Advances in Applied Mathematics N353 &, 2026, 15(8), 81-92 Hans X
Published Online August 2026 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.158335

ETARMERN S R THRBCREEREH
R R E PRI N A

e 2\
B, WE K

Weks H . 202647 H8H: FHEM: 20264F8H2H; KA AHM: 202648 12H

R

ARSCHRAE T —FhE: TR M 20 B T R ARBR AR 2R . D BUBTAE TR 20 7T dx e SCH R B %%
FEBYE([dx] = 0)5ITAERHE({dx} = 0) IS4k, HPER R E T RAERBUSE HH ST R (T
FERABEAF). FEERT, ZHRREEAMSBTHA255F. REREEEEEFAXE L
RGeS A, Bk BT H A B AT R E e B NIRRT AR B RIT T & h A AR AHE S,
BEREZEWMRD R, AT QBT R, ASGGIANKRREREI, HRESA THURFR
FRBFLIRERI] . AR REER L RS e REBEC W' (k)=0), FNFEIENKRR
BRI HIRECAYE, AT ESLS S 7 M T REdHE .

XK ia

REARD, WMaETT, REEASE, s

An Algebraic Calculus Framework Based on
Dual-Attribute Differential Units and Its
Application in Singularity Assignment

Haoyang Lyu
Wenchang Middle School, Jinan Shandong

Received: July 8, 2026; accepted: August 2, 2026; published: August 12, 2026
Abstract
This paper presents an algebraic calculus framework based on dual-attribute differential units. The
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core innovation lies in defining the differential unit dx as an entity possessing both a zero-value
attribute ([dx] =0) and a non-zero characteristic attribute ({dx} #0), where the characteristic at-

tribute determines its structural behavior in algebraic operations (rather than being merely numer-
ically zero). Within this framework, the classical limit process corresponds to the reduction and nul-
lification of differential units. Apart from Rolle’s Theorem serving as an inductive anchor for smooth
closed intervals, Lagrange’s Mean Value Theorem, Cauchy’s Mean Value Theorem, L’Hdpital’s Rule,
and Taylor expansion can all be derived via traditional algebraic paths, yielding results that are iso-
morphic to classical calculus. As an extension for handling singularities, this paper introduces the
symmetric derivative and applies it to classic pathological cases such as the Weierstrass function. This

framework provides definite algebraic assignments at integer grid points (e.g., W'(k) =0) while
preserving the divergent nature of classical analysis at asymmetric points, thereby offering an alge-

braic description of the continuum and singularities.
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1. 5]
2 MR MO € — 5 B R FLFUAT N[ 1] AR R IR BB 55, BRI R A N sy ot
dx FI[E B R B . R HZ O B TE: T DURAH, 2GR 0 B2 T 4 AL SR B AR EE 44
T B NHZ AR 1K
2. EhlE X SHRAKHL
2.1. M&EEX
A3 RFMIE(General Characteristics): AT x (B f(x)=K, W f(x)=K &N [K].
Bt K5I (Adaptive Characteristics): #5 AAES x 4% f(a)=K Ha=xif f(x) BE XEAET K (H
A IRBUERE AT REAE ), W f(a)=K(a#x)idH{a}
B (Value-nature): 109 [[x]], FEXT G x 7% FUR AR & S EATARR I EUE
fiE M (Character-nature): 104 |]x[[ » BI 4IRRAE 5 B AR 4R IE 2 Al
2.2. MRS ETENX
T BT d 58 LUK
FAHME: [[dx]]=0;
AT FEAREAE:  J]dx[[, 0
BABRFE: 1, =0 -
2.3. HPRAIRBIE N
22 B PR }gr(}f(x) = L B H 3 E SO

ik
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XEFAERS x=arde (Ua)]=0), FkR £ (x) WAIRIEE LR SNERIE, 5
FL.
24. FERDERS i)

RSB 52 OB IIE S 42 BB S (x) » HAREBU NERECF (x), W2 F (x) S5 T £ (x)

If(x)dx::F(x)+C

Her, CHRIEEFI(3]. & XAEL M FEAAER XA AR, Fid de BAREME R4 5 1HE) T LA
IR
2.5. BRI - EHBRELR)

IX [ [ @, b] - 955 B4 52 SR BB M F (o) 6 320 G A B0 8 1k

['f(x)dv:=F(b)-F(a)

3. BEHN
3.1. {EEHRIREIMN

MTAEE- AN X =4, & f(X)EZHSETFEZAE X 5 A RFRBIEESR f(4) 685 f
TEMF A5 X RRNGEYE, 00 (X) X R Esg g 4, R R,

R f (x) = K 4238 SRR e AT 8 F B x (AT P RAERE S — A L g () T ELE BN /()
SEEP IS E] x PR PR — AN, B4 £ (x) = K FREEBRAE L g(K)&X A%
AL, Ll 2de=3de (BEEFETEAIEH B de REARREE), AT —DEERNWL «de A ETE
(RN i Tz 53 A i F B BE AR R, 103X — 25 SR 1 2 Bl AR AR5 )

3.2. BRNE

U f (%) EE X ] [a,0] EIG(ENE S SHAFEE) LA (a) = £ (b)), MIFATEE— 1 c e (a,b) 13
f'(c)=0.

ETHEX

RIFE 5 XL B i s & B AEYE . (YR E S 245 BAHSE, Wdr=1xdx=0, VE&E: HTEMER
TN, g — AN EACR IR — AN e —— AR T LS Bk R E S —— XN, 1
DR T HE
4. SHENMMUESHRT R
4.1. SPEHEHN—BMH

T U R S (x), AR RRABOE S 2 0 S HE LR .

Ax_
ﬁﬁmmggf“+g-””@@%45%=aw@mmwxga%ﬁﬁ%ﬁ¢a>%ﬁ%mo¢
1 Bt de (R BT e IR
(x+dx)2_x2 WEa o e BEE o
dx
G,
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4.2. WHRSBENX
S TAERBH f(x), WS BRI 5 SUN[4]:
, _f(x+dx)—f(x—dx)
S'(x)= 2dx '
ZE SUUENREG B TR, A&5E8efmiHES.
4.3. BR/RET4FRIRT o8 B A0S % FR 14 e A

BEBLR WTRE R T R 2 W (x) 2 SO
o (1Y .
W(x)zzno(zj cos(3 TDC),
Kb, Z%a=1/2 Fb =3 LR (Hardy) &1 ab>1, LR EE AL E BRI A W] F(E M E LR,
TR ES k ez, W(x)KT x=k ZHEFRS], A
W(k+x)= W(k—x), VxeR.
e E!aﬂ(l/z)” COS(3"TLx)‘S(1/2)" H Y (1/2)" W8, /R ETRERLIT MR, 2R H— 3k
S, MITTARIE T B AR B AR B ik ik o
JIE B
WA B T 5T B R ke AT 3

W(k+x)= Zfo(%j cos(3"n(k ix)).
MR FIH cos(4+ B)=cos Acos BFsin Asin B, JEFF15:
W(ktx)= Zfo(%jn [005(3” nk)cos(3" Tr.x)l sin(3” Tck)sin(3” nx)}

BHCREIRFEE DT BT IRE 3 NEEL, 3 ERNE . STk VB, R -k N n R
f%[515
SR EERIRAL: X T AR m, # sin(mn) =0 Hcos(mm) = (—1)" o« A, ERIMN %
sin(3" Tck) =0.

e RIE AR :
W(k+x)= z;o(%]n cos(3” nk)cos(3” TDC)
it HERXAMETFS £ TR MW (k+x)=W (k—x), BIW (x) KT A BE RG]
4.4. AHFBHHES LT
BT EIRARTE, FRATTT S A o0 B BR Ry B 3 pR B 28 g Ay R A B AR

141, BREARER: W x=0

2 R A IR ST 76 4K R 0 s
oyl oad jadad_ o
s 2dx 2dx 2dx
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A, AR R LTI AL S th T s B IRACTB9 0 0, X BT LA LT o )2

4.4.2. BURATFRINER B : A SIERTRS
BHGE S (x=k): A3 FFRIEES, W (k+dx)=W (k-dx), 5FHZE:
0
Wi (K) =5 =0
SRR SEFRG AL B RV T Hw e
FEXSFRA(x =1/3): RFRYERE, FRIFXIFR P EAT -
3

W, (1/3)= —“Zfo(gj” sin (3" ).

HTAE3/2>1, ZHEAEHEL.

4.4.3. BRER

SRR SFH MG B LB S R e . 7ER (I £ (x)=x") b, HEZRSHES, #Hil
NG IR RS B o T sk x|, 2T @R T8 0 TR T SRR, LA RRLRRE AR
Hor i e LT Y12 o 3T B0R BRE BT s 8 %5 T I SO s (Rl B3 A 2 VA 2 A )R T 5
0; TMIFEERZ WP FRbE AR A, 5 TR T R BB BT R BAS T

FUE PR G R A R P B N B AT A RAC TR, (B SR A i BE R I, BT
JE 35 H 5 4 SR Is AR ZE (6]

4.5. MMSHHBERESKBERN

4.5.1. EEHRENM B S
2 F& 28 ML W] {1 Z 43 (Forward Difference) YT bl

X H AT 2B R T
f(x+h)—f(x)
h
A W HAEWRE RN O(h), B—FHEE.
FHEEZ N, A4k R E LHINFRF 4 (Central Difference):

fs;m (x) _ f(x+h)2—hf(x—h)

: h .,
~ /()2 r(6)

HEHRITN:

f(x+h)—f(x—h)
2h

- f ()

HA MR BN Oh?), B MRz .
45 1: EHFERZSK T, SRS MREOE H R IR B A L% g sl 22 4> 8 m I BUE R S, REA XL
BAAEG B B Ak 7 SR B BT R 22
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4.5.2. ¥E 5 BEPUERHRE
SRIM, RS FEFEAE LAY . B SEURIR T x fU S A (B ) 4RSS, B AR =
PE; TN FRFEORA T x SIS S, AT B — P AR I Ak .
IR BARE Y CIE X N T THS I, (H 8O A B B AR B R AT (v e« M REIT
DA FR ) BN, 28 5 7 A Bl R B AP A B R . b, EBE ST, 2Bk h e, SRR
S 0TI S B 7 2 ) 9 fE PEHEY (Catastrophic Cancellation) WU, B4 f(x+h)— f(x—h) P EOSE F420T
[[EFRCE & G

4.5.3. {EMM AR
[5 21) XJ PEAC KA -
2 L G ROCTE I RAE 3 T E BT 55 /AT A (¥ i AR E R
SRR T B8 X RUUAE 53 5 { o} AR BRPERRAVE RIS 5 2098, BRI — AN 1O 2 s R
250 20 MR FEAEOGIE S RILH R B, R TR T 2 (S R iR e A TARE
SR, WG OV IARAE T ST B ER Y, HREL T ST IX TR BRR M S A AR

4.6. 5 Robinson IEFFAESFT(NSAMEKRER

4.6.1. FEFRESHTEIZEMES FUR MEEHE

NSA % ORIEEE <y 7k - #8 - fu Rl =Bk, H 3”7 MRREARD 2 ik 54
T HEAE — otk

T e S AT . NSA i A A4 o 22 SR HOH R 5K O SO R, N5 N
&P IESEHL -y |8 <rHe=0" KT /Nae, UALTHT KBEE M o=1/¢ . XEM =0 IFIAHL
BEIEAHER, TREY KEPIME T ——FH S TGN R “HoMm 7 —&MN” , FHAEEA b
JEFFIZH

HYRGEIE BRI A A ACaR PE . NSA 5 Bh#4#2 Ji BE(Transfer Principle), % R _FFrE — i@ a8
PR “ERET BIR b, [ERE LS /IR HESESZ BN — B A HIXF AR
KH R NEBERAREOZE, 2ok B BEAGE R ZME T2 S .

B g UM B8AT IR E B RUR , W AUE AR o B AL st () R BB SEBUh e g5 AN
WER “hilnl” SMCHUE R, A RE1S B AT AR SEEUE . XM eI NEE . Bl I AT R A
SEATIHER” BERE, AP N TR R SR EN TR, maERA EER M 1 E LiZ
——IXIEAERT O “% 7 B MARI.

4.6.2. ZATIERRBMESHEMSHE

ARTAEARY T Bk, SFRELMR N SERMAE, o 8Ie de (058 SC5IEF RNk B REGE# 1
HARHES:, AT AT T -

L AR RUB M R AT S AT de & CNEE AT E SRR SR o=
[dx]=0, AR Z MR, MARE EEG1=0 Z KRBT 0 E {de) 20, AWM M
e, SFRMEELMER, ML TEAESS5REGEH . X HRK [de] =05 {dx} =0 AL AT, i
NI BRGNS R IR MR (TR S5 H R BEE .

& SR 26 S AR AR AEMH [ 7] BT & de (IR S B 1G4 SRR, O BRECUNZ) 93 (I &
[FEIBAIE 5 5) 5 CRHAE 7 18 45 R BE 70 &), LR SIS s B A TR . flanfe it
SELBR TR R T R () TE MO & AL TR, de IOAE S RAEXTRRIRAE N H AR, B AE S &
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B (k) =0, /NI R s 4 R AR BRI 3 5 45
RN TR SEH AT E IR 1y, R0 “ B 50, o5 2B b
SR 52 AT INEUE I R 23

4.6.3. RLERSENER

R ARG 0 2 AT A AN B -

H—, KZES LT /PRIFAF . NSA K ik 5 BB R, 55 /MR R A Nl
RTAERETAMIEI R, L5 /R AR EE /8 R AREHHE T 1 RS

Ho, BEEEAE. NSA FIEVEMER B 78 R B AR AR IE,LﬁFﬁLﬁﬁ@%% #
SRATIAE: ATAERZHE B IEA SREIN, 2R EETEH, TRIMMEERAE .

H=, A ST, NSA LLFEAF S DARHESR 70 N 24Kk, SRR —8G AT
VBB AE > BRI RRIE AT, AT A 87 s S A, BERER A Mgt 1, HARIX 447 s AR 4544
EF——LLW (x) I, NSA BRZAGEI W' (k) =0 2R NG MRRT, M4 TIER W (k)=0 =2
TR SRR VRS A EL R4 L, (R P WA AR BR s AL O & BRAS P, S T 6 s SRS 41 P 20 6 8

%, $I¢M$*”“Emﬁﬁ/”,aﬁ@%%ﬂﬁﬁ%ﬁ*ATﬁﬁmﬁﬁﬁﬁ#@ﬁ%
iMAm%%E%ﬁIﬁ%ﬁhﬁ%ﬁ%@ﬂ, A RERAMBERENS S A TERRAET B
PEAT SIS R, é%ﬁ%ﬁ%ﬁﬁﬁﬂ%%ﬁ%ﬁﬁ%ao#%EE%W#%ﬁ%%%,%ﬁ
R 45T 43 AT 1 AN [ B FH 75 3R

5. ZHEENRHEN
5.1. fukgBA H P EEEHER
W f (x) 76 [a,b] LI6HE, WAELE c € (a,b) 1575

L
UM g (x) = f (x)- L

5019 g (a) = £ (a) - _ngﬁﬁm d@:f@%fwrzunh
WHEi1E g (a)=g(b) -
HAHE 3.2 (BIRAM), f71Ece(ab) it g'(c)=0.

/(e

RN g (c)= )—i%ﬁéﬂco,m$o

5.2. A PEEERIL
W f(x). g(x)7E[a,b] LB H g'(x) %0, WAFFLE c e(a,b) 45
['(c) _f(b)-1(a)

g'(c) g(b)-g(a)

SE B
5 U BH (x)[g(b)-g(a)]-g(x)[ £ (b)-1(a)]-
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()= ()2 (6)-2(a) F(8) . H(5) =/ (6)(0)-(0) 1 (0).
B3 h(a)=h(b).
A 3.2, f7fEce(a,b)ffif3 A (c)=0.
R (e) = 7'(e) (8)- (a)] ¢ () £ (8)- S (a)] =0, iEEE.
5.3. BULIAENHER
W f(x). g(x)EaMbiitng, Hf(a)=g(a)=0, g'(a)#0. M
lim
~og(x) g(a)

N—
~
—~
Q
N—

]
PRI ] [0, ] ERLFRHE 5.2 (RIPAR (D). 2T a5 x 210 c, 545
Se) _f(x)=f(a) ()

g'c,) e(x)-g(a) g(x)
HE X 2.3 (RBRMAREGE ), Mx—>alf, ¢ —a. FEik:
- f(x)_f'(a)
§ = .
sig(x) g(a)

ZiE S 5L REE .
5.4. RERITHR
B f(x) fE a ki, M.

®) (4
r(9-3, @

Forf, ABUR, (x) i dv M4BT LT BUAE.
kA
L x=a+dv . HREUEI(C I EH):
f(a+dx):f(a)+f’(a)dx+—f2(!a)
AR dx A9 AIBRFAE E SR 11dx[[, = 0), T & dx* (k 2 1) FIBIESER AN 9% . RES 4
RERE— 3.
6. msRBIBARECH
6.1. I" X REEN
W NEUEEEL WL [[g]]=0Hg[[#0. ZREE UN:

(x—a)k +R,(x),

dx2+....

, #ig/2<x<g/2

6.2. KRB AHIELRE
FEAL G4 S0 AT BORLE rh KA 50 BR BN SINAEAE AR W) B L0 5 A v 2 TR sk 7. R4t

DOI: 10.12677/aam.2026.158335 88 I3RS


https://doi.org/10.12677/aam.2026.158335

HRFHEB SN DNRIATEEN g (Hg>0)MEEN g (5 g— o) HFEREKM, JEWrE HimA
BRI 1o SRTT, IR AR A A QKR 28 55 ) — ARG 5 P s RZ ok 1. RIS IR A,
2 SRR _ERAEER N EAE N 0 MRS — DN EUEN oo HRIL HBRARAET 1 (Bl 0xo=1)

7. FERHPH “BIR - TR” BESH
7.1. [EERER

IR R AL A ZE N 1 BRI AREUR)
Sz{an|an:n,neN+}

VAR SR R DU a, S5 n 5.

EAITART, KT %EH A 22

PO LA N TAEKNEIM , B Ea, SR a,>M .

(P2)TEAIE: St S A TEE a, #R A R E A K Finiteness).

HME, BT, =n, FEM “FEHEN BRRBIER “THA” . R, 20k RBTE L
BRATBELINE T X — WL

7.2. 8k ZREBEEHLE

FRERUE (G T B WA A PR ZFC R E10) N T4 HRM — (% 1= 0), KH T BUT 50

A4 AT IA M (Inductive Reachability):

EX CHIR” Oy “TTLE A R JE4REE S (n) =n+1 N0 B

HEAGFE—DNARE n i n+1=c0, Kk ANET HRBEE.

ST

BWTINEEH N R ES S B “M7 , HRRIN S TR AN, KT .

X AL PRI T AR EETZ

e S H, BAVHA “LHZANERE” o FMHBTHRNT “TLHFIR” BFFEE, B4 RN “LT5
G5 AR IS R IUA A

7.3. ARBUERTRIEMN

TERMIRUR R R b, B K 920 x S A A R DD FIE 5 B )

RNV R AEAR ] T2 2508, = n -

(RS : B n— oo, (EH R [a,| T ERHK,

AERS: TERRER R WA R, 45— T a, MO Aa =1, JUAES R0 s 1 2 R 252 9]

e MR B

R ME B M B BT e 5 S [de] = 0 FL {d) % 0 AT bl 7 I A 25 10 AR A 1 ol
(BZHES H A C I AR PRS2 B0 “ EFTA R 1 .

BT HEEM EHKARK . ROBFARELARRN “FH AR Q) 7. B
BIA(QY . TR HOAHCE SR R TR0 701 2045 B R T 1 R, R s 3N 1 =
0 ML,

LI, 7% AR B BT A DR 7E A TR B P (B [dx] = 0), ST R “ BEE s~ HOfREL
foi.,
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7.4.

JZo

ES

8.1.

8.2.

£ SIRE R

ERGEHNFRR T IUT A DR R 0. WTEYT T 5 “STEgT 7 Z IR E Sk

RS SR H A AR HIOHE 22 B AR A AL FEE 82 45 (Continuum) A1 &7 £ (Singularities) 7 T H2 4L 7 /™ 25 ) B A

, HAETE X B BUJC 55 (Discrete Infinity)i, KSR EIAF] T L #ERFZELSZ T,

R, BRIEREX W2, WREHE - MAEr@m A, WAEAIIN 120055, =
SEX TG AEARBEE P ML . R AR R A v B APkl O TR A

8. FE A RESERHNR SN

RAR: SEERNE—

EXRPEAREAR RS, 7 BE G SR x RATTRE FJa, 0T F ISHEN, Frisai R 577
FEA I8 S 45 R 8 M I

KERE 4R BEWNERS X
(B EER (AR LR
b7 B2 R (I F AR PUE N E R ) -

Pk, METREAR IR “BUESETIL , ik “OERs SRR REL A S R .

8.1 (RS 1EAR)
U x IR F (x) = 0 IR

{Ef#(Value Solution): #7 [x]=0 H. F([x]) =0, NFRx NEM. X2EBACEFT LN
{IEf#(Character Solution): #7 [x]=01H{x} =0, H F(x)EREEEE Pl T REREMER, WFKx
RAERE

S HMRBE R TOURIME S &, 8% 2 2B BRTEfE -
REISHT: Bixx=0

TR B APRAR AP AR X 31 ) e ] G491 o

BREHE: 3 x, B9 1xx MIBHEERET 0.

1) {HfR (2 SR AR

fih: x=0.

AR JATIIEIZF 10

ERELR: [1x0]=0.
BT {1x0) =0 (ERFRIENE).

i BREERESHM 0 e 8. XL MARBT KR,
2) EAR(GEE T AL TE R

f#h: x=dx.

I PATTRIEIZH Ixdx .

A EER: [Ixdd]=[d]=0 (HHMNHEE—F).

ME B R {Ixde) ={dx} (BALEEIENE).

KREIE

MR E X 2.1, AIAEMERR IR £ (x) = K AT R x S9ROL R HE(ER £ (x)

TR A
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FE Ixdx (IS, de FAEERION “ TAEEARFAL” , XEERENEE REE EIAE, R RE

T AR
R WATARE Y [de] =0 Htid de ZFORRAEMEIIZE), TR EDY dv (2IgIENERERS 1x dr fi2
FEERET 0,

SEHE 8.1: AR Ixx = 0 (IARSE N {0,dx}
0 A B AR CEEZ 4R ILAD) .
dov AEAE AR (A IAE P 5 UK I8 B4 R IL D) -

8.3. BUINHT: B1+x=1

B DI UFAE AR AR, TRtz B2

EE B KB x, BRI+ x MEEERET 1.

1) {Eff: x=0 (LHInykgs LI,

2) fiEff: x=dx.

IOUE: PATINEIZH 1+dx .

A RER: [1+dd]=1 ({HE).

MEr AR {I+de) ={d} (AHMERMENE, WS 5@HN SR FE, HESRERR).
SEi0: dx MBHARIE MRS Ny g A A, WONTERE.

8.4. FriEAIERIE X

T FIREH, FRATA s 5E s

5 Y 8.2 (1Hf#)

Hr S x i [x] = [ 4] L F([A]) BOZ SR S5 BT BRRME, W) x Nl AR

Bl Ixx=0MIMEMNx=0.

% Y 8.3 (i)

A x BB A B [x] T AR T AN T[], (BLAFAM R {x) BRI S (A A . S
GEVE), M3 F (x) (RIS S 5 AR — B0 T x AR

Bl 1xx=0MAEMEN x = de (RBAIRIENE); 14+ x =1 BAEMEMY x = de  (KIBIBEASIETE).
9. &

AR U TG de KR YE, (8B R e FEAHASL A BEAN, Bkl H i e 2R . A7 P
B U8 05T E I R 2R MR FF 120 AL Go AR A HE S5 [ 100 SRR SHLE B A HE— B9 J8 7 1 & 105% A
P, A8 A — S b TR 2 S A 2
{E& TEk

Bt ke Wk BT, HE. W SRR S50, S S%E. T,
HE T AR R R e R B A S

SE K
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