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Tém tit: Hé thong tra civu két qud tuyén sinh tai cdc trieong dai hoc thwong chiu tdi tang dot bién vao
thoi diém cong bo, trong khi dit liéu lai mang tinh bt bién va chi phuc vu truy van doc. Nghién ciru nay
xdy dung mot khung phan tich dinh lwong dé danh gia hai kién triic heu triv cho dich vu nay, DBMS diing
B-tree va snapshot in-memory bdt bién, thong qua mé hinh hang doi M/M/c, mé hinh truy cdp bé nho
AMAT va thi nghiém véi tdp dir liéu dén mot triéu ban ghi. Két qua cho thdy kién tric in-memory gilip
gidm do tré trung binh 15-30 lan, gidm P95 20-25 lan, tang thong luong cuc dai lén hon mét bdc do lon
va giam nang luong tiéu thuy. Két qua ham y rang snapshot in-memory bdt bién la nén ting phu ho‘p va
tiét kiém chi phi cho cdc dich vu hoc vu doi hot tinh on dinh va phan hoi cao, ddc biét trong cdc dot cong
b6 tai cdc tricong dai hoc chuyen doi s6.

Tir khéa: tra ciu két qud tuyen sinh; tai dot bién hoc vu; kién tric do tré thdp; kiém sodt dudi dé tré;
nguong kha thi bo nhé

Abstract: University admissions-result lookup systems face extreme burst loads during announcement
periods, while operating on semester-frozen, strictly read-only datasets. This study develops a quantitative
framework to evaluate two architectural approaches for such services—traditional B-tree—based DBMS
and immutable in-memory snapshots—using an integrated methodology combining M/M/c queueing
analysis, AMAT-based memory modeling, and controlled experiments on datasets of up to one million
admission records. Results show that the in-memory architecture reduces average latency by 15-30%,
lowers P95 by 20-25%, and increases peak throughput by more than an order of magnitude, while
consuming substantially less energy. These findings indicate that immutable in-memory snapshots provide
a robust, scalable, and cost-efficient foundation for real-world admissions services that demand high
responsiveness and stability during high-pressure release windows in digitally transformed universities.

Keywords: admissions-result lookup, burst-load academic services, low-latency architecture; tail-laten-
¢y control; memory-feasibility threshold

1. Giéi thiéu

H¢ thong tra ctru két qua 1a mot dich vu hoc vu

Hién chua c6 nhiéu nghién ctu dinh lugng vé
viéc luya chon kién trac toi uu cho 16p dich vu doc—

trong yéu trong cac co sd giao duc dai hoc, dac biét
tai nhitng thoi diém cong bd khi nhu ciu truy cap
tang dot bién, gy anh huong truc tiép dén chit luong
trai nghiém. Céac nghién ctru vé hiéu nang dich vu
tryc tuyén cho thdy do tré va muc 6n dinh cua hé
thong chiu tac dong manh tir tai nguoi ding va thiét
ké ha tang. Trong bbi canh chuyén doi s6 gido duc,
cac truong dai hoc duoc yéu ciu nang cao ning luc
cung cép dich vu hoc vu truc tuyén va tdi vu hiéu
qua van hanh.

Dir liéu sau khi dugc phé duyét mang tinh bat
bién. Tap dit liéu c6 thé biéu dién hinh thirc dudi dang
D={(k, 1) ., trong d6 kla khoa dinh danh va v, la
két qua cung thong tin lién quan. Toan bd truy vén
déu thuoc loai doc, khong co thay ddi true tuyen. Tuy
vay, nhiéu hé théng tra ctru van van hanh trén kién
tric co s dir lidu giao dich tong quat, von duge thiét
ké cho tai doc—ghi hdn hop, din dén chi phi van hanh
va do tré khong can thiét trong cac dot tai cyc dai.

bat bién dic thu cua dit liéu. Do dé, viée xdy dung
mot khung phan tich k¥ thuat dé danh gia hiéu ning
va diéu kién trién khai cta cac mo hinh luu trir khac
nhau 12 can thiét nham hd tro cc co s& giao duc ra
quyét dinh phtt hop vé mit cong nghé, chi phi va chat
luong phuc vu.

2. Khung mé hinh toan cho t6i wu héa tra ciru
diém

Hi¢u nang cua dich vu tra cuu khi tai taing dot
bién duoc mo hinh hoa bang hé théng hang doi nhiéu
nat M/M/c. Véi tde do dén 4, téc d6 phuc vu u, sb
nat ¢ va hé sé tai p :i, hanh vi xir Iy dugc mo
ta béng cong thue Erlang—C [5]:

(cp)
c!(l - p)
> (cp)' | (cp)
=0kl !( 1- p)

PW>0)=
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POV > 0)

cu—A
tré trung binh W =W, +L. Phan vi P95 khi p—1:

In20 .2 Ly 2
POS~W + a1 Nhiing biéu thtrc nay phan anh truc

Thoi gian cho trung binh W, = va do

tiép su ting manh ctia dudi phan phdi thoi gian phan
hoi trong gior cong bd.

Gi4 tri x phu thudc vao chi phi truy van. Vi
DBMS su dung chi myc B-tree: 7,,,,, ~ O(log,N)-1 ...
trong do6 ¢,,, thudc mién mili-gidy khi phai tai

trang tir by nho thi
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3. Kién tric trién khai in-memory bat bién cho
dich vu tra ciru

Véi dir liéu bat bién, kién trac in-memory su
dung snapshot D' nap toz‘m bd vao RAM va phuc
vu & ché do chi doc DY ={(k,v,)1¥,. Snapshot méi
duoc tao ngoai tuyén, kiém tra toan ven (checksum
s6 luong ban ghi, khoa tring), sau d6 thay thé bang
(+1)

atomic _swap

thao tac hoan doi nguyén tir D «~ D", v&idd
phtrc tap thoi gian T, =0(1), do chi thay con tro
tham chiéu ving nhé.

B Wu trif vinh vién
Disk Storage
CSDL g8c, nhdt ky, log

B nhd RAM ch(l dong
Active Snapshot

Ban sao duf phong
Replica Snapshot

n n

Cép. Trong klen Ngudi ding e oo L&p Ung dung

trlrlc ln memory User Application Layer
s

thoi  gian  truy

van doi voi mang

sap xép T, vy ® O(10gN )1, Vél déi va6i béng bam

T, *0(1)-t,,,. trong do ¢, ndm trong mién nano—
micro-gidy, nho hon nhiéu bac d6 16n so véi truy cap
trang.

Su khac biét nay duoc 1y giai bang mo hinh truy
cép bo nhd nhiéu ting (AMAT):
))

AMAT = HT, +(1—H])(H2Tz +(1-H,)(H,T, +(1- H,)
Néu dir liéu co hé sb phan manh F, d§ tring
cache hiéu dung H? = H, (1-F). Thoi gian phuc vu

trung binh cho mét truy van T =k - AMAT, v6i k 1a
s0 lan doc ngau nhién cta binary search hodc hash

T

mem

probing. N ’ )
Badng 1. D¢ tré truy cdp dién hinh cua cac tang by nho
Ting nhé / thao tac Ky hiéu Do tré trung binh
Cache cép 1 t, 1-2ns
Cache cip 2 t, 4-5ns
Cache cép 3 t, 10-15ns
RAM ‘. 80120 ns
1/O dia (SSD) Lo 0.1-0.2 ms
1/O dia (HDD) » 5-10 ms
Do ¢, tyhép va H? cao, ti 1& cai thién hi¢u ning

gifra hai kicn tric:
W,

DBMS

4

inmem

TBlree hoa c

array

Btree
hash

v6i gia tri thuc nghiém trong khoang 15-30 lan
doi véi W va 20-25 lan doi vai P95.

biéu kién kha thi bd nhd khi luu snapshot
M=N-S-r, v6i N s6 ban ghi, § kich thuéc mdi
ban ghi, » hé s0 nhan ban. Rang budc trién khai
M<M,,,.

Piéu kién SLA vé do tré theo phan vi P95

In20
c,u—/'tzp—, hay ASC[%)_IHZO

req B
Céac mo hinh nay 1a co s¢ dinh lugng cho phan
tich kién trtc trién khai & Muc 3.

216

Hinh 1. So @6 kién tric trién khai in-memory bét bién cho dich vu tra ciru

Pé dam bao do sin sang, snapshot dugc nhan ban
thanh » ban sao. Véi xac suét 151 doc lap ctua nut la
P, A=1-p", cho r=2,p=0.01 —> 4~0.9999, tuong
duong ~52 phat downtime/nam.

T | snapshot |

load — >
‘mem

| snapshot| 0.2-1 GB va B, ~ 10-20 GB/s, cho thoi
gian nap tir vai ms dén vai traim ms. Viéc nap dién ra
song song va khong anh hudng truy van do snapshot
chi ¢6 hiéu lyc sau khi atomic swap hoan tat.

Hai ciu trac dit lieu duge st dung:

> Mipasny =

Thoi gian nap snapshot: voi

Hoapray = » VOl t,,, nano—

1 1
O(logN)-t,,, O(1) L
micro gidy. Gia tri ¢ vugt xa 4 cia DBMS dung
B-tree, von bi chi phdi béi truy cép trang.

Pé kiém chimg mé hinh toan, mé phong duoc
trién khai trén may cha 8 16i CPU Xeon, RAM 64
GB. Hai kién trac: DBMS (PostgreSQL 15, B-tree)
va in-memory (mang sip xép, bang bam). Tap dit
lidu gdm 10°—10° ban ghi (khoa 12 bytes, gia tri 64
bytes). Tai dén sinh theo Poisson, ting dan cho dén
khi P95 vuot ngudng. Cac chi tiéu do: do tré trung
binh #, phan vi P95, thong lugng cuc dai, hé s6 bién
thién. ,

Bang 2. Két qua do hiéu nang

Kién tric W (ms) | P95 (ms) | Throughput (qps) | CV
DBMS (B-tree) | 150-160 | 330-350 ~1,200 0.4+
In-memory
(sorted) 8 15 12,000+ 0.05
In-memory
(hash) 6 12 15,000+ 0.03
In-memory
(hybrid 80%) 18 25 9,200+ 0.07

Duong cong thong luong-dd tré (Hinh 2) cho
thdy DBMS xuét hién diém “knee” sém, trong khi
in-memory duy tri quan hé tuyén tinh dén ving tai
rt cao. Piéu nay phu hop v6i mé hinh tail latency:
6n dinh ctia x va phuong sai nho dan t6i phan phdi
thoi gian phan hoi phiang hon.
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Hinh 2. Quan hé giita théng lwong va dé tré trung binh
(knee curve)

Do ning lugng cho thly DBMS tiéu thu ~78 W,
in-memory ~52 W. Vi vy hiéu sut—trén—chi—phi
Tinmem = 510X 1y

Két qua xac nhdn ring kién truc in-memory bt
bién dap ung tdt yéu cau phuc vu nhanh, on dinh va
quy mb 16n theo chu ky cong bd.

4. Thao luin va ham y cho quén ly gido duc

Két qua mé hinh va thuc nghiém cho thiy kién
tric in-memory bat bién phu hop tu nhién véi dic
tinh dir liéu. Khi tai Ating dot bién trong giai doan
cong bd két qua, hé thing DBMS truyén thong nhanh
chong tién vao trang thai p —1, lam P95ting manh
theo ham mii. Nguoc lai, nhd x16n va phuong sai
thoi gian phuc vu nho, kién trac in-memory duy tri
su 6n dinh cta toan bo phan phéi thoi gian phan hoi,
cai thién dang ké kha ning dap g tirc thoi.

Snapshot bt bién gitip chuan héa vong doi dir licu:
phong dao tao tao snapshot sau khi dugc phé duyét va
trién khai tryc tiép 1én hé thong tra ctru, khong phu
thudc cac co ché ghi hoidc khoa trong DBMS giao
dich. Diéu nay lam giam sai léch dir liéu chay, loai bo
Xung dot doc—ghl va don gian hoa quy trinh kiém tra
— dbi chiéu giita cac don vi quan 1y hoc vu.

Viéc tach 16p tra ctru ra khoi hé thdng quan ly
dao tao cung gilp glam tai dang ké cho DBMS gdc,
vi hdu hét cac truy van thuc hién trong thoi glan cao
diém déu thudc loai doc. Lop tra cuu co thé hoat
dong nhu mot API dir liéu bat bién c6 do tré thip,
tang kha nang mo rong theo s6 lugng ngudi dung.

Bdng 3. Mién dé xuat cho trién khai in-memory trong dich

vu tra curu
Théng sb Mién kha thi
Quy mo dir ligu N 10° — 10° ban ghi
Kich thudc ban ghi S 60-100 bytes
RAM kha dung 32-128 GB
Tai dinh A 5,000-20,000 qps
Do tré yéu ciu P95 <20-40 ms
Sé nit ¢ 4-8

Khia canh tin cdy ciing dugc dam bao nho mo
hinh nhan ban snapshot va ky thudt state-machine
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replication. V&i xdc suét 15 nut thip va nhan ban
kep, do san sang hé thong dat gan mirc phan clng.
Viée dir liéu bét bién va khong ton tai ghi truc tiép
lam giam céc tinh huéng mét déng bo thudong gip
trong DBMS giao dich.

Tuy nhién, mo hinh cting c6 gi6i han. Khi truong
¢6 nhu cau cép nhat nhleu lan trong ngay, vige tao
snapshot lién tuc c6 thé tén kém. Céc truy van phtc
hop hodc di li€u quy md hang chuc tri¢u ban ghi
van yéu ciu DBMS truyén thdng. Do vay, kién triic
in-memory phu hgp nhét véi tap truy van doc 16n, dit
lidu dwoc chudn hoa va cip nhat theo chu ky rd rang.

5. Két ludn

Nghién ctru da thiét 1ap mot khung phan tich
toan hoc dya trén mo hinh hang doi M/M/c, mé hinh
AMAT va chi phi truy van dé danh gia hiéu nang cua
kién trac in-memory bt bién trong dich vu tra ciru.
Cung v6i md phong thyc nghiém, két qua cho thiy
kién truc nay giam do tré trung binh 15-30 lan, giam
P95 20-25 lan va ting thong lugng 1én hang chuc
nghin truy vn/gidy so véi DBMS sir dung B-tree,
ddng thoi giam chi phi ning lwong va van hanh.

Cac rang budc trién khai duoc xac dinh boi ba
bat dang thic: kha thi by nhé M <M,,,, bién tii
SLA 4<c¢(1/T)-1In(20)/P,,, hiéu suat-trén—chi—phi

Tinmem > Mpauts * . B

Khi thoa man cac di€u kién nay, in-memory bat
bién tré thanh giai phap t6i uu cho dich vu tra ctru
nhanh, 6n dinh va chi phi thip, pht hop véi yéu cau
chuyén d6i s6 trong gido duc dai hoc.

Hudng phét trién gdm mo rong snapshot sang
cum phén tan, tich hgp chit ky so cho moi snapshot
va nghién ctu mo6 hinh lai ghép khi quy mo di liéu
vuot gidi han RAM.
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