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@ha!problﬁm of Findlng an optimal anlutian Frum a larga
sat nf feaaihle salutinnghaa always bean a dlfflcult and tricky
'bﬁﬁhlﬁﬁfﬁb solue. Moat'problem.nf real | liFE interaét hhwﬁ '_

large=numbaf of feaaible solutions mhich uaually increasa in

ﬁrﬂblam size. Varions methods have been developed ‘tb te

the gituatinn- The methods covered in this study ars

1) Dynamic angramming Searchh'

i1) A* 593@.
Evary search prncsss can be viewed as a traversar of a
_diraﬂted graph in which each node represents a problem atate
J;gﬁd each arc represents a relatlonship betwesn the statas
-represented by the nodes it connects. The search-ﬁrncess must
find a path thrOUQh tha graph, starting at an 1nitlal state and

ending in nne or more final states,

The abjact of a search procedure is to discover a path
From 1nit1al state to a goal state. There are two dlrectlans

in which a ssarch could procesd =

Forward, from the start states.

Eﬁckward, from the goal states.
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-E{ﬁ?kf%ﬂ? G SEARCH -

Euth the algorithup,dynamic pragramming and A* are based
Li;ﬂﬂ atagawiaa ‘seatel methmds- It will ha worthwhila to mention
'at this juncfura that the nrablam is uuﬂaidered a gsneral net=
;wark problem with a atart node aﬂﬂ L gcal node and a larga |
| number of passibia pathg fraom tha atart nade to gmal ncde. _
| AsanciatiUﬁ with each path, is a eaet and the nbjectiue is tn
find. tha path with minimum asa@uidﬁiUe cnata ke any iteratiuh
it is ﬁosaibia to MmoVe to a finite ﬁumber af nndes Pram a giuen
nods with some associative naat;
~ For Eaékward_éaa:ph ﬁfﬁﬁéd;ré,.it starté from gaoi_ﬁﬁge
and goes in a backﬁafa“directiaﬁ td“fhavsiart=nnae.' At svery
fteration the optzmal atate within & stage is Found--:Tﬁua J
succesaiua steps were takaﬁ on tha currently selected nude
tharaby preserviﬂg the uptimality throughout the prccedure. |

Thlﬂ mathod uf saareh 13 baaically a uariatloﬁ of the braﬁch '
and bnuﬁd teehniqua. R 'w :_ '7v '

Slmilarly tha.fbrmard scarch procedure starts from start

node and goes in a forward ql.»_irac'tian _to' the goal nodes
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Accrudiﬁg ta Nilasun (1)

-----

| Dyﬂamiﬁ prugramming Search is
basically a breadth-firat aaatch& o f
The uniFnrm aaar&h methﬂds, whethef hrmaﬂthﬂfirst or
'depth-first, ar o GRhHUBtiUE methods for finding path to a gnal
nods. 1n prinﬂiple these mathhda provide 4 solutinn to the
pathefinding prnblem buﬁ thay are often infeasibla to use
because the aearah exaaﬂds too many ﬂﬂdEB before, a path is
founds 8ince there are aluways practical limits on the amount
of time and sterags available to expand on the search mare'

Fficient alternativaa to uniform search are based on pruning

technique to help raduea search. | - S o

This pruniﬁg sechame ia based on some upper bound of the
crit1Eal path and this giues rise to a simple scheme cf cutting
dowh ofh searth spaces If a state is pruned at any particular
stage it s prumed forevers Thus it offsrs a much reduction

in the seareh space for all other subsequent stagess

Prunimg Criteria = Let G be a directed graphe S be the stape
ting node of the graph. Let #*(n) at any mode n & G is the

aetyal eost of an optimal path from mode § to nodé h plus



the cost of ﬂﬂ”ﬁﬁ%imai’ﬁaﬁﬁ'rram node m'to goal nods, that is,
f*(n) = g*cn) + h*(n)

Thus the value f*(ﬁ) is tha eost GF an nptlmal path from S_tg ?
gaal nodg unnstraiﬁeﬂ ta Q0 thfuugh Aade me Leﬁ,F!~tha euélpa* W

tion funcétion, be an astimate'aPIF*a' Tﬁeﬁ"?‘7éan_gg_mritten ag -

?(ﬂ) 9*(ﬁ) + h(ﬁ)

rmHEié'h(ﬁ) ia the reduaihg eatimate nf h*(n)n For estlmate o
-h(n} of h*(ﬁ) wé rely oR hauriatiﬁ infurmatiun Frum ‘the
prnblam domainé h is the lowef bound of h* (iea h(n)dih*{h)".
for all nodes n) for admissible search. Let W be the upper
bound aof tha optimai cast path oF the graph Gl” The numerlcal N
value of w can be ubtained either from the heurlstlc 1nFor#'r'
mation of the prublem anain or from any fcasiblejsulutlﬂh,w'f
obtalhed by some maaﬁs (Elgi by a dapthﬁflrst search) nf the '

direﬁted graph G. Naw;we.stipulata.the_fullowing daf;nlglonsi

- A gath thfnugh a partieuiaf stata h_ is said
_tn ba nnﬁpramislng far ﬂptimal search 1F the f(h) ualue is '

highar than w.

Definition 2. & A ﬁantermlnal sata 13 uaid to be an isalated
..5tate, if the state has ‘no auccesaar through whlch a8 path can

be gemerated upto the terminal states
o - T k



If for any atata n, f(n) ?‘H that state is mar ked as

a pusaihla candldata state for permanent prunlng* For isclated

atate it is assumed that h(n) = ®, Hence search thruugh

.iiaalated atata neuer terminate. So we always ignore the
isolated state From the list of search.

The following are soms important results for permanent

pruhing-'
Lemma 1 = If for any node n, g*(n) + hin) > w'that state is
permanently pruned from graph G. Otherwise that unpruned state

‘may be found by other routes and retained“unnEGBSSErily'in the

subsequent l1ist of searche.

Lemma 2 =  Any succeding nude (n+l) of n can alsa be pruned

parmanently from the list of search proulded tha Uptlmal path

" constrained through (n+l) is also cunstrained thraugh Ne .

' Eggg_l_- When the optimal path cmnstralned thrnugh n
is same as tha optimal path constrained through (n+1)

Ecnsidag f*(n+l) = g*(n*l) + h*(“+1)
= g*(n)+k*(n,n+1) + h*"'(r't-'-l)

= g*(n) * h*(n)



where k*(n,n+l) is the cost ofrphe:qptimalﬁpath_bétMEen
n end n+l- '

Sdnce h(n)g;h*(n) Fo{n+l) > W (by lemma 1). .

-Cage_g Whan the optimal path cunstralned thraugh n
is not aame as the optlmal path constralned thruugh n

and n+1

Consider f*(n+l) Q*(ﬂ*l) + h*(n+l)
= g*(n) + k*(n n+1) + h*(n+1)

= g*(a) + h'(g)

where 5‘(n) is the gost of-an nnn-opfimal path from n
- to any qgoal node and heace elther h'(n) > h*(n) (1?
thare axlats a single optimal path fram state n to
‘any goal state Yor h'(n) }rh*(n) (if there exists
MOT & than ome. Gptimal path From stata n;to'goai stéte).
Since h(ll) Cb*(ﬁ) S h*{n), thereﬂjre f*(n-i-l) > W
(by_lemma,l) |

N
-,
- —

Lorgllary - Amy suceading nnﬂelfﬁ+llhpf n can be
npruned Permahentlf nrovided the optimal ﬁﬁfhuirﬂm's

to (n*l) is constrained through n.

Fer final debiéibﬂ'ﬂfnprhning';He:Fﬁllowing steps are

congiderasd .



| Bﬁgg 1 - Btart from the atart noda 3.1 Iheisucéeésufs
.of S are kapt in UPEN sats . L- |
Sﬁggfg f: Thuee staps of the set UPEN‘Ere marked non=
promising . and pruried permanently whose f(n) > w* ) |
:Stgg 3 - Amomg the pramising states of the aet DPEN, a
particular state, whose f(n) value is smallest, is sslected '
for the next iteratluﬂ. In case of a tie 51tuat19n an
arbitrary decision can be takeq;. |

Step 4 = pointar is appropriately dirscted towards
the fathsr. node. |

Step 5 = The set OPEN (ignoring the permanently’ prunad

states) is reestablishad for further itepation.

The result of lemma 1 gives the rsductlah in searth

space at any partieular iteration based upon the decision
of permanent prunihg at all other prEU10us 1tarat¢qna
‘and the result dF-lemma 2 gives the fFacility of prunlng

a state before it is searcheds



,_H£UH;5TIT_.YNANIC PROGRAMMING S “'JHﬂ““*;ﬁfﬁﬁﬂﬁisowﬂwITﬁ*‘
A* TECHNIGQUE = -- !

“« A heuriatiﬁ-fuﬁhtinn is.a'ﬁuhﬁtioh

tHat maps . from problem sfaféhdescriptinhs.tn measﬁre'aF déai-
rability, usually represented as numberSn Which aspscts of
‘the problem state are cmnaidered, héw thoge aspects are J
r‘l'evaluated, and the wéights giusn to indiuidual_aspautqﬁar@i
- ghosen in such a way thetualue'nf the hautistiﬁ function at
a giuen node in the search process giuea as gnnd an eatimate

as possible of whether that node is on the desired. path to a

solution.

.The Fnllawibg-ghﬁws}gqme .simplé heuristic Fuﬁtti@né for
a'Féw.prcblémgi . S | . l
1TﬁA#ELLfNE$RLESMANj o ;7thégsumﬁﬁf~£ﬁehai§téntééésd far.
E CHESS . ~ the material aduéﬁtégennf §u§ 
: | i gide auer the Gpﬂﬁhﬂnti- |

8~PUZZLE R thé'ﬁﬁrber of tiles that are in
' 'the'hlaca“tﬁévbglnhg; |
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- Heg;igtiﬂfﬁgarch i_ ?ﬁfjﬁ§ﬁ§:té§kéfit iaﬁﬁossible.ta'usé-task¥
dapeﬂdant infnrmatiun to halg redune saarch- Infurmatlon of
this snrt is uaually called hauristiu infﬁrmatinn; and searnh
prodedures Using tt are called heuristic szarch methods. It
is mften pﬁssible tn'spacify hauristics that reduca searaﬁ -
affort without eaariFicing the. guarantee of Flndlng the o
minimal cost paths. - In most praﬂtical problems, we are
intereated in mlnimising snma cambinatlon aF the cost UF the
path and the cost of thE aaarch required to obtalncd the path¢
Further more, we ate intefested in search methods that,mlnimize
this combination. IF;the éﬁeraéed cbmbinatiﬁn cost ﬁF'séérﬁﬁ
method I,is'lower than tha auafag9d combination cost oFtséarch
methud_z, then asarch method 1 is said to have mors heuristic

ppwer than search method 2.+

Averaged eomﬁiﬁatimn costs are never actually ecomputed,
both because'it is diffieult tu decids dn tﬁEIMay to cpmbina_

'path ¢dst and searth effnrt ¢ost and because i£ woﬁld be

difficult to define éjprobabiliﬁy distribution cver the set

of probiams to be encounterede

Therefore the matker of deciding whether one seareh
method has more hauriéti; pﬂwer than another is usually left
to informed intuition, géined from -actual experiences with

the methodse.
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Staged Search With Heuristic Information =
The use of heuristic infnrmatlon as. disnussed sa far
can substantlally :ﬁduce the amaunt of search aFFort requrEd

{

to flnd acceptable paths. Its uae, therafore, alsa allows

much larger graphs ta be searched than wuuld ba the CaSE'

Uthermise._l

The search prncésa_cantinUEs iﬂ;étéges; pUnchuaﬁing by
sruning nperatlons.- ARt the enduﬁf eaﬂh?stage;=s§me Df the
nodes An OPEN for example these hau1ng the smallest ualues
of f, are marked for retentlnn- The best nath to these
nodas are rem@gmbereds The process cmntlnues until either a

gocal node is found or until resources are axhausted.

!

Search With

Comparison_of Heuristie Dypamic Pro rammin

R*mTEChnigue -
The basic differenca betmeen the A * search and mcdlfied
dynamic prngrammlng saarch (modificatlun due to the 1ntraduc-'

tion of the reducing heurlstlc) is that at any partlcular

nodes n of the giUEn araph G the evaluation fuhctipn is

.- A
— 11 e = i e s

reprasented as

CAT CUNTTA
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1) in_case'oF'Ai:ﬁééféﬁ
f(n) =g(n) + h(n)
where g{n) > g*(n) and h(n) & h*(n)
ii) in case of modifiedldynamiq ﬁ:ﬂg;ammihé search,

F(n) = g*(n) + h(n)
where h(h) £ h*(n)

It can sasily bs proued'(l)' that both the gearch

techniques ensufre convargencs and admissibility. 4



RESULTS ﬁua7bxsauséibu"i

Dyﬁamic programming is a uery uaeful technique For
- making an apprcpriate reaursiue relatinnahip for each indivi=
dual prﬁblemn Hameuer, it prouidea a great cumputatlmnal
'savlngs over using exhaustiu@ enumeratlun ta Find the best
cumhinatlan of decisinns, eapecially fur larga problemé,%li
for example, if a prmblam has 10 stages and 10 pusslble ;
deceaiuns at aach stage, then exhaustive enumeratlon ﬂU$t..
considar up to 101 | cambinatlons, whereas dynamic prugramming
need make no more than 103 calculat;on3¢ Moreover the pruning
nriteria which we have discussed garlier feduces the saarch

space as well as the computations involved in solu1ng a prnblem.

The result of pruning can be saan in the output aectian.

1¢ ahauld be clear that the time to solve a problem with
d?namic programmlng is 1inaar with respeﬂt to the number of
stages, since the amount of'time to solve tha‘subprablsm at
cacth stage is relatively constant for all_stages; if it takes
0.5 sece of to do the calculations at sach stage I and if
there are 10 stagss,ltﬁen the total computation time will be

approximately 5 sec. On the other hand, 30 stages would
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_take agﬁfdximately15 seE. .Thus-ﬁﬁﬁfnomput%tiﬂﬁ time using
thé dynamic'pruéramﬁing is ;ineaf;qith'feapéct'ta tha_qumber
of stagas, whilé thé*éamﬁutation time Farianumératién inﬁreasea
aqunantially with the ﬁumbér ﬂﬁJsﬁage§. ;

"Althﬂugh dynahic programming can be used to determine
thaﬁoptiﬁél énlutiun for a lafgé variety of problems, it is
by no meané the most efficient hathudftﬁ uéﬁ 16_&11 Casesge
Experimence and ingehuity are ths éuiding factors in

determing when to use dynamic prngramminga



The dynamic prngrammiﬂg pfbbedure uaaﬁ to salva the -

~ above staga coagh prnblsm was the backward apprgacha That

is we Btarted at stage N and backad thrnugh ths Uarinus
stages until finally stage 1 was reached. As we hackad]_
through the atagesg.a numbsr.af pﬂsaible décisimﬁs we ?ﬁ?
examined at saeh ataga.  The solutioﬁ cén be ssen {n the out

put section,
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GEime cnﬂﬂ‘éh

This problem is soluad by modifisd dynamic nrogrammihg -
technigue with pruning. The solution steps can be ssen in

the output sesction.s
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STABECOACH FRORLEM WITH 5 BTAUBES

FOLLOWING ARE THE STATES IN DIFFERENT STAGED
@i iy means J th state in stage | |
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FOLLOWING ARE THE COST
Ci{i,i.k} means the cost from S{31,J7 to S{i+l k) ()
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£, k)= 15 e
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C(3.3,k)= 12 9

o

Cl4,1,k)= 7

O, T k) = 4

F

FOLLOWING ARE THE HEURISTICH ASSQOCIATED WITH EACH NADE

h(l) = 75

h(2) = 23

hi3) = 25 (.

h(4) = 77

h(S) = 10 1

M(&) = PO

hi7) = 123 -
e = o |

%) = 5

= ()
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iteration— 1) i 0 R2767 o 2(3,26)  3(2,27) 4(4,24)
iteration— 2) v 3 el 1 9(2,27)  A4(4,;26) S(9,22) 6(8,28) V(15,28
iteration- 3 = F 22 . 3(2,27)  4(4,26) 6(B8,28) 7(1T,28) B8(21,26)
iteration— 4) 9 18 23 = 3,27 404,28 6(8,Z®)  7U15,28)  B(Z1,26)
| 10(24,24) |
72 wstate =2 1. 5tataJnumbar 3 is pruned

In stage

.

in stage state 3 i.e. state number 4 is pruned

In stage 23 state & i.8. st ate numbsr A 1S pDRUuno

T stage 2 state 3 i.e. state number 7 is pruned
In stage 4 otate 1 i.e. state number 8 s nrunec

ey il NI L i il

THE OPTIMAL FATH OBTAINED IS AS FOLLOWS
1o QGG 10

THE OPTIMAL CO8T IS =2

-~
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START NODE = O

TOTAL. NUMBER OF GOAL NODE = =2
BOAL NODE (1) =15
GOAL NODE (2 =14

state i, |
devel oped g{n’ + (1) | +ather (n) OFEN set ron{gin) 4f(n))
iteration- 1) 0 O 17 —— 1(4,19) 3(5,20)  5(2,17)
Citeration- 2) 5 . 17 0 1(4,19) 3(5,20) 7(4,23) 8(7,10006)
_ _ % _ _
| | U E | | |
iteration— 3) 1 4 19 O 2(5,23) 35,200 4(9,19) 7(4,23) 8(7,10006)
iteration—- 4) 4 o 19 1 - 2¢5,23)  3(5,20)  &6(10,19) 7(4,23) 8(7,10006) 9(13,23)
iteration— 5) & 10 19 4 2(5,23)  3(5,20) 7(4,23) B(7,10006) 9(13,23) 10(38,44)
11(12,26) 13(29Q,22) | |
iteration- &) 3 = 20 0 2(5,23)  6(7,16) 7(4,23) B(7,10006) 9(13,23) 10(38,44)
| . 11¢12,26) 12(18,24) 13(20,22)
iteration— 7) & 7 16 3 2(5,23) 74,28 8(7,10006) 9(13,23) 10(3%5,41) 11(9,23)
12¢18,74) 13(17,19)
iteration- 8) 173 17 19 & 2(5,23)  7(4,23)° B(7,10006) 9(13,23) 10(35,41) 11(5,23)

12(18,24) 15(25,25) 16(21,21)

" r
mmmmmm b nirlie e et " "™ ———-——-——————_———+_-—_—— " " S risialilalinbiniinlpieielsialvird e

THE OPTIMAL PATH OBTAINED IS AS FOLLOWS
0-3=6-1316-

THE OFTIMAL COST IS =21



TOTAL NUMBER OF NODES IN THE NETWORK = 17

.....
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THE HEURISTIC ASSCCIATEDR WITH EACH NODE ARE AS FOLLOWS

h(Q) =17
hil) =1%
h(Z) =18
h(3) =15
h(4) =10
h(S) =15
h (&) . =9
h(7) =19
h(8) =9999
h(9) =10
MO10) =6
h(11) =14
h{12) =&
H13) =32
h(14) =7
h(15) =0
h(14) =0
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Then begin ) -
OFEN:=0OFEN + [1]; .

new _gi:=latest_glsl + gls,il;g
meaw fr=new_g + hLil;
iF new_+ < L1l
then begin |
fLile=new_t;
latest_glili=new_g;
fatherli] 1=s;
end s
end 3§
end 3
it iteration
then begin e, o
write(mut,’iteratimﬂ*’,iteratiun:?,’}*,s:ﬁ@?atggt“gial:10,%[%]:8};
wirite {out , -39 3 ey
writel{out,” )
end
@]l se bhegin | i |
.write(mut,’itewatian—’;iteratimn=2,*)’,E:E,Tatﬁﬁiﬂgtﬁj:10,%£a]:8,fathaw[5]=9);
write{out,’ Yy ..
emnds |
count = O3
for ix= 0 to n=1 do
if 1 in OFPEN
- then bhegin
count = count +1;
wirite{out,i 2,/ ,tatest_glild, 7 ,+t03),") 723
if count » 5 then
hergin |
count =03
wreitelin{out) g
write(out,’ 7 :353%E) s
end;

1

it

"R

end 3
writeln(out): writeln{out); writeln(out)g
finding_minimum_ot __fn;

S s=indeX -

OFEN:=0FEN ~[s];
until s in GOAL._NODE_SET;
wiriteln {out) 3
wiriteln (out) 3
wi~riteln{out 7

writeln{out)
wiriteln{out) ;
writeln (out) 3
{ FINDING OPTIMAL PATH 3
wl1l s=u
count =13
repeat
count = count +1;
wlocountl :=fatherixlcount-11];
untilt x[countl = start _node;
writeln(out,’ THE OPTIMAL FATH OBTAINED IS5 AS FOLLOWS 1)
writeln({out):
for i:= count downto 1 do wreite(out,x0il,"—");
wi~liteln{out) j |
writeln{out);

writeln{out, ' THE OPTIMAL COST IS =7 ,f[sl);

1
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FROGRAM G5TAR_SEARCH &

Vv arr
G0AL._NODE SET rset of O, .50
DFEN | et of Q.. :H?
cast_file,out hin stent
STIN 485 | Csstringl207

1.Jdsindex ,n,s,start_node,
new_g,new_+,
tteration,count,

total _goal node rinteger ;
goal _node rarrayll1..101 of integer:
Tatest g - tarrayl0. 501 of integer:
o | | - rarrayl0..580,0. .50 of 1nhegar,
h | sarrayl0. 501 of integer:

- F | rarraylQ, .501 of integer:
father . rarrayl[0..901 of integer:

h rarraylo. .30 of 1nteger-
{*************************#************************************}

procedure finding_minimum_of fng
{ THIS PROCEDURE FINDS MINIMUM OF f(n)’s FOR THOSE NODES M wHIcé
ARE IN OPEN SET, WHERE f(n) IS5 AN OFTIMAL COST FHDM START NODE

TU GOAL NODE EDNSTRQINFH THROUGH NODE. n. 2

V&
min tinteger:
begin
1 2=}

while not(i in open) do is:s=i+!;
mime=fLids
index =1 ;
tfor Ji= i+l to n—1 do
begin
if 3 in OPEN
then begim
1¥ £037 < min
then begin
min:=+L3];
index :=3
erd;
end;
end 3

end: £f1nd1ng _minimum_of fn}
{************************************f*************************wwﬁg % ¥

| MAIN PROGRAM
***************************************************************** 9 K KRN N

THIS FROGRAM FINDS AN OPTIMAL PATH FROM START NODE TO 30AL NODE. E ALGORITHM

FOLLOWED HERE I5 A QLBQRITHHH
.3 |
BREGIN

| GOAL. _NODE_SET:=[];

OFEM:=[1;

Wirlte ('WHAT IS THE OUT FILE Pvrvasvancancee’)
readln{str) g

assign (out ,str) 3

PEWFltE(But} |
wirrite{ ' GIVE THE TOTAL NUﬁEEH OF NBDES......’);

readin{nd ;
.mu-.-.r-'r*nm:' "I‘"L.!I:' &AL h!ﬂ‘-[":::‘ _ . ' 7Y «

BY. g ]
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wmdﬁln(start nmda)

wirite (' BIVE THE TGTﬁL NUMBER?QF GOAL. NODE . .7} 3
readin(total _goal _node) A |

Form jr= | tm_tmtalmgna1“ﬁ%de [}

hegin
wirite ('BIVE THE GOAL NOEES......,.H..“.,...’);
readln(goal _nodelil) ;
GHOAL NDDEMEET-“BGQL“NDDEHSET + fgoal nodelill;
and 3

wirlite{ 'BIVE h(n) FILE NAME & o v s s v s v s nnnsna’)
readini{ss) )
aﬁﬁjgh(hn,ﬁﬁig
raset (hn)
for di= 0 to n~1 do
Mhegin
readlinthn hlil) g
+L17 2= mavint

n
.

en
- write{'GIVE THE COST FILE NAME. . ..oveonnere’) s
readin{ster) ;
assign{cost_file,str) ;
reaet (Costh -Flhsa)
for i:= 0 tp n—i dm
for o Ji= O -to n=-1 do

reat(cost _+file,gli,jl);
wreiteln{out , ' TOTAL NUMBER OF NODES IN THE NE TWORE =’ .n:4)
wiriteln (c:tut}
wiriteln{out)
witel n {(out,
wirtteln (out) g
wreiteln(out) g
for 1= Q¢ to n~1 do

REGIN
for Ji= Q@ to n-1 do
1f gli,il > O
then writel{out,gli.jl:14)
eglge writelout, 0 14) 5

wreiteln{out) qwriteln;

CNE
wittteln (out)
wirlteln (ouk)
wWititetn (out)
wiritelin{out,
writain{out)
wielteln{out) g
fors e Q bt n-1 do

witltteln(out 'k i, =/ ,hilil)y
writaln (out) ’ -
wiriteln (out)
writelin{out,
wiriteln{out)
witrlteln {out)
wrileln (ot TOTAL NUMBER OF G0AL NODE =’ tatal _goal _node:3) ;
tor i3= 1 to total _goal _node do . | _

wrelteln(out , “G0AL. NODE( ,i,) =’ ,goal _nodel i) s
Wi teln{out)
wii el p (out)
writeln (out)
wiriteln (out)
gar=gtart _node g
latest _glsli=01
tieli=latest _glsl +hisl;
iteration:=0; |

o
@

w“aa

™ E

THE FOLLOWING IS5 THE FATH MATRIX OF THE NETWORE WITH ASSOCIATED CﬂSTS’);

1 |

W il EE

THE HEURISTIC ASSOCIATED WITH EACH NODE ARE AS FOLLOWS’) :

™ raE W

START NODE =’ ,start _node:3) ;

XN "HC

wWE D 3r WER

weelbatoy fout astate’); |

o @aintout st developed’ 'g(n)’ :8,'F(n) 27, father(n)’ 112, ’0PEN set (g ind ¢f(n))’ 2129
wiriteln{out | q N e » ) _ | 'J "y 3
wWreitein {out)

meneat

iterationi=iteration +1%
for ix= O to n- 1 do

hegin
L SU0W o= N P TR e I N .. S

'
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STAGECDACH PRUBLEM WITH 5 STAGES

FOLLOWING ARE THE STATES IN DIFFERENT STAGES
&H(i,j) means J th state in stage i

FOLLOWING ARE THE COBT
C¢i,Ji,k) means the cost from 8(i,j) to 8(i+l,k)

K=
C(l,1,k)= 4 2 3
C(2,1,k)= 10 9 -
C(2,2,k)= & 7 10
C(2,3,k)=  ——- 3 g
Ci(3,1,k)= 4 B
C(3,2,k) = 9 &
£(3,3,k)= 5 4
C{4,1,k)= 8
C(4,2 k)= 4

THE OPTIMAL STATES ARE FOLLOWS
g |
4

6
9

10

THE MINIMUM FOLICY COST =16



N Yl -

begiln
m1 Iﬁﬂ‘[l) -

+ﬂund==¥alse§

J 8=03

repeat
j=j+ly

7 i¥ 8li.dl = next_optimal _stateli-1,kk] then ?mund-mtrue,

until ¢ (j=mi) or (found=true) )}
wli+ltdz=next_optimal stateli, il
kki=js -

end;

writeln: writeln; wr1teln,
writeln{out, ‘THE OPTIMAL STATES ARE FOLLOWS’) j3

for i= 1 to n do writeln(out ,xLil);

writeln{out) ; writeln{out) j;
writeln{out,’ THE MINIMUM POLICY COST #',minimum_pnlicy cost(1,13) 3

end s
{***********************************************************************

- MAIN PROGRAM STARTS HERE.
T T I 0636396 36 9696 363636363696 0696 06 I6 F6I6 96 96T T6 T 9696369636369 36 0696 3696066606 502690 96 96 96 90 306 0 90 5 )

BEGIN

write(’'GIVE THE TOTAL NUMRBRER OF S5TAGES ‘) 3

readlinin) ;
wrriteln (7 GIVE NUMBER OF STATES IN EACH STAGE /)3

for i= 1 to n do readin{miil);
write(’ GIVE THE COST FILE NAME ') j

eadln(str) |
assign(cost _filte,str) j
{$I-)
reget (cost _file)
(£]I+)
if ioresult <> O then wrltEIn{ ERROR IN READING COST FILEY) 3
nml :=n-1;
for is= 1 to nmi do
hegin
mis=mlily
mipli=mii+ilg;
cfor jJi:= 1 to m do

begin
for k:= 1 to mipl do read(cost_file, policy_costli,j,kl)}
end;
end
nml i=n-~13;
loop = 03
for is= 1 to n do
begin

mis=miil;
for ji= 1 to mi do
begin
loop = loop + 13
sli,gl = loops
end g |
end;
wirite(’ SHALL I CALCULATE THE OPTIMAL PATH 2 7)) 3

readin (ch) ;
if upcasei{ch) = 'Y’
then begin
wreite(’ WHAT IS THE OUTPUT FILE ? )3
readln(str)
- assign(out ,str) 3
rewrite (out) ;3
+inding_optimal _path;
end;
wrrite(/SHALL I DRAW THE NETWORE ? ‘)
readln(ch) g
i+ upcase(ch) = ‘Y’
then draw_network ;
END . |



begin

minimum _policy_costli,jl:=policy__ Eﬂﬁt[l,d,i],
next _optimal stateli,jli:=sln,113
end s
nme t=n-2 3
for iii= 1 to nm2 do
begin
it=n~ii-~1gj
mig=mLil}
mipl=mii+lls;
Cfor ji= 1 to mi do
hegin
minimum policy_costli,jl:=policy_costli,j,1] + mlnimumﬂpmllcy coatlCi+l,11;
next optimal _stateli,jle=eli+l 1133
if mipl <> 1
then begin
for k= 2 to mipl do
bagin

it minimum_policy_cost{i,jl > policy_costli,j,ki + m1nimumﬁpo11cy costli+l k]
then begin

minimum policy.costli, jls=policy _costii,J k3+m1n1mum“pmlicy costli+l k.
next optimal_stateli,jli=eli+l kl}
erd § |
end
end 3
end 3
end 3§
writeln(out ,’ STABECOACH FPROBLEM WITH ‘,n,’ STAGES’) §
writeln(out) ; writein(out) j
writeln{out,’ FOLLOWING ARE THE STATES IN DIFFERENT STABGES ) 3
writa!n(mut,’ S(i,Jj) means J th state in stage i ") 3
wrriteln(out) | |
writeln(out,’ Je—>"19);
for i= ] to n do
beagin
writel{out,” S5{/ ,i,’4J)=")3
mis=mlil;
for ji= 1 to mi do wr1ta(mut, ali,ilsd);
writelinf{out); writeln(out)
end
writeln{out); writelnf{out)
writeln{out,’ FOLLOWING ARE THE COST’) 3
writeln(out,’ Cl(i,Jj.k) means the cost from 5{i,j) to S(i+l,k) )3
writeln(out)s writeln(out);
writeln(out,’ K~-3>’1:11);
for 1= 1 to nml do
bhegin -
miz=mLil}
mipla=mLi+ll]y
for ji:= 1 to mi do
begin |
wr1ta(aut,' CC/ gl g gds’ 9y g 'kI=T)G
for k= 1 to mipl do
be&gin

if policy nmﬁttx,J k1l < big_number

then write (out, pm1icy custtl,J k127)
el se ww1ta(mut, /g e d )
end }

writeln(out); writeind(out):s
end
end 3
{********************************************}
wl1ls=sl1,1]3
MEZJnmnext_pptimal“ﬁtatECI,13;
bk s==i g
for = 2 to nml do
hegin
mis=mlil;
found 1=+al s
J =03y
repeat
Je=j+lg

e I



(#FL+%)
FROGRAM STAGECQACH g -

const
big_number = 9999
var
ch schar
st istrinal20] 3
cost File ,out stexts
& sarrayll1..10,1..8]1 of integer g
policy_tcost tarrayll..B841..7,1..7] of integerg
minimum_policy_ cost tarrayll..8,1..81 of integer;j
next_optimal _state tarrayll..8,1..81 of integerg
M | | rarrayll..10] of integer:
m - tarrayll..101 of integerg

N fi ,‘j ‘kk 'ii ,ﬂml ,T’lfﬂngi 1
mipl,k ,depth, startx,starty,
endy jendy vy ,dn ,1 00p tinteger

£ ound thoaonl ean
AW I T B I oI TN TSI T I 606 36 N P2 I6 T I T I H 2 D939 I3 I 6693 6 3 36 9936 3 9 A6 )

procedure draw_network g

{ THIS PRUCEHURE DRAW THE NETWORK OF THE BIVEN STAGE COACH PROBLEM. 3}
hegin ,

write(’'GIVE THE DEPTH OF EACH LEVEL "
readln (depth)
giraphmode 3
nmil s=n-1 3
for 18= 1 to nel do
begin
mis=mlilyg
mipli=m{i+ll
faor ji= 1 to mi do
begin
for kai= |{ tm m1p1 do
begin
1+ policy costli,i,kl < big number
then begin
startx i=10%j%8 ~depths
atartys={(i- 1)*depth+2)*8 “depth;
endx :1=10%¥k*8 —depthg
endyi1=i¥depth+8 —~depth g
- draw(startx ,starty,endx ,endy,1) ;
end g

]
%

end 3§
end 3
end 3
highvideo}
drnie= depth¥ny
forr i 1= 1 to n do
bhegin -
mis=miils; |
for j:= 1 to mi do write(sli,jl:10)
ys=depth*i+] j
gotoxy (1,y) g
end §
end 3 |
€ W 3606 B I I 36 3 36 36 6 36 3636 3 e o e T 16 H 3 I I T 0 96 69606 6D 636 36 16T B 6 U0 T D696 96 9 e M 96 T 3 46 2
procedure finding_optimal _path;g

{ THIS FROCEDURE FINDS THE OPTIMAL PATH FROM START NODE TO GOAL NODE.
IT BTARTS FROM GOAL NODE OF STABE n AND THROUGH BACKWARD SEARCH IT
REACHES THE START NODE AT FIRS8T STAGE. FOR EACH NODE J IN STAGE

1 IT FINDS THE NEXT OPTIMAL STATE IN STABE j+1. 3
hergin

1s=n~-1 3
mis=mlCil;
for ji= 1 to mi do



STAGECDADH PROBLEM WITH 7 STABED

FOLLOWING ARE THF 8TATES IN DIFFERENT BTAGES
S{(i,3} means J th state in stage 1

Jem
S(1,4)= 1

+
tJ
L.

1
3
&
I

*B(3,4)= 5 & 7 3
S(4,5)= 9 10 11

S(S,i)= 12 13 14

A

86,30 1% 16

S(7.,)= 17

FOLLOWING ARE THE COST -
C{i,Jsk) means the cost from 85{i,J) to §6(i+l.k)

PO
Ce1,1,k)= o 7 4
Ci(R,1,k)= a = 7 10
C2,2 k) = 9 PR z
C(2,3,k)=  ——e o 5 .
CHE, 1 k)= 10 11 10
£(3,2,k)= - 7 o
C(3,3,k)% e 4 v
C(3,4,k)= 7 o 173
C(4,1,k)= = 6 3
C(4,2,k)= 11 o .
C(4,3,k) = = J— 10
CS,1,k)= 7 &

CAS, 2 k)= 5 4

C(5,3,k) = % 3

Clb 1 k)= 7

Clb,2 k)= &

THE FOLLOWING ARF THE HEURISTICS ASSO0CIATEDR WITH EACH NODE

h{l)y = 32



f:': {4.6 = j. X E‘:: :l! —

Cld,2, k)=

THE FOLLOWING ARE THE HEURISTICS ASSOCIATEL! WITH EACH NODE

hil) = 32
(2 = 31
R{3) = 30
h{(4) = 30
h{S) = 23
(&) = 2Z2é&
(7)) = 25
h(8) = 222
h{%?) = 13
F{10) = 15
h{11) = 22
{12y = 12
{13 = 1Q
1 {14) = 14
R{1%) = &
FMildh) = &
h(17) = Q

iteration—

iteration—-

iteration-

tteration—

in stag&

iteration-
iteration—

iteration=-

state

devel oped

Hmul_““mmm““mm“—m“w#*#”ﬂ““mm“mm#wmnﬁ-l-'—HHIIIHHH-FHH-—-'IIH-H!HF“—F-HH-l-lrl-l-l-umu—utuuu-.lunm-“m“mmq._,mh“mﬂmu““_m”m P B ho B WL Lwrwl il N PHEM RRHT e ok -

3

43

&)

/)

state

r

10

3

15

R — I

12

19

+ {r) father{n)

32747 o e e
34 1
37 1.
37 Xt

state number

35

38

34

i1

OFEN set : n{gind (fn):
2(8,39 37,37 4((4,34)

2(8,39) 3(7,37) A6(12,38) 7(13,38)
2(8.39) 5(146,39) &(12,38) T7(13,38)

2(8,39)  BH(16,39) 6(12,38) 7(13,38)
10(23,38) 11(28,50)

ig pruned

2(8,39) 5(146,39) 6(12,38) 7(13,38)
12(27,39) 13(28,38) 14(25,39)

2(8,39) S(16,39) 7(13,38) 10(19,34)
- 13(28,38) 14(25,39)

2¢8,39) 5(16,39) 7(13,38) 12(27,39)
14(25,39)

B(16,39)

8(1%,37)

10¢23,38) -

12¢(27,39)

13 (28,389



itteration- 99
ttheration-10)
itﬁwatimﬁwii)
itﬁﬁatimﬂmiﬁﬂ
itaration-13)
Lheration-14)
itheration=15)
remration-15)
itﬁwﬂﬂtiﬂﬁr“17}
ttheration-18)
tteration—-19)
Lterat ion-20)
i iii&i"';a'f’:i't LOn-a1)
itaration-—22)
wherat ion-23)
iteration—-24)
Phaeat lan-25)

iteration-246)

10

13

14

15

10

13

L&

&

10

13

1&

10

133

16

17

a1

17

31

b7

ird
~J

31

133

17

31

37

37

38

3%

37

37

38

37

37

a3

37

37

13

13

13

10

13

10

13

28, 39)

2(8,39)
146 (31 ,37)

2(8,39)
17(39,39)

248 ,39)

=1{1&,39)
14 (25 ,09)

N

= (16 ,39)
1227 ,39)

= (16 ,39)
13027 .37)

=14 ,39)
14 (25, 29)

5 (14 ,39)
15 {32,38)

S (16 ,39)
1532 ,36)

Sl1é ,39)
15(32,38)

= (14 ,39)
1% (32 ,38)

= {16 ,39)
16(31,37)

= (14 ,39)

1739 ,39)

= {16 ,39)
17 (3% ,39)

= (1d ,39)
17 (29 ,39)

514 ,39)
17 (39 ,39)

S(1h,39)

12(27,39) 13(27,37)

= (16 ,39) 12(27,39)

(16,39) 12(27,39)

= (146,39 12(27,39)

6(17,38)
17(39,39)

7{134.38)

617 ,38)

6(12,38)  7(13,38)

14 (25,39 17(3%.,39)

612,38 7(13,38)
17 (3% ,3%)
Aiix,38) 7013,38)

16(31,37) 17(39,39)

4(172,38)
17(39,39)

7 (13,38)

7(13,38) 10¢(17,32)

17 (39 ,39)

7(13,238) 12(27,39
17 (39 ,739)

7(13,38) 12(27,39)
17(239,39)

7(13,38) 12(27,39)

10(17,32) 12(27 ,39)
12(27,39) 13(27,37)

12(27,39) 14(25,39)

S5(14,39) 12(27,39) 14(25,3%9)

14 (25 ,39)

14 (25,39)

14 (25 ,39)

8(1%,37)

7(13,38) 9(32,35)
14(25,39) 17(39,39) :

G (2, 35)
12(27,39)
1E(E?53§}
12 (27 ,39)
13(27,39;

13027 ,37)

14(25,39)

14¢25,39)

14(25,739)

14(25,39)

15 (32 ,38)

15(32,38)

14 (25,39)

15 (37 ,38)

17(39,39)

12(27,39)
1@(¥7,3£)
12(27,39)
13{37,3%5
14 (25,39 )
i4<35,3@>
14(25,3@)
14 (25 ,39)
15(32,;5)
13(32,535
15 (32,387
15(32,38)
1&(31,37:

17(39,39) .



itheration-27)

iterat ion-28)

LRt Lon—-29)

tteration-30)

iteration~31)

tterat ion-32)
Pteration-33)
Lterat ion-34)
itwﬁatimﬁﬂﬁﬁ)
iteration-34)
Lheration—37)
Ltheration-38)

iteration—39)

L

14

13

16

146

15

14

1&

THE CFTIMAL PATH OBTAINED IS AS FOLLOWS

Lomdprs fom LY L 31 e 177

THE OFTIMAL COST IS =39

17

27

31

FJ
g

38

37

37

36

3%

37

38

39

37

=38

13

13

1.3

i3

13

i3

13

E(16,39)

9 (22 ,3%)
9 (22 ,35)

12(27,39)

1227 ,39)

152 ¢27,39)

12(27,39)
14(25,39)
14(2%,39)
14 (2% ,39)
15 (32 ,38)
15 (37 ,38)

17 (39 ,39)

12 (27 ,39)

10(17,32)
12(27,39)

13027 ,37)

14 (2% ,39)

14 (25 ,39)

{14 (2% ,39)

15 (32,38).

15034 ,38)

14 (25 ,39)

12(27,39)
13(27,37)

14 (25 ,39)

15(32,38)

15(32,38)

17 (39 ,239)

16431,37).

17(39,39)

17(39,39)

16(31,37)

17 (39,39

17¢(39,39)

17(39,39)

14 (25 ,39)
14(25,39)

17 (3% ,39)

1&(31,37)

17(39,39)

17 (39 ,39)

17¢39,39)

17(39 ,39)

17(39 ,39)



o Degin

I TRE .
R OBRAM STABECUQCH MWITH PRUNING ;

var ~
OFEN | rset m% 0. 503
£ sarraylO...50]1 of integer ;
My | rarraylQ, .50 of integer:
optimal | rarraylQ..50] of integer g
+ ather . rarrayl0. .50) 0¥ integer
ek | sehar g ~
st ustringEEOJ;
n,cost_file ,out - ttext -
£ | .awﬁayfi..lﬂ 1..8] of 1ntEgEP;
palicy cost rarrayll. .8, 1..7 1..7]1 of integer
minimum_pol icy cost | rarrayll..g, 1..63 of integeryg’
next _optimal _state rarrayll..8,1..81 of 1ntegerg
% | -arrayEl..iﬂj of integer
m | tarrayll..101 of. integer ;

Mylgdekbk,yii,nml ynm2,mi,
mipl, k depth,ﬁtartm,atarty,
@ndx,andy,y,dn index ,
new W,W,s nmde,guai hﬂdE,
iteration,start _node,new _optimal,
MEW f,tmunt total _node,
?map,n,gi,agi,pmﬁltlmn1=
Toopl - rinteger 3
£ o thoolean g
(*************************************************************ﬁ}

procedure finding_minimum_of fn:
{ THIS PROGRAM FINDS THE MINIMUM (OF i) 's FOR THOSE NDDES WHICH

ARE IN OFEN SET, WHERE f{(n) IS AN OFTIMAL PATH FROM STQRT NDDE
70 GOAL NDDE CDNSTRQINEU THROUGH NODE n. 3
ot

min @ integerg;
begin -
11“'“;..5 '
while not (il in open) do if:=il+i -
mins=fLill;
indexs=il:
for Jl:s= i1+l to total _node do
begin |
if 31 in OPEN
- then begin -
1f - ¥[J1] L omin
then begln
min:=+Ljl1];
index 3=j1 3

end ;
end |
end g
position = mi1];
Toop = 13
repeat

loop := loop +1;
position := position + mlCloopl;
until index <= position;
1 = Toop:
Tomop s= Ogf
repeat
loop := loop +1;
until sfi,loopl = irdex:
J o= 1mmp,
endj{+tinding m1n1mum _of_fni .
{ﬁ**********%****************************************************#ﬁf;'
procedure’ draw _network ;- Ww;;-
- { THIS PROCEZHURE DRAN THE NETWBHI;E‘“;ﬁF' :T Hé G&VEN STP:GE’ CDQCH “ o




readin{(depth)

graphmode

nml i=n-13

fo 1= 1 o nml do

hegin .

mis=mlLils;
miplr=mli+l]
tar gs= 1 to mi do

hegin o
tor Ke= 1 ta mipl do
begin
14 polticy costli g.k3 >0
then begin
startx i=10%3%8 —~depth:y
starty=((i-1)#*depth+d) *d md&pthq
@ardr s= ] Oxk i —depth
endy =i *depth*8 —depth
gdrawl{starty ,gstarty,end« ,endy 1) 3
ericl 3
ercl |
end g
end §
Milighvideos | .

cirya= depth*n
For 1 = 1 o n do
e 1M
mis=mlil:
tor js= 1 to mi do wwztw(ﬁfi,j3=iﬂ};
yi=depth®i+1;
gotory (1l,y) s
endd
el g

ETTETTETE LI TTEIT I FIZT LT LTI EIATELESEIZLE RIS ESLE LSS LS ZLE L L LT L N
procedure caloculiate Wy

gl
new W s=0;
Tl os= i
Jloe= 3

%:11,J1] o5 node s
be =0y
b 2= k413

Wwhntil poticy costlil , gl,kd > O3
new w = new W + pm11ry costiil gt ,k1

il o= 1141
Jl 3= k3 |
wntil sLil,J1) = goal _nodeg;
new W o= optimalls_noded + new_ Wi
if new W < W then W = new_ Wi
@t

L%***i*****%*******%**********%*********ﬁ***%***%*****E*********i******}
procedure finding_optimal _path_with_prunings
byepeg i
writeln(out)
wirtteln(out)
wititeln (out)
wiriteln {(out)
writeln (ouwt, atate’)
Ariteln{out, developed’,'a(n) " :8,7F{n)’' 7, father(n) ":12, *DPEN set @ ni{gin) %fn))’:ﬁ?);
A 2 B T I LT o o o o e e e e e e B e e e o 1 . o 2 G 7 P 0 T o o ")
wiritel n (out) g |
ios= 13
J o= 1
pteration = 04
o node 1= start_nodes
meneat o |
iteration = 1teration +1:
| caloculate Wi
tarben A Bogm ™ opm f P e LN

 EAr e ET AT

e

3




il oa=m odiely
mipl = miill:
for ki= 1 to mipl do
14+ policy costli.j,kl > O
then begin
QFEM s= OFEN + [sli1+1,k1]:
new optimai = optimallsli 311 + policy costli,j.k71;
mew o= onew_optimal ¢ higli+il k11
it new_+ < F0sli+t 0]
then begin
fFLlaeli+l k1] = new_f: |
aptimal Lsli+l k11l = new_optimal ;
tatherlisli+i k1]l 1= s _node:
eyl 3
entd §

it iteration = |
then begin .
write(out,’iteration—';iteration:2,’)’,s_node:S,optimalls_nodel:10,fls_nodel:8) ;
wirite (out - 19 | |
write(out,’ “1
ernd
el se begin | o
| write{out, iteration-";iteration:2,’) ' ,s_node:D,optimalls_nodel:10,fls_nodel:8,fatherls_nodel:?):
wite (cut, -
. &nd
count = 0Oy
for loop:= start_node to total _node do
i+ loop in OFEN
then begin
count = count +1; )
write(out,loop:2,' ( ,optimalfloopl,’,’ ,flloopl,’) ‘)
if count > 4 then :
hegin
cexant p=0
writeln (out)
wreite(out,’ 752 3
end i
end j
wrriteln(out) ; writeln(out); writeln{out):
tinding_minimum of fng

tor toopl 1= start node to total _node do
begin |
it ({(loopl in OPEN) and (flloopll > W)
then begin
' poasition ==
loop = 13
epeat .
toop = loop + 13
position := position + mfloopl:
wntil joopl <= position:
il = loop: |
foop = O
repeat
ioop == loop + 1]
until slil,joop] = 1
J1 3= loop:

mEiJ;

5
oopl s

for Jdgl == 1 to mCil+i] do
1t polticy_costli,il1,iJ13 * O then policy costlil,ji1,4311 = O3
QFEN 2= 0OFEMN ~-Tlooplls
for J31 = 1 to mlfil~11 do E |
1f policy costlil-1,331,313 > O then policy costlil-1,341,313 == 0O:
writeln{out,’ In stage 7,il,’ state “,J1,’ i.e. state number ‘,loopl,’ is pruned’) :
writeln {(out) ; - | |
writeln{(out) ;

| end:
end:



s_node = index

OFEN = OPEN ~ [s_nodels
urntit s _node = goal _node; -
writeln (out) &
wrriteln (out)
writeln{out 4 °
writeln(out)
wiciteln (out) o

as

{ FINDING OFTIMAL FATH 3}
o L1131 e= 8 node s
coauwnt = 1
gpneat
count = ocount +1
v Leountd = father [x2lcount ~1171:
until x [count] = start _node:
wreitelin{out ,'THE OPTIMAL FATH DBRTAINED I8 A8 FOLLOWS’) g
writeln (out)
tor ii= count downto 1 do
wrlte(out ,xLil, " ~")
wiriteln (out)
wr-iteln {(out)
wiriteln {out,

o]

i

w wyn "EN

THE OPTIMAL COST IS =/ ,fls_nodel)
@t |

{ Ko He e B B Fe W e Fe BN I e Fe A NI KK W W I I WKW e e e N P PN F e W I WU W N AW I e N

MAIN FROGRAM STARTS HERE
N Bl R B N KNI K I MU KK TR R O e B U 336 K I 9 36 32 36 )

EISS RN
write ('GIVE THE TOTAL NUMRER OF STAGES ") 3
serand i dmd g '
coiteln (0 GIVE NUMBER OF STATES IN EACH STAGE /) :
tor o dis= 1 to n odo readin{mil);
for i= 1 to n do weiteln{mlil):
witite (0 QIVE THE COST FILE NAME /)
mgadinl{str) g -
assign (cost _file,str) g

CFEI-D 1
reset (cost _file) s
{FT43 -
if doresult <F 0 then weiteln{('ERROR IN READING COST FILE’) 3
nml s=n~1;
for = 1 to nml do
begin
miz:=mlCil: |
mipl s=mLi+{1y
for ji= 1 to mi do
begin |
tor k= 1 to mipl do read(cost_file, policy_costli,ji.k1)s;
end 2 | | ~
entl g
mml e=n—1 3 -
wreite ("TGIVE THE HEURISTIC FILE NAME /)
raadin (str)
avsign (hn,ster)
reaat tho) g
total _node 1= Q3
o Toop == 1 to n do
total _node &= total_node + mlloopl:
for Toop = 1 to total _node do |
readin (hnyhCloopl);
for Toop = 1 to total _nade do
brergin
optimalfloopl = QO
fLloopl = maxint g
erd g . ;
W 1= maxint g
alhart_node = 13
goal _node 1= total _nodeg | o
E X - N-BE L. BIEAVIES . sevd. pama =N el N W L - - IR AP
iteration—-32) 14 31 37 13 12427 ,3%9) 14 (2%,39) 15(32,38) 17(39,39)
iteration—-33) 15 32 38 i3 12(27,39) 14(35,39) 17(39,39)
iteration—34) 13 =27 3% 4 14 (25,39 15(32,38) 16((31,37) 17(39,39)
Lbheration—35) 146 31 37 13 14 (2% ,39) 135(382,38) 17(39,39)
rteration-3646) 1% i o 383 13 14 (2% ,3%) 17{(39,39)
tteration—37) 14 25 39 Q 15032 ,38) 16(31,37) 17(39,3%9)
iteration-38) 16 31 37 13 15 (32,38 17(3%9,3%9)

iteration-39) 15 32 38 13 17(39,39) -



toop = O3
o 1= 1 to n do
hegin
mis=mlil:
tor Ji= 1 to mi do

hegin

Toop == loop +13

sll,gd = 1oop; ~ .
errd g ;

il g

wreite (7 SHALL, I CALCULATE THE QFTIMAL FATH 7 /) ;
readin{ch)

1 upcase(ch)
then begin
write(’ WHAT IE THE QUTRPUT FILE 7 )
readln(ste) )
asaign {out ,str) 3
rewrite (out) j
DFEN s==[1g
writeln(out ,’ STABECUOACH FROBLEM WITH ‘,n,’ STAGES’) ;
wiriteln (out) ;
FOLLOWING ARE THE STATES IN DIFFERENT STAGES’) :
Sli4d) means J th state in stage 1 ‘) g

.F'Y!’

wiriteln {out)
wreiteln (out,
writeln{out,
witritel m(out) |
weiteln{out,’” Je—>":19) =
o 122 1 to n do
hegin
wiritelout " S0 .1, ¢J2=");
mir=miils
tor Jr= 1 tao mi do weite(out, s0i,J1:5)
wWiritein(out) s writeln{out) j
el 3
writeln{out) s writeln(out) g
wiriteln(owt,’ FOLLOWING ARE THE COST7)
wrriteln{out ,’ C0iL,J,k) means the cost from S{i,J3) to Sdi+l k)’ )
wrriteln{out); writeln(out);
wreiteln(out ,” K-—>7211)
for 1= 1 to nml do
Frexeginm
mis=mbLils}
mipd s=mli+l] g
for jei= 1 to mi do
hegin |
wirite(out o7 O 31,y sds’ s’ g k)=’ )
for k=1 to mipl do
begin |
it polticy costli,d,kl 5 O -
then write(out, policy costli,d,k1:7)
@lse writel{out,’ Py e D)

L
b
/
f

end 3
wrriteln(out) 3 writeln{out) ;
end
o] g
finding_optimal _path _with _pruning:

erid g
witite (78HALL. T DRAW THE NETWOREK 7 ‘)
readin(ch) g
1f upcase(ch) = ‘Y’

then draw_network s
NI .



S & . s 4 o B
i Wiaials S . R -

STAGELCOACH PROBLEM WITH 7 STAGES

FOLLDWING ARE THE STATES IN DIFFERENT STAGES
G(i,9) means J th state in stage j

ﬁ{l,})n 1

Sl y,] ) *2 3 4
HD{3.d)= i & 7 &3
S {4 ,5)= 9 10 it

S{%,i)= 12 13  i4

Sib,0d = 15 16

FOLLOWING ARE THE COST
L(i1,3,k) means the cost from 8{{i,Jd) to S(i+l, k)

e o 2 |

(1,1 k)= 2 7 4

C{E, 1 ,k) = B8 = 7 10
AR, k)= 2 & e S
S k) = e & % 1,
SRSCIN W T 10 11 - 10
C(3,2,k)= o 7 &
03,3,k = o 4 2

C(3,4 k)= 7 = 13

044, k)= = & 3



S 2k = 11 10 13
(14,3 ,k)= 15 S 10
Cia,l k= 7 &
DS, 2, k)= = 4 -
C{m,3,k)= o9 2
{o,1 k)= 7
Clh,2,k)= £3
cstate

cdevel oped g{n) 4 (n) tather(n)
iteration—- 1) i ) 32767 e e
iteration~ 2) 4 4 34 1
iteration—- 3) 3 7 37 1
Lherat ian~- 49 8 15 37 3
In stage 4 gtate 3 i1i.e. state number 11
1heration~ 5) =, e 5 £
ttaration— &) & | 12 38 4
iteration- 7) 10 19 34 &
itteration—~ 8) 7 13 . 38 £
itteration~ 9) 10 17 32 7
iteration-10) 13 27 737 i 0
iteration-113 1& A1 37 13
iteration—-12) + 15 32 38 13

QFEN set

3(7,737)

2(8,39) 37,37
2(8,39) 5(16,39)

negnd ,+ (nj?

e el S B T Wbl bbb sbenl e S el S Bk Y R mamg B TR R BT PR e L drimr

4(4,34)

&(12,38)

7(13,38)

208,39 516,39 &6412,38) 7(13,38)

10(23,38)

1 pruned

= (8 ,.39)

514 ,39)

11028 ,520)

612 ,038)

7(13,38)

12(27,39) 13(28,38) 14(25,39)

2(8,39)  S(16,39)  7(173,38)
13(28,38) 14(25,39)

2(8,39) S(146,39) 7(13,38)
14 (25,39}

2(B,39) S(16,39) 10(17,32)
14(25,39)

2(8,39) S5{(16,39) 12(27,39)
2(8,39) =(16,39) 12(27,39)
16(31,37) |
28,39 514,39 12(27,39)
17¢(39,39)

2(8,39) 5(146,39) 12(27,39)

10(19,34)
{2(27,39)
12(27,39)
13(27,37)
14 (25 ,39)

14 (25,39)

14 (25,39)

6(12,38)  7(13,38) 8(14,38)

B(1%,37)

1023 ,38)
12 (27 ,39)
1378 ,38)
13(;9,38)
14 (25 ,39)
15 (32 ,38)
15{32;3a>

17(39,39)



iterat foN-13) <

tteration-~14)

tteration-15%)

rtteration—-146)

tteration~17)

iteration—-16)

tteration—-19)

itteration=-20)

iteration—21)

iteEration-222)

iteration-23)

iteration-24)

ttheration—25)

Ltiteration—-26)

tteration—-27)

itheration—~28)

iteration—-29)

iteration—-230)

iteration-31)

2

13

16

10

13

16

10

13

16

1S

10

13

17

P
)

31

17

d1

13

17

J1

17

a7

., o~ . Teo mesamLs s L LR agi _Il'u .

37

37

383

)

37

37

8

37

37

38

-39

32

35

37

10

13

10

13

13

B(16,39)

14 (25 ,39)

(16 ,39)
12(27,39)

5 (16 ,39)
13(27,37)

= (16 ,39)
14 (25 ,739)

5 (14 ,39)
15 (32 ,38)

5 (14 ,39)
15(32 ,38)

= (14 ,39)
15(32,38)

(16 ,39)
15(32,38)

S {14 ,39)
16131 ,37)

= (16 ,39)
1739 ,239)

5016 ,39)
17039 ,39)

5 (14 ,39)

17(239,39)

S (14 ,39)
17(39,39)

5(16,39)

5(16,39)

9 (22 ,35)

(22 ,35)

12(27,39)

1TRT L R9)

6(12,38)

17(39,39).

6H(12,38)
14 (25 ,39)

6(12,38)
14 (25 ,39)

6(12,38)
1739 ,39)

617 ,38)
14 (31 ,37)

6012 ,38)
17(39,39)

7(12,38)
17(39,39)

7¢13,38)
17¢(39,39)

7(13,38)

17(39,39)

7(13,38)
10(17,32)
12(27,39)
12(27,39)

12(27,39)

12(27,39)

10(17,32)
12(27,39)

13(27,37)

14 (25.39

7(13,38)

7(13,38)

17¢(39,39)

7(13,38)

17 (39 ,39)

7¢13,38)

7(13,38)

17(39,39)

7(13,38)
10(1?,32)
12(27,39)
12(27 ,39)
12(27,39)
12(27,39)
13(27,37)
14 (25 ,39)
14(25,39)

14 (25,39)

12(27,39)

13(27,37)

14 (2% ,39)

1% (32 38

B(15,37)

9 (22 ,35)

- 9(R2,35)

12(27 ,39)
12(27,39)
12(27,39)
12(27,39)
13(27,37)
14 (25 ,39)
14 (25 ,739)
14 (25 ,39)
14 (25 ,39)
15 (32 ,38)
15 (32 ,38)

17(39,39)

14 (25,39)

14 (2%,39)

17(39,39)

1431 A7)

12(27,39)
10(17,32)
12(27,39)
13(27,37)

14 {25 ,39)

14(25,39)

14 (25 ,39)
14 (25,39)
15 (32,38)
15 (32 ,38)
15(32,383
15 (32 ,38)
16 (31,37)

17(39,39)

17 (39,39)

17(39,39)

172479 "1QHY



tteration-32)
iteration—33)
Lteration—-34)
iteratign"ﬂﬁ)
rtteration—-34)
rteration-37)
1teration-38)

1teration-39)

THE OFTIMAL FATH OBTAINED IS AS FOLLOWS

1h

14

164

J1

L= 71 O~ 1 31 417

THE UFTIMAL COST 18 =39

37

iz

39

37

- 34d

39

37

- 38

1.3

13

13

13

13

L Lol T B iy Nl N

12427 ,39)

12(27 ,39)

14 (25 ,39)
14 (2% ,39)
14 (25 ,39)

15(32,38)

15032 ,38)

17(39,39)

14 (25,39)
14 (25 ,39)
15(32,38)
15(32,38)
17(39,39)
16¢31,37)

17 (39 ,39)

15032 ,38)

17(39,39)

16(31,37)

17(39,3%)

17(3%,39)

17 (39 ,39)
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