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This study addresses the question: How can we enhance the accuracy
and efficiency of natural language processing by optimizing the output
generation process? The goal is to develop a meta-generation method
that improves the quality of large language model outputs through
systematic feedback and refinement steps. The research methodology
is structured around a three-stage process: (1) generating an initial
output from the model, (2) collecting feedback to identify errors, and
(3) refining the output based on the feedback to produce a more
accurate result. A key innovation of this approach lies in decomposing
the problem into smaller sub-tasks, generating multiple candidate
outputs, and then applying a reward model or voting mechanism to
select the optimal answer. The results indicate that the meta-generation
approach significantly improves model accuracy by incorporating step-
by-step verification, feedback, and candidate selection. Experimental
data (if available) demonstrate that the refined model outperforms
single-pass generation models in terms of output quality. This
approach demonstrates clear potential in enhancing reasoning
performance and the output quality of language models.
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Nghién ctru dat ra cau hoi: Lam thé nao d€ cai thién do chinh xac va
hiéu qua trong xir 1y ngdn ngit tu nhién bang cach téi wu hoa quy trinh
sinh du ra? Muc dich 14 phét trién mot phuong phap meta-generation
gitip nang cao chét lugng dau ra cia md hinh ngén ngir 16n thong qua
c4c bude phan hdi va didu chinh c6 hé thng. Phuong phap nghién ctru
tap trung vao viéc xay dung quy trinh ba giai doan: (1) sinh dau ra ban
dAu tir m6 hinh, (2) thu thap phan hdi dé phat hién sai sot, va (3) diéu
chinh diu ra dya trén phan hoi nhim tao két qua chinh xac hon. Diém
nbi bat cua phuwong phap 14 chia nho bai toan thanh cac budc cu thé,
sinh ra nhiéu Ung vién dau ra, sau d6 sir dung mé hinh thuéng hoic co
ché bo phiéu dé chon dap an t6i wu. Két qua nghién ciru cho thdy cach
tiép c4n meta-generation gitp cai thién d chinh xac ciia mé hinh thong
qua kiém tra, phan hdi va chon loc theo tung budc. S4 liéu thuc nghiém
(néu c¢6) minh ching ring mé hinh diéu chinh c6 hiéu suit vuot tréi so
v6i cac mo hinh chi sinh ddu ra mét 1dn duy nhit. Cach tiép cin nay
cho tha?iy tiém nang ro rét trong viéc nang cao hi€u sudt suy luan va chét
lwong diu ra ciia mé hinh ngén ngir.
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1. Giéi thiéu
Gan day, hau huén luyén di tré thanh mot thanh phan quan trong trong toan b quy trinh dio tao
md hinh, gitp cai thién do chinh xac trong cac nhiém vy suy luan, diéu chinh mé hinh phu hop véi
cac gid tri xa hoi va thich timg v6i so thich cua ngudi dung. Dang chi y, hau huén luyén dat duoc
nhiing cai tién nay véi chi phi tinh toan twong d01 thép hon so v6i qua trinh tién huén luyén. Trong bbi
canh kha ning suy luan, Meta-generation d ndi 1én nhu mot phuong phap diy hira hen nhim mé
rong quy mo thoi gian suy luan bang cach t5i vu hda va ting cuong qué trinh Chudi suy luén (Chain-
of-Thought - CoT). Mot s6 nghién ctru trude ddy da co duoc nhimg két qua nhét dinh. Céc tac gia
trong [1] gi6i thiéu mo hinh Switch Transformer, mot bién thé ctia kién tric Transformer sir dung co
ché “mixture of experts” v6i do thua (sparsity) cao. Thay vi moi token dugc chuyén qua ciing mot
khdi Transformer day du, Switch Transformer diéu huéng mdi token tdi dung “expert” phu hop, qua
d6 giam lugng tinh toan va cho phép mé rong quy mé mé hinh 1én t6i hang ngan ti tham sd. Feng va
cong sy [2] phan tich chudi suy luan trong cic mé hinh ngdn ngit tir goc do 1y thuyét. Ho dua ra
khuon khé toan hoc va cac gia thiét dé giai thich cach mé hinh c6 thé tan dung chudi suy luan nham
phén tach quy trinh trr duy thanh nhiéu budc nho, ddng thoi han ché sai sét do ghi nhé hodc suy luan
ndi bd khong du dung luong. Két qua nghién ctru gop phan 1am rd tinh hiéu qua cua chain-of-thought,
von dang duoc ap dung rong réi trong linh vyc xur Iy ngdn ngir ty nhién. Finlayson va cong su [3]
phan tich nhimg nguyén nhan cbt 161 din dén co ché lay mau (sampling) hodc viéc m6 hinh bi
“nghén” trong mot kiéu phan ph01 hep. Nhom nghién ctru dé xuét mot s ki thudt va diéu chinh quy
trinh sinh nham khéc phuc, bao gdm chién luoc thay ddi nhiét (temperature), cit chudi suy luan, hodc
thém bg loc danh gia lién tuc dé tranh m6 hinh roi vao vong lap lac 161. Két qua chira réng véi nhitng
giai phap hop 1y, ta c6 thé “dong” hién tuong suy thodi vin ban va cai thién o rét chét luong noi dung
sinh. Hobbahn va cac cong sy [4] phén tich cac xu hudng gin day vé phan cung phuc vu hoc may,
bao gom sur phat trién ctia bo xir 1y chuyén dyng (nhu GPU, TPU), cac klen trac da 16i va giai phap
tang toc bang FPGA, ciing nhu moi quan hé gitra thiét ké chip véi yéu cau huan luyén mé hinh 16n.
Ho thao luan vé tac dong ctia quy mé md hinh tri tué nhén tao (AI) dén chi phi dién ning, kha ning
tan nhiét va hudng t6i wu hoa hidu suat/tai nguyén. Tulchinskii cing cong su [5] phén tich nguyén
nhan tir cach léy mau (sampling) cung cac thiét 1ap tham s6 (nhu nhiét d6 hay top-k). Ho dé xuét
phu’orng phép dleu chinh (chang han nucleus sampling) nhim giam thiéu tinh trang van ban thoai hoa,
ddng thoi chi ra tim quan trong cta cach tiép can cin bang giita sang tao va tinh 6n dinh khi sinh van
ban. Li va cong su [6] tap trung vao kha ning tw phat hién va t stra 16i 14p luan ctia cac mo hinh ngén
ngir 16n. Cong trinh goi ¥ rang “self-correction” doi hoi ca co ché suy luan 1 rang hon va kha ning
danh gia trung gian, chtr khong chi dua vao tham sé da hoc. He va cong sy [7] dé xuét cach tiép can
“Draft-Sketch-Prove” dé tin dung ban chimg minh khong chinh thirc (informal proof) nhim diéu
huoéng trinh chimg minh dinh 1y (theorem prover) chinh thirc. Ho chia quy trinh thanh ba giai doan:
phac thao loi giai bing ngdn ngtr ty nhién, chuyén phac thao sang dang sketch gan véi cu phap
formal, rdi dé trinh prover kiém chimg. Qua d6, nhom tac gia cho thiy viéc cung cap 1o giai khong
chinh thirc c6 thé rat ngén thoi gian tim duoc chimg minh formal va giam 15i logic. Juravsky va cong
su [8] gidi thiéu ky thuét Hydragen, tap trung t6i wu hoa qua trinh suy luén (inference) cho cic mod
hinh ngén ngit 16n (LLM) bang cach chia sé “prefix” trong nhiing truong hop céu dau hodc ngit canh
glong nhau. Thay vi tinh toan 1dp cho tung dau vao doc lap, hé thong gom cac phan tring 1ap lai mét
lan, qua do ting thong luong (throughput) va tiét kiém thoi gian. Két qua thuc nghiém chi ra rang viéc
chia sé prefix co thé giup tén dung tai nguyén t6t hon, dic biét khi phai xir Iy nhiéu truy vén twong
dong trong thoi gian ngan
Trong nhiing ndm gan day, da co sy quan tam ngay cang 16n d6i véi viéc tinh chinh cac m6 hinh
ngdn ngit 16n théng qua nhimg phuwong phap hau hudn luyén vuot xa cach tiép can tinh chinh
truyén théng [9]. Céac k¥ thuat mé rong nay thuong nhan manh vao tinh giai thich dugc, kha nang
hoat dong 6n dinh trén nhiéu linh vuc, va su tuan thu vé mat dao dirc v6i cac chudn muc xa hoi.
Bang cach lién tyc cdp nhat va hoan thién hanh vi ctia mé hinh, nhidu nghién ctru da cho thay hau
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huén luyén c6 thé cai thién dang ké kha ning thich (mg ciia mé hinh véi nhu cu phuc tap cta
nguoi dung, xu 1y cac dau vao mo hé va sinh ra nhitng phan hoi dang tin cay hon. Hon nira, viéc
tich hop cac chién lugc ldy miu nang cao ciing phuong phap chudi suy luén gop phan néng cao
nang lyc suy luan phuic tap ctia md hinh [10]. Khi dugc két hop véi cac tiép can meta-generation,
nhiing phuong phép nay giup nang cao hiéu qua va do chinh xac cua qua trinh suy luan, thu hep
khoang cach giita d6i m&i 1y thuyét va trién khai thuc té. Thach thirc quan trong hién nay la thiét ké
nhitng kién triic va thuét toan c6 kha ning mo rong dé xu ly khoi lugng tinh toan khong 16 khi dao
tao quy mo 16n [11]. Trong twong lai, nghién ctru c6 thé hudng dén hé thong lai ghép gilta cac
tuyén suy luan tuong minh véi cac thanh phan hoc séu, cting nhu khai thac giai phap phén cing
hiéu qua dé giam thiéu do tré. Voi da phat trién hién tai, chung ta cé thé ky vong thé hé hé thong
thong minh méi vira sau vé mat hiéu biét, vira téi uu vé hiéu nang tinh toan.

Muc tiéu ctia nghién ciru nay 1a thiét k& mot hé théng G c6 kha nang sinh ra cac chudi chép nhan
dugc. Diéu nay duoc biéu dién bang bai toan t5i wu hoa: arg max,, E, ( y)trong d6 G la h¢

thong sinh chudi can thiét ké, y 1a cac chudi dugc tao ra boi hé thong G, A(y) 1a ham d4nh gi4 chét
lwong ctia chudi y. Trong nghién ctru ndy, ching toi s tip trung vao viéc toi wu hoa mé hinh sinh dit
liéu, su dung céc ky thuat hoc may (Machine Learning) nhu hoc ting cuong (Reinforcement
Learning), hoc ¢6 gidm sat (Supervised Learning) hodc cac phuong phdp tinh chinh mé hinh (Fine-
tuning) dé dam béo ring dau ra ciia hé théng dat dugc cac tiéu chi cht lvong mong mudn.

2. Phuwong phap luin va mo hinh

M5 hinh dugc dé xuat nham myc tiéu xdy dung mot hé théng G c6 kha ning sinh (generate) ra
cac chudi dau ra y ma mirc do chip nhan dugc (acceptability) 1a cao nhét theo mot ham danh gia
A(+). Ta ¢6 thé hinh dung G nhu mot “chinh sach” hogc “phan phdi” quyét dinh cach ldy miu chudi
y tir khong gian v ciing 16n cac diy ky tu hodc token. Cong thirc tong quét dwoc viét dudi dang:

argénax EyNG(')[A(y)] (1)

Nghia 1a ta ’muén tim mot cach thic sinh cac chug“)i sao cho, trung binh (ky vong) gia tri A(y)
clia cac chudi ay 1a 16n nhat. Dé cy thé hon, ta cd thé xem A(y) giong nhu mot ham thuong hoac
ham “loi ich” trong hoc tang cuong [12]: mdt chudi y cang duge xem la phu hop hodc ding dan thi
A(y) cang cao. Khi thay doi G, tirc thay doi quy luat sinh hay “phén phoi” trén khong gian cac
chudi, ky vong £, [A )| ciing thay d6i. Nhi¢m vu ciia ta 1a diéu chinh h¢ thong G — c6 thé

bang cach huan luyén, tinh chinh, hay thlet ké bo giai mé (decoding) — dé t6i da hoa gia tri nay.
Meta-generator dé cap dén mot cach tiép can trong do thay vi chi sir dung m6t mo hinh sinh duy

nhét, ta trlen khai nhiéu mé hinh sinh chuyén biét khac nhau va diéu phdi ching thong qua mét

chién luoc tong quét goi 1a G. Trong kich ban nay, G dam nhiém vai trd quan ly, quyét dinh xem

nén goi mo hinh sinh nao (vidu g, &,,...,8;) vao thoi diém nao, trinh tu ra sao, hodc két hop két
qua cua chiing thé nao dé tao ra mot du ra y dép tng tot nhét yéu cau dé ra. V& mit cong thirc, ta
¢6 thé hinh dung qua trinh tao ra daura y nhu sau: y ~ G(y, X, 81,855 86> ¢) , trong do x 1a ngi
canh hodc dit liéu dau vao, con ¢ bao gf”)m cac tham sd phu nhu sb lugng token can sinh, cach tron
cac dau ra, quy tac ngat cau, mo hinh loc d6 ddc hai, hodc cach thirc tich hop tri thirc bén ngoai. Y
tuong cot 161 1a moi mo hinh sinh g; ¢6 thé dugc huan luyén hodc tinh chinh cho mdt myc tiéu
riéng, chang han mo hinh tém tat, mo6 hinh dich, mo hinh tra 161 cau hoi, hay m6 hinh sinh van ban
phong céch trang trong va G s€ can nhdc goi dang md hinh phu hop theo boi canh.

Trong thuc hanh, ta c6 thé bieu dién qua trinh meta-sinh nhu sau:

y=0G(g,855--,8,5%9) ()
trong do:
e x: Ngit canh hoac dit li€u dau vao (vi du: van ban, doan hdi thoai)
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* 2,8, .., g, Cac mo hinh sinh chuyén biét (vi du: mé hinh dich, mé hinh tom tat, mo

hinh viét van trang trong,...)
e ¢: Cac tham s6 phuy diéu chinh qu4 trinh sinh, ching han:
a)  S6 lugng token cin sinh
b) Chién luoc tron dau ra
¢) Quy tic ngit cau
d) B0 loc d6 doc hai
e) Cach tich hop tri thirc tir ngudn bén ngoai

Dau vao MS hinh }—» SENEEALTT —>< M$ hinh }—» Bauratrung | Bau ra cuoi
gian gian cling

Hinh 1. H¢ théng mé hinh xit Iy tudn tw nhiéu giai doan

Bo diéu khién G sir dung nhimng yéu tb ndy dé linh hoat diéu phéi viéc sir dung mo hinh phu
hop, tir 46 sinh ra d4u ra y tot nhat theo yéu cau.

Trong chatbot da ngdn ngi, G co thé:

a) Goi mo hinh dich ngén ngir dé hiéu dau vao

b) Goi mé hinh tra 10i cau héi cho truy van kién thirc

¢) Goi md hinh diéu chinh phong cach dé thay ddi giong diéu (trang trong/than mat)

Trong trg 1y viét tai liéu, G c6 thé:

a) Goi mo hinh 13p dan y

b) Sau d6 1a mo6 hinh soan thao

c) Cubi ciing 1a m6 hinh hiéu dinh hogc viét lai

0 dang don gian nhit, G ¢6 thé 1a mot ham toan hec xéc dinh, anh xa tir ddu vao x va cac
tham sb ¢ sang mdt chudi cac mé hinh dwge goi theo thir ty cy thé:

G : (x,¢) — serie models {g,} (3)

Vi du: G(x,9) = g,(g,(g,(x))) nghia 1 x dugc xir Iy boi gi, két qua dugc chuyén sang g,
cudi cing duge dua vao g3 dé cho ra daura y.

Viéce két hop cac mo hinh sinh 1& mdt cach tiép can nham tan dung tung thé manh riéng cla
nhiéu mé hinh trong qua trinh tao ra dau ra cudi ctng. Thay vi chi sir dung mot md hinh duy nhét
dé xir 1y tir dau dén cudi, ta chia qua trinh thanh cic budc trung gian, trong d6 mdi budc dugce
thyc hién boi mot mo hinh sinh khac nhau (goi 1a g1, g2, gs,...). Khi ¢6 mét dau vao x, md hinh g,
s& sinh ra két qua trung gian y. Tiép theo, mo hinh g, tiép nhan ca thong tin ban dau x va két qua
y1 dé cho ra y». Ct the md hinh g; lai dya trén x va y», va qua trinh tiép dién cho dén khi ta dat
duoc du ra mong mubn gidng nhu trong Hinh 1. Y tudng then chdt cua phuong phép Chain-of-
thought nam & chd ta budc md hinh phai sinh ra mot chudi lap luan trung gian - duoc goi 1a
“thought” (hay 101 giai thlch) trude khi két luan két qua. Céch lam nay khac so v6i mo hinh
truyén théng von chi hoc mdi quan hé “dau vao x — dau ra a”. Gio day, ta thém budc trung

L3 H

gian: trudc hét sinh “thought ~ g(., X,z ) , tirc 1a mo hinh phai viét ra hodc hinh thanh qua

trinh 1y giai, phan tich, hay mé ta timg budc. K& 6, moé hinh mdi sinh dap an "a ~ g(., X, Z)" ,
nghia 13 str dung ca thong tin ban dau 1an 10i giai thich dé dua ra két luan cubi cung. Loi ich cia
viéc nay la mo hinh hoc duge cach dien giai mach lac, tir d6 giam thi€u sai sot do “nhdy coc”

hoic thiéu lién két giita cac dir liéu. Hon nita, khi yéu cdu mo hinh ghi lai qua trinh suy nghi, ta
c6 thé kiém tra va danh gia tinh hop ly cua tung bude. Néu phat hién diém nao vo Iy, ta diéu

chinh hodc yéu ciu mé hinh suy luan lai. Didu nay ciing gilp nguoi dung hiéu 16 cach mo hinh di
dén cau tra 101, tang tinh minh bach va tin cay cho h¢ thong. Chang han, khi mo hinh ty giai thich
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rang “co 23 qua téo, ding 20, ‘con lai 3, sau d6 mua 6 qua, thanh 97, ta dé dang xac minh lap luan

nay dung voi thu’c té va con s6 9 hoan toan chinh xac (Hinh 2).
def ¢ of_thought_add(a: int, b: int):
==z if __name__ == "_ mair

Xy y = 23,6

explanation = ( reasoning, result = chain_of_thought_add(x, y)

c 1: Ta ¢6 hai s6 {a} va {b}.\n"

) ‘ ("Chudi tu duy (Chain-of-thought):")

nt(reasoning)

answer = a + b

X t("Két qua cudi (Answer):", result)
return explanation, answer

Hinh 2. Vi du vé chudi suy ludn

Gan ddy, Sean Welleck va cac cong su [13] cong b trén arXiv vao thang 6 nim 2024, tip
trung vao viéc mo rong cac phuong phap sinh van ban trong cac mé hinh ngén ngir 16n (LLMs)
trong giai doan suy luan. Bai bao kham pha ba linh vuc dudi mot hinh thire toan hoc thdng nhét:
cac thuét toan sinh cap do token, cac thuat toan meta—generatlon va cac phuo‘ng phép sinh hiéu
qua. Céc thudt toan sinh cép do token, thuong dugce goi la cac thudt toan giai ma, hoat dong béng
cach lay mau mot token tai mot thoi diém hodc xay dung khong gian tim kiém cip do token va
sau d6 chon mot dau ra. Cac phuong _phap nay thuong gia dinh c6 quyen truy cap vao cac logit
ciia mo6 hinh ngén ngit, cac phan ph01 token tlep theo, hodc cac diém xac sudt. Cac thuat toan
meta-generation 1am viéc trén cac chudi mot phan hoic toan bg, két hop kién thirc chuyén nganh,
cho phép quay lui va tich hop thong tin bén ngoai. Cac phuong phép sinh hi¢u qua gitip giam chi
phi token va cai thién téc do sinh. Nhitng chu dé trong bai bao tuong dong chat ché voi nghién
ctru ndy vé cac chién luoc khac nhau (vi du: chain-of-thought, song song, tim kiém theo ciy va
tinh chinh) va cach diéu phdi ching dé t6i vu dau ra cia mé hinh ngon ngit.

Thong thuong cac tac nhan Al tao sinh s& sinh ra dit liéu tir Prompt dau vao nhung do chinh
xac thudng rat thap. Hinh 3 minh hoa cach ty 1é giai quyét (%) ciia GSM (mdt bo danh gia hoc
dugc) thay dbi khi sb tao sinh tang tir 10 dén hon 1000. Mdi cham mau xanh thé hién mot phép
do ty 1é giai quyét va duong xu hudng mau xanh cho thiy hiéu ning ban dau ting lén, dat dén
dinh roi giam dan. Ty 1¢ giai quyét cao nhat, khoang 40% hodc hon mot chut, xuét hién & ving
gilta cua s6 thé hé, cho théy hé théng hoc hiéu qua dén mot mirc nhét dinh Sau diém cuc dai nay,
hiéu ning giam, cho thiy dau hiéu qua khop hodc “t6i uu hoa qua mure,” khi hé thong tré nén qua
chuyén biét vao dir liéu da dugc huén luyén, dan dén giam kha nang giai quyet cac truong hop
moi. Mo hinh nay nhin manh tim quan trong cua viéc lya chon so thé hé t6i uu trong cac quy
trinh tién héa hodc hoc may, vi s6 thé hé qua it c6 thé gy thiéu khép (chwa hoc du), trong khi
qué nhiéu lai dan dén qua khép va suy giam hiéu ning.

thuong danh gia chit luong dau ra. Trong nhleu hé thdng sinh (generator) hién dai, thay vi chi tao
ra mot két qua duy nhat, mé hinh c6 thé sinh ra mot tép cac dau ra tiém ning, thuong goi 1a “cac
ung vién’ y( ), y(z),..., y( ). Mdi g vién 1a mot phién ban khéc nhau cia 151 dép, vin ban, hay
thong tin ma moé hinh dé xuét, dua trén cung mot dau vao x. Tuy nhién, dé tan dung hiu qua
danh sach tng vién trén, ta can mot co ché “tong hop” (aggregator) d€ chon hodc két hgp chung
thanh két qua cudi ciing yyy. C6 nhidu phuong phap téng hop khac nhau. Mot cach don gian 1a ta

xay dung mQt ham h(y ), y( ),...,y( ) (Hinh 4) d tinh diém, xép hang va chon ra tmg vién

tt nhat theo tiéu chi mong mudn (vi du: ngén gon, chinh x4c, hop ngir canh). Trong mé hinh hoc
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may, ta 6 thé dung mot “reward model” (m6 hinh danh gia) dé gan diém sb cho mdi ung vién.
Diém s6 nay c6 thé phan anh mirc 6 dung vé mit ngit nghia, phong cach phu hop, hay tuén thu
cac quy dinh chinh sach. Khi do, * aggregator s& lya chon tmg vién c6 diém sé cao nhét, ddng

thoi loai bo hodc giam trong s6 cua cac (g vién kém chét luong (Hinh 5).
GSM (B6 danh gia hoc duoc)

40 1 .,

Oi U héa qua myc

LY ]
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Hinh 3. M6i quan hé giita s6 tao sinh va ty ¢ gidi quyét (%) trong hé thong déanh gid hoc dwoc (GSM)

Ung vién déu ra 1
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Hinh 4. Quy trinh tao va téng hop ing vién

Unq vién 1: 2 + 2=S —. Phan thudng | thwng 1

N

| ©3u vao | ——pp |86 tao | _’[unqvenz 2+ 2ma} har\lh\mngzi—> [ chon Max. Dau ra 1~2:4

N S

Ung Vién N:242m3 i Phan thudng ! thudng N

Hinh 5. Quy trinh chon ddu ra t6i wu véi mé hinh phan thuong

Tao cac ing vién: {y(l),y(z),...,y(N)} ~ G(.\x) Téng hop: y = h( ,y( ) ,y(N))

Ngoai viéc chon tmg vién tét nhét, aggregator con co thé “tron” hodc “trung binh” nhiéu tng
vién khac nhau dé tao ra két qua hop . nhat. bay la y tuong cua cac phu’orng phép “ensemble” trong
hoc méy. Chang han, néu c6 nhiéu dau ra gan gidng nhau nhung mdi cau lai c6 diém manh riéng,
aggregator c6 thé két hop cac doan hay dé tao thanh céu tra 16 hoan chinh. Cach nay thuong giap
giam sai s6t va mang lai két qua 6n dinh hon so v&i chi dya vao mot 1an sinh duy nhat.
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Nho co ché tong hop, mo hinh ¢6 kha nang stra hodc han ché céc 16i don 1¢, ddng thoi gia ting
tinh linh hoat trong phén hoi.

Ung vién 1 Phan thuﬂngl

—_— W pheucotrangsc:]—’[ﬂipén 2
Phan :huungz
Phan thuong

Hinh 6. Vi du vé quy trinh b6 phiéu c6 trong sé véi mé hinh phan thuéng
Biéu thirc toan hoc trong Hinh 6 c6 thé duoc dién dat nhu sau:

arg max, i v(y(i)) .l{y(j) = a} 4)

=1 yeward model

Weighted Voting (b6 phiéu theo trong s0) 1a mot k¥ thuat nham tong hop nhiéu dau ra khac nhau
do mo hinh sinh tao ra, trong d6 moi “Gng vién’ y(') dugc gan mot diém s6 (reward) phan anh chat
luong hodc mirc d6 phu hop. Thay vi chon dau ra chi dua trén sb luong phiéu “bau” nhu voting thong
thudng, phuong phap nay tinh “tong trong s6” dé xac dinh d4p an t5i wu. Cu thé, gia sir mé hinh sinh

dua ra danh sach { y( ), y( ) yeues y(N)} moi tmg vién di kém mot gia tri v( y(i) ) thé hién do tin cay

hay d6 dung din do “reward model” u6c luong. Khi d6, Weighted Voting s€ nhom cac tmg vién theo
cung mot dap an 10i tinh tong trong s6 cia nhom do. . Dép an co tong trong s6 cao nhét dugc chon lam
két qua cudi cung Uu diém ciia phwong phap nay nam & chd n6 vira tin dung sy da dang cua cac m6
hinh sinh, vira gidm anh hudng cia nhiing ing vién kém chlnh xac (thuong co diém sb thap). Nho
vay, Weighted Voting dam bao nguoi “ndi ding” hay “manh” dugc wu tién hon, dong thoi ngin
nhung dap an sai lam léch két qua. Phuong phap nay co thé 4 ap dung trong nhiéu bai toan, chang han
giai toan, cau hoi tric nghlem hoic sinh vin ban dai, noi mdi tmg vién c6 cach dién dat riéng nhung
van can mot co ché danh gia dé tim ra Iya chon chat luong nht.

V& co ban, ¢6 4 chién luge meta-generator khac nhau dugc sir dung dé tao hodc kham phé céac
101 giai. Mbi chién lugc mang lai mot cach tiép can riéng trong viéc t6 chure va tinh chinh dau ra,
du do 1a van ban, 161 giai bai toan, hay cac tac vu sang tao khac.

i) Chién luoc chudi (Chain-of-Thought) bao gdm viéc sinh ra 1di giai theo mot quy trinh tuyén
tinh, trong d6 mdi budc duoc xay dung dwa trén budc trude do, tao thanh mot chudi 1ap lusn lién
tuc. Phuong phap nay don gian va gitp duy tri tinh mach lac, vi mdi budc sau déu dua trén thong
tin tir bude trude. Tuy nhién, né ciing ¢ rii ro lan toéa 18i; mot sai sot & budc dau ¢ thé anh
huéng tidu cuc dén tat ca cac budc tiép theo. Vi du, khi giai mot bai toan, néu c6 13i tinh toan
trong giai doan phan tich bai toan ban diu, tit ca cac budc tinh toan sau d6 va két qua cudi cing
déu ¢ thé bi sai léch.

ii) Chién luoc song song tao ra nhiéu diu ra cung lac thay vi dya trén mot chudi 1ap luan duy
nhét, cho phép hé thong so sanh hodc két hop cac giai phap kha thi khac nhau. Phuong phap nay
ting cudng tinh bén vimng bang cach giam thiéu nguy co mic ket trong mot hudng sai va cho
phép sir dung co ché bo phiéu dé chon ra cau tra 16i t6t nhat. Tuy nhién, né doi hoi nhiéu tai
nguyén tinh toan hon va gy ra sy phtic tap khi tich hop cic dau ra khac nhau. Vi du, trong viét
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sang tao, hé théng ¢6 thé tao ra nhiéu ban thao truyén cung luc va sau do6 lya chon ban c6 mach
truyén chat ché va tinh doc dao cao nhét

iii) Chién lugc tim kiém theo cay td chirc qua trinh giai quyét van dé nhu mot cay quyet dinh,
trong d6 nhiéu nhanh biéu dién cic giai phap tiém nang khac nhau duoc kham pha dong thoi.
Phuong phép nay cho phép kham pha mot cach c6 hé thong mot khong gian 10i giai rong 1on va
cung cép tinh linh hoat khi xem xét nhidu lya chon thay thé, nhung lai doi hoi nhiéu tai nguyén
tinh toan va can cac chién lugc sang loc tinh vi dé loai bo nhitng nhanh khong htra hen. Vi dy,
trong cac hé théng choi co cua Al nhu co vua, mét cdy cac bude di tiém nang réat 16n duoc tao ra
va luge bo dan ¢ mdi cép dd, cudi cung chon ra budc di c6 kha nang thanh cong cao nhat.

iv) Chién lugc tinh chinh bét dau véi mot ban nhép hofc 10i giai so b va dan dan cai thi¢n
thong qua cac vong lap lién tlep O mbdi budc, hé thong ra soat dau ra hlen tai, xac dinh cac 18i
hodc diém can cai thién, va diéu chinh 10i giai cho phu hop, cho phép t6i wu hoa dan dan theo
thot gian. Méc du phuong phap nay c6 thé nang cao dang ké chat luong va d¢ chinh xac, nhung
n6 c6 thé tén thoi gian va khong luén dam bao hoi tu dén két qua tdi wu néu qué trinh tinh chinh
khong dugce dinh hudng dang. Vi dy, trong dich may, mét ban dich so khoi dugce lién tuc cai tién
bang cach kiém tra ngit phap, ngit canh va d6 tu nhién cho dén khi dat dugc ban dich cudi cung
muot ma va chinh xac.

Viéc lua chon chién luge phu thudc vao yéu cau cu thé cua tac vu, nguén luc tinh toan sin ¢o
va mirc d6 chip nhan rii ro do lan toa 18i so v6i nhu cau kham pha nhiéu huéng giai phap.

3. Két qua thye nghiém

Céc két qua thyc nghiém dugc chay trén may chi véi GPU NVIDIA A100 dat tai Vién Cong
ngh¢ Thong tin — Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Du¢i day chung t6i trinh bay
cac két qua v hiéu suat cuia cac phuong phap lya chon trng vién tao sinh.

55
—e— B3u dé muc °
—e- Bau trong s6 e

50 —e- Best-of-N

ast

40

35F

Solve rate (%)

30

25|

20

i Z 4 8 ]:6 32 64 128 256 512 1024
S6 lugng cac tao sinh
Hinh 7. So sdnh ti 1¢ gidi diing cho ba phirong phdp Bau dé muc, Bau trong sé va Best-of-N

Hinh 7 so sanh ti 1¢ giai dung, duoc biéu thi bang phan trim, cho ba phwong phéap khac nhau -
“Bau dé muc,” “Bau trong $6” Va “Best-of-N” - véi cac kich ¢& mau khac nhau tr 1 dén 1024.
Truc ngang hién thi s luong miu theo thang logarit, trong khi truc doc biéu dién ti 1& giai ding.
Ta nhén thay ca ba phuong phap déu c6 xu hudng ting khi s6 luong mau ting. Ban dau, khi sb
lwong mau con i, “Bau dé muc” cho hiéu suit thép nhit, bt dau khoang 24%, trong khi “Bau
trong s6” cao hon mot chut va Best-of-N ndi 1én nhu phwong phap hiéu qua nhat ngay tir dau.
Tuy nhién, khi s§ lvong mau ting dén muc trung binh, hai dwong d6 va xanh duong dan thu hep
khoang cach voi duong xanh 14, du Best-of-N van ludn dan dau. Dén khi sb luong mau dat muc
cao nhat 1a 1024, ca ba phuong phép deu hoi tu quanh mtee ti 1€ giai ding gan 50% véi “Bau dé
muc” thdp hon mot chit, “Bau trong s6” & muc trung va Best-of-N van giit vi tri cao nhat. Diéu
nay cho thay vi€c tang so lwgng mau co thé cai thién dang Kké ti 16 g1a1 dang cho moi phuong
phap, nhung Best-of-N van vuot tréi hon. Cubi cung, két qua ciing nhin manh tdm quan trong
ctia kich ¢& méu va chién lugc lwa chon trong viéc t6i wu hoa két qua.
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Hinh 8. So sdnh hiéu sudt ciia hai phirong phdp song song va tinh chinh

Hinh 8 so sanh hiéu suat ctia hai phuong phép song song va tinh chinh khi tang dan s6 luong
thé hé dem lai nhitng thong tin gi4 tri vé cach moi phuong phap mé rong quy mé véi nhiéu vong
1ap bo sung. Phuong phap song song, duoc biéu thi bang duong mau xanh 14, bat ddu véi ti 18 giai
quyét gan 26% va hau nhu khong thay dbi trong subt dai quan sat. Nguoc lai, phuong phap tinh
chinh, thé hién bang dudng mau cam, khoi dau & khoang 20%, tic thip hon song song, nhung lai
tang dan va lién tyc khi sd tao sinh tang. Déng cht ¥, vao khoang 120 dén 200 thé h¢, duong tinh
chinh vuot qua dudng song song, phan anh rang qua trinh tinh chinh 1ap di ldp lai mang lai nhirng
cai thién dang ké vé ti 18 giai quyét. Khi sé thé hé dat khoang bdn dén ndm tram, phuong phap
tinh chinh 6n dinh & murc xap xi ba muoi phan tram, vuot xa phuong phap song song. Sy chénh
Iéch nay cho thay, mac du song song ¢6 thé 1 lya chon hap dan cho s6 tao sinh nho nho ti 1& glal
quyet ban dau cao, no lai thiéu kha nang cai thién dai han. Trong khi do, tinh chinh, du ban dau
yéu hon, vin cai thién déu din qua moi thé hé bd sung, khién né trd nén hiéu qua hon khi tai
nguyén tinh toan cho phép chay nhiéu vong. Nhin chung, so sanh ndy nhan manh tam quan trong
cua viéc lya chon phuong phép dua trén nguén luc va muc tiéu hiéu sut véi tinh chinh 1a chién
luge hira hen hon dé téi da hoa ti 18 giai quyét khi s6 thé hé 16n.

M3 réng tinh todn suy luan: MATH
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Hinh 9. So sdnh ti I¢ nhdt qudn cia hai phwong phép song song va tuan tu
Hinh 9 so sanh “P¢ nhéit quan @K cho hai phuong phap - “Mau song song” (dudng nét dut) va
“Tuén ty (Ty stra)” (dudng nét lién) - khi sb luong méu (K) tang tir khoang 2 dén 30. Truc ngang biéu
thi gia tri K, trong khi truc doc cho thay ti 1¢ nhat quan, dao dong tir khoang 60% den 75%. Xu hudng
tong quat 1a ca hai phuong phap déu cai thién do nhat ‘quén khi K tang, phan anh rang cang c¢6 nhiéu
mau thi kha nang dat dugc két qua chinh xac hoac nhét quan cang cao. Quan sat nét dut (“Mau song
song”), n6 bt dau & mirc khoang 60% khi K con nhé (chimg 2 mau) va tang dan dén khoang 74% khi
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K dat 30. Téc d6 cai thién kha nhanh trong giai doan K = 2 dén K = 8, cho thdy viée b sung thém
mdt vai mau ban dau c6 thé mang lai loi ich dang ké. Sau K = 16, duong nay tiép tuc ting nhung
cham dén, cho thay lgi ich bién glam khi s6 méu ngay cang nhiéu.

Trong khi d0, dudng nét lién (“Tudn ty (Ty stra)”) bat dau khoang 62% tai K=2vaduy tri ti
1& giai quyét nhinh hon so v&i phuong phap song song & moi kich thude mau. Duong nay ciing
tang nhanh tir K = 2 d&én K = 8, vuot mirc 70% khi dén khoang giita dai K. Dén K = 30, n6 6n
dinh quanh muc 75%. Méc du khoang céch gitta hai phuong phap thu hep lai khi K cao hon,
“Tuan tu (Ty stra)” van ludn dan dau voi chénh 1éch tir mot dén ba diém phén tram.

Nhin chung, biéu d6 cho thiy ca hai phuong phap “Mau song song” va “Tuan ty (Ty sia)”
déu duoc huong loi tir viée tang K, nhung phuong phap tuan ty to ra hiéu qua hon trong viéc tan
dung thém s0 mau. Vé mit ing dung, diéu nay goi ¥ ring mot chién luoc ty sira (lap di lap lai) co
thé mang lai uu thé nho so véi phuong phap 'song song thuan tay, nhét 13 khi can d6 chinh xéac
hodc nhat quan cao hon va c6 du tai nguyén dé chay sb lwong mau 16n.

MATH (B6 danh gia Oracle)
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Hinh 10. Do liwong xdc sudt thu dwoc it nhat mét 16i gidi ding ciia cdc mé hinh ngén ngi khdc nhau

Hinh 10 so sanh nhiéu mé hinh ngén ngit khac nhau véi quy mé da dang (vi dy: Llama-3.8B,
Llama-3B-Instruct, Gemma-2.7B, Pythia-70M, Pythia-1.4B, Pythia-12B, v.v.) trén by danh gia
MATH, do luong xéc suit thu dugc it nhdt mét 16 gidi diing khi s6 lugng thé hé (tir 1 dén 10.000)
tang dan. Truc hoanh biéu thi s lugng thé hé theo thang log (1, 10, 100, 1.000, 10.000), trong khi
truc tung biéu thi ti 1& bai thir nghiém ma c6 it nhat mot két qua dung. Tat ca cac dudng déu di 1én,
cho thay viéc tao nhidu dap an hon (nhleu ‘mau” hodc “thé hé” hon) s& lam tang kha nang tim ra it
nhét mot dap 4n chinh xac. Pay 1a didu hop 1y vi s6 lan thir 16n hon s& néng x4c sut co dap 4n
dung. Nhin chung, cac mé hinh 16n (chang han Llama-3B-Instruct hay Pythia-12B) bét dau véi ti 16
thanh cong cao hon va dat dinh cao hon, phan 4nh kha niang co ban manh mé& va tét hon khi mé
rong sb lan sinh. Cac phién ban da duoc tinh chinh theo huéng din (ching han “Instruct”) thudng
thé hién tot hon so vai phién ban gdc ¢6 kich thudc twong dwong. Didu nay cho thay viéc tinh chinh
md hinh gitp céi thién d chinh xac. Nhitng mé hinh nhé nhu Pythia-70M hodc Gemma-2.7B bét
déu véi ti 16 thanh cong thép hon va tang cham hon. Mac du ching ciling tién bo khi sb thé hé tang,
nhung khong bt kip mé hinh 16n nhat & mirc 10.000 thé hé.

Khi s6 lugng thé hé vuot mde 100, 1.000 va tién téi 10.000, khoang cach giita cac mod hinh
manh va yéu tré nén ro rét hon. Pa s6 mé hinh ¢6 dau hiéu giam tbc do cai thién khi tién toi
ngudng rat cao (10.000 thé hé), nhung cac md hinh 16n van gitt mirc hiu sut tong thé cao hon.

4. Két luin

Hiéu suat ciia mo hinh sinh thuong ting khi tai nguyén tinh toan dwoc cai thién, nhung mirc
do gia tang nay con phu thudc vao kich thudc mo hinh va chién luge sit dung meta-generator.
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Kich thuéc mé hinh tbi wu va chién lugc tot nhét co thé thay ddi theo ngan sach tinh toan, trong
d6 c¢6 nhimng trudng hgp mé hinh nhé hon lai mang lai hiéu sudt cao hon. Muc tiéu cudi cing 1a
thiét ké cac chién lugc c6 tinh téi uu téng quat, phu hop voi nhiéu diéu kién tinh toan khac nhau.
Meta-generator dong vai tro nhu mot chién lugc diéu phdi cac mé hinh sinh va két hop thong tin
tir nhiéu ngudn, véi nhiéu mo hinh té chire khac nhau nhu dang chudi, song song, tim kiém theo
cay va tinh chinh dan dan Nhirng phwong phéap nay c6 thé két hop va st dung dong thoi dé t6i vu
hoa hiéu sudt theo yéu cau ciia nhiém vu va chi phi tinh toan. Trong bude tiép theo, cac meta-
generator s& dwoc mé rong dé sinh ra nhiéu token hon theo nhimng cach tiép can da dang nhu tim
kiém theo cy. Thach thirc quan trong 14 1am sao dé thyc hién diéu nay mot cach nhanh chong va
hiéu qua, can bang gitra téc d6 xir 1y va chét lugng dau ra.
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