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Abstract

Algorithmic programming automation is a technique that uses computer
programs to automate the generation of algorithms. It is mainly used to solve
bottlenecks in programming and to improve the efficiency and reliability of
programming by automating the generation of algorithms. As the field of artificial
intelligence continues to grow, it has been extensively researched and expanded in the
field of computer science, however, algorithmic programming still has some challenges
and limitations. Firstly, it requires a lot of time and effort. Secondly algorithmic
programming needs to deal with a large amount of data and complex problems, and
human negligence and errors can also lead to a certain error rate in programming.
Therefore, seeking an efficient and reliable algorithmic method is an urgent need to
automate programming and is also the research goal of this dissertation.

In this dissertation, based on the PAR method developed by our research team
under the continuous funding of several national projects, we propose a theory and
framework for efficient algorithmic programming for problems with conventional
solutions, and integrate it with the techniques of expert systems to realize the automatic
construction of algorithmic programs; we choose Radl as the target language, develop
a Radl protocol to Radl algorithmic program automatic generation system, and The
reliability of the system is analyzed theoretically. Finally, the automatic conversion
capability of its support tool RSPEtoRALG generation system is verified by several
cases. The results show that the method proposed in this paper has some research
significance and can provide some reference basis for program developers.

The main innovations of this dissertation are as follows:

(1)A new efficient theoretical approach to algorithmic programming and a
generalized algorithmic structure of problems based on the PAR method is proposed for
problems with conventional solutions commonly found in programming. The
knowledge of the programming process in the PAR method is classified, extracted and
managed based on the technique of knowledge representation, and the Radl statute
program analysis rules and Radl algorithm program generation rules are refined, which
are transformed into a computer understandable form to construct a knowledge base of

algorithmic programs.



(2) Based on the proposed efficient algorithm theory combined with knowledge
representation and knowledge inference techniques, a Radl algorithm program
automation system RSPEtoRALG is designed for the goal of precise intelligence to
realize the automatic conversion of Radl statute to Radl algorithm program, and the
system is tested and evaluated, which greatly improves the program development

efficiency and the automation degree of PAR platform.

Key words: PAR; Radl; Expert System; Automation;
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b IERE T RCKE IR SO S B A BB R T LU, S 2 SR
WK B E AL 3 2h N — AN IR SEOEEE A

AR — N R T HTA AT B SR R, WG SR
fiuk A AH BRI Z AR, B RAT N e SCRTER A .

d AR & R AEARALEE, W] DLPRGEE T Jr N 4 45 1, X AT DUIB IS 47— 4
H 1) 235 SR RN ) FF 7 T DG P 3o R ) B A SR SR S B

&2, RETE BRI 57 W 28 kD M UC RS i %k, RETE HIETTLLK
KEE = 5] 2 B PERE .
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FI3EF ZREZLIEFIES Radl

3.1 Radl B A&E#)

Radl i 5 VLR — PR TS HEOC R EVERITE S, ASCH Radl #ik ) &
L) LA BRI AN SRR . & SR s JE R BT, IR H R 5 &
B, (T EVEEAHES . Radl A1 Apla & 16 NE e —2, HirFZ&EH
TR ST . AEANH T Radl &5 PSRN BRI &
A, g5 T Radl BEIEWUHF RS 5T i A2 LA T T, Radl
S e —ME ok H R g AP,

(—) MAREFEH:

FEL = A 3 B4y AH Y

AR IR AT B0 BH ] SCRZ R H I AR S A ek B 2R, DL A B AR = ) 5 L

<HI B SR> 488 7 RIAAEAT L Hi 0 20 A2 f) R

<JGBE%M>87E T BIEAEAT )5 LA 2 251

(=) HEREFEmh,

LTS IR B, 38 I AT DURE SRR IR s A O R S5 M A -

Algorithm: <& L4 Hr>
{<EIEIN 2>}
Begin: <i#f #4528 5 A1 66 HE bR Ew) s 10>
Termination: <ifi 2% 1k 2% 44>
Recur: <i#ffE ok & 041>
End.

(=D LR e e )

F£ PAR J7iEH EAG 3 8] R R HEOC R, EER B DL HE AN, AR e 4
TR 22 2 B im] M or FRATTH 0 i R AS B N &5 S I — Jeia A,

BIF: (01 : 1) : f(i))

FEXF BRH FG)PE r() VS BT I8 55 g i &, B BLR IR, B4 af
AAZ WA RS, HofEia] 0 i 2 AT 564

158 SCRAH:Joi -

01, j:r(@As(,j) : f(3,3)) = (0 1:1(0):(0] : s(i, j) : 1, j)))
2.5 o 2 o
(01 :r(i) : (i) = (01:r()Ab®) : f(i)) 0 (01 : r(i)) A—b(i) : f(i))
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I el Ao

3.7 XA G AR et
©i: 1) :s() 0 i) =(01:1():s()0@i:r(): fi))

3.2 HRRBEMEE A
() FRHEHCR SRR AL R A
FRF BB AR PRI SR B SRR C RIS S o IXSEIB BRI 7 SUI R
TR R, % 3-1 51t TSR 2R
AR 3-1 b tERE AR AR B

755 KA ik

Integer it +, —, *, mod,div

Real S +, —, %,/

Char TR

Boolean pUk RN AN, V, 7, =, Cand, Cor
String FRF Y

i K Rz BAT #, < >, = <, =

(=) HE KA
WHikitype <R A>=<LMH]>
1.l RA:
type student=record
number:1..99999;
name:seq;
score:0..100;
s:student;
end.
M3c %4> &= 7] ] s.number, s.name, s.score SKE RN
2 M H A
type<KM ¥ >={e,e2,°**, €.};
enez, , e, ERA R HIFRIRAF AT LLZ AR 2R T
MR mT DA BRE, KARGIEH, r 115 pred, succ, ord &5 pRAMH .
3. 7E SCRAL
2 K IR B e AT i R AR AR ST A SE B, AT T B
TR R A GBI R BRI S — AR AR, R AT LA
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GG R SLILFE N S R A . AESRILE U, size. FESRAL, JuEIRMANL,
ERAVER R ZH, H P A LIRS 75 22 HAT € o

a B2

O — M B R A R, AR R A <M AR R AL>, ek
BA<TuER B>, TR B2 T FRR8, Mes i iies,

AN TR IE XN FHZEA[ IR

filtn, & X —NEHEM Ar, HRREMN 0 2 n 2[R H)RE, JuamRM
HNSEHL: type Ar=array [0..n, real]; & N E A F1 B, #E TR Ar:
var A, B: Ar; A] DL A[I)JF BjIRE R~EH T .

b. A AR AN Y

—MEG R HLEE RSN S AR, GRVTAEE
T WATATLUE NG R, TR set, HIERRUY<HLLA>, [FN], size
e /NALET, RAEES, NFRIRESTGER NEBERA RG] K E T

ERAERFER B8 AN FUAREIR, 5k 3-2 P

R 3-2 BAERT U

P fifiidk

H#(A) Ton A TR A

ANB Fox A B AL

AUB Fox A M B R4

A-B i A PLRRATE B I BLM G R

XEA # x £ A PHUEN true, 5N false

ADB B e A ME T, BUEA true, A false

A=B # A F1 B e FEHUE A true, 75U false

A:=B ABE B Bk, # BT, NAPES
Set_iterate(A, I, ops) £E A NERIERET

FRE ARG A S BRI E R A i T, HA SRR S AR
HIAE . FUE s ST, 2% B S AR X 5.

c. P HIRA

ERAERF AR B8 A AR IR, Wk 3-3 o
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I el Ao

% 3-3 AR UL

HRAE ik

#(S) R S T ER AL

S[i..j] FXox SWTFFH], h<i, j<t

StR FPol S BIRAM R HSkERE, TR — KT8, 11

FoRN SR, RS, TR AT
DR R

S[i]==—S[j] S[i] A1 S[j] #ATACH
S=R 4 S AR 5B FRUE N false, 504 true
S[i..j] == R[k..k+j-i] S[i..j1# Rk. k+j-i]% #e
S:=R # REE{E, HREHS, BUAMHEK
Choose(x, S, C) WA ¢ o, MMES S HEENLER — TR

fEEIA R x b, A DUBEHITIER S 1= S—x f
F8 x R, B, x AN ek R A AR
PR, HICEFAA char, WS 2 —FFFf: A tEEAL, XFAIRHEA
B h P, WS 2—HEde; A MERCR B h e, FATTEBH t e, W
S —BAF.
d. 7Y
T = ORGP BS54, AR 78— SO I B e R R4
BAERF SR ULA 3R 3-4 P
X 3-4 BRAEREEY

#lE Ei:pa

#(T) FRM T sl AN

Td TR AR S B AR

Tl XA

Tr XA TR

n+T Ingh sion B T AEZ SN T 2560 [R] 3T 48 A X —

AT AR T — 0

T-n AT RS s n A2 AT T S5 A [R] i

Td, ~—Td, R PIGSE FURME o FH d o S H
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I TR R ARG = BRI R B B S i IT

23 3-4 BAERTAEULY

AR ik
T,=T, %T1$D Tz%éi‘ﬁﬁﬂﬂﬁ?\jtme, A false
T, =T, Tl%EZT2%I§}§%o %TQj"j%’ )H\UTﬁEZE?,

Made(T 1, n, T2) B XM Ty, To Mg din (WENIRSG &) EN—H =X

i
Choose(n, T, C) MT g2 26 C 4 A A n i
Transform(T1, T>) B 2 SUW T L U — X T s
Pre_iterate(T, i, ops) e [ — SUW T
In_iterate(T, i, ops) Hh e ) T ORE T
Post_iterate(T, i, ops) J& s — R T
Lever _iterate(T, i, ops) JE UG — X T

e AU ] A

A B — P ETRLE, 0T DU AE 2% T IR 18R 5 O 26 1Rl 1R R
B AT L AR B B B AT B R B A R oR o Xl M, rTUARR N —A 2
TG G=(V.E/W), Hi vV ZoRTi L4, E RoRilsE, W B RELIONNEES,
E/W RIS, B BE/W={(0,v)w/(uv)EEWE W}, X T — Tk a, T
NIMEA AT LRI N in(a), HIEE G T LR RN out(a). WF LT, — TN
PININE S N INE S AAHEE, TLLA in-degree(a)®nTiif a FIAE (APASK
0 ., H out-degree(a)F/nTii A a BIHE (RIHITED . 4AF#ES Adj(a)r] PAFR
AR a I AR T 2 526, Bl Adj(a)={vE V|(v,a) EE}.

BARETF UL R A58 3-5 P

35 BAERFER UL

A ik

ew W e IR, e.w [FIE FT AR 15 ) 5088

eh e HKTI A

et e I RTI A

ef HEAL e BHVIR: £90, e MR
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83 3-5 BAEATAE UL

BRAE fifiik
v.d Tt v MEEAR S, AR A B0 .
v.f RN vEBEYIE: £40, vEREETIR.
v=u AT AE AT P IR AR ) R
vi=u TR v(AT L2 eh 8 e ) u B
el =¢ T 2 120 15 52 A A I
el =e 2 el # e B
G.V G T 4R
G.E G L%k
#(G.V) G [T s 4R
#(G.E) G M
In(u) HI TR u G HH PRI F) 24 AR
out(u) Kl G —%1t p 1K
Length(p ) MG ik —Z R 5% C TN v
Choose(v, G, C) MG i — 2 2 5% C MILAEN e
Dfs iterate(V, i, ops) Dfs 77 =0k 7 G Tl i 4 V IS s RE T
Dfs_iterate(E, i, ops) Dfs 77 G 114 B MERERE T
Bfs_iterate(V, i, ops) Bfs J7 i i B G T % V A U 1
Bfs_iterate(E, i, ops) Bfs 753 i K G 114 E S ERE T

3.3 ZEEFEIT

Z AR A R R R R B A, B BLR SR AR T R K
A EEE . JATTE U Radl 1 Apla i 5 BA 5 ARG HIZ BUALH], ATRASE
RPN NS EBOREFAE IS H . SR, Java SR ZIGMT B2 BAE P R ALA], X
2R Java BEATIZ BURE P BT R TARKHIINAE, RS 1Rz BURE P B it 15
& Apla ¥ N[ Java R2fy . PRI, BATTIRZR T AIH Java SEALAGIE F P,
Wiz MBS BN L B LIRE (TR NS BRERZA . BA TR
7 —Moks Apla 87 B )3 H 2 AL Java FEFF I A S AL . SCE B,
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EAIAEALE Java 2 BUFE P BT SEBPA3 2 7 GTh B, AT LA 23R & Java 127
W RCR AT SEME . 78 Apla-Java F27 H shie i ds (0 fg g, WATHIRS T
e

Radl 1B F ML T FEMZ HEF RIS, FEAFERM. K SH A
YEZ 8tk . Hordr, BRI S AE H S 7 “sometype™, AT LK RAME NS ik ik ;
BRESHAAT S HE 7“somefunc”, P LIKHRAE (FIEP) (E S HfLis. XL
PLEIE1S Radl & 5 vz AR 7 & E 58 N {6

filtn: W LAE SCEUH R

type array=array(0:n,sometype elem);

BATE LT — MR R EA R, Hon g BRI — LR g 1 282 .
KRN B e R AT, R B M ERR R o= A e AT L s .
DRI, FRATT AR EEA E A S R PR e — e LA SR A rh, DUGE AT DLk AT Jn 3R LU
AL B sometype elem KFERIXMFERTERFY. FEFENE,
anytype [FEUETERER T elem HILH BT SCOAEE, XARBIZZFLLRE R, &
I ZI5E sometype elem K7 elem & — MR ZE.

3.4 BiRFRRAE

fE Radl 159, Frfa HIEIEHALL (Qix():f(1)) Mg — B 2.

1L AMER: v

“ff m<i<n JSEF, X TRAEM i, #F Ei NE, W28 RER
(Vim<i<n:Ei). XEEHKZERER, El—BbER0E ZJtiEHE N,
QAFAE R 3

FoR“fE m<i<n JUREHEDAAE—A 153 B NEHEHERIAEAN
(F1:m=<i<n:Ei).
3R KEE T MAX

“ELRIRNE m<i<n JGHEWRITE Si MscoRME, T2 AERE R (MAX
i:m<i<n:Si). XHEH Si AEERFRIL, K KE 172 = Joia H max” i — MK
. »
43R fe/IME 2 17:MIN

“ELRINEVEFE m<isn FRFTA Si M & /NME, BT CUE 2 RIS
(MINi:m<i<n:Si). XHK Si NEERKEN, Kig/MEE 12 = JoiaH “min” ¥
— .
SRR Y

“EERINAE m<i<n JWHE WX AR ST KA, w7 DU A 2 4R B R
Cim<i<n:Si). XHH) Si HBUERRIA, KAMEFEZ i+ — Bz
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I el Ao

7t 8RN

“ELRINEVEH] m<isn HRAE Ei NER 1 BINEG 0T DUE R RIS
(Ni:m<i<n:Ei). iXH ) Ei Afi/REER. o, NERRRTBESF, BrELNE
ANy URRRIFBHTT, RRENMEANEIE. 7
8 RFIE: ]

“FINTE m<i<n JEEAXTATE 1 Si SRKFAMIZHEFREAS ([[im<i<n:Si). X
B Si oNEUEARIER, REEF R i — K. »

3.5 Radl IS B XFEFH &L

DL AN W B4, A P Radl 752 305 AT T 60 ) SR 240 BV TR

B 1 RS R T B AR PR

1R AR T A0 R B T DA 5 A T 345 o Sy I R R, 2 4
EWiE Q MG B S R:

Q: 4 A b[0..n-1];
R:{j: 0<j<n: b()=j*};

2. DR R 2 e T i REUAR [R] 1 R, R S O AR R i
Sk, BATATLABETT Radl SLEFEFT

Algorithm: biquadrate

|[b: array[0..n-1,integer],j,c,d,e,f,g,h,k: integer;]|

Q: True

R: {j: 0<j<n: b(j)=j"}
Begin:j=0++1;b(j)=0;¢(j)=0;d(G)=0;e(j)=0;1(G)=0;2(j)=0;h(G)=0;k(j)=0;
Termination: j=n;

Recur:
b(j+1)=b(j)+c()+g()+k()+1;e(+1)=c()+d()+(j)+4;
d(+1)=d()+e(G)+12;e(G+1)=e(j)+24;

G+1)=f(G)+1 2+ 1)=g())+k()+6;
h(j+1)=h()+12;k(G+1)=k(j)+4;

End

Radl & H Algorithm. Begin. Termination. Recur fll End iX J1/™ 4554
M. Forp, Algorithm FRIREVEI LA FR; Begin #7045t 1 I8¢ R AR IRAF I
WIUHAE ; Termination #7325 H T BEIEMZ 1k 2% Recur F1 End #54 W]  ik 1 5
VEHTIBAEIS R
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