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Tém tit

Pao tao thuyén vién trén bién thong qua hé thong
quan Iy hoc tap triee tuyén doi mét voi ba rao can:
dé tré vé tinh twong doi cao (thwong 500-800 ms),
1y ¢ mdt goi tin 1om (c6 thé 1én téi 80% khi thoi
tiét xdu), va chi phi bang théng cao (5-10
USD/GB). Nghién ciru nay dé xudt kién triic ba
16p wu tién ngoai tuyén, két hop vmg dung web tién
b véi thudt todn truyén phat thich iing va bo nhé
déem da tdng. He théng tw dong tai trucc noi dung
khi tau cdp cang va phuc vu ngoai tuyén trén bién.
Két qua kiém thir cho thdy phan phuc vu duy tri
thoi gian phdan héi phan vi thir 95-95% yéu cau
duwoc xir Iy nhanh hon nguéng nay - dwoi 78 ms ¢
mike 500 ngueoi ding dong thoi, ty 1é triing bo nhé
dém dat trén 98%, thoi gian khoi tao video tir bo
dém chi 0,2 giay, va ky thudt lvu dém video khong
chiém RAM (b nhé truy cdp ngdu nhién) gidm
99% mikc sir dung bé nhé. Udc tinh 1y thuyét cho
thay kién tric c6 thé giam toi 97% luu heong qua
Vvé tinh, twong dwong mikc tiét kiém chi phi tir
104,6 xuong 2,4 USD méi thuyén vién moi thang.
T !(héa: ]-{é théng quan Iy hoc tap, wu tién ngogi
tuyén, truyén phat thich img, vé tinh khau do rat
nho, ung dung web tién bg, dao tao hang hdi.
Abstract

Training seafarers at sea through online learning
management systems faces three barriers:
relatively high satellite latency (typically 500-800
ms), significant packet loss rates (up to 80% in
adverse weather), and considerable bandwidth
costs (5-10 USD/GB). This study proposes a
Offline-First
combines a Progressive Web Application with

three-layer architecture  that

adaptive bitrate streaming and multi-tier caching.
The system automatically pre-fetches content

when the vessel is at port and serves it entirely
offline at sea. Testing results show that the
backend maintains a 95th-percentile response
time-meaning 95% of requests are processed
faster than this threshold-below 78 ms at 500
concurrent users, cache hit rate exceeds 98%,
video startup from cache takes only 0.2 seconds,
and a zero-RAM (Random Access Memory) video
caching technique reduces memory usage by 99%.
indicates  that the
architecture can reduce satellite data traffic by up

Theoretical  estimation

to 97%, equivalent to a cost saving from 104.6
down to 2.4 USD per seafarer per month.

Keywords: Learning management system,
offline-first, adaptive bitrate streaming, VSAT
progressive web application, maritime training.

1. Mé diu

Nganh hang hai van chuyén khoang 80% khdi
luong hang hoa toan ciu [1]. Trong bdi canh cong
nghé ngay cang phtc tap, dao tao va cép nhat kién
thirc cho thuyén vién 1a yéu cau bét budc theo Cong
uée qudc té vé tiéu chuan huan luyén, cdp chimg chi
va truc ca (Standards of Training, Certification and
Watchkeeping - STCW). Hé théng quan 1y hoc tap
(Learning Management System - LMS) la gidi phép
dugc ap dung rong rai nham dap tmg nhu cau nay. Vé
mit kién tric, mot hé théng LMS dién hinh gém hai
thanh phan: phan phuc vu nén (backend) dam nhan
quan ly tai khoan nguoi dung, ni dung khoa hoc, bai
kiém tra, theo ddi tién trinh hoc tap va chim diém, va
phin giao dién nguoi dung (frontend) cung cip man
hinh truy cép hoc liéu, xem video bai giang va thuc
hién bai tap qua trinh duyét web.

Tuy nhién, mdi truong lam viéc dic thi cia thuyén
vién tao ra nhitng thach thuc riéng biét cho viéc trién
khai LMS. Vé thoi gian, thuyén vién lam viée theo ca
kip luan phién, thoi gian ranh khong cb dinh va
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thudng ngin, doi hoi hé thdng phai san sang phuc vu
bat ky luc nao ma khong can cho két ndi 6n dinh. Vé
thiét bi, thuyén vién chu yéu sir dung thiét bi ca nhan
da dang gdm dién thoai thong minh, may tinh xach tay
va may tinh bang, do d6 giai phap dua trén nén tang
web - ¢6 thé hoat dong trén moi thiét bi c6 trinh duyét
ma khong can cai dat ing dung riéng - 14 lya chon phu
hop nhat. V& két ndi, két ndi internet trén tau bién chu
yéu dua vao hé théng vé tinh khau do rit nho (Very
Small Aperture Terminal - VSAT), vdi ba han ché cbt
18i. Thir nhat, d6 tré khir hdi (Round-Trip Time - RTT)
dao dong 500-800 ms [2], cao gip 20-40 lan so v6i
mang cap quang thong thuong. Thir hai, ty 16 mét goi
tin c6 thé dat 80% trong thoi tiét x4u [3]. Thir ba, chi
phi bang théng dao dong 5-10 USD/GB [4]. Trén
nhiéu tuyén hai hanh, két nbi hoan toan khong kha
dung trong thoi gian dai.

Tir thyc té trén, yéu cau cot 161 1a: thuyén vién phai
c6 thé hoc tap lién tuc ngay ca khi mat két ndi hoic
két ndi co chét luong kém. Cac hé thdng LMS truyén
thong yéu cu két ndi thoi gian thyc dé truyén phat
video va ddng bo dir lidu, do d6 khong dap tmg duoc
yéu cau nay. Cac nghién ctru gan day tap trung céi
thién thuat toan truyén phat thich tng (Adaptive
Bitrate Streaming - ABR) trén v¢ tinh [3], [S5] nhung
chua giai quyét bai toan hiéu qua kinh té. Nguoc lai,
c4c nén tang hoc tap ngoai tuyén hién c6 [6], [7] duoc
thiét ké cho ving nong thon c6 mang yéu nhung 6n
dinh, chwa thich tmg vé6i dic thu chuyén tiép tin hiéu
vé tinh 15s trén bién.

Nghién ctru nay d& xuat kién trac LMS wu tién
ngoai tuyén (Offline-First) két hop ABR, nham tach
11 sy phu thudc giira qua trinh hoc tap va két ndi thoi
gian thye. Cac dong gop chinh bao gom:

- Kién triic ba 16p tich hop g dung web tién bo
(Progressive Web App - PWA) v6i co ché tai trudc tai
cang.

- Thang tdc do bit va thuat toan diéu chinh thich
{ng t6i wru cho dic thu vé tinh hang hai.

- K§ thuat luu dém video khong chiém RAM, giam
99% mirc sir dung b nh¢ trén thiét bi di dong.

- Panh gia hiéu ning trén nam hd so mang hang
hai m6 phong.

2. Téng quan nghién ctru
2.1. Dao tao ngogi tuyén va khodng cdch so

Trong [8] da chi ra két ndi internet thiéu 6n dinh
va han ché thiét bi 1a hai thach thtc cong nghé hang
dAu can tré tinh cong bang trong gido duc tryc tuyén.
Téng quan hé thng cua [9] khing dinh ddo tao ngoai
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tuyén mang lai két qua tich cuc vé kién thic va ky
nang tai cac khu vuc ha ting internet thap. Nghién ctru
[7] dé xuét nén tang ngoai tuyén duy tri tinh twong tac
va phan tich dit liéu, ddng bd khi c6 két nbi tro lai.
Céc nghién ctru [10], [11] khing dinh LMS ngoai
tuyén kha thi cho ving han ché két nbi va chi ra xu
hudng ca nhan hoa trai nghiém hoc dua trén phan tich
di liéu hanh vi.

Tuy nhién, cac giai phap trén dugc thiét ké cho
ving nong thon trén dat 1ién - noi mang yéu nhung 6n
dinh vé mat vat ly. Moi truong hang hai véi chuyén
tiép tin hiéu vé tinh mdi 15s [3], [16] tao ra kich ban
ngit két ndi khac biét hoan toan. Phéan tich da chiéu
trong nghién ctru [17] xac nhéan hiéu nang vé tinh quy
dao thip (Low Earth Orbit - LEO) phu thudc mat do
tram mat dat va diéu kién moi truong, khién giai phap
ngoai tuyén cang can thiét.

2.2. Nén video va truyén phdt thich irng

St tién hoa tir chuén nén H.264/AVC (Advanced
Video Coding - 2003) sang H.265/HEVC (High
Efficiency Video Coding - 2013), AV1 (AOMedia
Video 1 - 2018) va H.266/VVC (Versatile Video
Coding - 2020) d tiét kiém bang théng dang ké. [12]
cho thidy VVC tiét kiém t6i 78% tdc do bit so véi
H.264, AV1 (63%), va HEVC (53%) & ciing mirc chat
lugng. [13] x4c nhan AV1 gidm hon 30% tbc do bit so
v6i VP9 (chudn nén video ma ngudn mé ctia Google).

Nghién ctru [14] chi ra mdc du HEVC vuot troi
hon H.264 khi mang 6n dinh, H.264 lai cho chat lugng
trai nghiém tot hon khi ty 1¢ mét géi tin cao. Phat hién
nay c6 y nghia dic biét véi hé thong hang hai, goi ¥
réng viéc chon chuén nén can xem xét déng thoi hiéu
sudt nén va kha ning chiu 16 mang.

2.3. Ung dung web tién bé cho méi trwong han
ché

Nghién ctru [6] khang dinh PWA 1a giai phap phu
hop cho méi truong han ché tai nguyén nhd kha nang
hoat dong khong can két nbi thuong truc. [15] cho
thdy su gia ting kién thirc c6 y nghia théng ké (xac
suét két qua xay ra do ngu nhién nhé hon 0,001) khi
trién khai PWA trong dao tao y khoa, véi diém danh
gia tinh kha dung dat 72,24/100.

2.4. Khodng trong nghién ciru

Tir tong quan trén, bon khoang tréng dugc xac
dinh. Thr nhat, cac thuat toan truyén phat thich tng
trén vé tinh [3], [5] giai quyét tinh lién tuc ky thuat
nhung chua xét hiéu qua kinh té. Thtt hai, chua c6 kién
trac tich hop sau Service Worker (trinh xtr 1y nén cua
trinh duyét) cia PWA véi thang tdc do bit tdi wu cho
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Iuu trit cuc bd trén tau. Thir ba, thiéu mé hinh két hop
ddng thoi tai trude tai cang, truyén phat da muc chét
luong, va dong bo siéu nhe qua vé tinh. Thir tu, cac
nén tang LMS phé bién nhu Moodle 4.x, Canvas va
Coursera déu yéu cau két ndi thuong truc, chi hd tro
ngoai tuyén han ché, chua co kién truc wu tién ngoai
tuyén toan dién cho méi trudng hang hai (so sanh chi
tiét tai Bang 7, Muc 5.4).

3. Kién tric hé thong dé xuit
3.1. Kién tricc ba lop

Hé théng duoc thiét ké theo mo hinh ba 16p nham
tach roi qua trinh truyén tai dir liéu khoi qué trinh hoc
tap. Kién tric ba 16p cta hé théng LMS uu tién ngoai
tuyén dugc minh hoa tai Hinh 1):

L6p phuc vu nén dit tai dét lién, gdm dudng dng
chuyén mi video tich hop FFmpeg. Hé théng nén
video theo chuin H.264/AAC (Advanced Audio
Coding) va phan doan thanh cac khdi nho theo giao
thirc HLS (HTTP Live Streaming), tao nhiéu phién
ban d6 phan giai khac nhau. Déng bo dir li€u hoc tap
dugc quan 1y qua giao dién lap trinh Gmg dung theo
kiéu chuyén giao trang thai dai dién (Representational
State Transfer - REST) v6i luu lugng chi vai KB cho
mdi phién.

L6p phan phdi st dung cac diém hién dién bién

PAT LIEN
Lop phuc vu nén (Backend)

Chuy;n mi video
FFmpeg - H.264 - HLS

PostgreSQL - Luu tri¥ dém may (GCP) - CDN gée

CANG BIEN

Lép phén phoi (Delivery)

Quin ly khéa hoc
REST API - Spring Boot

}‘ Tai trudic ]
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(Edge Point of Presence) dit tai cac cang bién 16n. Khi
tau cap cang, hé théng wu tién WiFi bo hodc mang di
dong 4G/5G thay vi VSAT.

L6p ngudi dung: xdy dung trén nén PWA. Service
Worker (trinh xtr Iy nén cua trinh duyét) dong vai tro
dai dién noi bo, quan 1y yéu cau mang va didu phdi dix
liéu tir IndexedDB - co s& dit liéu phi quan hé trén
trinh duyét. Toan b video va mi ngudn tmg dung
duoc luu trit cuc bd, cho phép truy cap tirc thoi khong
can internet.

3.2. Luu tri¢ da ting phia ngwoi ding

Mbi tﬁng luu trit duge tdi wu cho mot loai dit lidu:
LocalStorage cho dir li¢u phién nhé (ma xac thyc, tuy
chon ca nhan), IndexedDB qua thu vién Dexie.js
phién ban 6 cho dir liéu c6 cdu tric v6i khoa chinh
phirc hop [userld-+id] nhim cach ly dit lidu gitra nhidu
nguoi dung trén cung thiét bi, va Cache API cho dir
liéu nhi phén (video). V& bao mat, IndexedDB va
Cache API tudn theo chinh sich cing ngudn gdc
(Same-Origin Policy - SOP) cuia trinh duyét. Hé thong
trién khai co ché xac thyc bon trang thai bao gdbm
ONLINE_AUTHENTICATED (truy cap day du),
OFFLINE_AUTHENTICATED (ngoai tuyén voi ma
lam méi con han), OFFLINE DEGRADED (chi doc
ndi dung di lwu khi md hét han), va
UNAUTHENTICATED (khéng truy cap). D@ li¢u

Pong bo nhe
JSON Sync €

Edge PoP Hii Phong
B6 dém hoc Liéu

TREN BIEN

Lép ngudi diung (Client) — PWA Offline-First

Service Worker
Chan yéu cau - Dieu pho1 b dém

Dir liéu cé cau tric

Edge PoP Viing Tiu
B§ dém hoc liéu

J Diéy néi dung H

Cache API
Video - Zero-RAM

Két noi tgi cang
WiFi bd - 4G/5G

- L¥SA

ueyHM 0Z-01

Tai trwie (Pre-fetch)
T dong khi phat hién WiFi1 cang

Trinh phat video
ABR thich img

|

Thiét bi di dong thuyén vién
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|

|
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Hinh 1. Kién triic ba I6p ciia hé thong LMS wu tién ngoai tuyén
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dugc ¢ 1ap theo nguoi dung théng qua khéa to hop
userld va id. Han ché cta SOP 1a khong bao vé trude
truy cap vat Iy vao thiét bi. Day 1a han ché chung ciia
moi ing dung web luu dir lidu ngoai tuyén.

Diém then chét 1a k¥ thuat luu dém khong chiém
RAM. Thay vi tai toan bd video vao bd nhé rdi ghi
vao bo dém - d& gy 13i tran bo nhd trén thiét bi c6
RAM < 2 GB khi tai video trén 500 MB - hé thong str
dung ludng doc tuan tu (ReadableStream) dé chuyén
timg khdi dir liéu truc tiép tir mang sang Cache API
Két qua: giam muc sir dung RAM tir 500MB xudng
3-5 MB, cai thién 99%.

3.3. Xdc dinh quy mé hé thong

DPé dam bao tinh kha thi van hanh, nghién ctru thiét
lap bd chi tiéu theo mo hinh chi s6 muc dich vu va
muc ti€u mrc dich vu (Service Level Indicator/
Objective - SLI/SLO) dua trén bdn tiéu chi: Tai dinh
(kha nang chiu tai dong thoi), do tré (thoi gian dén
byte dAu tién - Time to First Byte, TTFB), kha ning
mé rong (sb ngudi dung téi da), va du phong (ty 18 ndi
dung phuc vu duogc tir bd dém khi mat két ndi). Béng
1 trinh bay céc chi tiéu cu thé cho timg tiéu chi.

Ning luc méay chi. Dya trén két qua kiém thir bang
k6, ha téng hién tai (Google Cloud Platform - GCP,
e2-medium: 2 15i xir 1y 40, 4 GB RAM) dép ung 6n
dinh 50 nguoi dung hoat dong dong thoi, toi da
khoang 200 ngudi ding. D tré giao dién lap trinh (mg
dung & muc tai toi da van duy tri phan vi thir 95 dudi
100 ms. Co ché gidi han toc d truy cap cho phép mbi
dia chi giao thirc Internet (Internet Protocol - IP) thuc
hién 120-600 yéu cau/phit ity trang thai xac thuec.

L4 trinh m¢ rdng dugc d@ xuét theo bdn mirc: 1-50
ngudi dung sir dung ha ting hién tai, 50-200 ngudi ding
can nang cap 1én e2-standard-4 (4 16i, 16 GB), 200-1000
ngudi ding yéu cu e2-standard-8 két hop ban sao doc
co s dit lidu, trén 5000 nguoi dung can kién trac phan
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tan voi diéu phdi ving chira (Kubernetes), mang phan
phdi ndi dung va bo dém Redis.

3.4. Thiét ké thang téc dé bit cho hang hii

Khac v6i cac thang tc do bit tiéu chuén cia cac
nén tang video phd bién, hé thong dé xuét thang ba
mirc cAn bang giita chat lugng hinh anh va dung luong
Tuu trir dwoc mo ta trong Bang 2. Thiét ké nay dua trén
hai co s6. Trén man hinh di dong 5-7 inch, d§ phan
giai anh hudng it dén cam nhan nguoi dung do mat do
diém anh cao va khoang cach xem gan [14], cho phép
sir dung murc 480p ma van duy tri chat lugng chép
nhan dugc. Vi chudn HEVC, mirc 480p@1 Mbps tiét
kiém 40-50% dung luong so véi H.264 & cung do
phan giai [12]. Muc 1080p chi dugc phép tai khi tau
¢6 két nbi bang thong rong tai cang nhim tranh ling
phi chi phi VSAT. Cu thé, mirc 240p véi toc do bit
400kbps 1a muc tdi thiéu cho tinh hudng VSAT yéu
hodc bo nhé thiét bi sip day, muc 480p véi 1000kbps
1a mirc tiéu chuan phi hop cho man hinh di dong ca
nhan, va mic 1080p vai S000kbps chi dugce phép tai
khi tau két ndi WiFi bang thong rong tai cang.

Dung lugng video dugc udce tinh theo cong thuc
D =R X T x 450, trong d6 D la dung luong (MB), R
1a tbc do bit (Mbps), T 1a thoi luong (gid), va hé sb
450 1a gia tri xap xi cua phép chuyén ddi don vi 3600/8
~ 450 (MB trén mdi Mbps mdi gio).

D =RXT X450 (D)

Thiét ké nay duya trén hai co s¢. Trén man hinh di
dong 5-7 inch, do phan giai anh huong it dén cam
nhan nguoi ding do méat d diém anh cao va khoang
cach xem gan [14], cho phép st dung mirc 480p ma
van duy tri chat lugng chip nhan dugc. Véi chuén
HEVC, mirc 480p@]1 Mbps tiét kiém 40-50% dung
lugng so voi H.264 & cung d6 phan giai [12]. Muc
1080p chi dugc phép tai khi tau co két ndi bang thong
rong tai cang nham tranh lang phi chi phi VSAT.

Bing 1. Chi tiéu quy mé hé thong theo SLI/SLO

Tiéu chi SLI SLO Ngudn
T4ai dinh Nguoi diung dong thoi >200 VUs, p95 < 100ms k6
Do tré p50/p95/p99 TTFB p95 < 78ms (backend) k6
M6 rong Nguoi ding t6i da 50-200 (e2-medium) Quy hoach
Duw phong Ty 1€ trang by dém >98% PWA

Bing 2. Thang téc dp bit cho moi trwong hang hdii

Mikc Téc d bit Dung lugng/gie Pidu ki¢n
240p 400 kbps ~ 180 MB VSAT yéu, by nhé thiét bi sap day
480p 1000 kbps =450 MB Thiét bi di dong

1080p 5000 kbps ~22GB WiFi bang thong rong tai cang
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3.5. Thudt todn diéu chinh toc dp bit thich irng

Nghién ctru dé xuit thuit toan theo nguyén tic “ha

cép nhanh, nang cdp cham” phu hop véi dic thi VSAT.

Céc tham sb gém: B(t) 1a muc bg dém tai thoi diém
t(giay), BW(t) 1a bang thong udc lugng (kbps), Ry
va R, 1a tdc d6 bit hién tai va tiép theo, va R =
{400, 1000, 5000} 1a tap cic mic téc do bit r
(twong ng vai cac do phan giai 240p, 480p, 1080p).
CéAu hinh by dém cua trinh phat Shaka Player gom
thong sb bufferingGoal=30s (lwong video hé théng
chu dong tai trudc, bd dém du phong chinh),
rebufferingGoal=8s (ngudng t6i thiéu dé tiép tuc phat
sau khi dung), switchInterval = 8s (khoang céch t6i
thiéu gita cac lan chuyén chat luong), va
defaultBandwidthEstimate=900Kbps (udc luong
bang thong ban dau phi hgp VSAT hang hai). Véi bo
dém 30s, hé thong co du phong gip ddi so v6i chu ky
chuyén tiép chum 15s cta vé tinh LEO.
Ha cip dugc kich hoat ngay khi bang thong giam
dot ngdt hodc bd dém can kiét nhu cong thirc (2):
BW(t) < Ry X 1.2 hodcB(t) < 8s (2)
Mirc toc do bit tiép theo duge mo ta trong cong
thirc (3):
Ry =max{r € R|r <Ry} 3)
Nang cép chi dugc thyc hién khi duong truyén on
dinh bén ving théa man diéu kién (4):
BW (t) > R X 1.5 and
B(t) > 30s and stable(BW, 20s) @)
Ham stable(BW, d) tra vé gia tri diing néu hé sd
bién thién cua bang thong trong khoang d thoa mén
diéu kién (5). Gia tri d=20s dugc chon 16n hon chu ky
chuyén tiép chum 15s ctia vé tinh LEO nham dam bao
clra s6 quan sat bao phu it nhat mot lan chuyén tiép
hoan chinh, loai bé nhiu bang théng trude khi quyét
dinh nang cip. Trong 46 u va olan luot 1a trung binh
va d6 1éch chuén.

ag(BWg)
o <01 5)

Nguyén Iy “ha cAp nhanh” loai bo hién twong ding
hinh khi xay ra chuyén tiép vé tinh, “nang cp cham”
ngin dao dong chat luong gdy kho chiu khi tin hiéu
chap chon.

4. Phwong phap nghién ciru
4.1. Méi trwong kiém thiv

Thyc nghiém gém hai phan: kiém thir phan phuc
vu nén bang cong cu Grafana k6 phién ban 1.6.1, va
kiém thir PWA ngoai tuyén bing Chrome DevTools.
May chu st dung phién ban e2-medium trén Google
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Cloud Platform (2 161 xu ly 40, 4 GB RAM), vung
asia-southeast1-b.

4.2. Kich bdn tdii

Bén kich ban tai dwoc thiét ké theo mirc tai ting
dan dugc mo ta trong Bang 3. Kich ban “Khéi” véi 1
nguoi dung 4o (Virtual Users - VUs) trong 30 giay
kiém tra tinh dting dén co ban ctia hé thong. Kich ban
“Tai thap” va “Tai trung binh” mé phong lan lugt 10
va 100 nguoi dung ao, tuwong Gng vai tai van hanh
thuong ngay. Kich ban “Tai cao” véi 500 ngudi dung
4o trong 11 phut danh gia gidi han chiu tai cua ha ting.

Bing 3. Kich bin tdi kiém thiv

Kich bin 1tlgu'(‘lo’i Thoi Thong
: dung ao lwgng lugng
Khéi 1 30s 0.38 req/s
Tai thap 10 3m 2.68 req/s
Téi
trung 100 6m 23.4 req/s
binh
Tai cao 500 I1m 92.4 req/s

4.3. M6 phong mang hang hdi

Nim ho so mang dugc mé phong duya trén thong
s6 k¥ thuat cua Lién minh Vién thong Quéc té [2] va
cac nghién ctru do ludng thyc té trén vé tinh quy dao
thép (Low Earth Orbit - LEO) [3] trong Bang 4. Hb so
“Binh thuong” (cip quang, khong tré) dung lam
dudng co so. “Ven bo” mo phong két ndi 4G/LTE khi
tau gan dat lién v6i 150ms tré va 0,5% mat goi.
“VSAT” phan anh diéu kién vé tinh dién hinh véi 500
ms tré va 2% mit géi. “Séng ngin” va “Bio” md
phong cac tinh hudng suy giam nghiém trong véi tré
1én téi 2000ms va mat goi 10%:

Bing 4. Ho so mang hang hdi mé phéong

N Diéu N MAt
Ho so n Treé Rung ..
kién goi
Binh C4
"‘1 ap Oms Oms 0%
thuwong  quang
Ven b0 4G/LTE 150ms  +50ms 0.5%
VSAT Vétinh 500ms +100ms 2%
Sé S
one W 1500ms £500ms 5%
ngan giam
Thoi
Bio ., . 2000ms +800ms 10%
tiet xau

4.4. Po lwong hiéu niang PWA ngogi tuyén

Céc chi s6 hiéu ning PWA dugc do luong tryuc tiép
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trén hé théng da trién khai bang cong cu Chrome
DevTools phién ban 122. Quy trinh do gdm ba budc:
Trudc tién, tai img dung lan dau qua mang dé ghi nhan
thoi gian tai khung ung dung va kich hoat Service
Worker, tiép theo, tai trudc toan b ndi dung khoda hoc
(bao gdm video 500MB) vao bo dém cuc bd, cudi
cung, ngit hoan toan két ndi mang va do thoi gian tai
trang, khoi tao video, cung muc su dung RAM trong
ché d6 ngoai tuyén. Mdi phép do duoc lap lai 5 1an va
liy gi4 tri trung vi.

5. Két qua
5.1. Hi¢u niang phan phuc vu nén

Hinh 2 trinh bay thoi gian dén byte dau tién (Time
to First Byte - TTFB) theo murc tai. O muc 1 ngudi
dung ao (khoi dong ngudi), gia tri trung binh dat
166ms va phan vi thir 95ms 1én td1 453ms. Khi tai tang,
hiéu ning cai thién dang ké: Gia tri trung binh giam
xudng 62-75 ms & cac mirc 10-500 ngudi dung éo, va
phan vi thir 95 giam xudng 78-115 ms. Thong luong
tong dat 92,4 yéu cau/gidy & mirc 500 nguoi ding o,
trong d6 42 yéu cau/gidy thanh cong, cac yéu cau that
bai chu yéu do co ché gidi han tde do truy cap khi toan
bd ngudi dung ao chay tir cung dia chi IP - hanh vi bdo
mat dugc thiét ké c6 chi dich.

T‘£5I=3EI Performance by Load Level

E Avg TTFB
400 pas TTFB
w300
£
LY
E 200 4 186
=
1s
100 75 g 80 0 B
o] I B u
1vu 10 VU 100 VU 500 VU

Virtual Users (VUs)

Hinh 2. Théi gian dén byte diu tién theo mirc tii

Hién tuong thoi gian phan hoi giam khi tai ting
duogc giai thich boi ba yéu t&: Thtr nhét, tdi wu hoa
bién dich tirc thodi (Just-In-Time compilation - JIT)
clia may 4o Java HotSpot. Thir hai, tong hop két ndi
co soO dit liéu hoat dong hi€u qua hon dudi tai, va thu
ba tai sir dung két nbi. Diém cubi cai thién rd rét nhét:
tir 499ms (1 ngudi ding 40) xuéng 60ms (500 nguoi
dung 40), giam khoang 88%.

Hinh 2 minh hoa xu hudng nay: O mutc 1 ngudi
dung, khoang céch gitra gia tri trung binh (166ms) va
phan vi thir 95 (453ms) rat 16n, cho thiy hiéu ning
chua 6n dinh do may 4o Java (Java Virtual Machine -

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

JVM) chua dugc khoi dong dy du. Tir mic 10 nguoi
dung tro 1én, hai duong gan nhu hoi tu (chénh léch
con 13-40 ms), minh chiing hé théng dat trang thai én
dinh va phu hop cho van hanh thuc té.
5.2. Hi¢u nang trén mang hang hdi moé phong
Bang 5 tong hop két qua trén cac hd so mang hang
hai v6i hé b tré thé hién s6 1an thoi gian phan hdi ting
so voi diéu kién cap quang binh thudng (75ms) va ty
18 15i cho biét ty 1& phan trdm yéu ciu bi that bai hoan
toan do hét thoi gian chd hodc mat goi tin. O diéu kién
VSAT dién hinh, hé théng van sir dung duoc véi ty 18
thanh cong 98,75%, du tai trang cham hon 15 lan. O
diéu kién bido, hé thdng gn nhu khong thé sir dung
truc tuyén - day 1a kich ban ma kién trac Offline-first
duoc thiét ké nhim khic phuc.

Bing 5. Hiéu ning hé théng trén cic ho so mang

hang hai
X Thoi gian/yé Hésé Tylé
Hb so pamyen meRo v
cau tré loi
Binh
. 75ms 1x 0%
thuwong
Ven bo 400ms 5x 0%
VSAT 1.1s 15x 1.25%
Son
n8 3s 40x  3.8%
ngan
Bao 4-5s 60x 13.9%
Latency Multiplier Comparison (x times Normal)
= TTFB
60" Login
I Course List
50 f
3 40
a
E
=
230t
o
20f
10}
g Coastal VSAT HF RadF Storm

Network Condition

Hinh 3. H¢ sé tré so véi diéu kién binh thiwong trén
cdc hé so mang hang hii
Hinh 3 cho thdy muc do suy giam ting phi tuyén
theo diéu kién mang véi ba loai thao tac dugc do
riéng: TTFB, dang nhap, va tdi danh sach khoa hoc.
Pang chu y, thao tac ddng nhap chiu anh hudng nang
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Bing 6. Chi sé higu suit PWA

Chi so

True tuyén Ngoai tuyén

Tai khung tng dung (lin diu)
Tai khung wng dung (tir b dém)
T4ai trang khéa hoc
Khéi tao video
Pong bd 16 10 muc (qua vé tinh)
RAM Kkhi téi video 500 MB

2.1s -
0.4s 0.4s
- 0.08s
- 0.2s
3.2s -
3-5MB -

Bdng 7. So sanh hé thong dé xudt véi LMS truc tuyén truyén thong

Tiéu chi Moodle/Canvas Coursera H¢ thong dé xuit
Kién tric Truc tuyén Truc tuyén Ut tién ngoai tuyén
H$ tro ngoai tuyén Han ché (plugin) Tai xudng timg bai  Toan bo (PWA + Cache API)
Truyén phit video Nhiing ngoai (YouTube) ~ Truyén phat rieng  ABR tich hop, 3 muc
Tai trudre tai cang Khong Khoéng Tu dong qua WiFi/4G
Pong bd qua vé tinh  Két ndi lién tuc Két nbi lién tuc Siéu nhe (10-20 KB)
Chi phi VSAT/thang ~104 USD ~104 USD ~2,4 USD (udc tinh)

nhit do yéu cu nhiéu vong trao d6i xac thuc - mdi
vong déu chiu thém do tré vé tinh. O diéu kién bio, hé
sO tré dang nhap 1én t6i 62 lan, trong khi TTFB chi &
mirc 57 1an. Két qua nay cing c¢d 1ap luan rang kién
triic Offline-first - loai bo nhu cu x4c thuc lién tuc
trén bién - 14 giai phap phu hop hon so véi viée toi vu
hoa giao thirc truyén tai.

5.3. Higu ning PWA ngogi tuyén

Béng 6 trinh bay cac chi s6 hiéu ning PWA.

Khi ndi dung da duogc tai trudc, thoi gian tai trang
khoa hoc chi 0,08s va video bt dau phat sau 0,2s -
nhanh hon 40-50 14n so v&i truyén phat truc tiép trén
VSAT. Chi phi dit liéu mdi 1in ddng bo chi 10-20 KB,
cho phép hang trim lan dong bo mdi ngay ma khong
anh huong dang ké dén chi phi biang thong.

5.4. Théo ludn

Két qua thuc nghiém cho thay nut thit 6 chai trén
bién ndm & duong truyén vé tinh (do tré, rung, mét
6i) chir khong phai nang lyc xi Iy phan phuc vu nén.
Phén phuc vu nén chi can dat ngudng phan vi thir 95
duéi 100ms, trong tam tdi wu can huéng vao chién
Iuwoc bo dém va tai trudc.

Thoi diém rui ro nhit 1 khi tau cap cang - nhidu
thuyén vién déng thoi tai hoc li€u. Ky thuét lvu dém
khong chiém RAM cho phép nhiéu nguoi ding tai
ddng thoi ma khong gay qué tai thiét bi.

Kién triic offline-first c6 thé giam t6i 97% huru lugng
VSAT so véi truyén phat truc tuyén truyén thdng, twong
duong muc tiét kiém tir 104,6 xudng 2,4 USD mdi
thuyén vién mdi thang. Trong trudng hop tai trudc chi
dat 80% noi dung, mirc giam vin dang ké: khoang 78%.

Béng 7 so sanh hé thong dé xuét véi cac LMS truc
tuyén truyén théng trén sau tiéu chi. Cac nén tang nhu
Moodle 4.x, Canvas va Coursera déu yéu cau két ndi
thudng truc va chi hd tro ngoai tuyén han ché. Hé
thong dé xuit khac biét co ban 14 kién tric wu tién
ngoai tuyén ngay tir thiét ké, truyén phat video ABR
tich hop cho vé tinh hang hai, va trién khai PWA
khong can cai dat. Uu diém 16n nhat vé kinh té 1a gitup
chi phi VSAT giam tir hon 100 USD xubng hon 2
USD cho mdi thuyén vién mdi thang nhd co ché ti
trude ndi dung va dong bo.

So vé6i cac thuat toan truyén phat thich tmg hién
c0, cach tiép can cua hé théng dé xuét c6 diém khac
biét rd rang. Cac thuit toan BBA (Buffer-Based
Approach) [18] va BOLA (Buffer Occupancy based
Lyapunov Algorithm) [19] t6i wu hod dia trén mirc bo
dém, MPC (diéu khién dy bio md hinh - Model
Predictive Control) [20] du do&n bang thong tuong lai,
con Pensieve [21] sir dung hoc ting cudng dé ra quyét
dinh. Tuy nhién, cac phuong phap nay dugc thiét ké
cho mang mat dét én dinh. Hé théng dé xuét phan loai
d tré khtr hoi thanh cac hd so mang hang hai (cang,
ven bd, VSAT, bdo) rdi diéu chinh ngudng bd dém
theo tirng ho so, wu tién on dinh phat lai hon t6i da hoa
chit luong. Didu nay phit hop méi truong noi tin hiéu
vé tinh dé bi gian doan, anh hudng trai nghiém hoc.

Tuy nhién, cac thuc nghiém duoc tién hanh trén
mdi trudng mé phong, khong phai trén tau bién thuc
té. Phan phuc vu nén chi duge kiém thir trén mot phién
ban may chu duy nhét (e2-medium), va nghién ctru
chwa bao gdm danh gia v6i thuyén vién thuc té - didu
nay can dugc kiém chimg qua thir nghiém thyuc dia.
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6. Két luan

Nghién ctru da dé xudt va danh gi kién trac LMS
wu tién ngoai tuyén két hop truyén phat thich ing cho
mdi truong hang hai. Cac két qua chinh gom: phan
phuc vu nén duy tri thoi gian phan hoi phan vi thir 95
dudi 78 ms & 500 nguoi dung ao, ty 1€ tring bd dém
dat trén 98%, thoi gian khoi tao video tir by dém 0,2s,
va k¥ thuat luu dém khong chiém RAM giam 99%
mirc sir dung bo nhd. Udc tinh 1y thuyét cho thay kién
trac giam tdi 97% luu lugng VSAT so v6i truyén phat
truc tuyén truyén thong. Hudng phat trién tiép theo
gém: trién khai thur nghiém thyc dia trén nhom thuyén
vién, tich hop ma hoa nodi dung ngoai tuyén, va ap
dung hé thong tép riéng ngudn gdc (Origin Private
File System) cho luu trit video hi¢u qué hon. Ngoai ra,
nhom tac gia dé xuét bd sung taing ma hoa nodi dung
qua Web Crypto API véi thuit toan ma héa tiéu chuin
nang cao 256-bit ché d6 Galois/Counter (AES-256-
GCM) v6i khoa dén xuat tir mat khau nguoi ding, két
hop gidy phép ngoai tuyén c6 thoi han (mic dinh 30
ngay cho hai trinh) nhim ting cudng bao mat hoc liéu
trén thiét bi ci nhan mang theo. Pinh hudng t6i day
cua nghién ctru 1a viéc thyc nghiém dy kién trién khai
trén 10-15 thuyén vién cua 2 tau (1 tau VSAT, 1 tau
Starlink) trong 4 tuan, do cac chi s6 ty 18 hoan thanh
tai, thoi lwong hoc ngoai tuyén, ty 1 xung dot dong
b va diém thang do kha dung hé thong.
Lo1i cdm on

Nghién ctru nay duogc tai tro bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai mi sd: SV25-26.43.
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