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<ID, ua77> <EQ, u:77> <ID, ua77> <MUL, u~k77> <NUMBER, ¢4277> <MUL, u*77>
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<ID’ Ub77> <MUL’ “*7’> <I\D’ “C7’> <MUL’ ‘l*77> <ID’ ‘ld77> <SEMI’ “;77>

ke 2 5 T UL % A
%] : NUMBER - jr &) Z (&

15 & (lexeme)
© X HEABEFFHUFFFI, — A AIREAE token F
while (i != j) {

i (e R B BT (el
;

<WHILE> <LPAREN> <ID,"i"> <NEQ> <ID,"j"> <RPAREN> <LCURLY>

<IF> <LPAREN> <ID,"i"> <GT> <ID,"j"> <RPAREN> <ID,"i"> <EQ> <ID,"i"> <SUB> <NUMBER,1> <SEMI>

<ELSE> <ID,"j"> <EQ> <ID,"j"> <SUB> <NUMBER,1> <SEMI>
<RCURLY>

4

&

2025 4 & & 5 47 (iR E (L 3e3r)) ERFTFENER



)= I ATEY AR

I & T AE: 12 5118 % 2 jt. (token)
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= By token ZERIA1E S

X F. ¥ F (keyword)
ERNPSIEERSTE O, void, typedef, ««----

o M UGN KT B — R

IR (identifier)
o ARETEAEMRLT WL IBLE

% @ % # (literal)
< 256, 3.1415926, 1e20, true, "Hello World\n"

12 H #F (operator)
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ANIE S RAE P E token

Language Learning Models (LLMs) have revolutionized the field of natural
language processing, enabling machines to understand and generate human-
like text. At the core of LLMs lies the concept of tokens, which serve as
the fundamental building blocks for processing and representing text
data. In this blog post, we'll demystify tokens in LLMs, unraveling
their significance and exploring how they contribute to the power and
flexibility of these remarkable models.
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© F4F b AEXMAITIE N BME R AR &

© BAREEARAE T LIE E L EE & ks E A token(A 4L 7?)
o i BEHEERSME KANLE B HIF P EDE B RN T UL H

B /i RIR: https: //www.linkedin.com/pulse/demystifying-tokens-lims-understanding-building-blocks-lukas-selin/.
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o M4 (specification)
o R AR L JOEF e AL

o WIESMEIHL: F—A1IE % HE TR A & X

® 1EM %X X (regular expression)
o A—NENRZAXRET— LB EET
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=& (string)

o LEFEFXI, FEERAEL Y HFTARNE RFT

o AAXFHEMBRENN N EFTFHFLEATHT
= a, b’ C, d} ......

o ANEABTBRTHFEANBEEY N NETHETHE
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® = 3%(concatenation): 1% x A= y GEreEd
oy BESEE x MFE 2 BRI E B

% f|:x = ba, y = nana, xy = banana

® 7 #(exponentiation): X x £FF &8, n 2B AE, x" XA
n Ay x Bl s E A K

@ 5 x = ba, x = €, x> = bababs
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o > — [ab}

% alb Re IEEC a, b

% (al|b)(al|b) fE ICBC aa, ab, ba, bb

* a* B L BC ¢, a, aa, aaa, aaaa, **--

¢ (alb)* & (a*b)* 4 ¢, a,b, aa, ab, ba, bb, aaa, -+
“ a'b BE I 2 b, ab, aab, aaab, -+

o CiEEMIRIRH:
(A18]...1Z]albl...1z| )AIB]...|Z|alb] ... 2] _|8]1]...| 9*

o AMTFELH:
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2= (language)

o 4o fT A SLE N ik X 804 L7

o —Mi&E (language) E XN FH X LT 8 E S
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© EMNFXX r REE M5 B M EXTZEIET L)
Te) = [e)
(2) & a ZFEFEXZFTEFE, U La) = {a)
(3) & rAe s RIEN £KE KX, AR A
() &2 L(r|s) = L(r) U L(s)
(b) #E#: L(rs) = {xy | x € L(r),y € L(s)}
ORI L) = (05X, |'n = 05,05, =5 e L

o BEA—NEM Fik R R IAME S RN ENES

o & L(r) = L(s), MAAEN LK R r Ao s E 4
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o B ENRAXN ery = e =n
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% ”1|(7’2|7’3) = (”1|”2)|7’3

* 1) = (1)1
o R

R/

* 1r(ry|r3) = rry|
* (r | n)r; = rrs| s

e r{k = (r; | €)* (r{k)>I< = r{k (e — (r*r>x< *
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* FHFX:[abc] 27 a|b|c, [a-z] £ a|b]c]|...|z

L)

o CiEFWIARIRE: [A-Za-z_]([A-Za-z_B-9])*
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© £ — A7 & iE N F X X, ArFA CATEXT 2 &9 token £ 7
[A-Za-z_]([A-Za-z_8-9])*

| NUWBER [+-]7((8-9)*

(

© NEMNBEARAFFZAFRF A EN KX H#AITEE, 0 H token

o — i =, £EIN XE o T KL
S PP ALK B B KA E N R GA X
% ho BA % ANCE K EARR, | EAFHA BT @ 69 E ) A R
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WHILE while Jhile (CIEEE
1D [A-Za-z_]([A-Za-z_B-9])* LR
1.-=r INRSEE
LPAREN ( i
NOT | =g e
i }

© WHILE A= ID &9 .E | &KX X AR fe IC B while
S PEAEHEL R E G, H 98k # T <WHILE>

© NOT #= NEQ 9 E M| & A XAl e BB | A= 1=
o HEAETCE K E E K4, Hr 80k 8 T <NEQ>
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© Al KAME A IE N F 3K X kA8 A 18] 7% T B AL 4

© BEEMIEENH, TEEMBENRARNGERLAEZ G R

if

¢ = next_char();

e (== )=
ci=nextichar(); @

o (AT R e | .
/] SRABRI, it 7k 2 T IF 3

o mllsEd a
/] IR A &K

5 f

} else §

/] 328 % %
¥
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RS K

® K& A% H (transition diagram)

o WA (state): & £ iR 31 A2 & T HE b 340 1
¢ RETAHELRINAGRE ;
o B —NERGMBIRES, A—Lmdbih kT e
o RARAENBERE, AT RIAN, AL :

7 B &

o #(edge): ETRANTETHTE, RSERLEFHEH
@ N EIRT R AL IRS IR A 8 A 5
* RH B e (bbte K s th ZAART A a) RIAR T EA B R RS
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SuEm

GEBZ NN RN 3
¢ = next_char();

S

&,

R R AT 5 e AL B
(AT @ %A % 269 %)

s = STATE_O;
while (c != EOF &% s != STATE_ERROR) {
switch (s) §
case STATE_@:

1fe (=g s S= =
ellse T (e o s R
else s = STATE_ERROR;
break;
case STATE_1:
if (e == "B | S5 a
else s = STATE_ERROR;
break;

case STATE_?:
s = STATE_ERROR;
break;
5
¢ = next_char();

§
s S ST R F et
/] R BN
ol e
/] IRA & K
¥

STATE_2) {

IQI) o

STATE_1;

STATE_1;
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Deterministic Finite Automaton, DFA

SR S AL B 67 R E S

S e D~ ot D = (S, X, 6,5, B ot

o

SR —NARRERA

Y A% DFAE A6 F /%

O — N SXX B S &uLs, AR A 545 &K

* 0(s,0) =85 R THA RSN s, WIANTFTA a i, BIANRSERS

B s, WHAR ' & s 89— a4

FCSABZRENES
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DFA 7~ 1)

D — (S,Z,é,SO,F)

S = {59, 515 525, |}

w9
.

B-9
:%4 S = {0,1,2,3.,4.5.6,7.8,9)

= 0
SO TR Sl 5 SO RZPTT S2
B-9 B-9
SR T B A A A O =W ST
(AT @ %A 2 58 E) 0-9
Se Se
F = {SpSz}
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S 5051525 5, )

> = {0,1,2,3,4,5,6,7,8,9}

¢ = next_char();

S = Sp;

while (c != EOF && s != s,) {
se=rolishselE

C = next-chaE@)E

;
s =r )
/] 3RA R
bredicene
/[ TR R R e
}
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=9 — (o))

/7

alb

(alb)(a|b)

(a|b)*
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K3&E DFA

© BB, M DFA T[#E L E EN| £AXA X E X5

o #: 377 X = {0, 1} L REAR 5 PR E) — 3 4 2K
* MRS s, R BARA A —H B HAR 5 R

o Pl B AMEIRAFTA M 32 KR4 1 89 3 4| $ &7 DFA?
© B EAMEEE U LR ANIEZ HEN FKX R ?

N ~ Ay N\ ~ N 32
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SEHIIR A AT

© MIE—"IRANITH FEE token £ 761 DFA D
< T8 AT AR B F AL S0 JEHEA BT @ &7 3R A AL
» FENEZIRESXT E— token X 7

© RENFERAFFMAARTEZERMAT, AR FERAEE RS
o FEAATHALE Y TR BEK T
o RFERL KRB R ML IRE

o AFEHHH token, X D MRS MRS, B ERFE
@ AR R L AR FIBT token &1 £ A

o THEIRAMMELZEEN XK K, &4k DFA?
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- N FRIXTUER R 9 DFA

© 25 LB E ati[FHIRA—1EF D(L)
% D(L) ¥ B LRI B a R L T8 &

® Bl
% Dy{foo,bar,baz} = {ar,az}
% D¢{foo,bar,baz} = {o0}
D {foo, bar,baz} = &

e £X:D (L)={w|aw € L}
% Brzozowski & & “F 1 ” [Brz64]
< Antimirov 3 & “& -5 2 [Antoe]

[Br2641 Janusz A. Brzozowski. Derivatives of regular expressions. 7. ACM, 11(4): 481-494, 1964.
[ant96] Valentin M. Antimirov. Partial derivatives of regular expressions and finite automaton constructions. Theor. Comput. Sci., 155(2): 291-319, 1996.
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A 1N el

X 1F N R IR T SK S

o I ENETH[FHIMNMAEENES

© FWIERA: EM EXXKXIKF]E/ZEEN RK X
S E=—0 D(a=c¢c DB =0 (a#b
* D,(r|s)=D,r)|D,(s)
* D,(rs) = D (r)s|emp(r)D(s)
o emp(r) Pl r EEEREH, HZRLRE ¢, &N RE @

% D (r*) = D_(r)r* D1(r) = D1(817°]1)
— D1(81*) |D’|(1)

* = D1(0)1" | emp(@)D1(17) | €

= €

38

2025 & & & 1 (i RIE (B L)) ERFTFENER



| INN

&7 (E N FRIX T2 S ULHEL S &

emp(r) ¥ r £ & B S &, 7T AJFME XL
* emp(e) =€  emp(a) =0
* emp(r|s) = emp(r) | emp(s)

oo emp(rs) — emp(r)emp(s)

* emp(r*) =€

1+
* emp(017]|1) = emp(81") |emp(1) = emp(®)emp(1") | @ = Te = @

Fldr EMEFARX r REEESE wiiRERE ratw PHESTR
Fl, ERLFINETRATALTE
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- N ZRIATUBIT K S5 #2 9 DFA

o AEMKEXARE, RESHRBLTRS | #47

o BIF:r=01|"1
+ Dg(r) = 1l
» Di(r)=c¢€
# Dg(1") =Dg(M1" =@ 2
* Di(1*) =Dy =17 _’1
¢ Dg(e) = @, Di(e) = @

o H r 1 e @ TR S
o fEH emp PIBTIHELRES ZL RS

S
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® 18] 35 AT B 4
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e CiEs, ERA X%,

int main() §

RA int £&, RA L& R

=10 ;

1 i e T

inty=x+1%x: Ll ik B e Inthar =
int z=x * (y + 1) IR int b = a + 2;
return z % 66; { {
} a=a*+?; b = a + b;
I ase=e {
gle=r An int a = 3;
int mai?() § ) ’ =
N a =a+ b; { it b=
8t return a; { return b; }
1nt main; ! )
main =y + 1; T
return main; }
; }
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THEIES 8Ia AN A

\

token 2 Al &k R
INT i

RETURN return |
A-Za-z |([A-Za-z 0-9])*  © EATHHEUNRAXEYL

0| [1-91([6-9])* BHAFRME | SHFA—D

LPAREN/RPAREN ( ) o HZEN Kk XM DFA,
LCURLY /RCURLY { 5 BEAEZ RS EARTEXT 7 &
token £ 7|

LU ; © [EMiE DFA B, R FTR A
FEFM A EAL, Hde ID F
RS : EEE &L
STAR *
SLASH /
PERCENT 0
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1% BRIARA LI FIIE DFA
ﬂ

EEFEFFCT
r [A la-7.0-9] AR sy

N

[A-Za-z_] £HFE 1A r
INT

So > S2
-/ 9 Qﬁéﬁ-& ‘

5 PR SR ILE LR A B X
FEARZS F O R, 2
[DFA & & | BP =T
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PR/ |\

® WEIESHTEII AL B A L TEEE TTE E N
& B FEAEHEN &K R kR

®© EIESATE LRI A R B ALt AT R I
 HE A R B FHL(DFA)
< BT DFA #7787k # LR A
% IEM| &K X F4 9 DFA

© G R LR
R E B 3 AR
o EMRZXXGETT R
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L= o]

o HAT L HIBHAZE B E M
o D EAATE Bdoth HALIE T T IAZ A7
o RT3 AE kB T % 8] (77 4 H 4398 795 %) 7

o FNKREF/HREF (keyword) =T LA HE XS v —/N18] 7% B T £
A, XAFA T AN S A ER 57

© EIEDM T UL T B F 5 T EBFET?

© B IRAMAES WBEIEDITAAL R A6 A EN £3X X FX
69?7 C A8 38 kA AT R 3% e A AT 7
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