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The evolution of smart education has established Automated Grading Systems as
essential tools in programming instruction. However, the majority of current
platforms merely yield binary pass/fail verdicts, failing to provide formative
pedagogical feedback to help learners identify underlying logical flaws. While Large
Language Models demonstrate substantial potential in source code analysis, their
direct application via zero-shot prompting remains highly susceptible to
hallucinations. This results in inconsistent evaluations, particularly under stringent
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temporal and spatial constraints typical in competitive programming. To address
these critical limitations, this study proposes a multi-tier modular architecture
integrating Large Language Models with Chain-of-Thought reasoning. The
proposed framework directs the artificial intelligence through a rigorous sequential
reasoning pipeline encompassing semantic decoding, algorithmic complexity
evaluation, boundary fault detection, and memory optimization. Notably, it
introduces an implicit rule module for the proactive suggestion of __int128 data
types to mitigate integer overflow risks. Empirical evaluations across 1,250 C/C++
submissions reveal that the Chain-of-Thought architecture significantly outperforms
the zero-shot baseline. The system achieves an 8.7% improvement in Pass@1
accuracy, a 9.2% enhancement in algorithmic complexity analysis, a 22.2% increase
in IndexError detection rates, and a 57.6% precision surge in _ int128
recommendations.
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TU KHOA

MO hinh ngdn ngir 16n

Hé théng chim diém tu dong
Chudi suy luan

Phan hdi su pham

T6i wu bd nhé

Su phat trién cua gido duc théng minh da thiic ddy viéc tmg dung cac Hé théng chim
diém tu dong trong dao tao lap trinh. Tuy nhién, da s nén tang hién nay chi yéu tra
vé két qua dung/sai ma chua cung cip phan hdi mang tinh su pham dé hd trg ngudi
hoc cai thién tw duy thut toan. Trong khi d6, cac M6 hinh ng6n ngit 16n cho thiy
tiém ning dang ké trong phan tich md ngudn, nhung khi 4p dung truc tiép theo co
ché zero-shot thudng xuat hién hién tugng “ao giac” va thiéu nhat quan trong cac bai
toan c6 rang budc tai nguyén nghiém ngit. Nghién ciru nay dé xuat kién trac mo-dun
da tang két hgp md hinh ngén ngit 16n véi ky thuat Chudi suy luan danh cho lap trinh
thi ddu. Hé thong thuc hién quy trinh suy luén tuan tur gom phan tich ngit nghia
chuong trinh, danh gi4 do phirc tap thuat toan, phat hién 16i bién nhu IndexError va
t6i wu bd nhd. Pic biét, md hinh ¢ kha ning chu dong dé xuat kiéu dir liéu _int128
nhdm han ché tran sb nguyén. Thyc nghiém trén 1.250 bai nop C/C++ cho thdy
phuong phép Chudi suy luan vuot tréi hon baseline zero-shot, cai thién 8,7% do
chinh xac Pass@], tang 9,2% nang luc phan tich thudt toan, nang ty 1¢ phat hién
IndexError thém 22,2% va cai thién 57,6% do chinh xac khi sir dung int128.
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1. Gioi thigu

Su phat trién cua giao duc thong minh va cac nén tang hoc truc tuyén mé (MOOCs) dang lam
thay doi dang ké phuong phép giang day khoa hoc may tinh. Trong bdi canh d6, cac Hé thong
cham diém ty dong (Automatic Grading Systems - AGS) va nén tang Online Judge (OJ) ngay
cang dugc str dung rong réi nho kha nang xu ly khoi luong 16n bai ndp voi tbc do va do chinh
xéc cao [1], [2]. Tu dau nhitng nam 2000, cac hé théng nhu Web-CAT va Kattis di trd thanh
cong cu phd bién trong dao tao lap trinh [3]. Theo Jung va dong su [1], phan 16n cac OJ van hanh
dua trén co ché thyc thi dong két hop kiém thir hop den trong méi truong sandbox nham dam bao
tinh khach quan va kha nang mé rong.

Tuy nhién, cac hé théng OJ truyén thong van con nhiéu han ché vé mat su pham. Phan 16n nén
tang hién nay chi cung cap cac phan hoi ngan nhu “Accepted”, “Wrong Answer” hodc “Time Limit
Exceeded”, chua du dé hé tro ngudi hoc hiéu nguyén nhan 16i va cai thién thudt toan [3]. Richards
va dong su [4] cho rang sinh vién thuong gap kho khan khi xur ly cac truong hop bién (edge cases).
Ngoai ra, cac hé thong hién tai hau nhu chua danh gia duge chat luong thlet ké chuong trinh; nhiing
doan mi c¢6 d6 phuc tap chu trinh (cyclomatic) cao van co thé dat diém t5i da néu vuot qua toan bo
test-case [5]. Ngay ca khi tich hop cac céng cu phén tich tinh nhu linting, hé théng van dé tao ra
canh béo gia va thiéu linh hoat trong méi trudng lap trinh thuc té [6].

Su xuét hién cua cac M6 hinh ngén ngir 16n (LLM) nhu GPT, Llama va DeepSeek da mé ra
nhiéu tiém ning cho d4nh gia ma nguédn tu dong [6]. Khac vdi cac phuong phap hoc may truyén
thong, LLM c6 kha ning xir 1y truc tiép ma ngudn dudi dang ngdn ngit ty nhién, tir do hd tro phan
tich ngit nghia chwong trinh, suy luan ludng dleu khién va sinh phan hoi chi tiét [7]-[9]. Nhiéu
nghién ctru da chimg minh hiéu qua cta huéng tiép can nay. Ching han, CodEv sir dung co ché bo
phiéu dé giam hién twong “ao giac” [10], StepGrade khai thac GPT-4 nham danh gi4 ca tinh dung
dén 1an mirc d6 t6i wu cia thuat toan [11], trong khi A-ProS c6 kha ning ty dong stra 18i trén cac
bai toan Codeforces [12]. Nhirng két qua ndy cho thay LLM c6 thé tré thanh cong cu hd trg hoc tap
hiéu qua [13]. Tuy nhién, phuong phap nay van ton tai nhiéu han ché nhu phan hoi thiéu nhat quén,
khé xur 1y cac rang budc nghiém ngit vé thoi gian va bd nhd, dong thoi dé bi danh lira boi cac
chuong trinh ding ¢t phap nhung sai logic [11]. Bén canh do, dé han ché gian 14an hoc thuét, Al can
duoc thiét ké theo hudng cung cap goi ¥ thay vi dwa ra 16i giai hoan chinh [14].

Dé cai thién kha niang suy luan ciia LLM, k¥ thuat Chudi suy luan (Chain-of-Thought - CoT)
dugc xem 1a mot hudng tiép can trién vong [15]. Thay vi dua ra két qua truc tiép, CoT hudng mo
hinh phan tach bai toan thanh nhiéu budc suy luin trung gian nham kiém tra logic trudc khi dua
ra danh gia cudi cung [15]. Cac nghién ciru nhu SCoT va CGO cho thay CoT gitip giam 15i logic,
cai thién tir 5% dén 12% ty 1¢ Pass@1 va st dung tai nguyén hiéu qua hon so véi nhiéu k¥ thuat
phan xa khac [10], [16]. Khi tich hop vao cac hé théng nhu StepGrade, CoT cho phép mé hinh
danh gia dong thoi cu trac dit liéu, thuat toan va chit luong thiét ké chuwong trinh [11].

Trong moi trudng 1ap trinh thi ddu nhu Olympic Tin hoc hay ACM-ICPC, céc bai toan thuong
di kem nhing rang budc nghiém ngat vé hiéu nang va quan ly by nhé. Mot trong nhiing 16i phd
bién 1a tran sb nguyén (Integer Overflow). Du kiéu long long 64-b1t hd tro gia tri t6i khoang
9 x 108, nhiéu bai toan to hop hodc phan tich thira s nguyén t van c6 thé sinh ra gia tri trung
gian vuot ngudng nay [14], [17]. Vi vy, cong dong lap trinh thi dau thuong st dung kiéu __int128
ctia GCC/Clang [18], du kiéu dit liéu ndy yéu ciu ngudi hoc tur - x@y dung co ché nhap/xuit riéng [19].
Pay 1a k§ nang ma nhiéu hé théng AGS tich hgp AT hién nay van chua hd tro hiéu qua [16]. Bén canh
do, 16i truy cap vuot qua giéi han cia mang (IndexError) cing 1a nguyén nhan pho bién gay ra 16i
Undefined Behavior hodac Segmentation Faults trong C/C++ [20]. Mac du mét sO nghién ctru nhu
CODERANKER d thir nghiém dy doan 16i runtime bang mang no-ron [21], viéc két hop CoT dé md
phong trang thai by nhé va phan tich ranh giéi vong lap van chua dugce khai thac day di.

Xuat phat tr nhiimg khoang tréng trén, nghién ctru dé xuat mot kién tric ddnh gia mi nguon
da ting két hop gitta LLM va k¥ thuat CoT danh cho méi trudng 1ap trinh thi diu. Khac véi cac
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hé thong AGS truyen thong chi tap trung vao két qua dau ra, kién trac dé Xuat hudng téi phan
tich toan dién céu truc va logic chuong trinh théng qua cdc bude suy ludn tuan ty nhu giai ma
ngtr nghia, danh gia do phutrc tap thuét toan, phat hién 16i IndexError va hd tro xur 1y tran so bang
__int128. Qua d6, hé thong khong chi dong vai tro cham diém tu dong ma con tré thanh cong cu
hd trg hoc tap c6 khd ning giai thich va dinh huéng hiéu qua hon cho nguoi hoc.

2. DONG CO SUY LUAN CoT

DA TANG 3.B9ng ca danh gia

— Rubric
Chém aidm c6 trong s6)
Budc 1: Giai ma ngll nghia
& Clu tric
iu vio th o !
M the 1. B9 tiép nhan Bai nép phong phil Budc 2: Phin tich d4 phc tap :
Ma ngwui sinh vién SXiydungNglchrh [ Thudt todn i Biém Rubric
Rang budc bai todn 1
Budc 3: Phat hién 15 bién :
& L3I chi 56 (IndexError) - Ddura
Cudi cling
1) 4. Trinh tao Phan héi

Budc 4: Phong nglfa tran sé Su pham Phan héi dinh dang

(_inuz8)
Mu I/ tiry chinh

Hinh 1. Kién triic téng thé ciia hé thong Cham diém Tu dong (AGS) dé xuat. So do minh hoa qud trinh
chuyén doéi ma nguon thé va cdc rang bugc bai toan thanh phan hoi dinh dang mang tinh sie pham thong
qua Péng co suy ludn Chudi suy lugn (CoT) da tang va mé-dun DPanh gid Rubric ¢6 trong s6

2. Kién tric dé xuat

Nhiam dép tmg nhu cau thyc tién trong giang day 1ap trinh va khai thac hiéu qua tiém nang cua
Al tao sinh, nghién ctru dé xuit mot kién trac Panh gia Ma ngudn Ty dong dua trén ky thuit
Chudi suy luan (Chain-of-Thought - CoT). Thay vi thay thé hoan toan co ché cham diém truyén
thong duya trén sandbox, hé théng duoc xay dung nhu mot tang nhan thirc bd sung, co kha ning
phan tich ma ngudn theo nhidu budc suy luén lién tiép dé tao ra cac phan hoi mang tinh giai thich
va hd trg hoc tép sau hon. Cach tiép can nay khong chi giup danh gia tinh diing dan coa chuong

trinh ma con hd trg phat hién 15i logic, phan tich d6 phirc tap thuat toan va dua ra cac goiy t6i wu
hoa phtt hop v6i méi trudng lap trinh thi ddu.

2.1. M6 hinh Kién triic Téng thé

Hé théng duoc thiét ké theo kién triic mo-dun da ting (Hinh 1), trong d6 cac thanh phan chirc
nang phdi hop lién tuc dé chuyén doi ma ngudn dau vao thanh cac phan hodi danh gia c6 tinh phan
tich va h5 tro hoc tap.

B tiép nhén va xdy dung ngir canh: Khac voi cac nén tang OJ truyén théng, mo-dun nay
khong chi tiép nhan mi ngudn ma con xay dung ngu canh day du cho qua trinh danh gia, bao
gdm mo ta bai toan, rang budc dit liéu vao/ra va gidi han tai nguyén hé thong. Ngoai ra, cac 101
phat sinh trong qua trinh thuc thi dong nhu TLE hay RTE ciing duoc thu thdp nhim cung cip
thém tin hiéu hd trg cho Al trong qu4 trinh suy luan.

Déng co suy ludn CoT da ting: bay la thanh phan trung tim sir dung cac m6 hinh ngdn ngir
l6n nhu GPT-40 hodc Claude 3.5 dé thyuc hién phan tich ma ngudn. Thay vi danh gia truc tiép,
md hinh tién hanh suy luén theo nhiéu budc lién tiép nham xir Iy cac van de lién quan dén ngir
nghia chwong trinh, d¢ phirc tap thuat toan, quan 1y by nhé va nguy co tran sd nguyén.

Dong co danh gida Rubric: Thanh ph?m nay chuyén dbi cac phan tich dinh tinh tr mé hinh
CoT thanh h¢ thdng tiéu chi danh gia chuan hoa, qua d6 lwong hoa két qua thanh diém s6 cu thé
nham dam bao tinh nhat quan va cong bang trong qua trinh cham diém.

B§ tao phdn héi sw pham: Dua trén két qua tir Rubric va ludng suy ludn CoT, md-dun nay
sinh ra bao c4o phan hdi bang ngdn ngir ty nhién, bao gdm phan tich 13i, giai thich nguyén nhan
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va cac goi ¥ dinh hudng de ho trg nguoi hoc cai thién chuong trinh. Dbi véi cac bai toan xtr 1y s6
16n, hé théng con cung cip cac khudén mau nhap/xuat phi hop cho kiéu dir lidu __int128.

2.2. Thiét ké Ky thudt Prompt Chudi suy lugn (CoT) trong ddnh gid ma nguén

Hiéu qua ciia cac mo hinh ngdn ngit 16n phu thudc déang ké vao cach thiét ké prompt va to
chirc qua trinh suy luan. Trong nghién ctru niy, hé thong p dung k¥ thuat Chudi suy luan c6 cau
trac (Structured CoT) két hop the <thinking> nham dinh huong mo hinh thyc hién phén tich theo
tung budc 16 rang, tir do giam thiéu hién tuong © ‘a0 giac” va nang cao tinh nhat quan trong danh
gia mi nguon. Quy trinh suy luan dugc xay dung gdm bén giai doan chinh.

Buwéc 1: Phén tich ngit nghia va ciu triic chwong trinh

Muc tiéu ciia budc nay la chuyén d6i ma ngudn C/C++ sang dang mi gia (pseudocode) dé mo
hinh hiéu ding ¥ d6 thuat toan trudc khi thuc hién danh gia. Prompt duoc thiét ké nham budc
LLM phén tich ludng diéu khién, x4c dinh cac cdu trac di liéu quan trong nhu mang, hashmap
hodc hang doi wu tién, dong thoi 1am rd vai tro cta cac vong lap va diéu kién ré nhanh trong
chuong trinh.

Budc 2: Phan tich dj phicc tap thudt toan

O giai doan nay, h¢ thong danh gia tai nguyén tinh toan va kha ning bao tri ma ngudn. Mo
hinh dugc yéu cau udc lugng do phue tap Big-O va S0 sanh voi g101 han thoi glan thuc thi phd
bién trong lap trinh thi diu (khoang 108 phép tinh mdi gidy). Pong thoi, hé thdng tinh toan do
phuc tap Cyclomatic (CC) dua trén $6 lugng duong dan thuc thi doc 1ap nham xac dinh mirc d6
rui ro va kha ndng mé rong cua chuong trinh.

Buwéc 3: Phdt hién 16i bién va IndexError

Muc tiéu cua budc nay 13 hoat dong nhu mét cong cu phan tich tinh nhim phat hién sém cac
16i truy cap bd nhé. Thong qua ki thuat “dry-run”, mé hinh mo phong qué trinh thyc thi clia cac
vong lp va dbi chiéu diéu kién dimg véi kich thudc mang khai bao. Néu phét hién nguy co truy
cap vugt bién, hé thdng s& sinh canh bao lién quan dén IndexError hodc Segmentation Faults.
Céch tiép can ndy déac biét hiru ich dbi v6i cac thuat toan xu 1y chudi hodc ki thuat hai con tro.

Budc 4: Toi wu by nhé va phdt hién nguy co tran s6

O budc cudi cing, hé théng tap trung danh gia kha nang str dung bo nhé va rii ro tran sb
nguyén trong cac phép tinh trung gian. Cac rang budc dir liéu dau vao nhu N < 10° hoic
A; <102 dugc tich hop truc tiép vao prompt d¢é mo hinh suy luan vé pham vi gia tri cia timng
bién trong qué trinh thyc thi. Nho d6, hé thong co thé dua ra canh bao va dé xuat sir dung kiéu dir
liéu phu hop nhu __int128 d6i véi cac bai toan xir 1y s6 16n (xem Hinh 2).

Nham dam bao tinh minh bach va kha nang tai lap cua nghién ciru, cdu trac prompt nén tang
duge thiét ké va mo ta mot cach rd rang. Kién tric nay tach biét giita Thong diép hé thong
(System Message), dong vai trd dinh nghia nhi€ém vu va hanh vi cia mo6 hinh, vdi Ngir canh
ngudi dung (User Context), noi cung cap dit liéu dong nhu dé bai, ma ngudn va cac rang budc
thyc thi. Diém quan trong ciia phuong phap 1 mé hinh phai thyc hién toan bd qua trinh suy luén
trung gian bén trong thé <thinking> trudc khi tao ra két qua danh gia cudi cung theo Rubrlc
chuan hoa. Cach t6 chirc nay giap kiém soat ludng suy ludn cua LLM, han ché hién tuong “a
gidc” va nang cao tinh nhét quan trong qua trinh danh gid ma ngudn. Cau tric mi gia (pseudo-
code) ctia prompt duoc chudn héa nhu sau:

"system_message": "Expert Grader. Evaluate C/C++ via 4-step CoT (Semantic, Complexity, Boundary,
Overflow). Use <thinking> tags.",
"user_context": { "problem": "[...]", "constraints": "N<=10"5, A_i<=10"12", "code": "[...]" },
"output_format": "<thinking=>\n[Step 1 to 4 reasoning]\n</thinking=>\n<json>\n{\"C_func\":[.], \"C_comp\":[],
\"C opt\ :([.], \"C_style\":[.], \"feedback\":\"[...]\"}\n</json>' }
Thiét ké prompt nay hoat dong nhu mot co ché kiém soat suy ludn nhdm nang cao do tin cay
clia qué trinh danh gia md ngudn. Thong qua viée sir dung thé <th|nk|ng> nhu mot khong gian

suy luan trung gian, hé thong budc mo6 hinh Al phai thuc hién phan tich tuén ty trude khi dua ra
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két qua cudi cung, tir do giam thiéu hién tuong “do giac” thuong gip & ‘cac phuong phap zero-
shot (12 cach yéu ciu mé hinh thyc hién mot nhiém vy ma khong cung cap vi du minh hoa truge
d6). Trong qua trinh ndy, md hinh duoc yéu cau ra soat day du cac rang budc vé bo nhd, gidi han
vong lap va tai nguyén thyuc thi nham dam bao cac phan hoi sinh ra khong chi diing vé mat logic
ma con phu hop véi diéu kién thuc t& ciia moi truong 1ap trinh thi ddu. Nho do, hé thong c6 thé
tao ra cac phan hoi su pham c6 tinh giai thich va d6 nhat quan cao hon.

Tiém Rang budc Bai toan
vidy: N<10°, 4, < 107

|

{ Uéc lugng B 16n Bién 1

Dy dodn Max_Value clia cac trang thai trung gian

i Iffﬁ-dun Quy tdc ngdm
L - N

Dung lugng 32-bit Dung lugng 64-bit Rui ro Tran s Nghiém trong ‘

Max_Value < 2 % 10° Max_Value <9 % 108 Tich trung gian > 10%
— Xdc thyc int - Dé xudt long long (vi dy: trudc khi chia Iy du)

Cénh béo Db
p -
Can thiép CoT
Ep kidu __int128

l

{ Trinh tao Khudn méu

Cung cép I/0 __int128 tly chinh

Hinh 2. Cdy quyét dinh ciia M6-dun Quy tac ngam cho téi wu héa bg nho. So d6 minh hoa luong suy ludn
CoT dé danh gia cac rang bugc khong gian, chu dong phat hién 1oi tran so nguyén 64-bit va xdy dung
khuon mau I/O tuy chinh cho __int128.

2.3. Kién triic Ddnh gid dwa trén Rubric

Dé luong hoa cac phén tich dinh tinh ciia CoT thanh thudc do chuin xac, hé théng ap dung
khung "Rubric Is All You Need" [22]. Khung nay triét tiéu tinh chd quan cia LLM thong qua co
ché tinh diém trong s nghiém ngat. Tong diém S (thang 100) dugc xac dinh qua Cong thire (1):

S =wy Crunc + W2 " Coomp + W3 Copt + Wy - Cseyte ) D

- Crync (Tinh nang): Tiéu chNi nay danh gia tinh ding dan cia chuong trinh thong qua ket qua
thuc thi va kha nang xur 1y cac 101 nghiém trong nhu IndexError hodc phép chia cho 0. Néu c6 dit
lidu tir hé thdng OJ, két qua test-case ciing duoc str dung dé kiém chimng tinh toan ven logic cua
thuat toan. Day 1a thanh phan quan trong nhét trong hé thong danh gia véi trong sé w; = 0,40.

Ceomp (Hi€u suat thut toan): Thanh phan nay tap trung danh gi4 do phirc tap tinh toan cua
161 giai so v&i mic ky vong cta bai todn. Vi du, mot chuwong trinh str dung thuat toan O(N?)
trong trudng hop yéu cau tdi wu & mac O(N log N) sé& bi giam dang ké sb diém. Trong sb 4p dung
cho tiéu chi nay 1a w, = 0,30.

Copt (T6i wu va xir Iy ngoai 18): Tiéu chi ndy xem xét kha ning kiém soat cac tinh hudng dic
biét nhu tran s6 nguyén, xir Iy dir liéu bién hodc cac nhanh diéu kién rong. Hé thong ciing danh
gia mue do sir dung hop 1y cac kiéu dir liéu nhu long long hodc __int128 trong cac bai toan xir Iy
50 1on. Trong s6 twong tmg la w3 = 0,20.

Cstyie (Tinh dé doc va bao tri ma ngudn): Thanh phan nay duoc danh gia thong qua do phirc
tap Cyclomatic (CC), quy tic dat tén bién va mic d rd rang cua tai liéu ma nguon. Nhiing
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chuong trinh c6 gia tri CC > 30 s& bi xem 1a kho bao tri va chiu diém phat twrong Gmg vé& mit
phong céach 1ap trinh. Trong sb cua tiéu chi nay 1a w, = 0,10.

Pau ra ctia mo6 hinh LLM duoc chuin hoa dudi dang JSON, bao gém diém thanh phén, luéng
suy luan CoT va cac phan hoi giai thich. CAu triic nay giup hé thong d& dang tich hop voi API va
giao dién ciia cic nén tang OJ hién co.

3. Thuc nghiém va danh gia

Nham danh gia hiéu qua cua kién trac CoT trong bai toan chdm diém va phan tich ma ngudn,
nghién ctu tién hanh thyc nghiém trén nhiéu bai ndp lap trinh va so sanh véi cac phuwong phap
LLM truyén thng. Phan nay trinh bay quy trinh thyc nghiém, tiéu chi danh gia va cac két qua
thdng ké dat duoc, ddng thoi phan tich mot s6 tinh hudng tiéu biéu dé lam rd kha ning phat hién
18i, danh gia d6 phuc tap va hd tro ti wu hoéa ma nguon ciia hé thong. Ngoai ra, nghién citu ciing
xem xét bai toan danh ddi gitra chat lugng phan hoi, do tré xur 1y va chi phi trién khai khi ap dung
CoT trong thuc té.

3.1. Méi trwong thuc nghiém va tgp dir ligu

Tap dit liéu thuc nghiém déng vai trd quan trong trong viéc danh gia kha niang tong quat hoa
cua hé théng. Nghién ciru sir dung 1.250 bai ndp C/C++ duoc thu thap va an danh tir cac ky thi
hoc sinh gioi, méi truong lap trinh thi dau (twong duong Codeforces) va cac hoc phan Cau tric
Dir liéu & Giai thuat. Dit liéu dugc phan bo thanh ba nhém chinh: (1) Chudi Palindrome (vét can,
Quy hoach dong, Manacher) nham kiém tra 15i IndexError; (2) Thao tac mang va k¥ thuat hai con
tré nham danh gia kha nang phan tich do phuc tap thuat toan (so sanh O(N) va O(N?)); va (3)
S6 nguyén td va to hop (Sang Eratosthenes, lily thira ma tran, giéi han N < 10'8) nham kiém tra
kha ning phat hién tran sé va dé xuat __int128.

Dé dam bao d6 tin cy cia nhan dit liéu (ground truth), toan bd 1.250 bai ndp duoc gan nhin
thii cong boi hai chuyén gia doc lap, voi hé sé dong thuan Cohen’s Kappa dat x = 0,86. Nham
dam béo tinh minh bach va hd tro tai 1ap két qua nghién ctu (reproducibility), chung t6i da trich
Xuit, an danh hoa va cong bé mot tdp con tidu biéu gom 200 bai ndp tiéu biéu tir hé théng
[0j.hoccongnghe.com]. Tap dir lidu ndy cing voi cac tép tin cau trac prompt chuan héa, hién da
dugc luu trir cong khai tai kho dir liéu: https://github.com/tuanlinhkinhte/TNU_ASG_Dataset.
Viéc cong bd nay khong chi tao diéu kién cho cac nghién ciru phai sinh ma con khing dinh tinh
khach quan cua tap dir liéu thuc nghiém.

3.2. Phwong phap Ddnh gid va Mé hinh Co sé (Baseline)

Nghién ctru xay dung khung thuc nghiém A/B trén cung mot m6 hinh ngén ngit nén tang (vi
du GPT-40) nham so sanh tryc tiép hiéu qua giita hai phuong phap danh gia ma ngudn ty dong.

Zero-shot Prompting (Baseline): Trong kich ban nay, mé hinh chi nhén thong tin co ban gom
mo ta bai toan va mé ngudn trude khi dua ra danh gia truc tiép theo Rubric. Pay la cach tiép can
phd bién cua nhiéu hé thong AGS tich hop Al hién nay.

CoT Prompting (Hé thong dé xudt): O phuong phép_ dé xuat, mé hinh dugc dan dit thong
qua Kién trac prompt nhiéu buéc dua trén k¥ thuat Chudi suy luan (CoT), bao gom phan tich
ngit nghia chuong trinh, danh gia d6 phuc tap thuat toan, kiém tra I8i b nhd va phat hién nguy
co tran sd nguyén.

Dé danh gia hiéu qua hé théng, nghién ciru st dung nhiéu chi s6 dinh lwong quan trong. Pass@1
Accuracy do luong kha nang du doan dung két qua cta mo hinh so véi phan quyet tir hé thong
sandbox. Hidden Bug Recall duoc dung dé danh gia kha ning phat hién cac 16i tiém 4n nhu
IndexError va 16i tran s nguyén. Trong khi do, Suggestion Precision phan anh d¢ chinh xac cua
cac goi y tbi uu hoa, dic biét 1a viéc dé xuat st dung __int128 khi Can thiét. Nghién ctru cling phén
tich luong token tidu thu va do tré& xur Iy nhim xem xét kha ning trién khai thuc té cua hé théng.
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Bén canh céac chi s6 hiéu ning, kiém dinh théng ké McNemar dugc 4p dung dé danh gia y
nghia cua sy khac biét giira hai phuong phép trén cac tac vu phan loai nhi phan nhu Pass@1 va
kha nang phat hi¢n IndexError. Gia tri p < 0,05 dugc st dung lam ngudng xac dinh y nghia
thdng ké cho céac két qua thuc nghiém.

Nhim dam bao tinh minh bach va kha ning tai 1ap (reproducibility) cua quy trinh thuc
nghiém, nghién ciru thiét 1ap céu hinh dong nhat cho mo hinh ngdn ngir I6n trén toan bo tap di
liéu mau. Cu thé, hé théng sir dung mo hinh nén tang GPT-40 (phién ban thuong mai mi hiéu
gpt-40-2024-05-13) thong qua giao dién lap trinh tng dung (OpenAl API). Dé triét tiéu tinh ngau
nhién, ting cudong d6 nhét quan ciia phan hdi va han ché téi da hién tugng ao giac (hallucination)
trong qué trinh chdm diém ty dong, tham sb nhiét 4o (temperature) duoc dat ¢d dinh & muc 0.0.
Ddng thoi, nham chuan hoa cau trac dau ra theo hé thong tiéu chi dinh luong, co ché phan hoi
dinh dang dir liéu ciu trac (JSON Mode) duoc kich hoat bat budc. Chi tiét vé cac tham sé van
hanh ctia mé hinh LLM duoc tong hop cu thé trong Bang 1.

Bang 1. Cdu hinh tham s6 ky thudt va méi truong van hanh LLM

Tham s6 k¥ thuit Gia tri thiét 1ap Muc dich su pham/ Ky thuat
Mo hinh nén tang (Model) gpt-40-2024-05-13  Pam bao hiéu nang lap luan da tang 6n dinh
Giao thire két ndi OpenAl API Tich hop hé thong tu dong
Nhiét do (Temperature) 0.0 Triét tiéu tinh ngau nhién, dam bao tinh nhat quan
Top-p Sampling 1.0 Giir nguyén phan phdi xéc suét tir phan tich k¥ thuat
Gidi han ddu ra (Max Tokens)  2.048 token Pam bao khong gian suy luan day di cho chudi CoT
Ché d¢ dinh dang (Format) JSON Mode Chuén hoa ciu triic Rubric phyc vu trich xuat ty dong
Co ché kiém soat Thé <thinking> Ep ludng suy luan tudn ty trude khi chdm diém

Viéc cau hinh chit ché cic tham sb nay dong vai trd nhu mot bo loc ki thuat, gitp lugng hoa
chinh xac céc phan tich dinh tinh tir luong suy luan CoT thanh diém so Rubric ma khong bi anh
hudng bai sy bat dinh ctia m6 hinh tao sinh.

3.3. Két qud dinh lwong

Céc két qua thyc nghiém dugc tong hop trong Bang 2 cho thay kién trac CoT dat hiéu qua
vuot trdi so voi phuong phap Baseline trén hau hét cac ti€u chi danh gia. Sy cai thién khong chi
the hién & do chinh xac trong cham diém ma con ¢ kha nang phan tich thuat toan, phat hién 106i
tiém an va dua ra cac ggi y toi uu hoa phu hop véi boi canh 1ap trinh thi dau.

Bang 2. So sanh hiéu ndang phat hién 16i, ddNnh gid thudt toan va do chinh xac dw dodn
gitta phwong phap Zero-shot va Chuoi suy luan (CoT) trén 1.250 bai nop

Tiéu chi danh gia Phwong phap Zero-shot Phwong phap CoT  Mirc cai thién
(Co $6) (Dé xuit)

D9 chinh xac Pass@1 76,4% 85,1% +8,7%
Nhan dién do phuc tap (O) 82,3% 91,5% +9,2%
Do thu hdi 16i IndexError 62,1% 84,3% +22,2%
(Mang/Chudi)

Do thu hdi 16i tran s6 nguyén 58,5% 79,8% +21,3%
Do chinh xac d& xuat int128 31,0% 88,6% +57,6%

Dé chinh xdc tong thé va phén tich thudt todn: Két qua thuc nghiém cho thay kién trac CoT
cai thién 8,7% do6 chinh x4ac Pass@1 so voi phuong phép zero-shot (kiém dinh McNemar, p <
0,001), dong thoi ting 9,2% kha ning nhan dién dang d¢ phuc tap thuat toan (p < 0,01 ). Miic
cai thién nay cho thay hiéu qua rd rét ciia qua trinh suy luan nhiéu budc. Trong khi mé hinh zero-
shot thuong gip kho khin véi cac 161 goi ham c6 chi phi tinh toan 4n nhu sort(), co ché phén tich
ludng diéu khién ciia CoT gitip mé hinh suy luén chinh x4c hon vé gidi han thoi gian thuc thi.

Phdt hién 16i bién (IndexError): Mot trong nhiing cai tién dang chi ¥ nhat ciia CoT nim &
kha ning phat hién 15i truy cip vuot bién. Véi cac chuong trinh c6 cu tric vong lap phiec tap,

http://jst.tnu.edu.vn 408 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 231(07): 402 - 413

md hinh zero-shot thuong khong dbi chiéu chinh xac bién lap véi kich thudc mang, khién Recall
chi dat 62,1%. Nho ky thuat “dry-run” md phong qua trinh thyc thi, CoT c6 thé phat hién higu
qua cac 16i off-by-one va nang Recall 1én 84,3%, twong tng muc cai thién 22,2% (p < 0,001).

Téi wu tran s6 va nhin dién nhu cdu sir dung __int]128: Sy khac biét gitra hai phuong phap
thé hién rd trong cac bai toan to hop va xtr Iy sd 16n. Phuo‘ng phap zero-shot thuong dé& xuat
__int128 chua phu hop & cac bai toan nhé (N < 105), ddng thdi bo sot cac truong hop co nguy
co tran sb trong phép nhan trung gian, khién d6 chinh x4c chi dat 31,0%. Nguoc lai, kién trac
CoT yéu cau mo hinh d6i chiéu pham vi gi4 tri ctia bién voi ngudng 9 x 10'%, tir 46 nang do
chinh xac dé xuit 1én 88,6% (p < 0,001). Két qua nay cho thiy hé théng c6 kha nang dua ra
khuyén nghi phi hgp hon dbi véi cac bai toan xir 1y sé nguyén 16n trong lap trinh thi dau.

3.4. So sanh SOTA, Phin tich Cit bé (Ablation Study) va Pdnh gid Baseline mé réng

Dé 1am rd nhitng dong gop dot pha cua hé thong so véi cac huéng nghién ctiru hién hanh
(State-of-the-Art - SOTA), nghién ctru tién hanh dbi chiéu dinh tinh véi hai framework AGS tich
hop LLM tién tién da dugc dé cap 1a CodEv va StepGrade. Bang 3 tong hop su khac biét vé mit
kién triic va kha ning xir Iy cac tinh hudng dic thu trong 1ap trinh thi dAu.

Bang 3. So sanh dinh tinh cdc tinh ning cot 16i gitta hé thong CoT dé xudt va cdc phwong phdp SOTA

Hé thong CoT da ting

Tiéu chi ddi chiéu CodEv [10] StepGrade [11]
(bé xuat)
Co ché suy luan c6t16i  Bo phiéu (Voting) da tac Phan tich nhan thirc  Chudi suy luén tuan tu
nhan nglr canh (Context-  (Structured CoT)
aware)
Trong tim danh gia Giam thiéu hién twong 40 Danh gia cau trac dit  Phan tich thuat toan, ranh giéi
giac (hallucination) lidu va do phirc tap ~ bd nhé va t6i vu tai nguyén

thuat toan
Phat hién 16i truy cap  Bo sot phﬁnrlc'm, phu Nhén dién dya trén  Tich hop ky thuat mo phong

bién (IndexError) thudc vao két qua tra v& phan tich ma tinh co "dry-run” vong lap dé du bao
tir Hop cat (Sandbox) ban chu dong

Phong ngira tran s6 Khéng c6 co ché can Danh gi4 gioi han cau Mo-dun quy tic ngdm: Udc

nguyén (Overflow) thiép chuyén biét trac dir 1iéu chung lwong do 16n bién va ty dong

dé xudt ép kiéu int128

Nhu dugc thé hién trong Bang 3, trong khi CodEv tap trung vao co ché bo phiéu dé giam hién
tuong 4o giac va StepGrade tdi wu hoa viéc phan tich cau tric dit lidu, ca hai hé thong nay van
thiéu cac co ché chuyén biét dé xur 1y nhitng rang budc tai nguyén nghiém ngat. Hé théng CoT dé
xuit khoa 1ap khoang trong nay thong qua hai dot pha ki thuat chinh: thir nhét, img dung k¥ thuat
md phong "dry-run" & Budc 3 giup phat hién sém rdi ro IndexError ma phén tich tinh thong
thuong dé bo sot; thir hai, mé-dun quy tic ngdm & Budc 4 c6 kha ning can thiép chu dong, ép
kiu __int128 ddi v6i cac bai toan c6 tich trung gian vuot ngudng 9 x 108, Pay 1a nhirng cam
b'fiy thure thi rat dac thu trong C/C++ ma cac hé théng SOTA hién tai chua hd tro toan dién.

Baseline mé réng (Few-shot Prompting): Trong thiét 1ap nay, mé hinh duoc cung cap ba vi
du tham chiéu nhung khong c6 huéng dan suy luin theo ting budce. Két qua cho thiy do chinh
xac Pass@1 ting nhe tir 76,4% 1én 79,2% so voi zero-shot, song van thap hon déng ké so véi
mirc 85,1% cua kién trac CoT. Piéu nay cho thay hiéu qua cua hé thdng chu yéu dén tir co ché
suy luan c6 ciu trac thay vi kha nang hoc theo mau don thudn.

Phn tich cdt bé cdc mé-dun CoT: Dé danh gia vai trd cua timg budc trong chudi suy luan,
nghién ciru trién khai hai bién thé rat gon ctia hé thong:

o Bién thé A (Logi b6 Budc 1 — Phdn tich ngii nghia): Khi thiéu giai doan phan tich lung
dleu khién va cdu triic chwong trinh, kha ning nhan dién do phuc tap thuat toan giam tr 91,5%
xudng con 83,1%. Két qua nay cho thdy viéc hiéu ngit nghia ma ngudn co vai trd quan trong
trong qua trinh suy ludn vé hi€u nang thuét toan.
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o Bién thé B (Logi b6 Budc 4 — Kiém tra tran s6): Khi co ché phan tich gi¢i han sé nguyén
bi loai bo, @6 chinh xéac trong viéc dé xut sir dung __int128 giam manh tir 88,6% xudng 42,4%.
Mo hinh ¢ xu huéng dé xuat kiéu dir liéu 128-bit khong can thiét & cac bai toan don gian, dong
thoi bo sot cac truong hop co nguy co tran sb trong phép tinh trung gian.

Két qua & Bang 4 cho thiy hiéu ning cta hé thong suy giam rd rét khi thiéu cac budc suy luin
quan trong, qua d6 khiang dinh tinh bd tro giita cac mo-dun trong kién trac CoT d& xuit.

Bang 4. Phdn tich cdt bé (Ablation study) va hiéu néing ciia mé hinh co s¢ mo rong,
minh hoa sy suy giam hiéu nang khi loai bo cac budc suy luan CoT cu thé.

Bién thé kién tric D) chinh xdc  Nhin dién do P chinh xac dé xuat
Pass@1 phtrc tap (O) _int128

Phuong phéap Zero-shot (Co s6) 76,4% 82,3% 31,0%
Phuong phap Few-shot (3-shot) 79,2% 84,5% 38,2%
CoT khong c6 Budce 1 (Khong giai 80,5% 83,1% 86,4%
ma ngit nghia)

CoT khong c6 Budc 4 (Khong co 84,2% 90,8% 42,4%
quy tic ngém)

Phuong phap CoT diy da (Dé xuét) 85,1% 91,5% 88,6%

3.5. Phén tich tinh hudng dinh tinh

Bén canh cac két quad dinh lugng, gia tri su pham cbt 16i cua hé ‘ghéng duoc thé hién qua nang
luc chan doan va giai thich 16i. Bang 5 minh hoa tryc quan cach kién tric CoT vuot trdi hon han
phuong phap Zero-shot trong viéc xtr 1y cac cam bay dac thu cua 1ap trinh thi dau, dong thoi nhin
nhén khach quan giéi han cua cong nghé phan tich tinh dya trén LLM.

Bang 5. So sdnh két qud phan tich va phan hoi giita phwong phdp Zero-shot va hé thong CoT

Loai 16i (Tinh hudéng  Phén héi cia phwong phap  Phan hoi va Can thiép ciia hé thong CoT

diic thi) Zero-shot (Baseline) (D@ xuit)

Tinh huéng 1: Tran s Panh gia loi giai hop Ié dua  Phén tich: Nhén dién tich res *

nguyén trung gian trén do phuc tap thoi gian prime_factor s& vugt ngudng gidi han

Bii toan t6 hop sir dung O(VN). B s6t hoan toan 9 x 10'® cua kiéu 64-bit trude khi thyc hién

bién long long (N = nguy co tran sé nguyén phép chia lay du. o .

1018): trong phép nhan trung gian. Ca’n thiépﬂ: Giai thich ban chat 161 va dé

res = (res * xuat ép kiéu trung gian:

prime_factor) % MOD; res = (long long)((__int128)res *
prime_factor % MOD);

Tinh huong 2: Truy cip Bo qua rui ro truy cap bo Phén tich: Co ché "dry-run" phat hién

vugt bién (IndexError)  nhg chua cap phat khi bién str[left+1] s& gay 16i Undefined Behavior

Thuét toan Hai con tro lap tién sat ranh gidi cubi hodc Segmentation Fault khi left cham t6i

c6 chira diéu kién nhin mang. cudi chudi.

trude (look-ahead): Can thiép: Yéu cau bo sung chdt chin an

if (strfleft+1] == toan trudc khi truy cép:

strright-1]) if (left + 1 < str.length())

Tinh hudng 3: Tran Bo sot 18i, danh gia chuong  Phan tich (That bai chin doan): Tinh toan

ngin xép ngim (Piém trinh thyc thi thanh cong. chuén x4c d¢ phirc tap twong minh 1a O(N)

mu cia hé th(‘)ng) va dy doan ma dung, nhung khong nhan

Thuat toan dé quy sau thirc dugc gidi han ngém cua bd nho call-

(DFS) trén dd thi cay suy stack gay 18i Stack Overflow trong thuc té.

bién véi N = 10° dinh. Két luan: Khing dinh gi6i han ctia LLM

thuan tly va sy bat budc phai duy tri Hop
cat (Sandbox) thuc thi dong.
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Ttr thét bai trong chén doan ¢ Tinh hudng 3, c6 thé thy viée danh gia cac 16i lién quan dén
giéi han phan cliig ngim dinh (nhu dung lugng call-stack) narn ngoai kha ning suy luan thuan
tay cia LLM. Dé giai quyét triét dé diém mu nay, hé thong can dugc tich hop thém module phan
tich Cay cu phép triru tuong (Abstract Syntax Tree - AST) nham danh gia tinh d6 sau dé quy,
hoic thiét 1ap co ché dong bd hoéa truc tiép dé bét tin hiéu ngat phan trang bo nhé (SIGSEGV /
SIGFPE) tir méi truomg Hop cat (Sandbox) tra vé, qua d6 cung cip bdi canh xac dang hon cho Al
sinh phan hoi.

3.6. Bai todn Ddnh déi - Chi phi Tai chinh va Kha ning Trién khai Quy mé lén

Viéc tich hop co ché suy luan nhidu budc dua trén LLM mang lai nhiing cai thién dang ké vé
kha ning phan tich va phan hdi su pham, tuy nhién ciing kéo theo sy gia tang vé chi phi tinh toan
va thoi gian xur 1y. Bang 6 trinh bay cac chi s6 trung binh lién quan dén luong tai nguyén sir dung
va do tré.

Bang 6. So sanh chi phi token va do tré giita cdc ky thudt cham diém trén ha tang API ciia LLM
(vi du: GPT-40)

_Tiéu chi danh gia Phwong phap Zero-shot Phwong phap CoT  Mirc chénh Iéch
So token dau ra trung binh ~450 token ~1.150 token 2,55X
Do tré trung binh 2,4 giay 5,8 giay +3,4 gidy

Dua trén murc tiéu thu token & Bang 6 va don gid API GPT-4o tiéu chuin (5 USD/1 triéu
token dau vao, 15 USD/1 triéu token dau ra), chi phi van hanh cho 1.000 bai nop bang phuong
phap Zero-shot uéc tinh khoang 14,25 USD. Trong khi d6, kién trac CoT day du tiéu ton khoang
24,75 USD (tang 73,7%). Cling v6i d9 tré phan hdi 1én dén 5,8 gidy, viéc ap dung CoT thuan tiy
s& gdp rai ro nghén co chai (bottleneck) do gidi han tan suit goi API (Rate Limits), ddc biét khi
hé théng phai xir 1y lwong truy cap dong thoi 1on nhu trong cac ky thi hoc ky tap trung tai trudng
dai hoc hay cac dot tuyén sinh tai trung tdm dao tao 1ap trinh.

Nham giai quyét bai toan quy mo, nghién ciru dé xuét trién khai hé thong theo Kién trac Lai
(Hybrid Architecture) c6 didu kién. Cu thé, hé théng Hop cat (Sandbox) truyen thong duoc sir
dung 1am bd loc tuyén dau, thyc thi mi trong thoi gian ~ 0,1 gidy dé phan quyét Pung/Sai ban
dau. Ludng suy luan CoT chuyén sau chi duoc kich hoat khi: (1) Sandbox tra vé 151 logic (WA,
TLE, RTE), hodc (2) nguoi hoc chi dong yéu ciu giai thich su pham. Dya trén ty 1& bai nop 16i
hoic can hd tro trung binh khoang 25% trong thyc té giang day, chi phi van hanh cho 1.000 bai
nop giam manh xudng chi con 6,19 USD. Cach tiép can phan ludng bt ddng bd nay khong chi
t6i uu 75% chi phi so v6i CoT dai tra, ma con gidi phong bang thong may chi, khang dinh tinh
kha thi tuyét dbi khi trién khai AGS thong minh & quy mé 16n.

4. Két luan

Nghién ctru nay da dé xuat va hién thyc hoa thanh cong giai phap tich hop mé hinh ngén ngir
lon vao hé thong cham diém ty dong (AGS) thong qua kién tric Chuol suy luén (CoT) da tang.
Tlep can nay dinh hinh lai phuong thirc dénh gia lap trinh truyén thong, dich chuyen tr phan
quyet dung/sal nh1 phan sang cung cap he thong phan hoi su pharn chuyen sau ve ngu nghla do
tinh hle;u qua vuot trdi cia giai phap dé xuat so voi baseline zero-shot. Su cai thlon dugc luong
héa rd rét qua cac chi $6: tang 8,7% d6 chinh xac Pass@]1, nang 9,2% nang luc nhan dién do
phirc tap Big-O, dong thoi t6i wu hoa kha ning phat hién 16i IndexError thém 22,2% va dat mirc
chinh x4c vuot troi 57,6% khi dwa ra khuyén nghi sir dung kiéu dit liéu mo rong __int128.

Bén canh cac dong gop thuc tién, nghién ctru thing thin chi ra hai gi6i han c6t 16i: diém mu
chan doan ddi véi 16i tran bd nhé ngam dinh (Stack Overflow) do LLM thiéu nhan thic vé gioi
han vat ly cua phan cimg, va mirc d6 phu thudc cao vao k¥ thuat thiét ké prompt thii cong. Dé
giai quyét cac thach thuc nay, 16 trinh nghién ctru twong lai s& tap trung theo hai hudng chién
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lugc. V& mit kién trac, hé thong s& két hop ludng suy luan CoT véi phan tich tinh Céy ct phap
triru tugng (AST) dé kiém soat do siu dé quy, dong thot ddng bd hoa truc tiép tin hidu ngat
SIGSEGV tir Hop cét (Sandbox) thuc thi dong. V& mit t6i wu hda md hinh, viéc tich hop cac
framework tu dong hoa prompt (nhu DSPy) cung v6i viée tinh chinh cac m6 hinh ngén ngir nho
(SLM) chuyén biét s& dugc trién khai, huong t61 xdy dung mot hé thdng gia su thong minh toan
dién, ti wu chi phi van hanh va cé ning lyc téng quat hoa cao trén da ngdn ngit 1ap trinh.
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