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Mathematical Principles of Machine Thinking

ZHU Ping'*,Z0OU Weiming’ , LYU Pohua' ,SHI Jin® ,JJANG Xuetao' and MA Yirong®
1 Beijing Broad Network & Information Company Limited, Beijing 101111, China
2 Tellhow Institute of Smart City,Beijing 100176 ,China

3 Beijing Tellhow Intelligent Engineering Company Limited, Beijing 100176, China

Abstract Constructing machine thinking mechanisms that are understandable to humans is the ultimate goal of this paper. Ma-
thematic is an important thinking tool for humans to describe the state and running laws of the objective world,and is also a tool
for machines to automatic resolving,interpretable running,and intermediate steps generating. The description language of the ob-
jective world has diverse forms,huge scale,and sparse features. Its semantic representation,semantic accumulation, semantic ana-
lyzing,and the implementation of machine thinking mechanisms are all based on progressive clarity and perfection by use cases. In
the field of automatic humanoid solving elementary mathematic application problem, machine thinking mainly relies on basic
mathematical concepts and their underlying computation theories, including set, proportion(fraction) , unequal relationship, enu-
merationsand data induction and derivation(trend discrimination). Taking the semantic gradual accumulation and recognition of
set elements and their proportions as the example, this paper discusses the application technology of mathematical principles in
machine thinking systems from the perspective of machine thinking system implementation. Finally,an example is presented to il-
lustrate the complete process and intermediate steps of machine automated humanoid resolving a specific elementary mathematic
application problem. The methods and prospects of using mathematical tools such as inequality, enumeration, number axis, coordi-
nate system,and mathematical induction and deduction in machine thinking are discussed.
Keywords Machine thinking, Set, Proportion, Mathematical object, Mathematical concept
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(DO L5y ¥4 00 B & R Bl 4 7 1/ s
(AN i R s i~ A el S e Y 1 s e
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K (DGR N ES A ITTER WU (2
AR AR R E R RS R AT R
i, HOX B AR L B KR ARG R A7 (341 R
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Table 1 Problem basic variables
D XE4 KA i
1 MFiiE~H~ & # 3
2 BT~ S~ &% 2
3 £Z R B RRIIELIRAHK R 2/5
4 o ¥ St e kB * 4o
5 % B * fo
6 E % & * G
7 LGS 4 * fn
8 W E R E * fo
9 % & * 4o

10 FollalBE W E R E * 4
11 #— &8 B QI % W E R E * 4o
12 A R IR SRR TR F 1 % & * fn

#* 2 PR AEAL

Table 2 Problem associative variables

D T4 %A i
13 HEZURIIHE W E R E * dm
14 =% E B &
15 HoIHE FEEE Ak
16 FoIIBZ FEEE kR
17 ZUIE R FEEE Kk
18 % —llHE FEEE kM
19 E R R Xk FEEE k4
20 RSN BN Rk FEEE Kk
21 [ RS el Xk ¢ % B *® fn
22 el B Rk FEEE Kk
23 =k % FEEE  kH
24 Bkl % & & B &
25 -l & FTEEE kM
26 W E R E &
27 FEEE k4
28 FEEE ik
29 % B x fu
30 E-NE_NIKE FEEE Kk
31 H—NE NI ¥ TEEE kM
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KPR HLAS DA Y B e

€+ ], 3% PC BB o0 AR R L A5 B S A HBUCF RN R R (I
1D E;% kA 18 % 5)
32 Mg THIIHE FE R E * fo °
33 9”5~--}él-.;§k;g & E Kk * 4 TR Kl 2 [ N
34 HEoNEZAGR B BRI K TEEE  AH #5 FFEARFREHARR
35 - & f &Rl & e % B * 4o Table 5 Dynamic common math attribute computing relationships
36 FEoNFZNIBIEE FE K E s - — — —
ID 4% ID A T % N
37 BoAEZARR B RRIILHK FEHEE AR 24 gffgffijfﬁ ;;fii
38 HoNB AR R ImH FHAE  Am 117 6 - - ’ - ’
39 - B &Il H FE K E * 4 [ Rl Rk % =N F B# 4
40 HEoNE=NRE B QR IIEIINA K FEEE k&
41 #— & B RQIIEIIRHAHK 415 & B * 129 3 1,8 =1 bMﬁJ%& Ef,ALE,
12 HZELRE FEEE k& ’ DH B, B - H BEE.CHE
43 %= &l g Q&I K PHEE K
u £ 88 R ELIRAK TAXE A B lWOH, - BB B8R £.A8%,
45 - 0% EX& I K FE K E * 4 132 , , N
y T RR BB B K FHEE A BB %~ B8 B BB K B # 4
47 # - 28 B A IIEII A K LCT * 4
18 H- 28 E QB IELLAK TEEE Ak () KRR RAEH LR
49 HE-NgZNIIAIHE 415 & B * g 523 T e i
50 BN gE=A23 g &&I ikl L & fn ARG IR AR TPAEAE I T B
51 HE-NBZNIBRIIEE FEEE ke 3
52 NN B QR K FEHEE Ak .. x ..
53 BN AR B BB E b BEEE A EHx x AESIIMHIB G BF x x AFEEIIEE ¢ x
54 B-NEZARR BRRIEBILAK PHEE Ak B # B # &« B F IIEIE
55 HF-NENIIAUEE FEEE kM By NES N T8
56 FANE AR H I B FEEE ki BH 2 AR E G
57 BEoNEo MBI E YHAEE Ak Hp“ g £ « x A2 #7/1“ 2 # x x B £ 7 HAF BT
58 H-NEZNAQE E QK FE K E * 4 . .
59 BN ARy & El % ] B * hn ?‘?%" %Ef?é?%iﬂ” lﬁ%[ﬂ%jﬁ Ei‘%[ﬁ:@ﬂ H@J%?‘Jﬁ“%ﬂé?
60 NN ERRIIELA K FEEE ik (WL 6),
4.3 FHBIEXE F 6 RECRIFEMN
(DEEM BB SR XRLE D Table 6 Association relationship calculation rules
st s v ID A= ID AXBETERER AREEX
5 PURITRLA %R ERBAMK.F— 88  IXE.2EE.
Table 3 Math object computational relations 133 3 2R IIE B, E K o 3
ID AR ID NRHKELEEX AREEE
1 9 BN E.EIEE 3 A B-NE N B &R 5B R
2 BoURE.EZUNE TR 150 3 KB A AR B B P
. BV H, B B
13 9 E IR AR O S Rk i FEE . o .
TR T TS R E A (5) B A I LSS IR R R D
15 9 RN R E-OF Ei N ik ¥ %7 SR
% ] 1B NG - AR g & E BN, ME. AL Table 7 Equivalent derivation computing relationships
Az bl bbE B # 4 D AR ID ARHHETEEE AREEE
81 6 Lg—NE_ 088 BRI LK, BE.AHD M7 iHE.2 A o }
%= B RIIEIINAK B4 151 6 B s R B REAHS.BHAL
s GoUBE.E-HIRE, BELAHS e H_AE-ARE B e
B e m e g B - 3, A 3
B ETEE B# A X S A A e
. . %"~ ool %% — A N
() TR H AR R LK D us0 BoARL BRI AK s
4 REHGE G KRR B %~A~ A
Table 4 Local semantic computational relations 1086 6 R.8 & BRIl B, %= EELAHALBEA
ID AKX 1D ARBETEEE AREERX 3.2 2 3Rl
109 6 %}i%"ikﬂ ZUHE.AHE BEE.AWS .BHAY
110 6 MJ#( e ttm‘k EE.A¥S.BHL 4.4 KBLTBIMGER
111 9 . CHIHE i P BE R AR B o= -,l,A|=- R
1] 1 L A 7 tH 7 ] AR 17z
o . %# g ﬁgﬁﬂ - b SHE! A AR 5 e FIHE 1%%%*%@\[1 5HR%
B RR E Q% . - EE/JY}\’? %ﬂ:zj]u_p B sﬁib\@ﬁﬁﬁ*ﬁffﬁ E‘\*K*U\ﬁ
113 9 o .. ; - . A . b o N PP
= bbop dbukng TG U R AR LB BRI A =
Z & B I %, N . . — S e JE >
9 LR TR HCAHC S oo B FH — 6 — Y7 AR R B2, B30 L D
NEUHELEIKE, ‘ AR 13 M GRS BH BB R 2
115 3 % 1RE2RE, FH s -
- 2 15 HE R MRS B 5 — LB &
.. g a2 A B A H
116 3 Bl 1 RE2REGER IS 120 HE SRR E] o= 1/3: M“45 = 20 Lo BRC7 56
AWM HBFEEE TR TR BIEC RS — L B B R AR A 1/3;5
AR 224 iy n) SR R T SC AR R R Bh A B R JE M A ST AR B T 4 = QR M R IIE I
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BOWAE 2/5 R BAR B -4 20 &l B Bt BT
BN 1—2/5=3/5;

AR 318 M F R AR - H " & BRI
BB HIE R 1/3;

AT 150 M SR A B SR DB I (R (1/3)/
(3/5)=5/9;

AR 110 SR AR B E N 1—5/9=
4/9 , ] 5 55 p 15 B A 2

BRIE ARG E SO R R ST R R
BIAE 5500100 o BR TR R B B ARE A B 2R A T A LA L AL
A ST E 0 B0 D P A A X IR R R B L T B, B
LI E R IV N S Y Sy i N RSN N R
KRG, FH B R B T B HUE R A B s
TEREE K R FIW bR AL A8 B4 5 S A B ). 7E AR L4
6 1 (932 17 ML 4 R B 01 00 T 5 3 BRI A 28 T A A
SR R o ST R AR O NS BR T SCH A 28 1
T SRR A e LA SE T 28 i, A R K U SR
PR A B X I R T S AL R AR R R g TRk
fR5E3 OB AHEZR KRR 7 D) RE A B 20 2% 25 A L AR HL i 1) 5 451
RGEGEHE TR 5., B RA TGI8 L2
Te b BR AT AT J5 1Y 3 A A A0 AL B T R AR I
FESE ML ST AT AR P TR DT AR T N S AR T
PR . T — 2 W % A S A Tl B M 2 Chn g LR
BRI AR 22 1) B0 M 8 SCIRUA B 3 ML A8 L o SE B
H ORI T S R B R LA Y 8 4 I 29 5 FE Ak
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