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Abstract

Automatic generation of programs has been the focus of research in the field of
software engineering, and how to make machines understand the code and write
programs automatically is also an expectation in the field of artificial intelligence. In
the process of algorithm design, it is difficult to achieve reproducible construction of
algorithms by considering different problem characteristics, solution goals and
constraints for different problems. In the case of optimization problems, for example,
which are ubiquitous in life and engineering, algorithms have to be redesigned when
faced with optimization problems with similar structures but different data. By
examining the similarities between such optimization problems, we can make the
algorithm design process more reusable, assist people in reducing mental activities
while designing algorithms that face similar problems, and improve the efficiency and
quality of algorithm design. In solving combinatorial optimization problems,
reinforcement learning can learn algorithmic solution strategies between the same types
of problems through " interaction-trial-and-error" learning, and find a reusable "meta-
algorithm" algorithm design model for these problems, effectively avoiding the
problem of traditional theoretical design algorithms that require a lot of expertise for
manual and repeated experiments.

In this article, we construct a reusable algorithm design theory and framework for
solving graph optimization problems based on the unified algorithm design approach
in the PAR method, and integrate it with reinforcement learning to automate the
construction of algorithmic programs. Taking the shortest path and traveling salesman
problems as examples, we use the PAR-based recursive algorithm construction strategy
learned by the reinforcement learning method to capture the correctness of the current
algorithm and continuously adjust the algorithm construction strategy to build a suitable
solution for the optimization problem. Based on this, a Radl algorithm generation
system for optimization problems is developed, and the reliability of the system and the
generated algorithms is analyzed theoretically.

The main work of this paper is as follows, which has certain innovations:

1. The construction of the algorithm program is left to the intelligent body in
reinforcement learning to explore the algorithm program design strategy autonomously,

and finally the automatic construction of the algorithm program for graph optimization



problems using the reusable algorithm design theory and algorithm framework for
graph optimization problems based on the PAR method.

2. In order to achieve the goal of reusable algorithm program design and
automatic program generation for graph optimization problems, which further improves
the automation of algorithm program development in the PAR platform, we designed
and implemented an automatic generation system for solving Radl algorithm programs

for graph optimization problems based on the reinforcement learning approach.

Key words: PAR Method; Program Generation; Algorithm Design; Automation;
Reinforcement Learning
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WITEMN TR ReoR, K n] @G R AR, DLSCIRER 7 B B A i
FE 7B BT LUK R ER S A I R R 3 e A &5 el /2D T R AN 7 R IRTR 9%
EAEVFZ WA 2 N, BARIRA RS WML, B ESW . Wik
.

P76 B ) 32 B AR ) R 3 A R AR, JE e R Bk e
EREETTE, B RO S TG o R B S ORI RS R B E B AR OE
PEUERA, RN AE R RE e 2 2 T VO AR ), DRI mT PLORAEAR Fe 1 IR w1t o R
B BB ) 32 E PR AE T A ] o) @R VO A A AR, DL R ey v s A% )
PR VR AICA T DR AR e AR R I 1) j s A2 T 6 B AR TR A 4 DA
TP

1. RVEEIN: PPN — MERR G, 8% 2 HE A ey

WEEAT o BYE AT LA B ARTR & R 1 75 5K, AT LU TE A B R Ui B
2. MMFETAE N PR A EE RN, EFEREERERR
[T A RE AR AR . R A B e P& Rtz —, BN
PR A )R/ BRI RE 6 U R RS L

3. BREEWE: PSS ERT R BRI B, DS R
WAL R R VSRR T . REENRIT 2T A REZG, B R
SRV R ARG B EL s AR T & R 4 R

4. FEFFARG PG BRI R 2 E] R B VIR . AR
BSR4 R 2 — MRS, AT RUR T 8T T R E

FEIT & R R 1 B8 TR A AN TR e R . TE b 7 v 2 Fa Al 2K
PG M TR T ORRA ) AN, DS E SCRE P R ANTE S N TR Re
AR ARAL FHBLAS 7 > R B 2 ) SRR E 377 SRR B S5 M AT X

FEFE AR R EBEA YL % ). N TR RER AN SRR & . Xt
FARMELS G, BT — NIRRT B3RS RS, S T AR A B3
MR R Bk, N TRRESEEOR = R IL, Refg S B AR TE & Rk (4
% T R BEA AR, A Eibt SN RBUCRE T A B TAE, SCIERA A
TAMEELT I EN R H EREET. KK, BERARKNAMERE, F
H BN A ARG — B R R 523, AT R AN Ok B 2 B R R AR 3R



B R VA

2.3 BUEF S5 Sarsa Bk

FENLES 5 S IR, A — REENAE S M N ARG BAR AL, BRI P 51 kK
(Sequential Decision Making){F-5% » SEHLF 53 th 35 AL A8 ) Tt — oAb 5 2
(Reinforcement Learning). 3 FTMAESAFE, RFEFAFSH R TR, Hik
R T ENAKA T, AR [A] i i — P Bk .

s 5 S B AR IR AT OB IR OB AR T BRI SR B SR A SO IR A
P iV A B A KU SE F R DG A sk 7 ) SR AL T BAR A, R A RN IR
I RREIIRE . sl S A I R] ) A R, FLBEAR AT N F AF U8R A e ik, B
U1 DQN 28284 (Deep Q-Network, DQN)“R; I T Ffik Fl (Atari) i #k[). 2016
M, FETIREL SR ) AlphaGo W 7 NSRRIV, 5l 7t Rk
A0, AlphaGo b2 KAGAIREIN TR GE, JUH 22 S sy Fik 7). 58
5 2338 T B A R S MR IR 10 R, 1T A SR AR S D0 A T B 5 vt 75 2 X6
ANFE LR A R AN R ik 8, X5 945 2] AT il B 5 A R SR IR AR BA T
BT EIRsRAL T ) PSR ARSREE , AR R MRS UL I N, 207 VR T g,
A N A5 BRI, 7T LLE 3R KA ) B SR, o AL ] R AT 32 A K A,
PRI T A S SEE R TR X AR R 4548 1) L [ 1R v By A i 1471

SR S HEZR AN 2-1 B, AHEC AR 2 b iy “BEi” , gpgh e )
)« RefR” smIRNLASAE AT DUBEN A BBl {3 R, 38 W] DAIE ok S R B e
W, AR R4 H— L HlE 5.

state(IRZ)
-
= action(zH{’E)
agent(EF8E/K) environmnt(%i%)
I reward (3ZJgh) I

B 2-1 sk S REACHELL

HE R MIRIN AHRES S, WSS RIAT RS Fa AT, FAEARYE R
BEAR M BB 1R S B U2 g FEFERE BB IR Sy, B REAAAR TGS
BB oK K B B ) S T T BRSBTS SRl ST 1 A AR 3k
Bl REFIET A (2-1) Fros, 58 AR IRSIME RN PR T,
HRAE IS IRAT B MK R AR B

Tt = argmax, E”{Z Y*r k| S = SLVS ES, YVt =0 (2-1)
k=0

10



BET 5k 52 21 (1 e AL e AR e 2B 1 E S AT 7T

Hrp o R BRI A KRS, v € [0, 18313, k NARKRNEER, SN
RFS 73 | 140

eSS 2] Z R B R 2 T A3 T 2 RA AR IR &, Hh b
Q-learning 5775 A1 Sarsa(State-Action-Reward-State-Action) &y PR 1 5k
JHAY . Q-learning FEAEH] 1 — RN Q-table MRS KAFMEAN [FPIRZSA B 1
Z I RAT B QMR For QB R ARAERF A T R ECGE AN BN A BT R A5 1 F9U3 []
o Q-learning LK H 2 5 UG BB 7 20, S SRIE 4847 9 SN A P1fil R0
AR F AN, BT S i ) HE A —E XL, Q-learning HiE M~ —3)
VEAEL bR R B3 R A SR BB Q R (1) SR, T Ik B BN A= (1) SR ) 2 o TR 2L SR K . Sarsa
LR <RAES-ZMESE R BUF it T Q-table 2, Hrh Sarsa BIEHIAT Nk
B4 Q-learning FH[F], W2 RH sgreedy 71K . ANIFZAAET Sarsa 1)
SB T A £, Sarsa 2[RI SRS B EHTIN, ERIAT N SR DAl S R S
7T egreedy FMSEI UL R 2] . 9miZ > TP R BEAR agent TR EMMMESHE: —=ik
¥ action; &%) learning. 7E&REIRILEE—NANMEJE S EIRAT AWAL
B, 33 7 —Ahsh VB E R E B — ik Q-table &, FRAFAE T A B E M
B PRI QR Jd Ik AN T I B X sk Wi 2 R FF I A Bl i KW ad o sk 2% S /E
H Q-table 5 5\ n] LRI AN W& 2-2 FfroR:

| Initialize Q table |
4
| Choose an action a |

| Perform action |

| Measure reward |

L
| Update Q |

At the end of the training

|‘,n Good Q*table 4,.|

K 2-2 Q-table T HriifEE
A Sarsa 5% ) Q-table HISEHT TR ], izt (2-2) Fos:
Q(S, a) = Q(S, a) + a(r + yQ(slﬂ a,) - Q(s; a)) (2_2)

AT REROR TR BERAEIRGS s TIERGENE o o233 RE R, iR
PRGNS, QKRR R BRERI S I E NS o BEATHER], 3152
BRSO Ty KT R, PR 8 e A 4 A DAL AR ORI S0 i 2
T ERESE

24 wLLRE
SRR IR AR A P ST, 6 Ve I B SRE R B o I FR i R 5

11
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[ ) DUR 2 4E 1956 SEFEH A XA R ER H 22 i Bk SRS R oA X RO PR i -
— /NI AR B E A SRS B X, R TE IR AT AEARAS B 4a v sk ande], LB
JETERAS LU — DR ARSI IR S A M0 55 250 BRI
WG o 14 5 2 — M SRS 1 S0, T8 BRI 28T 5 b & e A
— AU IR (1 B DU T LA 2 o T R L, JF ELARAS T 1R AT e
T SORRAT o KRR AT AR R RIAL I R R 2%, I LR R SRR

LA SR BRSO3 5 R FR v in M BB 1 g R i A R L,
i BARIKAF . N ANRIED,, Dy, -+, Dy WX AN RFF H R T LR, X FARAT—
MR, 1 <k <n, DRHIH b DRTREFR, CUSHERIRE A BRT
HIT TR SR A 0 (1 2 BIRAS, RILUJG AR HE D1, Dy o+, D AR IRALI o

I LA R B S A I A S Ak o ARAT— AN, A SRR TR R AL SR
HISCHF s AN B P Sh &R VETH S . BRI 2 I SR AR A4 i LS 5 230 2
AT

(1) A R PR AR S 6 250055 1 A LA S B

(2) TR BRPIRZS A0 2506 A2 T i Rk

PRI &g “ N —WNZIFPIRE RS ZRPRGSA %, A= arRaE
ZHTHPIRETC R, HATHPRES 2N AR R 457 .

I AL S BR A SE PR R R R 2 T2 (A S e AR Beih rp AR Beih 24
fEEf IR T & ISP P IO 4255 . RIS, SRpuib IR B
FEVEZ i A A TRERL A R (0 A 2, T B AL S (AL i oA
LS

24.1 KEFRUEIPHRMILIRIE

FE 3R 2.3 N A T s Ak T ) I SR R T R R SR I 2R AT R R
WIS, HWHEARAEI TR, KRR T S EWRE ZI R D5 JUR
SRR R UANS, RIS R B .

(D JURE T

DUR 2 TR AT ZPRS I E v (s ) PR — B ZPIRE N v (sp) 2
(A OC 2R o RSB R EOAN ) AEAE R B S W] DA DUR B 7 Rk R

XTTAE R R YL, 7T RL PSR S5 — A5 BRI 225 R,, o — AN
S RAARFRE ATy v (sp41) o

v(s) = E[G¢ls¢ = s] = E[ry + yv(ser1)|se = 5] (2-3)

BRI, GRS UME R 3 DUR 2 7R N
v(s) =R;+ ]/Z P, v(s") (2-4)

S’eS

12



BET 5k 52 21 (1 e AL e AR e 2B 1 E S AT 7T

2 (2-4) FROY /R A Rl e A ) DUR 2 058, e3R8 B — RS H 8
P AL — 0 OIRES B RV 225, 55— 8B 0 5 Jm G2 T Al RE ARSI E
X L FRIAR A M A DR SR ek 2% 80 K

(2) %L

i R s AL ST TR DR T R D A SR LR MR SR A B
PR RAF AR 28 LU AR SRS HT B 2 i), XA RIS Kon . — B EI&R
AT, FUE M R > W AR 2 1 A T HREm 0 FENE & — 1 E 5 PR wfk
I, (B2 AT DO B S A [ B0 SR 118 25 SR 8 — AL A SRS

BAUREE BT LU v oRkR&oR, BRI

T*(s) = v*(s) = max v(s) (2-5)

BAUIREE B Bv* (s) RORTERTA P RERI SRS o, IR RS s B oK
R SRS BT L KPR AE BRI B FE SRR AR T, B DR 28R R 0K I ) A 10 SR s
&R BEAR BT BEIE FE MG A3 U (B e KAL ISR FP 1. it R Ui, S DR B &
RN R AL RIS T, B BT RE ik B K AME .

A, LS R E g™ (s, @) TR IR PTA S0 R 7 A2 B AR 2 A i 8 R 2
IR RE, BRI

q"(s,a) = max g (s, a) (2-6)

s AUE BRI A2, BEBSRA R REARAE Sy /R ] R P s A v e 8 S e ]
RERIRI . AIATRIG MU R HN, SRR 2RISR B, A
LR AT R R FE RE B P AR A RO SR . XA 2K, AT RE A AR fy b g e
EVINIPR7S ser i) g

(3) BEeflsing

A S % (Optimal Policy) H5€ LU F -

21 if v(s) = v,(s) (2-7)

RS T, RIS e B8 B8 TR FAR SRS (R (B e K, SRS
BIOIRZS s N BB LM o 0 T Sy /R ) RS R R B O SR, B s =4 #

SERL 1e XFARAT /R A RSO AL P, W] BEAFAE A I — DAL SR A,
B E R HERET, HiFT (BOM%ET) EMHARLSE, B>,

SEEL 2: AT S A SRS N A OIS E R EL Rlvg(s) = v (s)-

SEEEL 3. AT S SRS N A S s E(E L Blgq(s,a) = g7 (s, ).

BT bR 3N EH, RIS T DS A UK B8 B v () BUE F A
ANVEAE BRI G (5, @) RAFE] . WA Y dn R AU E R B 0, AT LSS 3RS 5
IR A RIS TR e I SRS

BRltt, w s R Kt g* (s, a) G B ALK, FHHARE XUT -

13
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. 1, a = max q(s,a)
m*(als) = {0, i
i (2-8) Fon, HERMATAMERBED I, EREREsT, T A%
BHEE—MTH a XN — DT e (s, ), LK™ (a|s) ¥4 T P
A BMAT A IS RAEXT RIAT L 100% P63, 1 HoA AT Aok R
N0, W Ui 0 SRS AL I B — SRS IR SR e SR i ok ok &
TRAMEAT . XA EWRE, —H53q* (s, a), RILREWBEILE T .
2, F A WS R SR ) S b O AR R S B eR R A 1 . G SR
&R HHNERE, BaRRFEZAIEEESEREN, kA, i &I H
W SR AR ) R e 8, AT UK AL B SR L SRS . SReDUAE B Hw™ ()« AR Bh /R B &
Bq (s, )y — 1k (HESLFRIE AT, WA AA K R, T H HoAh 72
BEEOR MR IURRE, WK A 225319 1Y Sarsa 5921 Q-learning 577455, 7E25 DY
B RGN S BRI E A A

(2-8)

2.5 &TF PAR FENWEAREF BERIER

FF5 32 OB SR 1) a0 (R H 7 e B 0 SR, X B A AR AT 3hiE 3l
R LR, MR ANRTERNT A T RN e B . BT 575 F LR A
i KRG8 BRI — R 5 MR W AR A HE S H A R0 R [ 75 B8k
R AT IR, T8RS T KRR U e R T AR e R, B
RGNGEH T AL Mgl AR SR . 1E T AR IR TRk e 5, M
VSRR L 58 FH A 3 3 B A 3 P AT A A AR 7 P SR

F5 B GEN TR AL R, &4 3 CEENLES BAT I3 88, 1788 U0
T PRI B S B P IR A R s R ST IX — U B I ST VAL I R
ST R ST LME o a2 ST A <8 An-2n iR 7 A7 i X — iAok
SIRRRAT N, S EAREE” 15 S SRS SR AR N 2R 2 ST R AN e S A B i
2, B RENRIAT N OHE,

PAR 773242 IR REFR L & 06 SR e 1) @R A7 T8 s R (i, a7 X
A B TR 2 AR 4 0 SRR Y AT TR R ANESIE Y 7 . PAR P& T Radl
M )—Radl FIERE P A RO FRICAL T F3/2E B F R i, 2R H
T LB RE I TR, e ZOE R MO T — AT R i) AR L e
BN SEI0AR,  3X 2 BEAG KR 02 1) A M DA S B i A AL
fE PAR J5 iAo 55 BN B J3 3 AT FE 7 B vk B AR SO AR & 3,
IR ZAE AT L D335 SRS v AL B 30 58 O BT TS Bl SO TR
Bl. 32 18R] LSRR W A R A B RUE i, AR SRk SRl R n-3
PR 7T AT B 52 B B3 AN SR WL 3 30 -5 AN U VS B 12 18 Rl A ik

14



BET 5k 52 21 (1 e AL e AR e 2B 1 E S AT 7T

I A S —AN FE W] AL AT LM RE S, 80> AR HLES BT it

ERAT A 3 X smAG 22 S E SRR B AR 2 2] FEU T — 2 IR A
BRETENRE, (HHEAEM UL Radl 2% Radl HyEFE T H ahA R fE P e A e 5 —
SE IR o SRR P T H I R 7R SR RIS R R, HRAE RIS 4 B 5
I, FERA R —EER AR ST, s I AR “ A8 Bl
2% SIHLA A — 5 R U U B R

ZE LR, TEM PAR JivEEIE G AR A BRI S S 2R
FERR T A RUOT I Rl =R 3 SCFIRBIAL AL, R S SR RN e dk
AT AT “ Gk b7, {EHLER RS IEXT IR EE MU A RE (1 ) SL RN, ik Re s SR
FZHERL, A T RENE 55 H B AR B R e R AR U 55 B W U P 55 3, 1
WHEEREF RS RE, RN B —E M Sk, nJiiet:, It pn &
R B X — AR,

15
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FI3E HZEITHES Radl 5REMIL RS E LS TIRS

3.1 Radl 1B #EiA R0 2 2544

Radl ByRETHE FPPHEIEM AR P LAk, AR 0770 AR
RAIRFIE LR o Radl A R RAERTE A HE T 1 SR AN e 24 S e 2 1A ] )
AN, PAAFEIR PAR HHIEEREF . Radl B85 BA S5HAES —HMZH
HEBALE M, FE T2 AR v HE SRS A Radl #R BE RIFE AT DT
WAL S . Radl iG T R0 FHI& T &1ETE T 2 B3, s psdE 28l
AFE P AL BEHLH 5 S AR 7 B & IR R ZE 5 o Radl HHUE LI R # . 28
SERANE B LEEHIAE PAR 6 ARSI TR, AT DM AR G bR R 2R
B—FfEH . Radl HHIRF 5 MEFRIAXE C. C+HHI Java S8 m il 5 2 AUAELL, AF
Fs s gmte B 4E, 325 7@K TS AR . 45677
RS, KRR AR AT RE RO, AR RE BT LSO S SR U R R R R
I IERA RS 23R T

{8 ] Radl 7 5 #1iA 1) Radl 5L 7 BE W 1 DR ROV I 4 S BEANIB 3 R0
FEI— 3V, 787 R REAZ O BAE L IX R0 7 T DA AR B0k i A ] A P22
WA oy THMEAIE R, I Bk KRR S AGEE, AT ORIE B T S
T XA EE AR TE 5 Radl AT DL AR £ BR HARTE S & BRI = U,
515 L IR T RE EDY) . Radl 15 & R (0 BERE 7 B E ERARR T A &,
R EVERE R AUEAR, b HARE BAS D E R0, AT RER OR R AR
FPREAIRAS, IR EE YT, Tk, B, AL Z Kid 5 5 ERE
JFASK T A5

Radl 15 & HHE 4% BELZ00E & A EVE MBS 7). ik, Radl BE
AT DLF SRR SRR L), W] DA SRR AR o RSO, 6 542 Radl
H S SR, TEABORE AT B SR [52] .

Radl A FEH =Mk AEFFRF . ATEKS. FENS.

Radl #A T -

Algorithm: <52 4 5>

[ =AW nfATE; outfHAE; auxifilhE= |

(Q:HTEW T : FEFVImSE %1}

(RIJFEWT: 7R 50 2 15T}

f£ PAR J7iEM4E ST, —MEEHT LUSHER RoREOR, BARGEMIT .

16



BET 5k 52 21 (1 e AL e AR e 2B 1 E S AT 7T

Radl FVEE5/9007F

Algorithm: <B L4 FR>

(< L>}

[ AEAY: i AZE: outfihAE; au:HliliLE ]
Begin: <A & sk ¥) 46 10>

Termination: <i#fEZ 1k 5% >

A T <EFEAAR >

Recur: <ififfEox 240>

End

3.2 Radl B S HVBLIRRE

Radl % &5 EBEVF2 4T85 AR TV & MORZAIYE, 4R 06 1 BERAO PR 2 g 25
T, R SRR LR, SR B FITUE UK ADT 04
g, INSEEARE R P RO SR S5 S 2, RSN T (R GUE A5 R

Kk
Radl PR HERIE R (2B T
1. integer iy +, - *, mod, div
2. real Sp +, - %,
3. boolean A IR N, Vs =, =), Cond, Cor
4. char T
5. BHRRIBERT F, < >, = S, =

N R A H— T R (List) MK (Graph) X B Fliz 46 ADT FIEHE R, DLLE
IR S A EREE NS Lo

3.2.1 FR(List)ZHY

HBEAT SO R 28 2 () — 20 7 I L R P AT LR E R 3k, F—RT—
JEAEE h F AR SRR E, R IAZA BT TR

F(list) KA BAR A a0 -

i 1: type list=list(integer, 20) J15E X T — AN AF 20 NI BRI T

KA
var A:list; /1A R list AL, R T = AN B AK
THLES AR
var A:list(integer) /IA N list B, R Rt 3 AN U AR R
THLES AR
f] 2: type list=list(char,20) JE LT —ANAAF 20 N EHR G
E Yt

List A R MIRE s SR AT 5 RIET, BLRAT 5 8 1 FL A4 i B A3 70 41

17
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R 3-1 s
*3-1 fi5%

FE&: iR

[x] S N W05 ]

[] RN

S[i] Fon SHHE 1 FI0ER, h<ist

list ZRIEAE LR FH AN ELAR R IAR, ik 3-2 iR
* 32 HEE

BAE: i3

#(S) THEFH S TR & T R AN

STi..j] A S T FA, h<<i<t

StR L7 S A R 1k H A i — T

S[i]<—s[j] il S[ilA S[j1zc #

S=R # S A R SEAAMFEBIESA True, HMH
False

S[i..j]:=R[k..k+j-i] S[i..j1#% Rk, k-+j-i] 25

S:=R S #E R H#e, # RN, NS HE N

Choose(x, S, C) M S HIEBGH 2 A C TR x

3.2.2 E(Graph)Z#!

To ) B — AN i Sk AN 5 Tl B B, b 300 T A B P A T B 2R B
FRANTUS Z B )G R AR A B X4 R m B, PRANT S A an SR
AHE, MEATZ ) EA P . H R B B S A A 1) B T B A —
Jtdl, MG = (V,E/W), AV NGHITI M5, ENUSE, WNREFILHIMNE, E/W
SN ED TR ES, BE/W = {(u,v)/w|(u,v) € E,w € W}, itin(a)%
INEE—T R a MATLEE, out(@)RamTis a WA, X TRE, HAEETA
a WNASEM A . T2A m BRI @ SON:

Type digraph=digraph((datatype,[sizel]),(datatype,[size2]))

=record

V: set(vertex, [sizel]);

E: set(edge, [size2]);
End;

18



S a5 > B DU B P 2E Rl B BIAEHTE T

B BER A Sl an T -
Var G, G1: digraph;
V, U: vertex; /Ivertex N H E X record 27

e, el: edge; /ledge N H 7E X record 2K
EIEIR R AT SN BAR UL, SRR 3-3 Fis:
*33 FEE

ine) #iR
% 7 K]
B8 Pm R R AR B A A B A iR, sk 3-4 P
% 3-4 #RAEE
Bk ik
e.w 12 e FIAUE, e.w HIME AT FHIE 15 4] B 3e
e.h e HSk T
e.t e MR T

N1, e ORI £090, e MARMPII
v.f (R T B 1 AU e

v.d T v AR, AT R E T R e ge
N1, ve#guiE; £90, v RPN

e.f

v V£ B9 P PG 8

v=u TP T U 15 5 2 AH R

vi=u A v (TR ehdet) $u ik
el=e FIT PR 25T 2 15 e A R

eli=e 121 el #7 e Bt

G.V G HITH 5

G.E G myiLsk

G+v EGHM—T M v

G+e 1E G W25 e 4 sl N e
Length(p) K G I—&#1E P K

19
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3.3 Radl 1B5 AY N A 32451

284 — A~ Radl (¥1# BL7R451 «

Bl 2h 5 — A CA T I ) — 4520 aln], WA S BRI ERSG E LR
key ITERUAIALE, RN H n.

TRYE BB B R R, 456 Radl FNLTE T HF I8 F )0 [a) e p B9 AR
A1 HIZ A AL, ] Radl i 5 2R 8-

Algorithm: BinarySearch;

[ in n:integer; out p, a :array[0,..n-1];aux m, 1, 1, j:integer;]|
{Q: Vk: 0<<k<n: a(k)<a(k+1)}
{R: p(a,0,n)=(( Ik:0<k<n: a(k)=key)—(i=k) V (i=n))}

T EIRENZ), RATAT AR T PAR J7VERY) LA SIETIT RO BN Hadk n) it gk
TR, 8 PAR J5iE )40 Kb AR XS i) BUEAT AT 95 70 UACR R, e
AT DASRASHS 2 SV P 7 B S0 R, B = T o< Rt AT LLSE T HY 1% i) et
[¥] Radl 592, 2 PAR &4 BMEEIT .

Algorithm: BinarySearch;
[ in n:integer; out p, a :array[0,..n-1];aux m, 1, 1, j:integer;]|
Begin: m, 1:=0,n-1;
Termination: m>1;
AL
Recur:
j=(m+1)/2;
p(a, m, =G if a(j)=key);
p(a,m,j-1),if a(j)<key;
p(a,j*+1L.D), if a(j)>key) V (i=n);
End

A Radl FIVEZEBIRIFIEILT PAR J77%LL K PAR “FEER LK ITHX—
AR RGNS, HEa kil 1 2B 8 e, BRI 1 AR EE Y]
PE. Radl i 5248 PAR JHEHMTRZREFWOHIATE IR S, PO EEEA
FIEER . Radl 5] Tl i UKL LU BEAT SE AT . Radl 15 i
AR R A R TR A AR 25 B B ORI 5 FR SRR 0 — S AR A
BOZ AN BRI o AT HABTH SN URE 77 015 5, Radl 16 5 HA 5HCF
B AR AE I, BT RO AR AT HE S A Radl #IR
IEFERE T LT A HE S, iR ECeRis H .
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BET 5k 52 21 (1 e AL e AR e 2B 1 E S AT 7T

3.4 &MALEIBEE AT IR IR FZ BB AL

FETHDN R 0 STV ) o) @SR g A, Al NS E AR R A2
{HIX L RERE p Z [AMEAR R Z — 2B R A2 T EATER R AL AT o X T iR
SR SRV A Y T e DA R AN [R) R SRV AR e e el 7 SR 2% 181 2 M RIA SRR TV Ja
7 BT B AR AR 1R R FH R AR B S SR T AR 181, Sl B0 T 0 R R SRV A
[ ) RIS 0 5 2 25 BT WO SRS, T L R T = G — B SRR SR AR T A SR HE S,
W BRI B % 20 B SR T D5 VR o vk ol AR [R] 2R 2 ) f 22 ) )R e A2 RS
MK, e b, AHRISEAL ) 2 [F]— FRATAE — e 3L, T AR ok ] — 2 Y ] Rt
AN I B0 2 TR AP AE A — SR AL S, 4n SR R e o [) — 28 20 i i@t ) AN ) B
VAR 22 18] IR Se R il Ak R e — I B vt B AR AN SV ARE SR 454, {3
A] LE B = I R Z R B SEB— € B RVE B, 3 s BE R e Bt i B 3k
PR EDOON G Sy 7 SRAREA 1SRV gk P 1) R0 4k o ) P e I T i 1) Bk R A B
R — K, FHEGR IR EBEERE P R AEE B 7% PAR 7%, 12
HE TR ER 0 R R L R S R DA T R R — b SR T B A B SRR A
HEZRE, JFLLBLER 3z ] 3 B ) U B E B s 245

3.4.1 RMALRIBERE IR

B U AR 1) R S A 3 P AR AR R P ) R, L 3o R 280 00 R DT 0 D SR i T
I bR ] R BB T R, — BB 0 T LR n NN, R RRE R n M
AHIFELE AR RS, M X 27— 00 T 75 2406 2 — L8R H1I 21 . W2 X
BEIR G 2 AF T SRR P AT R, IR LS T] BEAAAE — D ECE 24, BiE AT DU
FIATAAE . TR i R QRS T RS RAE RO, WAL . ik sl
[ REEAN T 5 A Bh BB 4R aRIE, ORI A T

min f(X) ormax f(X),X € D (3-1
1. D &I 1A
2. X & D PH—ANAATHE, B2 DT BIESX = (X, X2, ., X0}
P 2 AL T PR A SR AR D AR

3. BREf PN Ebre L, s A s, fERTA EATRE X b, kB —
ANERRAS A D )i IME (BEE R B AR B (o) AT AT RRAERR
L -

A FIAFAEVE 22 WA SRR ) R, DAY ] R o) ) e A AR A ) R 22
NI — ST BEAFAE AT SRR ) P e LA o) R P A X — Il il 5 %
PAR Jj %M EVE SR AR 5 oA 7 2J 1K — iy NSRS blas 7 > 1Y ] R A 7 31X
52 MG, LRBERMEEM BRI R DT R T PAR J5ik, XY
Pl g D0 A ) X — U AT SR AR, HoAZ O JEAB R A R SR AR B0 Te) I 0y N AT
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B R VA

&P, M P, (P,cP(A),i=12,..,n, AZFRERHNE) , IEEP,_,H#
EoR L, HBEIMAR, G W BRI . FIEE, SRIEP,_ B E Py IR ER HY,
T RE Py M ) R TR AR 4K, o AR 1) R () 25 400, sk 3 S0 o Il 1 R SR
EAATIE, FRORRFTATAE, DA R MR . LRSS HE, @a B T R R )
RN N TN T )8, BB RE R — Ak ok, R R R A A AR
FIE U5 0 IR A ) R ) a3 HE ¢ R 3 B R R B0 SR AR W /Py, Py, . Py, Py
MfE, BEESRNEN LR Bk ERES B AT =25,

1R FH A& 1 77 208 9 8 RO NASF iR, BLE e iR &l

2IRFEANT B AEHEC R, FFRMFET v 8 B S A A

3ARIEILHESE R H 1) 15D A AL 1n) B BV T

3.4.2 siftivioliz B B A LE

R 36T ) R P R AN B B AR A B AT AL, 45 IR B Ak 1]
(SR B, T gh A e T e I A 0] R 1) — v 80 B SRR 24, R %
SER AT SR S AL R R SRR P 0 B R R AE . T Radl B F KR ZZ
RUBRGER, BARSEERET En R

algorithm: Algorithmname

recurfunc solution1(k): datatype;
recurfunc solution2(k): datatype;
function decompose(S,V):datatype, datatype;
|[in V:datatype; k:datatype;out result :datatype;]|
begin: k=somevalue--1; solution1(0)=somevalue; solution2(0)=somevalue;
termination: k=0;
recur:
solution2 (V)= decompose (solution2 (V,_1)+ Vi, V);
solutionl (V)= decompose (solutionl (V},_,), solution2 (Vy,));
end
ERFFRE AR B PTARN S AR algorithm AR IRAT )5 B 745K
W] Algorithmname fHi HR& FER BAR IR, Al RGERNEEE D A A8
& Radl R JEATATL; in FRIRFFAAREVEIT BRI Z ESHG out PRl AR
ER R AR ES G aux PR IRAF RN FEIRR R T & 2 B il AR B 2
B B Nmh 2 1 R G 0 Hrim A8 1) Radl B2 J5 AT AT begin KB
i TR A T & AR B, 4 TR BB R R A b AR LR IR
ZAb SR, AT RAZE begin i85 HEATHIIRTLE L X B solutionl 1
solution2 1R G H A1 5&AF, FERFR ARG M@ PRI S B s —
Iji; termination AR IRAT G A7 2 FIZIBHER RIS AWK Recur FRIRFTEI)
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S a5 > B DU B P 2E Rl B BIAEHTE T

FAF A SR AZ G AR 7 BB AR )R R AL, R R RN 70 AL HEDR AR &5
3.43 RMULERIBE R IR IR AT N A S2 1
N AL A ) B S OR U B A i) AR B B R R AT VR S A R
FR R B AR I R I R 45 NGV, E), HiE NI s BIHE T A
ti B K, Hfs eV,
I 7] /R Radl FRZI 40T
algorithm:singleshortpath

|[in n:integer;s:NODE;G(V,E):Graph;out mindis:array[0..n-1:real];aux p:real;

t:NODE]|

{Q: n=0j

{R: mindis[t]=MINt:t € V:( Vp:p € path(s,t):length(p))}

(B0 S S Y Ry Sl vy = R 1 1 R g el 1
PREY, R R EGR NS . SR DO R I 1] R B A Radl SETNT

algorithm:singleshortpath

[[in n:integer;s:NODE;G(V,E):Graph;out mindis:array[0..n-1:real];aux i,j,u,v:
integer; min,p:real; book: array[0..n-1:boolean];t: NODE]|
begin:i=1++1;
termination:i<n;
a i
recur:
min= 0x3f3f3f3f;
begin:j=1++1;
termination:j<n;
recur:
if: book[j]=0/\ mindis[j]<min—min=mindis[j];u=j; fi
end
book[u]=1;
begin:v=1++1;
termination:v<n;
recur:
p=length(path(u,v));
if p<min—if mindis[v]>mindis[u]+p—mindis[v]=mindis[u]+p; fi
end

end
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B R VA

AR EIRFEMTE R AR N0 (n?), Fris EAE R is N R E, A
IR R R - N T PR SR I B A LA 2 B e UK S5, fEIZ T2 T PAR T
IR e A ) R ) S vt BRI R FRREAT SR A, 5 A AT B BT
ZIBKT R IR ) AT R A R 3-1 B, B ROR TN A ) A R AR
LA 25 & PAR T35 5m A 2 >3 REAE 0 B S AL 1m0k e v B 1 SR i R AL

Problem
graph

)

4;307 o
ia O

Greedy: add
best node
n(sla) _/Zl_plo Oﬂma)[_/:]—y 15tepis0de
?:°

PP

' . ™
Problem (I;j' 0O J;]' 0 Greedy: add /Q
graph best node
& He Omew{~ 110 Qs = (ﬁ O< ‘ % 2" episode
O _0Q
L L

\\ n

L ] L L
State Problem graph + partial solution Best solution

B 3-1 B i BRI e T PR SRR Ao R R A [ i
K IR S A SR BT B A P 1] Y LA Radl 553500 7R

algorithm: singleshortpath

recurfunc solution1(k): integer;

recurfunc solution2(k): integer;

function decompose(S,V):node, node;

[[in n:integer; S:NODE; G(V,E):Graph; k:integer; out result :integer;]|
begin: k=n--1; solution1(0)=0; solution2(0)=0;

termination: k=0;

recur:

solution2 (k)= decompose (solution2 (Vi._4), Vi);

solutionl1 (k)= decompose (solutionl (V},_;)+ Vi_1, solution2 (V}));

end

LA gt b

BUNT:

LEE M HBEGCW,E,w), VATIGE, ENUE, whllpE, Ky
IR, KSR, BUBCE T REERES S RN n, BT n-1 DT R4
RIS G ST A W SRR 5 18] A S A B A C R o

2858 n AN RN BRI n-1 /N5 R 2 B P B - U2
I B R4 R LS n N5 AR & B IR R A
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RGP, PLOY AT R SRR P AR TSR R R B AR LR At B —
SE RIS

KA GO0 SR BT IR SR B AR ) R B 5E 555 T PAR J5ik 5L i
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