hoéa qué trinh nay véi chi phi < $0.01 cho 5 ciu hinh

o Tu dong cleanup tai nguyén, tranh chi phi phat sinh do quén don dep

T6i wu héa chi phi dai han:

« Dé xuit sir dung Spot instances (tiét kiém 60-70% chi phi)

« D& xuit chuyén sang ARM-based Graviton instances (tiét kiém 20-40% chi
phi)

« Phan tich workload dé dé xuat Reserved Instances hodc Savings Plans

ROI (Return on Investment):

Véi chi phi benchmark < $0.01 va tiém nang tiét kiém hang chyc dén hang

tram d6 la mdi thang, ROI ctia hé thong 1a rat cao. Mot doanh nghiép c6 thé tiét

kiém hang nghin d6 la mdi nam chi bang viéc t6i wu héa mot vai cau hinh.
1.32.Y nghia vé mit ky thuat
Néng cao hiéu ning ing dung:

1.

Phat hién under-provisioning:

« Phat hién khi cdu hinh hién tai khong du manh (CPU > 80%)

« Dé xuat upsizing dé cai thién hiéu ning

 Giam latency va tang throughput

Pam bio hi¢u ning 6n dinh:

« Phét hién high variance trong két qua benchmark

« Canh bao vé do tin ciy cta cdu hinh

« D& xuit cac cdu hinh c6 hiéu ning 6n dinh hon

T6i wu héa cho workload cu thé:

« Phan tich dic diém workload (CPU-intensive, memory-intensive, I/O-inten-

sive)
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« D& xuit instance families phit hop (compute-optimized, memory-optimized,
etc.)
« Cai thién hiéu ning dang ké so voi cau hinh generic

Cii thi¢n quy trinh phat trién:

1.

Tw dong héa quy trinh benchmark:

« Giam thoi gian tir hang gio xudng vai phut

« Loai bo cong viéc thii cong, giam 16i

« C6 thé tich hop vao CI/CD pipeline

Dir liéu do luwdng chinh xac:

« Benchmark trén tai nguyén thyc té, khong phai mé phong
« Metrics toan dién (latency, CPU, disk I/O, network 1/O)
« Dit liéu dang tin cay dé ra quyét dinh

Hb trg ra quyét dinh:

« So sanh tryc quan giita nhiéu cau hinh

« Al recommendations v&i giai thich chi tiét

« Gidm thoi gian nghién ctru va danh gia

1.3.3. Y nghia vé mit xa hoi

Go6p phan phat trién cong dong:

1.

M3 ngudn mé:

« Hé thdng c6 thé duoc phat hanh dudi dang ma ngudn mo

« Cong dong developer c6 thé str dung va dong gop

« Thuc day su phat trién ciia cac cong cu téi wu hoa ddm may

Giao duc va dao tao:

o Tai liéu va code co thé dugc sit dung lam tai li€u hoc tap

« Sinh vién c6 thé hoc héi vé cloud optimization, Al integration, va full-stack
development

« Case studies co thé dugc str dung trong giang day

Hob trg doanh nghiép vira va nhé:

« Doanh nghiép vira va nho thuong thiéu ngudn lyc dé tdi wu hoa infrastructure

« Hé thdng gitp ho tiép can cac cong cu toi wu héa véi chi phi thap

« Gop phan giam chi phi van hanh, ting kha ning canh tranh

1.3.4. Ung dung trong thyc té

Cac truwong hop sir dung cu thé:

1.

T6i wu hoa API Backend:
« Cac cong ty cd API backend chay trén EC2

o Can t01 wu hoéa chi phi va hiéu nang
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e Vi du: E-commerce, SaaS applications, REST APIs
Migration va Modernization:

« Cac cong ty dang migrate Ién cloud

« Can danh gia va so sanh cac cau hinh truéc khi migrate
« Dam bao hi¢u nang va chi phi phu hop

Cost Optimization Projects:

o Cac dy 4n t6i uu hoa chi phi dam may

« Phat hién over-provisioning va under-provisioning

« Dé xuat cac giai phap tiét kiém chi phi

Performance Tuning:

« Cac ing dung c6 van dé vé hiéu ning

« Can tim cau hinh t6i wu dé cai thién latency

e Dam bao SLA va trai nghiém ngudi dung

Proof of Concept (POC):

« Panh gi4 cac cau hinh khac nhau trude khi trién khai production
« So sanh chi phi va hi¢u nang

« Ra quyét dinh duya trén dit lidu thyc té

1.3.5. Pong gop cho nganh cong nghiép

Thiic day best practices:

1.

Data-driven decision making:

« Khuyén khich ra quyét dinh dua trén dir liéu thyc té thay vi phong doan
« Nang cao chét luong quyét dinh vé infrastructure

Automation va DevOps:

« Thic day tu dong hoa trong quy trinh quan 1y infrastructure

e Tich hgp voi cac cong cu DevOps hién ¢

 Gidm toil va tang productivity

AI/ML trong Cloud Optimization:

« Chirng minh khé ning tmg dung Al trong t6i wu héa ddm may

« M6 ra hudng nghién ciru méi vé Al-powered infrastructure optimization
« Két hop giita domain knowledge va Al

Nghién ciru va phat trién:

1.

Mé rong nghién ctru:

« C thé mo rong sang multi-cloud optimization
« Nghién ciru vé workload profiling va prediction
« Phat trién cac thuat toan tdi vu hoa méi

Cong tac véi AWS va cic nha cung cép:
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« C6 thé hop tac voi AWS dé tich hop vao cac dich vu ctia ho
« Péng gop vao cong ddng AWS va cloud computing
1.3.6. Tac dong lau dai
Vé mit mdi truong:
1. Gidam lang phi tai nguyén:
« THi wu hoa sir dung tai nguyén gitip giam lang phi
« Gop phan bao vé mdi truong thong qua viée sit dung hiéu qua niang luong
Vé mit Kinh té:
2. Ting ning suit:
« Ty dong hoa giup tiét kiém thoi gian
« Nhan vién c6 thé tap trung vao cac cong viéc cb gia tri cao hon
3. Tang kha nang canh tranh:
« Doanh nghiép c6 thé giam chi phi va ting hiéu ning
« Tang kha ning canh tranh trén thi truong
Vé miit cong nghé:
1. Thiic diy do6i méi:
« Khuyén khich sir dung cic cong nghé méi (Al automation)
« Thic day su phat trién ciia nganh cong nghiép
2. Néang cao k¥ nang:
« Developer va DevOps engineers hoc hoi vé cloud optimization
« Néang cao ky nang va kién thirc trong linh vuc
1.4. B6 cuc dd 4n
D6 an dugce to chirc thanh 6 chuong chinh:
« Chwong 1: Gi6ithiéu - Trinh bay van dé, muc tiéu, pham vi va
phuong phap nghién ctru.
« Chwong 2: Tong quan - Khao sat cic cong cu benchmark va ti wu hoa hién
c6, phan tich khoang tréng va dinh vi giai phap.
« Chwong 3: Phin tich va thiét ké hé thong - Thiét ké kién triic tong thé, co
s& dit lidu, API va cac thanh phan AL
« Chwong 4: Xy dung va trién khai hé théng - Chi tiét trién khai backend,
frontend, tich hop AWS va Al services.
« Chwong 5: Kiém thir va danh gia - Trinh bay két qua kiém thir, danh
gi4 hiéu ning va do chinh xac cta hé thong.
« Chwong 6: Két luin va hwéng phat trién - Tong két két qua, han ché va dé
xuat hudng phat trién trong tuong lai.
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CHUONG 2: COSOLY THUYET VA CONG NGHE SU DUNG

2.1. Khdo sat cac cong cu benchmark hién cé
2.1.1. Apache Benchmark (ab)

Apache Benchmark 13 cong cy do ludng hiéu ning HTTP phd bién, dugc phat
trién boi Apache Software Foundation. Cong cu ndy cho phép giri mot sé luong 16n
yéu cau HTTP dén mot may chu va do luong thoi gian phan hoi.

Uu diém:

« Pon gian, dé st dung, khong can cai dat phirc tap

« Nhanh chong trong vi¢c thuc thi benchmark co ban

« H) trg cac phuong thire HTTP pho bién (GET, POST)

« C¢ sin trén hau hét cac hé diéu hanh Unix/Linux
Han ché:

« Chi hd tro do ludng tir mot diém duy nhat, khong phan anh hiéu nang thuc

té tir nhidu ving dia 1y

« Khong hd trg so sanh ty dong gitta nhiéu cu hinh

« Khong c6 kha ning phan tich dir liéu va dua ra khuyén nghi

« Chi cung cap cac chi s co ban (requests per second, time per request)

« Khong hd trg do ludng cac chi s6 chi tiét nhu P95, P99 latency
2.1.2. wrk

wrk 1a cong cu benchmark HTTP hién dai hon, dugc viét béng C va hd tro
scripting bang Lua. Coéng cu nay cho phép tao ra tai cao voi sb lugng két ndi dong
thoi 16n.

Uu diém:

« Hiéu ning cao, co thé tao ra hang trim nghin requests per second

« H) trg scripting dé tiiy chinh workload

« Cung cap cac chi sb chi tiét hon so voi Apache Benchmark

« HS trg HTTP pipelining
Han ché:

« Van chi do ludng tir mot diém duy nhat

« Khong c6 kha ning so sanh ty dong giita nhiéu cu hinh

« Khong tich hop véi cac dich vu dam may dé ty dong trién khai va do luong

« Yéu cau kién thirc vé Lua dé tan dung tdi da tinh ning scripting
2.1.3. k6
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k6 1a cong cuload testing hién dai dugc phat trién boi Grafana Labs, st
dung JavaScript dé viét test scripts. Cong cu nay duogc thiét ké cho DevOps va ky su
hi¢u nang.
Uu diém:

« H) trg scripting manh mé& bang JavaScript (ES6+)

« Cung cap cac chi sb chi tiét (P50, P95, P99, mean, min, max)

« HO tro virtual users (VUs) dé mo phong tai thuc té

« C6 thé tich hop voi cac hé théng CI/CD

« Ho tro cloud execution thong qua k6 Cloud
Han ché:

« Van can thiét 1ap thu cong cac may chu dich dé benchmark

« Khong tuy dong so sanh giira nhiéu cau hinh

« Khong c6 kha ning dé xuét toi vu tu dong

« Chi phi sir dung k6 Cloud c6 thé cao cho cac test 16n
2.1.4. Locust

Locust 1a framework load testing ma ngudn mo, cho phép viét test scenarios
bang Python. Cong cu ndy hd tro distributed testing v6i nhiéu worker nodes.
Uu diém:

« Viét test scenarios bang Python, dé dang tily chinh

« H) tro distributed testing dé tao tai 16n

o Giao dién web dé theo ddi test real-time

« Cung cap cac chi sb chi tiét
Han ché:

« Van can thiét 1ap thu cong infrastructure dé chay test

« Khong tu dong trién khai va so sanh nhiéu ciu hinh

« Khong c6 kha ning dé xuat tdi uu
2.2. Khio sat cac cong cu toi wu héa cia AWS
2.2.1. AWS Compute Optimizer

AWS Compute Optimizer 1a dich vu cia AWS st dung machine learning dé
phan tich lich sir sir dung tai nguyén va dé xuat t6i wu héa cho EC2 instances, Auto
Scaling groups, EBS volumes va Lambda functions.
Uu diém:

« Sir dung machine learning dé phan tich dir liéu thyc té

« D& xuit dua trén lich st sir dung trong it nhat 14 ngay

« H tro nhiéu loai tai nguyén AWS

« Mién phi st dung
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Han ché:
o Chi hoat dong sau khi tng dung da duoc trién khai va c6 dir liéu su dung
« Khéng hd trg so sanh giira cac dich vu khac nhau (vi du: EC2 vs Lambda)
« Khong c6 benchmark thyc té, chi dya trén dir liéu CloudWatch
« Khong hd trg so sanh trudc khi quyét dinh trién khai
« Dé xuit c6 thé khong phu hop véi workload méi hodc thay d6i
2.2.2. AWS Cost Explorer
AWS Cost Explorer 1a cong cu cia AWS cho phép phan tich chi phi st dung
cac dich vu AWS theo thoi gian, dich vy, viung va cac chiéu khéc.
Uu diém:
« Cung cap phan tich chi tiét vé chi phi
« H6 trg dur bao chi phi trong tuong lai
e Giao di¢n tryc quan véi biéu dd va bang
« C6 thé xuat bao cio
Han ché:
« Chi tap trung vao chi phi, khéng c6 dit liéu vé hiéu ning
« Khong c6 kha ning dé xuét toi vu ty dong
« Chi hién thi dir liéu sau khi di str dung dich vu
« Khong hd tro so sanh giira cac cau hinh trude khi trién khai
2.2.3. AWS Pricing Calculator
AWS Pricing Calculator 1a cong cu udce tinh chi phi cho cac dich vu AWS
dua trén cau hinh ngudi ding nhap vao.
Uu diém:
« Mién phi va dé sir dung
o Hd tro ude tinh cho nhiéu dich vu AWS
« C6 the luu va chia s¢ udc tinh
Han ché:
« Chi wdc tinh chi phi, khong c6 dir liéu vé hiéu ning
« Udc tinh c6 thé khong chinh xac do khong tinh dén cac yéu té nhur data trans-
fer, storage 1/0
« Khong c6 kha ning benchmark thyc té
« Khong dua ra khuyén nghi ty dong
2.2.4. AWS Well-Architected Tool
AWS Well-Architected Tool 1a framework dénh gia kién trac hé thong
dua trén 5 tru cot: Operational Excellence, Security, Reliability, Performance Effi-

ciency va Cost Optimization.
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Uu diém:

« Banh gia toan di¢n vé kién trac hé théng

« Cung cap best practices tir AWS

« H tro nhiéu workload types
Han ché:

« Khong c6 benchmark thyec té

« Khong so sanh cu thé gitra cac dich vy

« Khong c6 khuyén nghi dua trén dir liéu do luong

e Yéu cau nguoi dung ty tra 16i cau hoi, c¢6 thé chi quan
2.3. Khoing tréng trong cic giai phap hién cé

Sau khi khao sat cac cong cu hién o, c6 thé nhan thiy cac khoang trong sau:
Khoang trong 1: Thiéu benchmark trén tai nguyén thue té trweéc khi quyét
dinh

Hau hét cac cong cu benchmark hién c6 (ab, wrk, k6, Locust) chi hd trg do
ludng tir mot diém duy nhat va yéu cdu nguoi dung tu thiét 1ap infrastructure. Khong
c6 cong cy nao ty dong trién khai cac may do EC2, thuc thi benchmark va so sanh
két qua. Piéu nay khién viéc so sanh nhiéu cau hinh tré nén tén kém va mat thoi gian.
Khoang trong 2: Thiéu so sanh da cAu hinh ty dong

Céc cong cu benchmark truyén théng chi do luong mot cau hinh tai mot thoi
diém. Dé so sanh nhiéu ciu hinh, nguoi dung phai thyc hién thi cong nhiéu lan va ty
tong hop két qua. Khong c6 cong cu nio tu dong so sanh va xép hang cac cau hinh
dya trén nhiéu tiéu chi.
Khoéng trong 3: Thiéu khuyén nghi thong minh dwa trén Al

AWS Compute Optimizer st dung machine learning nhung chi hoat dong sau
khi di c¢6 dir liéu sir dung. Khong c6 cong cu nao st dung tri tué nhan tao dé phan
tich két qua benchmark va dua ra khuyén nghi t6i wu voi giai thich chi tiét. Cac dé
xuat hién tai chu yéu dua trén quy tic cd dinh hoic kinh nghiém.
Khoang trong 4: Thiéu tich hgp giira benchmark va t6i wu h6a

Céc cong cu benchmark va tdi wu hoa hién tai hoat dong ddc 1ap. Khong co
giai phap nao tich hop ca hai: thyc thi benchmark trén tai nguyén thuc té va dua
ra khuyén nghi t6i vu dya trén két qua do luong.
Khoang trong 5: Thiéu kiém soat chi phi trong qua trinh benchmark

Viéc thir nghiém nhiéu céu hinh c6 thé ton kém, dac biét khi st dung céc
may 4o 16n. Khong co cong cu nao giéi han ngin sach, tai sir dung két qua da do

ludng hodc toi uu hoa s6 lwong thir nghiém can thiét.
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2.4. Piém khac biét ciia dé tai

Hé théng AutoTuner dugc thiét ké dé 1ap ddy cac khoang tréng trén voi cac
diém khac biét sau:
Pié¢m khac bié¢t 1: Benchmark trén tai nguyén thue té

Thay vi md phong hodc udc tinh, hé thong AutoTuner trién khai cic may 4o
EC2 thyc té trong tai khoan AWS cua ngudi dung, thyc thi benchmark véi workload
thuc té va ty dong don dep sau khi hoan thanh. Piéu nay dam béo dir liéu do ludong
phan anh chinh xac hi¢u nang thyc té.
Piém khac biét 2: So sanh da cAu hinh ty dong

Hé théng cho phép nguoi dung chon nhidu cdu hinh dé benchmark, tu
dong thyc thi tudn ty hodc song song, va so sanh két qua trén mot giao dién thong
nhat. Két qua dugc xép hang duya trén nhiéu tiéu chi (latency, cost, reliability).
Pié¢m khac bi¢t 3: Khuyén nghi thong minh bing Al

Hé thdng tich hop OpenAl GPT dé phan tich két qua benchmark, hiéu dic
diém workload va dua ra khuyén nghi t6i wu véi giai thich chi tiét. Al c6 thé xem xét
nhiéu yéu t6 phirc tap ma cac quy tic c¢b dinh khong thé bao quat.
Piém khac biét 4: Tich hop CloudWatch dé danh gia toan dién

Heé thong khong chi do ludng latency tir phia client ma con thu thap céc chi s6
tir CloudWatch nhu CPU utilization, disk 1/0, network I/O dé danh gia mic d6 phu
hop ctia cau hinh hién tai (under-provisioned, optimized, over-provisioned).
Pi¢m khac biét 5: Kiém soat chi phi va toi wu héa

Hé thong hd tro gidi han ngan sach, tai st dung két qua benchmark da
lwu (caching), va tu dong don dep tai nguyén dé tranh chi phi phét sinh. Nguoi ding
c6 thé ude tinh chi phi trude khi thyc thi.
Piém khac biét 6: Phat hién bat thwong tw dong

Heé thong str dung phuong phéap théng ké (IQR - Interquartile Range) dé phat
hién céc gia tri bat thuong trong két qua benchmark, loai bé ching khéi tinh toan va
canh bao nguoi dung vé d tin cay cua két qua.
2.5. Cac cong nghé lién quan
2.5.1. FastAPI

FastAPI 13 framework web hién dai cho Python, duoc thiét ké dé xay dung
API nhanh chéng véi hi¢u nang cao. Framework nay ty dong tao tai li¢u API (Open-
API/Swagger) va hd tro type hints dé phat hién 16i som.
Ly do lwa chon:

« Hi¢u nang cao, tuong duong Node.js va Go

e Ty dong validation dir li¢u véi Pydantic
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« Tai liéu API ty dong, dé dang test va tich hop

« H tro async/await cho xtr Iy bat dong bo

« Type hints gitip code dé doc va bao tri
2.5.2. Celery

Celery la distributed task queue cho Python, cho phép thuc thi cac tac vu dai
han trong background ma khong chédn request chinh.
Ly do lwa chon:

« Xtr ly bat dong bd cac tic vu benchmark cé thé mat hang phut

« HO tro distributed execution véi nhiéu worker

« C6 co ché retry va error handling

« Tich hop tot v&i Redis/RabbitMQ

« HO tro monitoring va tracking progress
2.5.3. React va TypeScript

React 1a thu vién JavaScript pho bién dé xdy dung giao dién nguoi dung,
TypeScript 1a superset cua JavaScript voi type checking tinh.
Ly do lwa chon:

« Component-based architecture, dé tai str dung code

« Virtual DOM cho hi¢u ning cao

« Ecosystem phong pht (TanStack Query, Recharts, Tailwind CSS)

« TypeScript gitip phat hién 16i sém va cdi thién developer experience

« Cong dong 16n va tai liéu dy du
2.5.4. OpenAl API

OpenAl API cung cip quyén truy cdp vao cidc mod hinh ngdn ngit 16n
nhu GPT-4, GPT-3.5-turbo dé xir 1y ngdn ngit ty nhién va phan tich di liéu.
Ly do lwa chon:

« Kha ning phan tich dir liéu benchmark phtrc tap va dua ra khuyén nghi thong

minh

« Tao giai thich d& hiéu cho nguoi dung

« HO tro JSON mode dé tra vé dit liéu ¢ cau tric

« API dé sir dung va co tai liéu tdt

« C6 thé fine-tune hodc str dung prompt engineering dé t6i wu hoa
2.5.5. AWS SDK (boto3)

boto3 13 AWS SDK chinh thitc cho Python, cung cip interface dé tuong tac
voi cac dich vu AWS.
Ly do lwa chon:

« SDK chinh thirc, dugc AWS hd tro va cap nhat thuong xuyén
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« H tro day du cac dich vu AWS
« HJ trg async operations
« Tich hop tot v&i IAM roles va credentials management
« Tai liéu day du va vi du phong phti
2.5.6. PostgreSQL
PostgreSQL 14 hé quan tri co s& dit liéu quan hé ma ngudén md, manh mé va
dang tin cdy.
Ly do lwa chon:
« Ho tro JSON/JSONB cho luu trit dit liéu linh hoat (raw latencies, anomalies)
« ACID compliance dam bao tinh nhit quéan dir li¢u
« HO tro full-text search va cac tinh ning nang cao
« Performance tot v&i proper indexing
« Tich hop t6t voi SQLAIchemy ORM
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CHUONG 3: PHAN TiCH VA THIET KE HE THONG

3.1. Phan tich yéu ciu chirc niing
3.1.1. Nhom chirec nang: Xac thuc va Quan ly Nguwoi dung
UC-01: Dang ky tai khoan

« M ta: Nguoi dung méi dang ky tai khoan v6i email va mat khau

o Input: Email, password, full name (optional)

e Output: User ID, email

o Xir ly: Validate email format, hash password (bcrypt), tao user record
UC-02: Dang nhap

e M6 ta: Nguoi dung dang nhap va nhan JWT token

o Input: Email, password

e Output: Access token (JWT)

o Xir ly: Verify password, generate JWT token
UC-03: Xem thong tin c4 nhin

o M0 ta: Nguoi dung xem thong tin profile cua minh

o Input: JWT token

e OQutput: User info (email, full name, created_at)
UC-04: Refresh Token

e Mo ta: Lam m&i JWT token khi hét han

o Input: Refresh token

« Output: New access token
3.1.2. Nhom chirc nang: Quéan ly Dy an
UC-05: Tao du an méi

« M ta: Tao project méi dé quan 1y cac benchmark

o Input: Name, description, mode (optimization)

 OQutput: Project ID, project info

« Xir ly: Tao project record, set owner_id = current_user.id
UC-06: Xem danh sach du an

« M ta: Liét ké tat ca projects ctia ngudi ding

o Input: JWT token

 Qutput: List of projects v&i pagination
UC-07: Xem chi tiét du an

« M6 ti: Xem thong tin chi tiét cia mot project

o Input: Project ID

« Output: Project details, list of configs, list of benchmarks
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UC-08: Cap nhat du an
« Mo ta: Cap nhat thong tin project (name, description)
o Input: Project ID, updated fields
o OQutput: Updated project info
UC-09: X6a du an
« M6 ta: Xoéa project va tat ca dit lidu lién quan (cascade delete)
o Input: Project ID
o OQutput: Success message
« Xir ly: Cascade delete configs, benchmarks, results
UC-10: C4u hinh AWS Credentials
« M ti: Cau hinh IAM role ARN va External ID dé truy cdp AWS account
o Input: AWS Role ARN, External ID
o Qutput: Success message
o Xir ly: Validate ARN format, luu vao project
UC-11: Chon ché d9 hoat dong
e M6 ta: Chon mode (optimization) cho project
o Input: Mode selection
e Output: Updated project mode
3.1.3. Nhém chire ning: Quan Iy Cau hinh AWS
UC-12: Tao ciu hinh EC2
« M ti: Tao cdu hinh EC2 véi cac tham s (instance type, region, spot, etc.)
o Input: Name, instance_type, region, spot, VPC/subnet/SG, real app settings
e OQutput: Config ID, config info
« Xir ly: Validate instance type, region, tao AWSConfig record
UC-13: Xem danh sich ciu hinh
« M6 ta: Liét ké tat ca configs cua project
o Input: Project ID
e OQutput: List of configs
UC-14: Xem chi tiét cAu hinh
« M ta: Xem thong tin chi tiét cia mot config
o Input: Config ID
 OQutput: Config details
UC-15: X6a chu hinh
e M6 ta: Xoa config khoi project
o Input: Config ID

e Qutput: Success message
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UC-16: Dit ciu hinh baseline
« M ta: Panh dau config 13 baseline (cho optimization mode)
e Input: Config ID
e Output: Updated config védi is_baseline = true
3.1.4. Nhom chirc nang: Quéan ly Benchmark
UC-17: Khéi tao benchmark
« M ta: Bit ddu mot benchmark run cho cac configs
o Input: Project ID, config ids (optional), settings (requests per config,
use ko, etc.), budget
e OQutput: Benchmark ID, status = "pending"
« X ly: Tao BenchmarkRun record, enqueue Celery task
UC-18: Xem danh sach benchmark
« M6 ta: Liét ké tat ca benchmarks cua project
o Input: Project ID, limit, offset
e OQutput: List of benchmarks v¢i pagination
UC-19: Xem két qua benchmark
« M ta: Xem chi tiét két qua benchmark véi metrics va charts
o Input: Benchmark ID
« Output: Benchmark details, results vi metrics, recommendations (néu co)
UC-20: Hiay benchmark
e M6 ta: Huy benchmark dang chay
o Input: Benchmark ID
e Output: Status = "cancelled"
« Xir ly: Update status, cleanup resources
UC-21: X6a benchmark
o M0 ta: Xo6a benchmark va results
o Input: Benchmark ID
e OQutput: Success message
UC-22: Xem tién trinh
« M ta: Theo ddi tién trinh benchmark real-time
o Input: Benchmark ID
e OQutput: Progress info (configs completed, configs total, current config,
estimated_cost)
3.1.5. Nhom chirc nang: Dich vu Al
UC-23: Nhian khuyén nghi

e Mo ta: Nhan Al recommendations sau khi benchmark baseline
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o Input: Project ID
o OQutput: List of recommendations véi instance types, reasoning, confidence
scores
 Xir ly: Phan tich baseline result, goi OpenAl API, generate recommenda-
tions
UC-24: So sanh ciu hinh
e M6 ta: So sanh metrics gitta cac configs
o Input: Config IDs
e Output: Comparison table vdi metrics side-by-side
UC-25: Phat hién anomalies
« M ta: Ty dong phat hién bat thuong trong két qua benchmark
o Input: Benchmark result
o« OQutput: List of anomalies (outliers, high variance)
o Xir ly: Str dung IQR method, variance analysis
UC-26: Phan tich metrics
« Mo ta: Phan tich va tinh todn cac metrics tir raw data
o Input: Raw latencies, CloudWatch metrics
e Output: Processed metrics (P50, P95, P99, mean, std, CPU utilization, etc.)
3.1.6. Nhém chirc ning: Thao tic AWS (Hé thong)
UC-27: Trién khai 1én AWS
e M6 ta: Tu dong deploy EC2 instances cho benchmark
o Input: AWS Config, IAM role ARN
o OQutput: Instance ID, endpoint URL
o Xir ly: Assume IAM role, launch EC2, wait for ready, return endpoint
UC-28: Thu thap metrics
e M0 ta: Thu thap metrics tr CloudWatch
o Input: Instance ID, time range
e Output: CPU, disk I/O, network I/O metrics
UC-29: Giam sat tai nguyén
« Mo ta: Monitor EC2 instances trong qua trinh benchmark
e Input: Instance ID
« Output: Status, health check results
UC-30: Don dep tai nguyén
e M6 ta: Tu dong terminate EC2 instances sau benchmark
e Input: Instance ID

e Qutput: Success message
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o X1 ly: Terminate instance, verify cleanup
3.1.7. Nhém chire niing: Xir Iy Nén
UC-31: Thuc thi benchmark
e Mo ta: Celery worker thuc thi benchmark trong background
o Input: Benchmark ID
« Xt ly: Load configs, deploy instances, execute requests, collect metrics,
cleanup
UC-32: Tao khuyén nghi ty dong
e M6 ta: Tu dong generate recommendations sau khi benchmark hoan thanh
o Input: Benchmark ID
« X1t ly: Phan tich results, goi Al service, luu recommendations
UC-33: Luru trir két qua
e Mo ta: Luu benchmark results vao database
o Input: Result data
« Xir ly: Create BenchmarkResult records, cache trong Redis
3.2. Phan tich yéu ciu phi chitc ning
3.2.1. Hiéu nang
NFR-1: API Response Time
« Yéu cau: API response time < 200ms cho cac endpoints thong thudong
« Giai phap: Database indexing, connection pooling, async operations
NFR-2: Benchmark Execution Time
« Yéu cau: Benchmark execution < 10 phut cho 10 configs
« Giai phap: Parallel execution, optimize deployment time
NFR-3: Concurrent Requests
« Yéu cau: Hd tro t6i da 5 benchmark runs dong thoi
e Giai phap: Celery workers véi concurrency control
3.2.2. Kha nang mé rong
NFR-4: User Capacity
o Yéu cau: Ho tro toi da 1000 users
o Giai phap: Horizontal scaling v&i load balancer
NFR-5: Data Capacity
« Yéu cau: Hb trg 100 projects/user, 50 configs/project
« Giai phap: Database partitioning, pagination
3.2.3. Biao mat
NFR-6: Authentication
« Yéu cau: JWT authentication vdi secret key manh
o Giai phap: HS256 algorithm, secure token storage
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NFR-7: Password Security
« Yéu cau: Password hashing véi berypt
o Giai phap: berypt voi cost factor 12
NFR-8: AWS Credentials
« Yéu cau: Khong luu trit AWS credentials tryc tiép
« Giai phap: IAM role assumption v&i External ID
NFR-9: Input Validation
« Yéu cau: Validate va sanitize tat ca inputs
« Giai phap: Pydantic schemas, SQLAIchemy ORM
3.2.4. D) tin cay
NFR-10: Uptime
« Yéu cau: Uptime > 99.5%
« Giai phap: Health checks, auto-restart, monitoring
NFR-11: Error Handling
« Yéu cau: Graceful error handling, khong crash hé thong
« Giai phap: Try-catch blocks, error logging, retry mechanisms
NFR-12: Data Backup
« Yéu cau: Database backup ty dong hang ngay
o Giai phap: PostgreSQL automated backups
3.2.5. Chi phi
NFR-13: Benchmark Cost
« Yéu cau: Benchmark cost < $5 cho 10 configs
e Giai phap: St dung t3.micro/t3.small, auto cleanup, caching
NFR-14: Resource Cleanup
« Yéu cau: Ty dong cleanup dé tranh chi phi phat sinh
« Giai phap: Automatic termination, cleanup verification
3.3. So @6 phan ra chirc niing va Pic ta biéu dd Use-Case
Biéu d6 Use-Case tong quan
Biéu dd Use-Case tong quan md ta cac actors va use cases chinh:
Actors:
« Ngudi ding (User): St dung hé thdng dé quan 1y projects, configs, va xem
két qua
« Tai khoin AWS (AWS Account): Cung cip EC2 instances va CloudWatch
metrics
« Hé thong AI (AI System): Cung cap Al recommendations (OpenAl API)
e Celery Worker: Xu ly cac tac vu background
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Cac nhom Use Cases:
Xic thwe & Quan ly Nguoi dung: UC-01 dén UC-04

Xac thuc & Quan ly Nguéi dung

T uc-04
> Refresh Token ~

/’ R

_—~ UC-08
( Xem théng tin ca nhéan )

> (View Profile) -~

/
Ngudidung o N
(User) ' Dang nhép |
_(Login) ~

\»- ST 21 A

" Dang ky tai khoan )
“__(Register) -~

Hinh 3.1. Xac thuc & Quan ly Nguoi dung
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Xav dung hé théng AutoTuner Benchmark va dé xudt t6i wu tdi nguyén

Quin ly Dy an: UC-05 dén UC-11

Ngue'i dung
(User)
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Quan ly Dy an

o T
( Chon ché db hoat dOng )

/\r (Select Mode)

P . “UC-10
55 Céu hinh AWS Credentials

/r S S

7 UC-09 T
( Xéa dy an \
‘. (Delete Project)

7 uc-08
Céap nhéat dy an

/[ 1\

\_(Update Project) ~

\ uc-07

1 Xem chi tiét dy an \|
(View Detalls)

TUC08 T
( Xem danh sach dy an’ ).
~_ (List Projects) -~

7 UC-05
[ Taody an méi
"\..\(Create Project)_/,f'

Hinh 3.2. Quan ly Dy dn
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Xav dung hé théng AutoTuner Benchmark va dé xudt t6i wu tdi nguyén

Quin ly Cau hinh AWS: UC-12 d¢én UC-16

Ngue'i eung
(User)
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|

Quan ly Cdu hinh AWS

o~ UC-16 .
( Bét cdu hinh baselme :.
(Set Baseline)

///' =0

[ Xéa céu hinh
_(Delete Config)/,_.o"

> T uUc-14
—>{ Xem chi tiét cau hinh 3
__(View Conﬁg_)_‘__

\\\s.

2 c18 T
¢ "Xem danh sach c4u hinh )

(Lnst Confi gs) 4

Tao cdu hinh EC2

( |
‘\_;_‘_(Create EC2 Conﬁg)»_,_,."

Hinh 3.3. Quan Iy cdu hinh
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Quin ly Benchmark: UC-17 d&én UC-22

Quan Iy Benchmark

Xav dung hé théng AutoTuner Benchmark va dé xudt t6i wu tdi nguyén

Xir Iy Nén
uG-17? sIncludes uc-31 Uc-33
Kndi 190 benchmark ' »  Thye thi benchmark * . o Lwu mO kit qua
/, {Start Benchmark) bao (Execute Banchmark) (Store Results)
/ ] S “usen -
/ uc-18 -
/ Xem danh sach benchmark
/ (List Benchmarks)
/ e
! Celory Worker
/ ‘ (Background Taska)
f uc-19
|' / Xam k¥ qua benchmark
f > (View Rosuits)
e ——— uc.20
m’;’:; dung * Moy benchmark
\ (Cancel Benchmark)
\ \
.\ -
\ T uc-21
\ Xoa benchmark
\ {Delete Banchmark)
S uc.zz
Xom tén trinh
(Monitor Progress)
Hinh 3.4. Quan ly Benchmark
Dich vu AI: UC-23 dén UC-26
uc-32
o0 Krevén ngn 1w Bng e
(Generate Recommendalions ) Ceo! e
S v {Bacbgroenst Tasa)
Dich vy A | Svxiaine 4 s
w2y | ucas
—_— Nhde Kwyéin nghy | siwchedos > SN aromebes o A
:ol:: g - g 1Cet Mmmm[ | Detec! Morrabes) 3 »
' —-iong . v | _emwchates . >
ey Ty
= 2 o P
£y (e TCh frmtecs
uc-e | sexciades |
v Ak ooe tronchensrt I 5 [Compan Confen) . IAralyre Metrial
New 1
Hinh 3.5. Quan Iy Dich vu Al
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Thao tic AWS: UC-27 d&én UC-30

Xir 1y Nén
T uc-a1 : uc-a3
Thye thi benchmark  _ =include~ Ly trir két qua
(Execute Benchmark) (Store Results)
e w. 2 —
5 e “USeS=

w -

W

-

S

T UG -

-

Thao tdac AWS
~ uC-30
Don dep tai nguyédn
_(Cleanup Resources)

-

-

S Uc2r
Trién khai lén AWS

(Deploy to AWS) -

Thu thap metrics
_(Collact Metrics)

A Uc-20 <.
Giam s&t 14 nguydn
(Monitor Resources)

4

Hinh 3.6. Thao tac AWS
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-u‘_.‘_._ >
- Calary Worker
(Background Tasks)

- _-_uui-
-'E“l‘ » '
e e
~uses _ - “TT4i khodn AWS
v 1(AWS Account)
wusegs ~ ;
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Xay dung hé théng Auto Tuner Benchmark va @é xudt t6i wu tdi nguyén

3.4. Pac ta Use-Case
Bang 3.1. UC-01: Pang ky tai khoan

Ma ca st dung |UC-01

Tén ca sit dung |Dang ky tai khoan

Tac nhin Nguoi dung (User)

Mo ta Nguoi dung méi ding ky tai khoan trong hé thdng bang cach

cung cap email va mat khau. H¢ thong s€ tao tai khoan mai
va luu thong tin vao co so dir licu.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung chua c6 tai khoan trong hé thong
- Email chua dugc st dung boi tai khoan khac

Piéu kién sau
(Post-Condi-
tion)

- Tai khoan méi dugc tao thanh cong
- Nguoi dung cé thé dang nhap véi email va mat khau da dang ky

Hanh ddng ciia tic |Phan hdi ciia hé thong
nhan
1 Nguoi ding Heé thong hién thi form dang ky véi
truy cép trang dang |cac truong: email, password,
ky full name (tuy chon)
2 Nguoi dung nhap
email, password va |H¢ thong validate input real-time (néu
Kich bin full_name (tty c0)
chon)
3 Nguoi dung click |Hé théng validate email format va
nut "PBéang ky" password strength
4 Hé thong kiém tra email da ton tai
trong database chua
5 Néu email chua t6n tai: Hé thong
hash password bang berypt
6 Hé thdng tao user record trong data-
base vdi is_active = true
7 Heé thong tra vé thong bao thanh cong
va user_id
8 Frontend hién thi thong bao "Dang ky
thanh cong"
9 Nguoi dung duge chuyén dén
trang dang nhap
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Bang 3.2. UC-02: Dang nhap

Ma ca str dung

UcC-02

Tén ca sir dung

Dang nhéap

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung dang nhap vao hé théng bang email va mat khau.
Hé thong xac thuc thong tin va cap JWT token dé truy cap céac
churc nang.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da co tai khoan trong hé thong
- Tai khoan chua bi khoa (is_active = true)

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da dang nhap thanh cong
- JWT token dugc luu trong localStorage
- Nguoi dung c6 thé truy cap cac chirc ning cta hé thong

Hanh ddng ciia tic | Phan hdi ciia hé thong
nhan
Nguoi dung tru . A .
| Ag ) 8ty H¢ thong hién thi form dang nhap
cap tran . . -
;p % v6i cac truong: email, password
dang nhap
Nguoi dung nha . , .
2 8 o & TP Hg¢ thong validate input format
Kich ban email va password
3 Nguoi dung click |Hé théng tim user theo email trong
nat "Dang nhdp" |database
4 Hé thong verify password voi
hashed password (berypt)
5 Heé thong kiém tra is_active = true
6 Hé thong generate JWT access token
. Heé théng tra vé access_token va user
info
8 Frontend luu token vao localStorage
9 Frontend luu user info vao con-
text/state
10 Nguoi dung duge chuyén dén trang
Projects
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Bang 3.3. UC-03: Xem thong tin cd nhdn

Ma ca str dung

UC-03

Tén ca sir dung

Xem thong tin c4 nhan

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung xem thong tin profile ctia minh bao gdm email,
tén day du va ngdy tao tai khoan.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhép
- JWT token hop 1¢

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da xem duoc thong tin c4 nhan

Kich ban

Hanh ddng ciia tic | Phan hdi ciia hé thong

nhan

1 Nguoi dung click

vao menu "Pro-  |H¢ thdng extract user_id tir JWT to-

file" hoac "Thong |ken
tin ca nhan"
2 Heé thong load thong tin user tir data-
base
3 Hé thong tra vé user info (email,

full name, created at, is_active)

4 Frontend hién thi thong tin ngudi

dung trong profile page

Bang 3.4. UC-04: Refresh Token

Ma ca str dung

UC-04

Tén ca sir dung

Refresh Token

Tac nhan

Nguoi dung (User)

Mo ta

Lam méi JWT token khi token hién tai sép hét han hodc da
hét han dé nguoi dung khong can dang nhap lai.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- C6 refresh token hop 1€
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Piéu kién sau
(Post-Condi-
tion)

- JWT token méi duoc cip
- Token méi dugc luu trong localStorage

Kich ban

Hanh ddng ciia tic | Phan hoi ciia h¢ thong

nhan

1 Frontend phat

hién access to- . X
' Frontend gui refresh token dén API

ken sip hét h
en sap het han endpoint /auth/refresh

hodc d3 hét

han (ty dong)

2 Heé théng verify refresh token

3 He¢ thong extract user_id tir refresh
token

4 Hé thong generate access token moi

5 Hé thong tra vé access token moi

6 Frontend cép nhat token trong lo-
calStorage

7 Frontend tiép tuc request ban

dau voi token maéi

Bang 3.5. UC-05: Tao dy dn moi

Ma ca str dung

UC-05

Tén ca sir dung

Tao du an moi

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung tao mdt du an maéi dé quan ly cac cAu hinh AWS
va benchmark. Mdi du 4n dai dién cho méot workload can duoc
danh gia va t6i uvu hoa.

Pidu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da ding nhap
- JWT token hop 1€

Piéu kién sau
(Post-Condi-
tion)

- Du an mo1 duoc tao voi status = "created"
- Nguoi dung cé thé thém cau hinh AWS vao dy 4n
- Dy 4n xuat hién trong danh sach projects ctia nguoi ding
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Kich ban Hanh ddng ciia tic | Phan hoi ciia h¢ thong
nhan
1 Nguoi dung truy | Hé théng hién thi danh sach projects
cap trang Projects | (néu c) va nut "Tao du an méi"
2 .+« ... Héthéng hién thi form tao du an véi
Nguoi dung click | ‘g oL
. j cac trudong: name (bat budc), de-
nut "Tao du an .. . -
5" scription (tuy chon), mode (mac
mai ) L
dinh: optimization)
3 Nguoi dung
nhap tén du an . , , ,
5p ~ « ... |Hethong validate input real-time
(bat budc), mo ta
(tuy chon)
4 Nguoi dung chon
ché d¢ hoat dong | Hé thong hién thi mo ta vé ché do da
(méc dinh: optimi- |chon
zation)
5 o . Hé théng validate input (tén khon
Nguoi dung click d ' ) Ag én kho put( 955 k'g
uogc trong, tén khong qua
nut "Tao" ' 8 sd Y
tw)
6 Heé théng extract user_id tir JWT to-
ken
7 Hé thdng tao Project record
v&i owner_id = current_user.id, sta-
tus = "created", mode = "optimiza-
tion"
8 Hé thong luu vao database
9 Heé théng tra vé project_id va thong
tin du an
10 Frontend hién thi thong bao "Tao du
an thanh cong"
11 Nguoi dung duge chuyén dén trang
chi tiét dy 4n
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Bang 3.5. UC-06: Xem danh sach dy dan

Ma ca str dung

UC-06

Tén ca sir dung

Xem danh sach du an

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung xem danh séch tat ca cac du an ma minh da tao,

c6 thé sap x&p va loc theo céc tiéu chi.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- JWT token hop 1€

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da xem dugc danh sach projects cia minh

Kich ban

Hanh d§ng cia tac
nhan

Phin hdi ciia hé thong

1 Nguoi dung truy
cap trang Projects

Heé théng extract user_id tir JWT to-
ken

Hé thong load danh sach projects tir
database voi owner _id = cur-
rent_user.id

Hé thong sap xép theo created_at
DESC (m&i nhét trudc)

Heé théng dém sd configs va bench-
marks cho mdi project

Heé théng tra vé danh sach pro-
jects voi pagination

Frontend hién thi danh sach projects
dudi dang cards hoac table

MJi project card hién thi: tén, mo ta,
sO configs, sO benchmarks, status,
created_at

SVTH: Nguyén Viét Nhat Long 21TCLC_DT4

GVHD: TS. Trinh Cong Duy

34



Xay dung hé théng Auto Tuner Benchmark va @é xudt t6i wu tdi nguyén

Bdng 3.7. UC-07: Xem chi tiét duw dn

Ma ca str dung

UC-07

Tén ca sir dung

Xem chi tiét du 4n

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi ding xem thong tin chi tiét ciia mot du 4n bao gom thong
tin du an, danh sach cau hinh AWS, danh sach benchmarks va
recommendations.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Project ton tai va thudc vé ngudi ding

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung d3 xem duoc chi tiét du an

Kich ban

Hanh dgng ciia | Phan hoi ciia h¢ thong
tac nhan

1 Nguoi dung

click viomot | .. . « 1
" |H¢ thong extract user id tir JWT token

project tu
danh sach
2 Heé théng load project details tir database
v6i project_id va owner id
3 Hé thong load danh sach aws_configs cia
project
4 Heé théng load danh sach benchmark runs
cua project (latest 10)
5 He¢ thong load recommendations ciia pro-
ject (néu co)
6 Heé théng tra vé project details véi cac rela-
tionships
7 Frontend hién thi:

- Thong tin dy an (t€n, md ta, mode, status)
- AWS credentials status (d3 cdu hinh/chua
c4u hinh)

- Danh sach configs véi badges (baseline,
instance type, region)

- Danh sach benchmarks véi status va cre-
ated_at

- Recommendations section (néu c6)
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Bang 3.8. UC-08: Cap nhat du an

Ma ca str dung

UC-08

Tén ca sir dung

Cap nhat dy an

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung cép nhat thong tin cia du an nhu té€n, mo ta hodc

ché do hoat dong.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhép

- Project ton tai va thudc vé ngudi dung

Piéu kién sau
(Post-Condi-
tion)

- Thong tin du an da dugc cap nhat

- updated at dugc cap nhat

nhan

Hanh d§ng cia tac

Phin hdi ciia hé thong

Nguoi dung &

trang chi tiét du an

Heé thng hién thi thong tin dy 4n
hién tai

Nguoi dung Hé thong hién thi form edit v6i
2 |click ntt "Chinh  |thong tin hi¢n tai (name, description,
sua" mode)
Kich ban -
Nguoi dung chinh
3 |stra tén, mo ta Heé théng validate input real-time
hoac mode
4 Nguoi dung click |Hé théng validate input (tén khong
nat "Luu" dugc trong)
5 Heé théng verify project thudc vé cur-
rent_user
6 Hé thong update project record trong
database
. Hé thong update updated at =
NOW()
g Heé thong tra vé thong bao thanh
cong
5 Frontend cép nhat hién thi véi thong

tin m&i
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Bang 3.9. UC-09: Xoa dy dn

Ma ca sir dung |UC-09

Tén ca sit dung | X06a du an

Tac nhin Nguoi dung (User)

M5 ta Nguoi ding x6a mot du an. Khi xéa du 4n, tat ca dit liéu lién

quan (configs, benchmarks, results, recommendations) s€ bi x6a

theo (cascade delete).

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Project ton tai va thudc vé ngudi ding
- Khong c6 benchmark dang chay

Piéu kién sau
(Post-Condi-
tion)

- Dy 4n va tat ca dir liéu lién quan da bi x6a

- Dy 4n khong con xuat hién trong danh sach

Kich ban

nhan

Hanh d§ng cia tac

Phin hdi ciia hé thong

Nguoi dung &

trang chi tiét du 4n

Heé thng hién thi nat "X6a dy an"

Nguoi dung click
nut "Xo6a du an"

Hé théng hién thi dialog x4c nhan
"Ban c6 chic chin mudn xoa dy an
nay? Tét ca dir liéu lién quan (configs,
benchmarks, results) sé bi x6a vinh
vién."

"Xéac nhan"

Nguoi dung click

Heé thng kiém tra khong c6 bench-
mark dang chay (status = "pending"
hodc "running")

Heé théng verify project thudc vé cur-
rent_user

Heé théng x6a project record (cascade
delete configs, benchmarks, results,
recommendations)

Heé thong tra vé thong bao thanh cong

Frontend hién thi thong bao "Pi x6a
dy an thanh cong"

Nguoi dung duge chuyén dén trang
danh sach projects
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Bdng 3.10. UC-10: Céu hinh AWS Credentials

Ma ca str dung

UC-10

Tén ca sir dung

CAu hinh AWS Credentials

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung cdu hinh IAM role ARN va External ID dé hé thong
6 thé truy cap tai khoan AWS cua ho. Hé théng su dung cross-
account access thong qua IAM role assumption, khong Iuu trir
AWS credentials truc tiép.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- P tao it nhat mot du 4n

- Nguoi dung da tao IAM role trong AWS account cia minh
véi trust policy cho phép hé théng assume role

Piéu kién sau
(Post-Condi-
tion)

- AWS credentials d dugc cdu hinh trong project
- Hé thdng c6 thé assume role va truy cap AWS account ciia
nguoi dung

Kich ban

Hanh d§ng cia tac
nhan

Phin hdi ciia hé thong

Nguoi dung &
trang chi tiét du 4n

Heé thong hién thi tab "AWS Settings"
hodc section "Cau hinh AWS"

Nguoi dung click |Hé thong hién thi form ciu hinh AWS
tab "AWS Set- credentials v&i céc truong: IAM Role
tings" ARN, External ID (tuy chon)

Nguoi dung nhap

IAM Role ARN

(vi du: H¢ théng validate ARN format real-
arn:aws:iam::1234 |time

56789012:role/Be

nchmarkRole)

Nguoi dung nhap

External ID Heé thong hién thi huéng dan vé Exter-

(ty chon, dé ting
cuong bao mat)

nal ID

Nguoi dung click
nat "Luu"

Heé théng validate ARN format
(phai bat dau v6i "arn:aws:iam::")

Heé théng test assume role (optional,
c6 thé skip trong MVP)

H¢ thong luu aws role arn va
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aws_external id vao project

He¢ thong tra vé thong bao thanh cong

Frontend hién thi "AWS credentials
da duoc cau hinh" véi badge xanh

Bang 3.11. UC-11: Chon ché do hoat dong

Ma ca sitdung |UC-11

Tén ca sit dung | Chon ché d6 hoat dong

Tac nhin Nguoi dung (User)

M0 ta Nguoi dung chon ché do hoat dong cho du an. Hién tai hé thong

hd tro ché do "optimization" - toi wu héa cau hinh hién coé.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- Pa tao du an

Piéu kién sau
(Post-Condi-
tion)

- Ché d6 hoat dong da dugc cap nhat
- Du 4n hoat dong theo ché do da chon

Kich ban

Hanh d§ng cia tac
nhan

Phin hdi ciia hé thong

1 Nguoi dung &
trang chi tiét du 4n

Heé thng hién thi phan "Ché do hoat
dong" véi gia tri hién tai

Nguoi dung click
vao phan "Ché do
hoat dong"

Heé théng hién thi dropdown hoic ra-
dio buttons vdi cac options (hién tai
chi c6 "Optimization")

3 Nguoi dung
chon "Optimiza-

Heé thng hién thi mo ta vé ché do Op-
timization

tion"
4 Nguoi dung . :
. . Hé thon date project.mode = "op-
click "Luu" hoac ) ¢ .. & l,l,p pro] p
R timization
chon tu dong luu
> Heé théng luu vao database
6 Heé thong tra vé thong bao thanh cong
7

Frontend cip nhat hién thi voi mode
moi
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Bang 3.12. UC-12: Tao cdu hinh EC2

Ma ca siwdung |[UC-12

Tén ca sit dung | Tao ciu hinh EC2

Tac nhin Nguoi dung (User)

M3 ta Nguoi ding tao mot cdu hinh EC2 méi trong dy an. Cau hinh nay
dinh nghia cac tham sé cia may a0 EC2 s& duoc sir dung trong
benchmark, bao gém instance type, region, va cac tuy chon khéc.

(Pre-Condi-

Didu kién truée |- Nguoi dung da dang nhap
- P tao it nhat mot du 4n
tion) - Pang & trang chi tiét du 4n

Piéu kién sau
(Post-Condi-

- CAu hinh EC2 méi dugce tao va luu trong database
- Cau hinh xuat hién trong danh sach configs ciia du 4n
tion) - C6 thé st dung ciu hinh nay dé benchmark

Kich ban
nhan

Hanh d§ng cia tac

Phin hdi ciia hé thong

1 Nguoi dung &

trang chi tiét du 4n

Hé thong hién thi section "Cau hinh
AWS" véi nat "Thém cau hinh"

Nguoi dung click
nat "Thém cau

Hé théng hién thi form tao c4u hinh
EC2 véi céc truong:

- Name (bét budc)

- Description (tuty chon)

- Instance Type (dropdown)

- Region (dropdown)

- Spot Instance (checkbox)

hinh - VPC ID, Subnet ID, Security Group
ID (tuy chon)
- Real App Mode (checkbox)
- Health Endpoint, Benchmark End-
point (néu real app mode)

Nguoi dung nhap

tén cau hinh (bat
budce)

Heé théng validate input real-time

Nguoi dung chon
instance type tur
dropdown (vi du:
t3.medium,
t4g.small)

Heé thng hién thi thong tin vé in-
stance type (vCPU, memory, pricing)

Nguoi dung chon

Hé thong validate region hop 1&
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region (vi du: us-
east-1, ap-south-
east-1)
6 Nguoi dung chon
cac iy chon: spot | Hé thong hién thi tooltip giai thich
instance, VPC/sub- |tung tuy chon
net/SG (tuy chon)
7 Nguoi dung chon
real app mode hodc Néu chon real app mode: Hé thong
synthetic bench- | hién thi thém céc truong health end-
mark (mac dinh: point va benchmark endpoint
synthetic)
8 Néu real app mode:
Nguoi dung nhap
heavlth icndpomt Heé théng validate endpoint format
(mac dinh: /health) (phai bt diu véi /)
va benchmark end- | * uy
point (vi du:
/api/users)
9 Nguoi dung c6 thé
chon ex1st1n£g - Hé thong hién thi huéng dan vé exist-
stance ID ncu ing instance mode
mudn benchmark &
may 4o hién co
10 A A . . .
Ngudi dimg click Hé thf)ng Yahdate 1nAputA’(1nstance type
it "Ly hop 1€, region hop 1¢, néu real app
mode thi endpoint bat budc)
11 Hé thong tao AWSConfig record véi
project_id, service = "ec2"
12 Heé théng luu vao database
13 Heé théng tra vé config_id va thong tin
c4u hinh
14 Frontend hién thi thong bao "Tao ciu
hinh thanh cong"
15 CAu hinh xut hién trong danh sach
configs
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Bdng 3.13. UC-13: Xem danh sdach cdu hinh

Ma ca str dung

UC-13

Tén ca sir dung

Xem danh sich ciu hinh

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung xem danh sach tat ca cac ciu hinh AWS trong mot

du an.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- Pang & trang chi tiét dy an

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da xem dugc danh sach configs

Kich ban

Hanh d§ng cia tac
nhan

Phin héi ciia hé thong

Nguoi dung &
trang chi tiét du 4n

Hé thong load danh sach aws_configs
tur database voi project_id

Heé thdng sap xép theo cre-
ated_at DESC (méi nhat trudc)

Heé théng tra vé danh sach configs

Frontend hién thi danh sach configs
dudi dang cards hoac table

MGdi config card hién thi:

- Tén cau hinh

- Instance type va region

- Badge "Baseline" néu is_baseline =
true

- N1t "Xem chi tiét", "Xoa"
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Bdng 3.14. UC-14: Xem chi tiét cdu hinh

UC-14

Ma ca str dung

Tén ca sir dung | Xem chi tiét ciu hinh

Tac nhin Nguoi dung (User)

Mo ta

Nguoi dung xem thong tin chi tiét ctia mot ciu hinh AWS bao
gom tat ca cac tham sé di cu hinh.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Config tdn tai va thudc vé du 4n cua ngudi dung

Piéu kién sau
(Post-Condi-

- Nguoi dung d3 xem duoc chi tiét cau hinh

danh sach

1 |vao mot config tir

tion)
Kich ban Hanh ddng ciia tic | Phan hoi ciia h¢ thong
nhan
Nguoi dung click

Heé théng load config details tir data-
base voi config_id

Heé théng verify config thudc vé pro-
ject cta current_user

Heé théng tra vé config info voi tat ca
fields

Frontend hién thi chi tiét ciu hinh
trong modal hodc detail page:

- Tén, mo ta

- Instance type, region

- Spot instance (yes/no)

- VPC ID, Subnet ID, Security
Group ID

- Real app mode settings (néu co):
health endpoint, benchmark endpoint
- Is baseline (yes/no)
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Bdng 3.15. UC-15: Xoa cdu hinh

Ma ca str dung

UC-15

Tén ca sir dung

Xoba cau hinh

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung x6a mot cu hinh AWS khoi dy an. Cau hinh
khong thé x6a néu dang duoc sir dung trong benchmark dang
chay.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Config ton tai va thudc vé dy an ctia ngudi dung
- Config khong dang dugc st dung trong benchmark dang chay

Piéu kién sau
(Post-Condi-
tion)

- Cau hinh da bi x6a
- Cau hinh khong con xuét hién trong danh sach

Kich ban Hanh dgng ciia tic | Phan hdi ciia hé thong
nhan
Nguoi dung &
q trang danh sach  |He¢ thdng hién thi nat "Xo6a" trén mdi
configs hodc trang |config card
chi tiét config
w1+ ... |Heé thong hién thi dialog xac
Nguoi dung click e 5 L L z 8 %
2 s nhéin "Ban c6 chac chan muon
l'lut Xoa r, A 1 \ "
x6a cau hinh nay?
Heé thng kiém tra config khong
3 Nguoi dung click |dang dugc stir dung trong bench-
"Xac nhan" mark dang chay (status = "pending"
hodc "running")
4 Heé théng verify config thudc vé pro-
ject cua current_user
5 Heé théng x6a config record tir data-
base
6 Heé théng tra vé thong bao thanh
cong
Frontend hién thi thong bao "Pi x6a
7 £ 1s \ A n
cau hinh thanh cong
8 Config bién mat khoi danh sach
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Bdng 3.16. UC-16: Dt cdu hinh baseline

Ma ca str dung

UC-16

Tén ca sir dung

Dit ciu hinh baseline

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung danh ddu mot cdu hinh 1a baseline (cau hinh hién tai
dang st dung trong production). Baseline s€ dugc st dung dé so
sanh voi cac recommendations tir Al

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhép
- Config ton tai va thudc vé du an
- Du 4n ¢ ché d¢ "optimization"

Piéu kién sau
(Post-Condi-
tion)

- Config duoc danh dau 1a baseline (is_baseline = true)
- project.baseline config id duoc cap nhat
- Cac configs khac (néu c6) dugc boé danh dau baseline

Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong

nhan

Nguoi dung &

trang danh

sach configs

hoic trang chi tiét
config

Heé thong hién thi toggle "Is Baseline"
hodc nut "Pat 1am Baseline" trén moi
config

Nguoi dung click
toggle "Is Base-
line" hoac nut
"Pat lam Baseline"

Heé thng kiém tra du an & ché d6 op-
timization

Hé théng update config.is_baseline
= true

Hé thong update project.base-
line_config id = config.id

Hé théng update cac configs khac
trong project: is_baseline = false (chi
c6 1 baseline)

Heé théng luu vao database

Heé thong tra vé thong bao thanh cong

Frontend hién thi badge "Baseline"
trén config va bd badge trén cac con-
figs khac
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Bang 3.17. UC-17: Khoi tao benchmark

Ma ca str dung

UC-17

Tén ca sir dung

Khoi tao benchmark

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung khoi tao mot benchmark run dé do luong hiéu ning
ctia cac cAu hinh EC2. Hé thong sé& ty dong trién khai cic may ao
EC2, thyc thi benchmark, thu thap metrics va luu két qua.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- Dy 4n da c6 it nhat 1 cau hinh AWS

- AWS credentials da duoc ciu hinh (IAM role ARN)
- Khong c6 benchmark nao dang chay cho du an nay

Piéu kién sau
(Post-Condi-
tion)

- BenchmarkRun dugc tao véi status = "pending"
- Celery task dugc enqueue dé thuc thi benchmark
- Nguoi dung c6 thé theo ddi tién trinh benchmark

Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong

nhan
I}Igu:(n dur?g' z Hé théng hién thi nat "Chay Bench-
1 |6 trang chi tiet du |
. mark
an
Heé théng hién thi dialog céu hinh
benchmark véi:
Nguoi ding click |- Danhvsac}} configs dA’e clqlon (check-
h box, mac dinh chon tat ca)
2 |nat "Chay Bench- .
mark” - Settings: requests_per config (de-
fault: 50), use_ko6 (default: false),
k6 virtual users (néu use k6 = true),
budget (tuy chon)
Nguoi dung chon

cac cau hinh can
benchmark (hoac
chon tat cd)

Hé thong hién thi s6 lugng configs da
chon

Nguoi dung cdu
hinh settings: sd re-

quests (mac dinh:
50), use k6 (mac
dinh: false),

k6 virtual us-
ers (néu use k6 =

Hé thong validate input (requests > 0,
k6 virtual users > 0 néu use k6 =
true)
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true), budget (tuy
chon)

Nguoi dung click
nat "Bat dau"

He¢ théng validate: kiém tra c6 configs
duoc chon khong

Hé thong kiém tra AWS credentials
da cau hinh chua (aws_role_arn)

Heé thng kiém tra khong c6 bench-
mark dang chay (status = "pending"
hodc "running")

Hé théng tao BenchmarkRun rec-
ord vdi status = "pending", con-
figs total = s0 configs da chon

Heé théng enqueue Celery task (exe-
cute_benchmark task.delay(bench-
mark id))

10

Heé théng tra vé benchmark_id va sta-
tus = "pending"

11

Frontend hién thi "Benchmark dang
cho..." v6i progress indicator

12

Celery worker bt dau xtr 1y task
trong background

Bang 3.18. UC-18: Xem danh sach benchmark

Ma ca str dung

UC-18

Tén ca sir dung

Xem danh sach benchmark

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung xem danh séch tat ca cac benchmark runs cia mot

du an, c6 the sap x€p va loc theo status.

Pidu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da ding nhap

- Pang ¢ trang chi tiét dy an

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da xem dugc danh sach benchmarks
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Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong
nhan

Nguoi dung

\ .z Hé thong load danh sach bench-
1 |6 trang chi tiet du

) mark runs tir database vdi project id
an

Heé thong sap xép theo created_at
DESC (méi nhét trude)

Hé thong dém sd results cho mbi
benchmark

Heé théng tra vé danh sach bench-
marks v&1 pagination

5 Frontend hién thi danh sach bench-
marks dudi dang cards hodc table

Mai benchmark card hién thi:

- Status badge (pending, running,
completed, failed)

- S6 configs (configs_completed/con-
6 figs_total)

- Total cost

- Created at, Completed at

- Nt "Xem chi tiét", "Huay" (néu dang
chay), "X6a"

Bdng 3.19. UC-19: Xem két qud benchmark

Ma ca str dung

UC-19

Tén ca sir dung

Xem két qua benchmark

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung xem chi tiét két qua ciia mot benchmark run, bao
gdm cac metrics (latency, cost, CPU utilization) va biéu dd so
sanh. Néu benchmark da hoan thanh, hé thong co thé hién thi Al
recommendations.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Benchmark da duoc khéi tao (it nhét status = "pending")
- Nguoi dung ¢6 quyén truy cap dy an chira benchmark

DPiéu kién sau

- Nguoi dung da xem duoc két qua benchmark
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(Post-Condi-
tion)

prove/reject

- Néu c6 recommendations, ngudi dung c6 thé xem va ap-

Kich ban

Hanh dong
cta tac nhan

Phin hdi ciia hé thong

Nguoi dung
click vao mot
benchmark
tr danh sach

He¢ thong load BenchmarkRun va cac
BenchmarkResults tir database

Heé théng verify benchmark thudc vé pro-
ject cua current_user

Néu benchmark status = "running": Hé
thong tra vé progress info (configs com-
pleted, configs total, current config id)

Néu benchmark status = "completed": Hé
thong tra vé két qua day du voi tat ca re-
sults

Frontend hién thi

- Néu running: Progress bar, spin-

ner, "Pang chay..."

- Néu completed: Bang két qua voi metrics
cho mdi config

Frontend hién thi bang két qua voi cac cot:
- Config name

- Latency: P50, P95, P99, mean, std

- Cost: per request, per 1K requests

- CPU utilization: avg, P95, max

- Resourcing verdict: under/opti-
mized/over-provisioned

- Confidence score

Frontend hién thi biéu d6 so sanh latency
(P95) va cost gitra cac configs

Neéu ¢6 recommendations: Frontend
hién thi section "AI Recommendations" voi
danh sach recommendations

Frontend tyr dong poll API mdi 5 gidy néu
benchmark dang chay dé cip nhat progress
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Bang 3.20. UC-20: Huy benchmark

Ma ca siw dung |UC-20

Tén ca sit dung | Huy benchmark

Tac nhin Nguoi dung (User)

Mo ta Nguoi dung hity mot benchmark dang chay. Hé thong sé

dung qua trinh benchmark va cleanup cac tai nguyén dang st
dung.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- Benchmark dang chay (status = "pending" hodc "running")
- Nguoi dung c¢6 quyén truy cap dy 4n chira benchmark

Piéu kién sau
(Post-Condi-
tion)

- Benchmark status = "cancelled"
- Céc tai nguyén AWS dang st dung duoc cleanup
- Celery task duoc huy (néu c6 thé)

Kich ban Hanh ddng ciia tic |Phan hdi ciia hé thong
nhan
Nguoi dung &
trang chi tiét Heé théng hién thi nat "Huy" néu
1 | benchmark hodc  |benchmark status = "pending"
danh sach bench- |hodc "running"
marks
. .. |Hé théng hién thi dialog x4c nhan
Nguoi dung click |, ’g P A’g o
2 e Ban c6 chdc chan muon huy bench-
nut "Huy < on
mark nay?
3 Nguoi dung click |Hé théng verify benchmark thudc vé
"X4ac nhan" project cuia current_user
4 Heé théng verify benchmark status =
"pending" hodc "running"
5 Heé théng update benchmark status =
"cancelled"
6 Hé théng update benchmark.com-
pleted at=NOW()
. Heé thng gui signal dé cancel Celery
task (néu c6 thé)
g Hé thong trigger cleanup task dé ter-
minate cac EC2 instances dang chay
9 Heé théng tra vé thong bao thanh cong
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Frontend hién thi "Benchmark da
10 .
duoc huy
Frontend cép nhat status badge thanh
1 1 " "
Cancelled

Bang 3.21. UC-21: Xda benchmark

Ma ca str dung

UC-21

Tén ca sir dung

X6a benchmark

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung x6a mot benchmark run va tat ca két qua lién
quan. Benchmark dang chay khong thé x6a, phai huy trudc.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap

- Benchmark khong dang chay (status !="running" va != "pen-
ding")

- Nguoi ding c6 quyén truy cap du an chira benchmark

Piéu kién sau
(Post-Condi-
tion)

- Benchmark va tit ca results da bj x6a
- Benchmark khong con xuat hién trong danh sach

Kich ban Hanh ddng ciia tic |Phan hdi ciia hé thong
nhan
Nguoi dung &
trang chi tiét , L ) ,
8 . H¢ thong hién thi nat "Xo6a" néu
1 |benchmark hoac benchmark khone d h
enchmark khong dang cha
danh sach bench- & Cang chay
marks
Heé thong hién thi dialog xac
5 Nguoi dung click |nhan "Ban ¢ chic chin mudn
nut "Xoa" x6a benchmark nay? Tat ca két qua s&
bi x6a vinh vién."
3 Nguoi dung click |Hé théng verify benchmark thudc vé
"X4ac nhan" project cuia current_user
4 Hé thong kiém tra benchmark sta-
tus != "running" va != "pending"
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5 Heé théng x6a benchmark record (cas-
cade delete results)

6 Hé thong tra vé thong bao thanh cong
; Frontend hién thi "P3 x6a benchmark
thanh cong"

8 Benchmark bién mat khoi danh sach

Bdng 3.22. UC-22: Xem tién trinh

Ma ca sit dung |UC-22

Tén ca sir dung | Xem tién trinh

Tac nhin Nguoi dung (User)

Mo ta Nguoi dung theo di tién trinh benchmark real-time, xem s6 con-
figs da hoan thanh, config dang xur 1y, va udc tinh chi phi.

(Pre-Condi-

Diéu ki¢n truée |- Ngudi ding da dang nhap

- Benchmark dang chay (status = "pending" hodc "running")
tion) - Nguoi dung cé quyén truy cap du an chira benchmark

Piéu kién sau
(Post-Condi-

- Nguoi dung da xem dugc tién trinh benchmark

1 |trang chi tiét
benchmark

tion)
Kich ban Hanh ddng cia tic |Phan hdi ciia hé thong
nhan
) Heé thdng load benchmark progress tir
Nguoi dung & ' 8 prog

database (configs completed, con-
figs total, current config_id, to-
tal cost usd)

2 Heé théng tra vé progress info
Frontend hién thi progress bar véi

3 percentage = (configs _completed /
configs total) * 100

4 Frontend hién thi text "Da hoan thanh
X/Y configs"

5 Frontend hién thi "Pang xr 1y: [Con-

fig name]" néu co current_config id
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6 Frontend hién thi "Tong chi phi udc
tinh: $X. XX"
; Frontend ty dong poll API mdi 5
gidy dé cap nhat progress
Khi benchmark completed: Frontend
8 . . 1R . \ \
dung polling va hién thi "Hoan thanh"

Bang 3.23.

UC-23: Nhdn khuyén nghi

Ma ca st
dung

UC-23

Tén ca sir
dung

Nhan khuyén nghi

Tac nhan

Nguoi dung (User)

Mo ta

Hé thong phan tich két qua benchmark baseline va sir dung

Al (OpenAl GPT) dé dua ra khuyén nghi vé céc instance types tdi uu.
M&i khuyén nghi bao gdm instance type, 1y do dé xuat, wdc tinh tiét
ki€m chi phi va cai thién hi¢u nang, cung voi confidence score.

Piéu kién
trude
(Pre-
Condi-
tion)

- Nguoi dung da dang nhap

- Du 4n c6 baseline config da dugc benchmark

- Benchmark baseline da hoan thanh (status = "completed")
- C6 két qua benchmark cho baseline config

Diéu kién

- Recommendations dugc tao va luu trong database

sau (Post- Ce 1 ;2 . e eae s .k
Con(di - Nguoi dung c6 thé xem recommendations véi gidi thich chi tiét
tion) - Nguoi dung c6 thé approve/reject recommendations
Kich ban Hanh dfng cua tac nhan Phin héi ciia hé thong
| Nguoi diung xem két qua bench- | Heé thdng kiém tra xem da co
mark baseline recommendations chua
) Néu chua c6: Hé thong hién thi
nut "Tao Recommendations"
Nguoi dung click nat "Tao Rec-
3 ommendations" hodc hé théng tw |HEé théng load baseline Bench-
dong tao sau khi benchmark hoan |markResult tir database
thanh
4 Hé thng goi Al Service dé
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generate recommendations

Al Service phan tich baseline
metrics:

- Latency metrics (P50, P95,
P99, mean, std)

- CPU utilization (avg, P95,
max)

- Cost metrics

- Error rate

Al Service xac dinh dic diém
workload (CPU-intensive,
memory-intensive, balanced)

Al Service build prompt chi
tiét voi baseline metrics
va workload analysis

Al Service goi OpenAl
API (GPT-40-mini) v&i prompt
va response_format = JSON

OpenAl tra vé JSON véi 4 rec-
ommendations

10

Al Service validate instance
types (kiém tra format va tinh

hop 1€)

11

Al Service filter va rank recom-
mendations

12

Al Service Iuu recommenda-
tions vao database (Recommen-
dation record)

13

H¢ thong tra vé recommenda-
tions cho nguoi dung

14

Frontend hién thi recommenda-
tions voi:

- Instance type

- Reason (giai thich chi tiét)

- Estimated cost savings (%)
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- Estimated performance im-
provement (%)
- Confidence score (0-1)

- Nut "Approve" va "Reject"

Bdng 3.24. UC-24: So sanh cdu hinh

Ma ca str dung

UC-24

Tén ca sir dung

So sanh cau hinh

Tac nhan

Nguoi dung (User)

Mo ta

Nguoi dung so sanh metrics gitra cac cau hinh khac nhau trong
cung mdt benchmark run hoac gitra cac benchmark runs

khac nhau.

Piéu kién truéc
(Pre-Condi-
tion)

- Nguoi dung da dang nhap
- C6 it nhat 2 c4u hinh da dugc benchmark
- Nguoi dung ¢6 quyén truy cip du an

Piéu kién sau
(Post-Condi-
tion)

- Nguoi dung da xem dugc so sanh metrics gitra cac configs

Kich ban

Hanh dong
cta tac nhan

Phin hdi ciia hé thong

Nguot dung
& trang két
qua bench-
mark

Heé théng load tit ca BenchmarkResults tir
benchmark

Heé théng tinh toan metrics cho mdi result
(UC-26)

Hg¢ thong tra ve danh sach results v&i metrics

Frontend hién thi bang so sanh véi cac cot:
- Config name

- Latency P50, P95, P99

- Cost per 1K requests

- CPU utilization

- Error rate

- Confidence score

Frontend hién thi biéu d so sanh:
- Bar chart: Latency P95 so sanh
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- Bar chart: Cost per 1K requests so sanh
- Line chart: Latency distribution (P50, P95,
P99)

Frontend highlight config t6t nhét cho timg
metric

Bang 3.25. UC-25: Phat hién anomalies

Ma ca sw

UC-25
dung
Tén ca st e .
Phat hién anomalies
dung
T4cnhan | Hé thong (System)
Mo ta Hé thong tu dong phét hién cac gia tri bat thuong trong két qua bench-

mark bang phuong phéap théng ké IQR (Interquartile Range). Cac
anomalies dugc loai bo khéi tinh toan metrics dé dam bao do tin cay
cta két qua.

Piéu kién
trudc
(Pre-Con-
dition)

- Co6 raw latencies tir benchmark execution
- S6 lugng latencies >= 5

Diéu kién

- Anomalies da dugc phat hi¢n va luu trong result.anomalies

sau (Post- ) , 2 ., , X
( . - Cleaned latencies dugc st dung dé tinh todn metrics
Condition)
Kich ban Hanh dong ciia tic Phan hdi ciia h¢ thong

nhan

Hé théng nhan raw
1 |latencies tir bench- |H¢ thdng kiém tra s lugng latencies >= 5

mark execution

Hé thong sap xép latencies theo thir ty ting

2 X
dan

; Heé théng tinh Q1 (25th percentile) va Q3
(75th percentile)

4 Hé thong tinh IQR = Q3 - Q1

5 Heé théng tinh lower _bound = Q1 - 1.5 * IQR

va upper_bound = Q3 + 1.5 * IQR
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Hé théng duyét qua ting latency va kiém tra:
- Néu latency < lower bound hodc > up-
per_bound: Panh diu 13 outlier

Hé thong tao danh sach anomalies v6i thong
tin: type (latency spike hodc latency drop),
request_index, value_ms, excluded = true

Heé théng phat hién high variance: Tinh CV =
std / mean, néu CV > 0.3: Panh diu la
high variance anomaly

Heé thng luu anomalies vao result.anomalies
(JSONB)

10

Hé thong sir dung cleaned latencies (loai
b6 outliers) dé tinh toan metrics

Bang 3.26. UC-26: Phdn tich metrics

Ma ca str dung

UC-26

Tén ca sir dung

Phan tich metrics

Tac nhan

Heé théng (System)

Mo ta

H¢ thong phan tich va tinh todn cdc metrics tir raw latencies va

CloudWatch metrics, bao gdm latency percentiles, cost, CPU uti-

lization, va resource utilization verdict.

Piéu kién truéc
(Pre-Condi-
tion)

- Co raw latencies tir benchmark execution
- C6 thé c6 CloudWatch metrics (néu EC2 instance c6 Cloud-

Watch Agent)

Piéu Kién sau
(Post-Condi-
tion)

- Cac metrics da duogc tinh toan va luu trong BenchmarkResult

Kich ban

nhan

Hanh d§ng cia tac

Phin hdi ciia hé thong

1 |latencies va Cloud-

Hé théng nhan raw

Watch metrics

Hé thdng loai bo outliers (néu co) tir
latencies

Hé thdng tinh toan latency percen-
tiles:
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- P50 (median): percentile(latencies,
0.50)

- P95: percentile(latencies, 0.95)

- P99: percentile(latencies, 0.99)

- Mean: sum(latencies) / len(latencies)
- Std: standard deviation

Heé théng phat hién cold start:

- So sanh first_request voi warm_avg
(mean cua requests 2-N)

- Néu first_request > warm_avg * 2.0:
Phat hién cold start

He¢ théng tinh error rate = failed_re-
quests / total _requests

He¢ théng tinh cost:

- cost_per_request = (hourly cost/
3600) * avg latency seconds

- cost_per lk requests = cost per re-
quest * 1000

- benchmark cost = cost _per request
* total _requests

Heé théng phan tich CPU utilization tir
CloudWatch:

- Néu CPU avg > 80%: verdict = "un-
der-provisioned"

- Néu CPU avg < 20%: verdict =
"over-provisioned"

- Néu 20% <= CPU avg <= 80%: ver-
dict = "optimized"

Heé théng tinh confidence score:

- Base: 0.9

- Giam néu: cached result (theo tudi),
high variance, nhiéu anomalies, high
error rate

Heé théng luu tat ca metrics vao
BenchmarkResult record
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Bdng 3.27. UC-27: Trién khai lén AWS

Ma ca siw dung |UC-27

Tén ca sit dung | Trién khai 1én AWS

Tac nhan Hé thong (System)

Mo ta Hé thong tu dong trién khai EC2 instance cho benchmark. Qua

trinh nay bao gém assume [AM role, tim hodc tao security group,
launch EC2 instance v&i user data script, va doi instance ready.

Piéu kién truéc
(Pre-Condi-
tion)

- AWS credentials da duoc ciu hinh (IAM role ARN)
- AWS config da dugc tao voi day du thong tin (instance type, re-
gion)

Piéu kién sau
(Post-Condi-
tion)

- EC2 instance da dugc launch va running
- Endpoint URL di sin sang dé nhan requests

Kich ban

Hanh ddng cia tic |Phan hdi ciia hé thong

nhan

Hé théng nhan yéu
cau deploy EC2 in-
stance cho mét
config

Hé théng assume IAM role sir dung
aws_role arn va aws_external id

2 AWS tra vé temporary credentials

Hé thong tim hodc tao security group
cho phép HTTP traffic (port 8080)

Hé théng tim AMI phu hop theo re-
4 gion va architecture (ARM64 hodc
x86 64)

Heé thong generate user data script:

- Néu real app mode: Chi cai Cloud-
Watch Agent

- Néu synthetic mode: Cai Python,
FastAPI, va benchmark server

Heé théng launch EC2 instance véi:

- Instance type tir config

-AMIID

- User data script

- Security group

- VPC/Subnet tr config (hodc default)

7 AWS tra vé instance ID

Hé théng doi instance status = "run-
ning" (polling mdi 10 gidy)
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Hé thong 1dy public IP hoic private IP
cua instance

Hé thong doi HTTP server ready
10 (polling /health endpoint mdi 5 gidy,
timeout 5 phut)

He¢ théng tra vé endpoint URL

H (http://IP:port)

Bang 3.28. UC-28: Thu thdp metrics

Ma ca str dung

UC-28

Tén ca sir dung

Thu thap metrics

Tac nhan

He¢ théng (System)

Mo ta

He¢ théng thu thap metrics tir CloudWatch cho EC2 instance
trong khoang thoi gian benchmark. Metrics bao gdm CPU utiliza-
tion (tr CloudWatch Agent), disk I/O, network I/O, va status
checks.

Piéu kién truéc
(Pre-Condi-
tion)

- EC2 instance da dugc deploy va dang chay

- Benchmark da hoan thanh (c6 benchmark_start time va bench-
mark end time)

- CloudWatch Agent da duoc cai dat (néu can CPU metrics)

Piéu kién sau
(Post-Condi-
tion)

- Metrics da dugc thu thap va luu trong BenchmarkResult

Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong

nhan

Hé thong nhén yé :
© thong fian yeu H¢ thong doi grace period (120 gidy)

1 |cau thu tha t- :
cau thu thap me dé CloudWatch metrics duoc publish

rics cho instance

Hé théng assume IAM role dé truy
cap CloudWatch

Heé théng query CloudWatch Metrics
API:

3 - CPUUtilization (ttr Cloud-

Watch Agent): Average, P95, Maxi-
mum
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- DiskReadBytes, DiskWriteBytes:
Average, Sum

- NetworkInBytes, NetworkOutBytes:
Average, Sum

- StatusCheckFailed, StatusCheck-
Failed Instance, StatusCheck-

Failed System: Sum

He¢ thong aggregate metrics trong
khoang thoi gian bench-
mark_start_time dén bench-
mark end time

He¢ théng tinh toan:

- CPU avg, P95, max

- Disk I/0 avg va total

- Network I/O avg va total
- Status check failures

Hé thong phan tich resource utiliza-
tion:

- Néu CPU avg > 80%: verdict = "un-
der-provisioned"

- Néu CPU avg < 20%: verdict =
"over-provisioned"

- Néu 20% <= CPU avg <= 80%: ver-
dict = "optimized"

Hé thng luu metrics vao Bench-
markResult record

Bang 3.29. UC-29: Gidm sat tai nguyén

Ma ca siw dung |UC-29

Tén ca str dung |Giam sat tai nguyén

Tac nhan Hé thong (System)

Mo ta Hé thong giam sat EC2 instances trong qua trinh benchmark dé
dam bao ching hoat dong binh thuong va c6 thé nhan requests.

Pidu kién truéc
(Pre-Condi-
tion)

- EC2 instance da duoc deploy
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Piéu kién sau
(Post-Condi-
tion)

- Hé théng da x4c nhan instance hoat dong binh thuong

Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong
nhan
Hé thong bat dau N A . x.
., g. H¢ thong poll instance status moi 10
1 |giam sat instance A
sau khi deploy glay
5 Heé thng kiém tra instance state =
"running"
Hé théng thuc hién health check béng
3 , . .
cach goi /health endpoint
4 Néu health check thanh cong: In-
stance sin sang
5 Néu health check that bai: Retry 3 lan,
néu van fail thi mark as failed

Bang 3.30. UC-30: Don dep tai nguyén

Ma ca str dung

UC-30

Tén ca sir dung

Don dep tai nguyén

Tac nhan

Heé thong (System)

Mo ta

Hé thong tu dong terminate EC2 instances sau khi benchmark
hoan thanh dé tranh chi phi phat sinh. Qua trinh nay duoc thuc
hién trong background task.

Piéu kién truéc
(Pre-Condi-
tion)

- Benchmark da hoan thanh hoac bi huy
- EC2 instances da dugc deploy

Piéu kién sau
(Post-Condi-
tion)

- T4t c4 EC2 instances di dugc terminate
- Metrics da dugc thu thdp trudce khi terminate

Kich ban

Hanh ddng ciia tic |Phan hdi ciia hé thong

nhan
H¢ théng nhan yéu
! cau cleanup sau khi|Hé thong doi thu thap CloudWatch
benchmark hoan  'metrics (néu chua thu thap)
thanh hodac bi huy
2 Heé thong assume IAM role
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Hé thong tim tit ca EC2 instances voi
3 tag "CloudEvaluator=true" va
"BenchmarkID=benchmark id"

4 He¢ thong terminate tirng instance

5 He¢ théng verify instance state = "ter-
minated"

6 Heé théng log cleanup completion

Bang 3.31. UC-31:

Thuec thi benchmark

Ma ca sit dung |UC-31

Tén ca sir dung | Thuc thi benchmark

Tac nhan Celery Worker

Mo ta Celery Worker thyc thi benchmark trong background. Qua trinh

nay bao g@)m trién khai EC2 instances, thuc thi requests, thu thap
metrics tir CloudWatch, va luu két qua vao database.

Piéu kién truéc
(Pre-Condi-
tion)

- BenchmarkRun da duogc tao véi status = "pending"
- Celery task da dugc enqueue
- AWS credentials dd dugc cu hinh trong project

Piéu kién sau
(Post-Condition)

- Tt ca configs da duoc benchmark

- BenchmarkResults dugc luu trong database
- BenchmarkRun status = "completed"

- Tat ca EC2 instances dd dugc cleanup

Kich ban

Hanh dong cia | Phan hdi ciia hé thong

tac nhan

Celery worker

nhan task exe- .
' * Worker load BenchmarkRun va Project

1 |cute bench-
- tir database

mark task voi
benchmark id

Worker load danh sich AWSConfigs can
benchmark

Worker update BenchmarkRun status =
"running", started at = NOW()
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4 Worker initialize BenchmarkRunner ser-
vice

s Véi mdi config: Worker goi UC-27 dé de-
ploy EC2 instance

6 ..
Worker doi instance ready (health check)

. Worker dgi CloudWatch Agent khoi dong
(45 giay)

8 Worker ghi nhan benchmark_start time
Worker thuc thi requests:
- Néu use_k6 = true: Goi k6 runner véi

9 virtual users
- Néu use_k6 = false: Giri sequential re-
quests bang httpx

10 Worker thu thap latencies tir mdi request

11 Worker ghi nhan benchmark end_time

1 Worker goi UC-28 dé thu thap Cloud-
Watch metrics

13 Worker goi UC-25 dé phét hién anomalies

14 Worker goi UC-26 dé tinh toan metrics

15 Worker tao BenchmarkResult record

16 Worker goi UC-33 dé luu result vao data-
base

17 Worker goi UC-30 dé cleanup EC2 in-
stance

8 Worker update progress (configs com-
pleted++)

19 Worker kiém tra budget: Néu vuot budget
va hard limit = true, dung lai

20 Worker update BenchmarkRun status =
"completed", completed at = NOW()

21 Worker trigger UC-32 dé generate recom-
mendations tu dong
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Bang 3.32. UC-32: Tao khuyén nghi tw déng

Ma ca sir dung |UC-32

Tén ca sit dung |Tao khuyén nghi tu dong

Tac nhan Hé thong (System)

Mo ta Hé thong tu dong tao Al recommendations sau khi bench-

mark baseline hoan thanh. Qua trinh nay dugc trigger tu dong boi
Celery worker sau khi benchmark completed, khong can ngudi
dung can thi¢p.

Piéu kién truéc
(Pre-Condi-
tion)

- Benchmark baseline da hoan thanh (status = "completed")
- C6 két qua benchmark cho baseline config
- Du 4n c6 baseline config id duoc set

Piéu kién sau
(Post-Condi-
tion)

- Recommendations dugc tao va luu trong database
- Status = "pending" (chd nguoi dung approve/reject)

Kich ban Hanh ddng cia tic |Phan hdi ciia hé thong
nhan
Celery worker .
. v . Worker ki€ém tra benchmark status =
1 |hoan thanh bench- | leted"
. complete
mark baseline P
5 Worker kiém tra project cé base-
line_config id khong
3 Worker load baseline BenchmarkRe-
sult tir database
4 Worker goi Al Service dé generate
recommendations (tuong tuw UC-23)
5 Al Service phan tich baseline metrics
va goi OpenAl API
6 Al Service Iuu recommendations vao
database
; Worker log "Recommendations gen-
erated successfully"
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Bdng 3.33. UC-33: Luu triv két qua

Ma ca st
UC-33
dung
Tén ca sir o1k \
Luu trir két qua
dung
Tac nhan Hé thong (System)
Mo ta Hé thong luu trit két qua benchmark vao database. Két qua bao gom

tat ca metrics da tinh toan, raw latencies, anomalies, va resource uti-
lization data.

Piéu kién
trudc
(Pre-Condi-
tion)

- Metrics da duogc tinh toan (UC-26)
- Anomalies da dugc phat hi¢n (UC-25)
- CloudWatch metrics da dugc thu thap (UC-28)

Piéu kién
sau (Post-
Condition)

- BenchmarkResult record da dugc tao trong database
- T4t cé dit liéu di duogc luu trit an toan

Kich ban

Hanh d§ng cia tac Phin hdi ciia hé thong
nhan

Hé thong tao BenchmarkResult record

. vO1:

Hé thong nhan yéu :
N g; i qy - benchmark run_id

1 |cau luu két qua -7

- configuration id
benchmark g -

- source = "fresh" (hoac "cached" néu su
dung cache)

He¢ théng luu latency metrics:

- latency p50 ms, latency p95 ms, la-
tency p99 ms

- latency _mean_ms, latency std ms

Heé théng luu cold start data:

- cold_start detected (boolean)
- cold start first request ms-
cold start warm avg ms

Heé théng luu request statistics:
4 - total _requests, failed requests
- error_rate
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Heé théng luu cost metrics:

- cost_per _request usd

- cost_per lk requests usd
- benchmark cost usd

Heé thong luu raw latencies vao raw_laten-
cies_ms (JSONB array)

He¢ thng luu anomalies vao anomalies
(JSONB array)

Heé thdng luu confidence score

Heé théng luu CPU metrics:
- cpu_avg_percent, cpu_p95 percent,
cpu_max _percent

10

H¢ thong luu resource utilization verdict
va reason

11

Heé théng luu disk /0 metrics:
- disk read bytes avg,

disk read bytes_total

- disk_write bytes avg,

disk write bytes total

12

Heé théng luu network I/O metrics:
- network in_bytes avg, net-
work in_bytes total

- network out bytes avg, net-
work out bytes total

13

Heé théng luu status check failures

14

Hé théng commit transaction vao database

15

Hé thong log "Result saved successfully"
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3.5. Bi¢u d6 hoat dong

Bifu 96 Mogt ddng - UC-12: Teo chu hinh EC2
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3.6. Biéu dd tuan ty

mi‘m | Frontend |

Truy cho trang chi tdt 9y an
Mn'-ﬁumgv&mk'?hhdum:
Click "Thém clu hinh* <3
Hin thi form tao cliu Nnh EC2

Nhip thdng tin cBu hinh
(name, instance_type, reglon, _..)

| vakdate input real-time

alt / [Rual 3pp made]
Chon "Real app mode” o

Hdin thi thm feids:
health_endpoint, benchmark_endpoint

Nhip encpeints

Olhek *Las*

POST /projects/{id)/configs
+ JWT token + Config date

Backend AP

Vasdate input
Tén khéng trdng,
nstance type hop W,
rep 19
a A [Vekdation falled ]
400 Dod Request
+ Error message
¢ "0 th ¥ yerdetion
P e e
BEGIN TRANSACTION
INSERT INTO aws_configs
| {project_id, name, instance type ...} |
(ot ia o I
alt /) [Database werer]
ROLLDACK
S00 Intermal Server Error
¢t L8 tho cBu i
o thi B
(Buccom)
COMMIT
201 Crested
¢t -onfig_id + Config cats
g' nhit danh sbeh configs
290 thi confip md) trong denh séch
""’i‘“" | Frontend | Backend APL | Database |
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| Benchmark Runner |

[aws 1am| [ aws ec2 |

| EC2 tnstance |

Nhin yhu cBu deploy EC2 instance
cho mét config
Sm—

Y

Find or create Secunty group
{allow HTTP port S080)

Security Group 1D

Describeimages
« Region + Architecture (ARME4/x86_64)

Generate user data script:
If real app: Install CloudWatch Agent
uﬁc‘«e: Install Python, FastAPl, benchmark serves

Runinstarces

» Instance type + AMI 1D

* User data + Security group
+ VPC/Subnet

Retry (max 3 Umes)
with ex|

altJ (Sj falled)

Mark depioyment as failed

at /) [Timeoet)

Mark deployment as falled

—

GET /health

| _loop /| [Wait for HTTP server ready (max 5 minutes)]

alt J [Mmatth chack failed ]

C error or S03

Wak S seconds

prsccnss ]
oo L SEEEEEEEEEEEEEEEE————

[(Breax ]

sy

imeout ]
Mark Seployment as failed

Endpoint URL = hp://IP:port

| Benchmark Runner |
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3.7. Co s6& dir liéu
So' @6 quan hé (ERD)
Heé théng sir dung co so dit liéu quan hé PostgreSQL véi 6 bang chinh:

@users " ,®aws_conﬁgs
[ 0OS |

)

1:N

\
Q

AN
®pr0ject

1:N

[1:N

H.

3

gly—1N_ oé@ benchmark_runs

¥

Q
AN

@recommendauons

baseline &

current

0
A

*= + -+

baseling
comparispn

Qr*» 1:N

1:N

Q
N

Quan h¢ giira cac bang:

« 1 user c6 nhiéu projects (1:N)

« 1 project c6 nhiéu aws_configs (1:N)

« 1 project c6 nhiéu benchmark_runs (1:N)

@benchmark_resulls
Oé

o 1 benchmark run c6 nhiéu benchmark results (1:N)

« 1 project c6 nhiéu recommendations (1:N)

« 1 benchmark result thudc vé 1 aws_config (N:1)

Bang users

Bang nay luu trir thong tin ngudi dung ciia hé thdng. Mdi ngudi ding co thé tao

nhiéu du 4n dé danh gia va toi vu héa cau hinh AWS.

Tén cot Kiéu dir li¢u M0 ta Ghi chu
id UUID Khoa chinh PK, Not Null
Unique, Not Null, In-
email VARCHAR(255)|Email dang nhap d mq(lile orRul
exe
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Tén cot Kiéu dir li¢u M5 ta Ghi chu
hashed - Mat khau d3 hash
ASNECPASS™ IV ARCHAR(255)| |+ v qahas Not Null
word (berypt)
full name VARCHAR(255)||[Tén day du Nullable
is_active BOOLEAN Trang thai tai khoan Default: TRUE

is_superuser BOOLEAN Quyén quan trj vién Default: FALSE
, Not Null, Default:
created_at TIMESTAMPTZ [ Thoi diém tao ot Nufl, Detau
_ NOW()
, Not Null, Default:
updated_at TIMESTAMPTZ||Théi diém cap nhat ot Rull, Delau
NOW()

Quan hé:

« 1 user c6 nhiéu projects (1:N)

1.1 Bang projects

Bang nay luu trit cic du 4an danh gia ciia ngudi dung. Mdi du an dai dién cho
mét workload can duoc benchmark va t6i wu héa. Du an chta thong tin vé AWS
credentials (IAM role ARN va External ID) dé hé¢ thong c6 thé truy cap tai khoan
AWS cua nguoi dung.

Tén cot Kiéu dir li¢u M0 ta Ghi chi
id UUID Khoa chinh PK, Not Null
VAR-
Tén du 4 Not Null

name CHAR(255) én du én ot Nu
description TEXT Mo ta du an Nullable
mode VARCHAR(50) (Ché d6 hoat dong Default: 'optimization’
status VARCHAR(50) ||Trang thai dy an Default: 'created'

: . FK — users.id, Not Null

ID N\ 9 ~ 4 i Al ] 9
owner _id UuU Nguoi s¢ hitu dy an CASCADE DELETE
VAR IAM role ARN dé assume
aws_role arn CHAR(500) ro'le vao AWS account cua |Nullable
client
aws_exter- VAR- External ID cho IAM role Nullabl
nal_id CHAR(100) [(bao mat) ——
baseline con- Céu hinh baseline (cho opti- [FK — aws_configs.id,
. UUID . -

fig id mization mode) Nullable
created at  |TIMESTAMPTZ|Thoi diém tao Mot Null, Default:

- NOW()

. a2 Not Null, Default:

updated at TIMESTAMPTZ||Thoi diém cép nhat N?)W(u) clau
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Quan hé:

« N projects thudc vé 1 user (N:1)

« 1 project c6 nhiéu aws_configs (1:N)

« 1 project c6 nhiéu benchmark_runs (1:N)

« 1 project c6 nhiéu recommendations (1:N)

Giai thich:

« aws role arnvaaws external id duoc s dung dé assume role
vao tai khoan AWS cuia ngudi ding, cho phép hé thong trién khai EC2 in-
stances va thu thap metrics ma khong can luu trir AWS credentials tryc tiép.

e baseline config idtro dén cAu hinh hién tai (production) dé so sanh

vO1 cac dé xuat toi uu.

1.2 Bang aws_configs
Bang nay luu trit cac cau hinh AWS EC2 cin dugc benchmark. Mdi c4u hinh
dai dién cho mot loai may 4o cu thé voi cac tham sb ky thuat xac dinh nhu instance

type, region, va cac tuy chon vé network, security groups.

Tén cot Kiéu dir li¢u M5 ta Ghi chi
id UUID Khoa chinh PK, Not Null
VAR- .
name CHAR(255) Tén cau hinh Not Null
description TEXT MO0 ta cdu hinh Nullable
Dénh dau 1a cau hinh
is_baseline BOOLEAN an ) au fa cau un Default: FALSE
B baseline
Default: 'ec2', Not
service VARCHAR(50) |[Loai dich vu AWS Ne lilu e ©
u
region VARCHAR(50) |[Vung AWS Not Null
FK — projects.id,
project_id UUID Dy 4n s hitu cdu hinh |[Not Null, CAS-
CADE DELETE
. Loai may a0 EC2 (vi
ec2 instance type VARCHAR(50) oat may %0 vi Nullable
du: t3.medium)
ec2_spot BOOLEAN Str dung Spot instances |Nullable
ec2_existing in- VAR- ID may 4o hi¢n c6 (cho
. o Nullable
stance _id CHAR(100) optimization mode)
ec2_existing end- VAR- URL endpoint truc tiép
; I Nullable
point_url CHAR(500) (n€u co)
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Tén cot Kiéu dir li¢u M0 ta Ghi chi
Port HTTP server (de-
2 t INTEGER Default: 8
ceepor fault: 8080) cfault: 8080
User dat ipt ch
ec2 user data TEXT s’erq . ??rlp e Nullable
may 40 moi
VAR-
2 id VPC ID Nullabl
ec2 vpc i CHAR(100) ullable
. VAR-
ec2_subnet id CHAR(100) Subnet ID Nullable
. .. |[VAR- .
ec2_security group id CHAR(100) Security Group ID Nullable
Str dung tng dung thyc
ec2 use real app BOOLEAN té thay vi benchmark  |Default: FALSE
server
ec2 app health end- |[VAR- Endpoint health check
T - Default: '/health'
boint CHAR(200) |(vi du: /health) clauit: fhea
ec2_app_bench- VAR- Endpoint d& benchmark )
) ) . Default: '/api/users'
mark endpoint CHAR(200) (vi du: /api/users)
, Hé diéu hanh (‘ubuntu’
ec2_operating system |[VARCHAR(50) ¢V e (l_l i Nullable
hodc 'amazon_linux')
timated_cost - Chi phi wéc tinh mdi
estimated_cost per re- | ., i phi wdc tinh moi Nullable
quest request (USD)
t.- h hr Je It X
estl FLOAT C"l phi udc tinh moi Nullable
mated cost_per hour gid (USD)
. Not Null, Default:
created_at TIMESTAMPTZ(Thoi diém tao of Mull, Lelad

NOW()

Quan hé:

« Naws_configs thuoc vé 1 project (N:1)

« 1aws_config c6 nhiéu benchmark_results (1:N)

Giai thich:

e ec2 existing instance id: Cho phép benchmark may 4o dang chay

ma khong can tao maoi.

e ec2 use real app:Khi TRUE, hé théng s€ benchmark tng dung thuc

té thay vi synthetic benchmark server.

« ec2 app benchmark endpoint:Pudng dan API endpoint can bench-

mark (vidu: /api/users, /api/products).
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1.3 Bang benchmark_runs

Bang nay luu trit thong tin vé mdi 1an thuc thi benchmark. Mot benchmark run

c6 thé bao gom nhiéu cau hinh va tao ra nhiéu benchmark results. Hé thong hd tro ca

sequential requests va k6 load testing.

Tén cot Kiéu dir li¢u M0 ta Ghi chu
id UUID Khoa chinh PK, Not Null
FK — projects.id, Not
L Du 4n s& hitu bench- — PIOJECIS.IG, O
project id UUID Null, CASCADE DE-
mark
LETE
Trang thai (pending,
status VARCHAR(50) (running, completed, Default: 'pending'
failed, cancelled)
84 ts cho mdi
requests_per _config |INTEGER ? reflues > Cho Mol Default: 50
cau hinh
max_runtime seconds |INTEGER Thoi gian t6i da (gidy) |[Default: 600
use cache BOOLEAN Str dung cache két qua ||Default: TRUE
Tudi tdi da clia cach
cache max age hours|INTEGER 1%(‘)1 o1 Ga cua cachie Default: 24
(g10)
use ko6 BOOLEAN Str dung k6 load testing||Default: FALSE
k6 virtual users INTEGER S6 virtual users cho k6 ||Default: 5
Ngan sach t6i d
budget max usd FLOAT saf sach fol ca Nullable
(USD)
budget hard limit BOOLEAN Dung khi vuot budget ||Default: TRUE
86 cau hinh da hos
configs completed INTEGER 0‘ cau ni Ga hoan Default: 0
thanh
configs total INTEGER Tdong s céu hinh Default: 0
_ . FK figs.id,
current_config id UUID Cau hinh dang xtr ly > aws_COnHgs
Nullable
total cost usd FLOAT Tdng chi phi (USD) Default: 0.0
started_at TIMESTAMPTZ || Thoi diém bat dau Nullable
completed at TIMESTAMPTZ ||Thoi diém hoan thanh |[Nullable
. Not Null, Default:
created_at TIMESTAMPTZ |Thoi diém tao N?)W(u) el
VAR- <
eITor_message CHAR(1000) Thong bao 101 (néu cd) |[Nullable
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Quan hé:
« N benchmark runs thudc vé 1 project (N:1)
o 1 benchmark run c6 nhiéu benchmark results (1:N)
Giai thich:
« use_ ké6: Khi TRUE, sir dung k6 thay vi sequential httpx requests dé tao tai
ddng thoi.
« k6 virtual users: SO lugng virtual users chay dong thoi trong k6 test.

1.4 Bang benchmark_results
Bang nay luu trit két qua benchmark chi tiét cho timg cau hinh. Mdi result
chira cac metrics vé latency, cost, errors va resource utilization tr CloudWatch. Hé

thong cling luu tritr raw latencies va anomalies d€ c6 thé phan tich lai sau nay.

Tén cot Kiéu dir li¢u M0 ta Ghi chu
id UUID Khoa chinh PK, Not Null
FK — bench-
Lan benchmark chra |mark runs.id, Not
benchmark id UUID - ’
enehmaric i result ndy Null, CASCADE
DELETE
FK — aws_con-
L. CAu hinh duoc bench- figs.id, Not Null,
figurat d UUID i
comtigtation mark CASCADE DE-
LETE
Ngudn két qua ('fresh'
source VARCHAR(50) | 2uon ket qua (fresh™ i 1t resh
hoac 'cached")
T A+ o h A
cache age hours FLOAT uot cua cache (nu Nullable
- - source='cached')
Lat han vi 50
latency p50 ms FLOAT arency phanvi Nullable
(ms)
Lat han vi 95
latency p95 ms FLOAT areney phan vi Nullable
- (ms)
Lat han vi 99
latency p99 ms FLOAT arency phanvi Nullable
B (ms)
Lat t binh
latency mean_ms FLOAT arency truhg bin Nullable
- (ms)
Do léch chuan lat
latency std ms FLOAT © eeh Chuan fateney Nullable
- (ms)
cold start detected BOOLEAN Phat hi¢n cold start Default: FALSE
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Tén cot Kiéu dir li¢u M0 ta Ghi chu
Id_start_first_re- Lat tda
cold start first re FLOAT .? ency request dau Nullable
quest_ms tién (cold start)
Lat t binh cé
cold start warm avg ms |FLOAT arency trung b cac Nullable
- request sau (warm)
total requests INTEGER Tdng sb requests Default: 0
failed requests INTEGER S6 requests thit bai Default: 0
error_rate FLOAT Ty 1& 16i (0-1) Default: 0.0
Chi phi mdi t
cost_per_request usd FLOAT | PREOTTeques Nullable
(USD)
Chi phi mdi 1000 re-
cost per lk requests usd ||[FLOAT queltsrt)s 1(81;1)) e Nullable
Tong chi phi bench-
benchmark cost usd FLOAT ong el pat bene Default: 0.0
mark (USD)
) Mang raw latencies
raw_latencies ms JSONB Default: []
(ms)
Danh sach li
anomalies JSONB a’n ??C anomaties Default: []
phat hién duoc
confidence FLOAT Diém tin cay (0-1) Default: 0.0
CPU utilization t
cpu_avg percent FLOAT binh (1(1)/:)1za fon frung Nullable
CPU utilization P95
cpu_p9S_percent FLOAT %) HHitzation Nullable
0
CPU utilization ti d
cpu_max_percent FLOAT %) Hiiization fol €a Nullable
0
Panh gia cau hinh
. . 'under- isioned',
resourcing_verdict VARCHAR(50) '(un. e? P I‘O'V'ISIOHG Nullable
optimized', 'over-pro-
visioned')
resourcing_reason TEXT Ly do danh gia Nullable
. Disk read t binh
disk read bytes avg FLOAT » rea. rung o Nullable
(bytes/min)
disk read bytes total FLOAT Disk read tong (bytes) [Nullable
Disk write t binh
disk write bytes avg FLOAT . er.e rung bin Nullable
(bytes/min)
disk _write bytes total FLOAT Disk write tong (bytes) [Nullable
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Tén cot Kiéu dir li¢u M0 ta Ghi chu
. Network in t binh
network in bytes avg FLOAT erwor .1n rung ot Nullable
(bytes/min)
Network in to
network in bytes total |FLOAT crwork i tong Nullable
- (bytes)
Net k out t
network out bytes avg |FLOAT ‘e work ot @ng Nullable
binh (bytes/min)
Network out t6
network out bytes total |FLOAT crworicout tong Nullable
- (bytes)
, S6 1an status check
status_check failed count |[INTEGER OA an,s atus chee Nullable
- - - that bai
tatus_check_failed_in- S6 lan instance stat
status_check failed in INTEGER 0 lan 1nf an(?e Status |\ able
stance count check that bai
tatus_check_failed_sys- S6 1an system stat
status _check failed sys INTEGER 0 lan syAs e@ status Nullable
tem_count check that bai
VAR- Thong bao 151 (néu
error_message . Nullabl
—essag CHAR(1000)  [benchmark thdt bai) ||~
. Not Null, Default:
created_at TIMESTAMPTZ||Thoi diém tao oF Mull, Lelad

NOW()

Quan hé:

« N benchmark results thudc vé 1 benchmark run (N:1)

« 1 benchmark result thudc vé 1 aws_config (N:1)

Giai thich:

« raw latencies ms: Luu trit toan bo mang latencies dé c6 thé phan tich

lai sau nay.

« anomalies: Luu trit danh sch céc gia tri bat thudng dugc phat hién bang

IQR method.

e« resourcing verdict: Danh gia mic d¢ phu hop cua cAu hinh dya trén
CPU utilization (vi du: CPU < 20% — over-provisioned).

1.5 Bing recommendations

Bang nay luu trit cac khuyén nghi t6i wu dugc tao bai Al sau khi phan tich két

qua benchmark baseline. Mdi recommendation chtra danh sach céc instance types

duoc dé xuat cung voi 1y do, udc tinh tiét ki€ém chi phi va cai thién hi¢u nang.
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mended instances

Tén cot Kiéu dir li¢u M0 ta Ghi cha
id UUID Khoa chinh PK, Not Null
FK — projects.id, Not
) ) D 4 2 h~ d _ 9
broject id UUID ﬁfnan SO UL TECOMMENTA~ Iy 11, CASCADE DE-
LETE
FK h-
baseline bench- Benchmark baseline duoc - benc‘
mark i d_ UUID han tich mark runs.id, Nulla-
- P ble, SET NULL
Trang thai (pending, ap-
status VARCHAR(50) |proved, rejected, deployed, (Default: 'pending'
benchmarked, cleaned up)
in- Danh sach inst t
recommended in ISONB an s?c 1Ans a}gce ype§ Not Null
stance_types duoc dé xuat vi reasoning
Phan tich dic diém work-
lysi TEXT i Nullabl
analysis load tir AI ullable
o At d h 5 \ e dx
user decision VARCHAR(50) Q'uye . , Cu? n'g ool ur'lg Nullable
(‘approved' hodc 'rejected')
user notes TEXT Ghi chu cua nguoi dung Nullable
compari- Benchmark so sanh sau khi |[FK — bench-
son_bench- UUID deploy recommended in- mark runs.id, Nulla-
mark id stances ble, SET NULL
. g2 Not Null, Default:
created at TIMESTAMPTZ||Thoi diém tao N?)W(u) clau
approved_at TIMESTAMPTZ|[Thoi diém duge approve Nullable
Thoi diém depl -
deployed.at TIMESTAMPTZ|| @ o CEPIOYICCOM™ |\ 11able
- mended instances
Thoi diém hoan thanh com-
benchmarked at |[TIMESTAMPTZ (.)’1 retm oan Tt €M™ | \rillable
- parison benchmark
Thoi diém cleanup recom-
cleaned up_at TIMESTAMPTZ Nullable

Quan hé¢:

« N recommendations thudc vé 1 project (N:1)

Giai thich:

« recommended instance types:JSON array chira cic instance types

duoc dé xuat, moi item cé: instance type, reason, estimated cost sav-

ings percent, estimated performance improvement percent, confidence.

status: Theo ddi lifecycle ctia recommendation tir khi dugc tao dén khi

cleanup.
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Xav dung hé théng AutoTuner Benchmark va dé xudt t6i wu tdi nguyén

CHUONG 4: XAY DUNG VA TRIEN KHAI HE THONG

4.1. Giao dién ngudi dung

[~
80

Sign in to Cloud Evaluator

Or create a new accoumt

Email address

test@example.com

Password

...............

Hinh 4.1: Man hinh dang nhap
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o
20
Create your account

Full Name
Emal address

Password

Hinh 4.2: Man hinh dang ky

P Cloud Evaluator o 1 Mamicn Gude g Vo A M * Loges
Projects
Production APY Evaluation e Test full flow exploration
mode

Hinh 4.3: Trang danh sach dw an (Projects)
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1% Cloud Evaluator -t -
Create New Project

B

Cramastion Mo

Ut awnon - Corvgare agav sl tassne

15 Cloud Evaluater Froe Mt D
Production API Evaluation

AWS btogration

AWS Rowe Cortigurwd

(4 Tewt Coowection B fevue

Crume Progect

Hinh 4.4: Trang tao dy an moi

Hinh 4.5: Trang chi tiét dw an — AWS Integration
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AW ntegration

Combugurn NAT comm o v mwd 100 be ensdiy (og whamv et oy b bewa vy

WS Bode Contgured
Oude AN arv o 408 TTRTPABBEING: ant et 44 10T LautPug | ot or P 1 /T Lol e fatt s Dot bmers

Apcourd IO PCIRINN
& Test Commection T Mervews

() Teat Sexceashd

Setcumty coroecied 30 SWS xccoat 9YITNNCICE

Hinh 4.6: Trang chi tiét dw an — AWS Integration

Production API Evaluation

e e - )

AWS ntegration

b e KNt e d (0 1 aran tead # b Lo ha e (et vy

ANS Role Kot Condpured

G W AN 3 BCCDLT (CM 0 MOADN e 08

Condigure AWS Sude

Sonup manuctions.

L S0 n iz your SVG Cormaw avd go f2 WY
1 Ot Woden' + ‘Crame rote
1 Swiect WAS scoourd’ s the busied ety frow
4 Coomee Sendbar BN a0cownt and svber s oot D
L e e
B Omh et wwd st the prrr s Dbty hekin
I Navw e 1oe Tt b b ot | pond prebmred rave)
& Copy Tw Wb A5 and tonfhpars £ 0 pins jo el
A ACHTANT The parvrmsains pascy VURT K hom SOV [Syiiems Visnage | (sevesorn
s Sesdlcownare)
B S ]
L L s
sy Deacriet st ane sirdarraasion
e wstem usss S5V A Cormand 1o depiop beachrnart sy sifast 2oal ing slectars

LIM perreioos wre FECUAEED dor Berca e deptoyreet 13 won

Trust Polcy

TRetadee™ TN,
“Stutesear) |
]
Wy TE e,
Rl
P adncslil ke,

[ -

Hinh 4.7: Guideline cau hinh IAM Role
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Configurations

AWS Configurations (1)

7 Omewve Tanvirm 107 bnigmewy 20

D @ 0 e g 11D At ne Vo s SN et e Wt N e ey

B cloud slevanar  beens G

Serven (02

SO ) it ) 1
wepw 3 | ALt

Recent Benchmarks

Jon 18, T026 11

fa 1603 - e EE LR T

Cothustanss Mok savden be in e audes - TA Wgn Wcavredel - (hg b g -l e

Hinh 4.8: Trang chi tiét dir én - Tab Configurations

Pvven & 1T LI N

PRC e WA V| A St mnrt AR WA

romered ey
e T ALl LRI

Al & I

PR e TR A | A

Hinh 4.9: Modal thém cau hinh EC2
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Configure Instance: Cloud Elevator

Miard e Dot
Pares 3 L9 MMM T e Troe Ao

M I e » Segary M el Y

Faath Chacs fragwev

| Meatr

W wvas bodguey! *

)

Hinh 4.10: Modal thém cdu hinh EC2

¢ Bacx 2 Praect
Benchmark Results R
mn 61m $0.0000 : 100%
Latency Comparison (ms)

S P50 Nedetl 4™ M

Hinh 4.11: Trang két qua benchmark - Benchmark Result cho baseline instance
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Standard CloudWatch Metrics

et rweat e

Hinh 4.12: Trang két qua benchmark - CloudWatch Metrics cho baseline instance

Rescurce Lniization

cloar ehevrior
- - “aan

Hinh 4.13: Trang két qua benchmark - Resource Utilization cho baseline instance
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“ A Recommendations
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Hinh 4.14 : Trang két qua benchmark - AI Recommendation
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%= Al Recommendations

Basebne iratance: 13m0
N Arwpsa Aty L0 mepaats boy venis B0 weecy §) deu w8) wercy BB rn cat $0.00007T0 e G med 4 SUeTs 1oe reearwresiateet ueg 4-
Fv el
Recamwarciod mitasie Types 1)
P RS e T @F s ] CHTAE R ST ber N e = g
—rg 11— TR 10Ta R PR Vb

Brvany Bersctwnarss 00 = Purven

L . taer & b b

Hinh 4.15: Trang két qua benchmark - Run benchmark cho tdt ca AI recommendations in-

stances
— - ;._ AN e O 0 e v — - -0--.-‘; - - .- -
- - ———— Gy B0 e WY - — o — - — - - - — -
e e - Py & 8 Rl W eme e tem w— - — - e - - — -
- - Te — QU e —— W . — vvw — - — - e ERC T — -
Hinh 4.16: AWS Console - EC2 Instance
* Bach to Progect
Benchmark Results D Meves s
Sats cowptedd Compaetect UWITIEZIL S D040 AN  Tumw Dot SO0000
Caonfipawiora | Avg PRE Lamexy ’ Tl Com > Succant Aes
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Latency Comparison (ms)
3
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Hinh 4.17: Trang két qua benchmark - Biéu do so sanh Latency
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L1 Standard CloudWatch Metrics
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Hinh 4.18: Trang két qua

1 Resource Utdization
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Hinh 4.19: Trang két qua benchmark - Biéu dé so sanh Resource
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Hinh 4.20: Trang két qua benchmark — Bdang so sanh chi tiét gitka 2 instance
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Hinh 4.22: Trang két qua benchmark - AI Recommendation Summary
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a Al Recommendation Summary
o Summary Analysis
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Hinh 4.22: Trang két qua benchmark - Két qua phan tich tir AI

4.2. Xay dung Backend
Backend cua h¢ thong dugc xdy dung bang FastAPI - mot web framework
hién dai cho Python véi hd tro async/await, tw dong generate OpenAPI documenta-
tion, va hiéu nang cao. Hé thong sir dung Python 3.11 lam ngén ngit lap trinh chinh.
4.2.1 Web Framework va API
« FastAPI: Framework chinh dé xdy dung RESTful API, hd trg async opera-
tions, tu dong validation véi Pydantic, va generate interactive API documen-
tation
« Pydantic: Data validation va settings management, dam bao type safety cho
request/response
« Uvicorn: ASGI server dé chay FastAPI application

4.2.2 Database va ORM
« PostgreSQL: Relational database chinh dé luu trix users, projects, configu-

rations, benchmarks, va results
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« SQLAlchemy: ORM (Object-Relational Mapping) véi async support dé
tuong tac voi database
« Alembic: Database migration tool dé quan 1y schema changes
4.2.3 Caching va Message Queue
« Redis: In-memory data store dugc sir dung cho hai muc dich:
o Caching layer: Luu trit benchmark results dé tai sir dung, giam chi phi
va thoi gian benchmark
o Message broker: Lam broker cho Celery dé xir 1y background tasks
4.2.4 Background Task Processing
« Celery: Distributed task queue dé xur 1y cac tic vu nén nhu benchmark exe-
cution, dam bao khong block API requests
4.2.5 AWS Integration
« boto3: AWS SDK cho Python dé tuong tac véi cac AWS services:
o EC2: Tao, quan ly, va terminate instances
o CloudWatch: Thu thap metrics (CPU, network, disk I/O)
o IAM: Assume roles dé cross-account access
4.2.6 Authentication va Security
« JWT (JSON Web Tokens): Cho authentication, voi access token va refresh
token
« berypt: Password hashing dé bao mat mat khau ngudi ding
4.2.7. AI/ML Integration
« OpenAl API: Tich hop véi GPT-3.5/GPT-4 dé tao Al-based recommenda-
tions
« Statistical libraries: Str dung numpy, scipy cho céc tinh toan thong ké trong
anomaly detection
Backend dugc thiét ké theo kién triic layered, tich biét rd rang gitta API
layer, business logic layer (services), va data access layer (models). Tét ca cac end-
points déu co validation, error handling, va logging day du.
4.3. Tich hop AI va Khuyén nghi
Heé thong tich hgp Al dé phan tich két qua benchmark va dwa ra khuyén nghi
t6i wu vé cau hinh EC2 instance types. Hé thong st dung hai phuong phap recom-
mendation: LLM-based va heuristic-based, voi kha nang fallback tu dong.
4.3.1. Al Recommendation Service
4.3.1.1. LLM-based Recommendations
Hé thong str dung OpenAI GPT-3.5 hoic GPT-4 dé phan tich benchmark re-

sults va dua ra recommendations. Qua trinh hoat dong nhu sau:
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1. Thu thép dir li¢u: Hé thong tong hop cac metrics tir benchmark results bao
gom:
o Latency metrics (P50, P95, P99, mean)
o Cost metrics (cost per request, cost per 1k requests)
o CPU utilization (average, P95, max)
o Error rate
o Resource utilization verdict
2. Prompt Engineering: Hé thong xay dung prompt chi tiét mo ta:
o Workload characteristics tir baseline benchmark
o Current instance type va performance metrics
o Yéu cau LLM dé xuat instance types pht hop hon
o Yéu cau reasoning va explanation cho mdi recommendation
o Constraints vé instance types c6 san
3. API Call: Goi OpenAl API véi prompt di chuan bi, sir dung temperature
phu hop dé dam bao output nhat quan.
4. Response Parsing va Validation:
o Parse JSON response tur LLM
o Validate instance types voi danh sach instance types hop 1€ tor AWS
o Extract reasoning va confidence scores
o Format thanh structure chuan cho frontend
5. Error Handling: Néu LLM call that bai hodc response khong hop 1€, hé
thong tu dong fallback sang heuristic method.
4.3.1.2. Heuristic-based Fallback
Khi khong c6 Al hodc LLM call that bai, hé théng st dung heuristic algorithm
dé tinh diém va ranking;
Scoring Algorithm:
« Latency Score (weight: 0.4): Tinh diém dya trén P95 latency, lower is better
« Cost Score (weight: 0.3): Tinh diém duya trén cost per request, lower is better
« CPU Utilization Score (weight: 0.2): Tinh diém dua trén murc do toi uu cia
CPU utilization (optimal range: 20-80%)

« Error Rate Score (weight: 0.1): Tinh diém duya trén error rate, lower is better
Ranking: Sort tit ca configurations theo tong diém (descending), instance types tot
nhét s& dugc recommend dau tién.

Confidence Scoring: Confidence dugc tinh dya trén:
« S6 luong samples (nhiéu requests = confidence cao hon)

« Variance (low variance = confidence cao hon)
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» Anomaly count (it anomalies = confidence cao hon)
4.3.2. Anomaly Detection
Hé théng sir dung cac phuong phap thong ké dé phat hién anomalies trong
benchmark results, ddm bao chi st dung dir li¢u dang tin cay cho recommendations.
4.3.2.1 IQR Method (Interquartile Range)
Phuong phéap nay str dung IQR dé phat hién outliers trong latency measure-
ments:
1. Tinh Q1 (25th percentile) va Q3 (75th percentile) cua latencies
2. Tinh IQR =Q3 - Ql
3. Xac dinh bounds:
o Lower bound = QI - 1.5 x IQR
o Upper bound = Q3 + 1.5 x IQR
4. Céac gia tri nam ngoai bounds dugc danh dau 1a outliers
Outliers c6 thé do network issues, temporary resource contention, hodc cac
yéu t6 bén ngoai. Hé thong c6 thé exclude outliers khi tinh metrics hodc danh dau
results c¢6 nhiéu outliers dé giam confidence.
4.3.2.2 Variance Analysis
Hé thdng tinh coefficient of variation (CV) dé danh gia do nhit quan cia per-
formance:
« CV = standard_deviation / mean_latency
« CV <0.2: Stable performance, dang tin cay
« CV 0.2-0.3: Moderate variance, c6 thé chap nhan
« CV > 0.3: High variance, unreliable, nén re-run benchmark
High variance thuong do:
 Network instability
 Resource contention
o Cold starts (cho serverless)
e Inconsistent workload
4.3.2.3 Cold Start Detection
Déi véi cac dich vu 6 thé cé cold start (nhur Lambda, App Runner v6i min_in-
stances=0), h¢ thong phat hién cold start bang cach:
1. So sanh latency cua request dau tién v6i average latency ciia cac requests sau
2. Néu first request ms>warm avg_ms x 2.0 — Cold start detected
3. Tinh cold start penalty = first request ms - warm_avg ms
Cold start information duoc luu trong results va c6 thé anh hudng dén recommenda-

tions, dac bi¢t 1a cho production workloads can consistent performance.
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4.3.3. Recommendation Flow
Quy trinh tao recommendations dién ra nhu sau:
1. Trigger: User click "Get Recommendations" sau khi c6 baseline benchmark
results
2. Data Preparation:
o Load baseline benchmark results
o Extract metrics va workload characteristics
o Check cache cho recommendations da co
3. Al Analysis:
o Néu c6 OpenAl API key va enabled — Goi LLM Recommender
o Néu khong — Str dung Heuristic Recommender
o Phan tich anomalies va filter unreliable data
4. Instance Type Selection:
o LLM hoic heuristic algorithm dé xuat danh sach instance types
o Validate instance types voi AWS instance specs
o Tinh confidence scores cho mdi recommendation
5. Explanation Generation:
o LLM: Str dung reasoning tir LLM response
o Heuristic: Generate explanation dua trén scoring factors
o Include trade-offs (cost vs performance)
6. Storage: Luu recommendations vao database v6i status "pending"
7. Response: Tra vé recommendations cho frontend dé hién thi
User c6 thé approve hoic reject recommendations. Khi approve, hé thong s& tu
dong deploy recommended instances va chay comparison benchmark dé so sanh véi

baseline.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1. Tong két két qua dat dwoe
5.1.1. Két qua vé mit nghién ciru ly thuyét

Trong qua trinh thyc hién d¢ tai, da nghién ciru va ap dung cac kién thirc vé:

Cloud Computing va AWS Services: Nghién ctru siu vé EC2, CloudWatch,
IAM roles, va cach thire trién khai tai nguyén trén AWS. Hiéu rd vé cross-account
access va ephemeral resource management.

Benchmarking va Performance Measurement: Nghién cliru cic phuong
phap do ludng hiéu ning thyc té, cac metrics quan trong (latency percentiles, cold
start, error rate), va cach thu thap metrics tr CloudWatch.

AI/ML cho Recommendations: Nghién ctru céch tich hgp LLM (OpenAl
GPT) vao hé thong recommendation, prompt engineering, va heuristic algorithms
nhu scoring va ranking.

Anomaly Detection: Nghién ctru cic phuong phap thong ké nhu IQR method,
variance analysis (coefficient of variation), va cold start detection dé dam bao chat
luong dir lidu.

Cost Optimization: Nghién ciru cic chién lugc t6i uu chi phi trong cloud
computing, bao gdm caching, budget control, va resource cleanup.

5.1.2. Két qua vé mit xay dung ng dung thye té

P xay dyng thanh cong hé thong hoan chinh véi cac thanh phan sau:

Backend System: Hé thong backend duoc xay dung bang FastAPI voi day du
cac tinh nang: authentication (JWT), quan ly projects va configurations, thuc thi
benchmark, va tich hop Al recommendations. Hé thong str dung PostgreSQL cho
database, Redis cho caching, va Celery cho background task processing.

Frontend System: Giao dién ngudi dung duoc xay dung bang React va Type-
Script, cung cép trai nghiém ngudi ding tét véi cac man hinh quan 1y project, cdu
hinh AWS, xem két qua benchmark véi biéu dd truc quan, va hién thi Al recommen-
dations.

Benchmark Execution: Hé thong c6 kha ning ty dong trién khai EC2 in-
stances trén AWS account cua khach hang, thyc thi benchmark véi sequential re-
quests hodc k6 load testing, thu thdp metrics tr CloudWatch, va tu dong cleanup
resources sau khi hoan thanh.

AI Recommendation System: Tich hop thanh cong OpenAl GPT dé phan

tich benchmark results va dua ra recommendations, kém theo heuristic fallback dé
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dam bao hé théng luén hoat dong. HE théng c6 kha nang phat hi¢n anomalies va danh
gia do tin cay cua dir li¢u.

Cost Control: Hé thong c6 co ché kiém soat chi phi thong qua budget limits,
caching results dé tai sir dung, va ty dong cleanup dé tranh chi phi phat sinh.

5.2. Nhirng han ché con ton tai
5.2.1. Han ché vé mit tinh ning va nghiép vu

Pham vi dich vu: Hé thong hién tai chi hd trg AWS EC2, chua md rong sang
cac dich vu khiac nhu Lambda, Fargate, App Runner nhu da dé xuét ban dau. Chua
hd trg multi-cloud (GCP, Azure).

Optimization Mode: Optimization mode hién tai chi hd trg EC2 instances,
chua mo rdng cho cac dich vu serverless hodc container services.

Real-time Monitoring: H¢ théng chi benchmark tai thoi diém, chua c6 tinh
nang real-time monitoring va continuous benchmarking dé theo ddi performance theo
thoi gian.

Auto-scaling Testing: Chua c6 kha nang test auto-scaling capabilities cua cac
c4u hinh.

Mobile Application: Chwa c6 phién ban mobile app, nguoi dung chi c6 thé sir
dung qua web browser.

5.2.2. Han ché vé hiéu niing va k§y thuat

Benchmark Execution Time: Vi nhiéu configurations, thoi gian benchmark
c6 thé kéo dai (10-30 phut), anh huong dén trai nghiém nguoi dung.

LLM API Latency: Goi OpenAl API c6 thé mat 5-15 gidy, lam chdm qua
trinh tao recommendations. Chi phi API ciing 1a mot van dé khi scale 16n.

Concurrent Benchmark Runs: Hé thong c6 giéi han vé s6 lugng benchmark
runs ddng thoi do resource constraints va AWS rate limits.

Cache Hit Rate: Cache hit rate phu thugc vao workload patterns cua nguoi
ding, c6 thé khong dat muc tiéu 50% trong mot s6 trudng hop.

Database Performance: Khi sé luong projects va benchmarks ting 1én, data-
base queries ¢ thé can optimization thém, dic biét 1a cac queries phirc tap véi joins
nhiéu bang.

5.3. Bai hoc kinh nghiém
5.3.1. Kinh nghiém trong quén Iy va trién khai dw 4n

Quan ly Scope: Viéc xac dinh & pham vi MVP ngay tir dau gitp tip trung
vao cdc tinh nang core va tranh scope creep. Viéc uu ti€n EC2 trude cac dich vu khac
1a quyét dinh ding dan.
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Cost Management: Kiém soat chi phi 1a yéu t6 quan trong khi lam viéc véi
AWS. Viéc implement budget limits va automatic cleanup ngay tir dau giup tranh chi
phi phat sinh khong mong mudn.

Testing trén AWS thue té: Viéc test trén AWS resources thyc té (khong phai
mo phong) gitip phat hién nhiéu van dé ma khong thé phat hién trong méi truong
local, nhu network latency, IAM permissions, va CloudWatch metrics collection.

Error Handling: Xay dung error handling va retry mechanisms ngay tir dau
1a rat quan trong khi lam viéc véi AWS APIs, vi cac API calls co6 thé fail do network
issues hodc rate limits.

5.3.2. Kinh nghiém lam viéc véi cong nghé méi (Al, FastAPI)

FastAPI: FastAPI 1a mot framework rat manh voi async support, automatic
API documentation, va type validation. Vi¢c st dung Pydantic cho validation gitp
giam déng ké bugs va improve code quality.

Al Integration (OpenAl GPT):
o Prompt engineering 1a yéu t6 quan trong nhét dé co duogc két qua tt tir
LLM. Can md ta rd rang context, constraints, va expected output for-
mat.
o Luén c6 fallback mechanism (heuristic) vi LLM API c6 thé fail hoic
qua tén kém.
o Validate va sanitize LLM output vi LLM c6 thé tra vé invalid data.

Async Programming: Vi¢c su dung async/await trong FastAPI va httpx gitip
cai thién déng ké performance khi can xir Iy nhiéu I/O operations (database queries,
HTTP requests, AWS API calls).

Celery cho Background Tasks: Str dung Celery cho benchmark execution la
quyét dinh dung dén, gitp API khong bi block va co thé scale workers doc lap.

5.4. Huwéng phat trién
5.4.1. Ké hoach nang cip va mé rong tinh ning

Multi-service Support: M& rong ho trg cac AWS services khac nhu Lambda,
ECS Fargate, va App Runner dé nguoi dung co thé so sanh giita nhiéu loai dich vu.

Multi-cloud Support: Thém hd trg cho GCP va Azure dé nguoi dung co thé
so sanh va t6i wu hoa trén nhiéu cloud providers.

Real-time Monitoring: Phat trién tinh ning continuous monitoring dé theo
ddi performance theo thoi gian, khong chi benchmark tai mot thoi diém.

Advanced AI Models: Fine-tune custom models dua trén dir li€éu benchmark
thuc té dé cai thién do chinh x4c ciia recommendations. C6 thé sir dung reinforcement

learning dé hoc tir user feedback.
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Batch Recommendations: Cho phép user approve va deploy nhiéu recom-
mendations cung ltc, voi kha nang so sanh tat ca voi baseline.
Export Reports: Thém tinh ning export két qua benchmark va recommenda-
tions ra PDF hodc CSV dé nguoi dung c6 thé chia sé va luu trit.
Auto-scaling Testing: Phat trién tinh ning test auto-scaling capabilities dé
danh gia kha ning scale cta cac cau hinh dudi tai cao.
5.4.2. Pinh huéng phit trién phién ban ing dung di dong (Mobile App)
React Native hoic Flutter: Phat trién mobile app sir dung React Native (dé
tai str dung code tir web) hodc Flutter (dé c6 performance t6t hon va native feel).
Core Features: Mobile app sé bao gom céc tinh nang chinh:
o Xem danh sach projects va két qua benchmark
o Nhan push notifications khi benchmark hoan thanh
o Xem recommendations va approve/reject
o Xem biéu d6 va metrics (responsive charts)
Offline Mode: Cho phép xem cached data khi offline, voi sync khi ¢6 két ndi
mang.
Mobile-optimized UI/UX: Thiét ké giao di¢n tdi uu cho man hinh nhé, véi
navigation dé str dung va touch-friendly controls.
Push Notifications: Tich hop push notifications dé thong bao cho ngudi ding
khi:
o Benchmark hoan thanh
o Co recommendations m&i
o C6 16i xay ra trong qua trinh benchmark
Két luan
Pé tai "Xay dung hé thong AutoTuner benchmark va dé& xuit t6i wu tai
nguyén" da dat dugc cac muc ti€u dé ra: xay dung hé théng hoan chinh c6 kha nang
benchmark tai nguyén AWS thuc té, tich hop Al dé dua ra recommendations, va cung
cap giao dién nguoi ding than thién. Hé théng da ching minh duoc gia tri thyc té
trong viéc gitip nguoi dung t6i wu hoa cau hinh cloud resources dua trén dir liéu do
ludng thyc té thay vi phong doan.
Mic di con mot sé han ché vé pham vi va hiéu nang, nhung hé thong da tao
nén tang viing chic cho viéc mo rong va phat trién trong twong lai. Vi cac hudng
phat trién da dé xuat, hé théng c6 tiém ning tré thanh mot cong cu manh mé va toan

dién cho viéc toi wu hoa cloud infrastructure.
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