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vord meertonSort(ing muwbers[], mt array_siza)

{
o O O s o

for (=1; 1 < mrray_size; i++)
{:jn-:t-;sx = mumbers]i};
J"H.]=:|.jlj.E (4 = 0) &d (oummbers[j-1] = mdex))
‘cumbers(] = mmbersf-1;
i=i-1
}imﬂhETBH] = lnda
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mam( }
d
Char *z;
Char *name| | ={"ammer","Fatima" "omar" “zbamed” "jammsl”,
"saead","youse", "marizm"}
Int nmax=§;
Register it 1.5
For (i=0;1-=mrmeax-1; ++1){
z=rame(i]:
=i-1;
While (j==0 &&(stromp{z.namelj}=00) {
Mame(j+1=namelj]:
I
t
name[)+17=z;
}

For(1=0; r=oumax;—+i joourr<"n" <= narme(1];
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Char *name| | ={"anmer","Faoma" "omar” “alomed” "jamsl”,
"gaead""yonzef", "maniam” }
Imt m[ }={9.5,3,2.1}:
Int nmax=g;
Fegister int a b.c tv;
Char *z
For (v=0;1==5; +=v){
e=mv].
=-c:
for (a=c e mmay+a) |
Z =namefal;
b=z-c; }
If=—m{
=-c;
=
name[t}=z;

I
While((stremp(z name b1 =00d Solbe= 0)dedo{br-nmany) {
Mama[b+c J=namelh):
b=
1
Mame[b+c]=z:
1

t
For(a=0; a~nmax ++a jpretf=="%s'n" << namela];
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void Shell5ortiint munbers[], mt amray_size)
{int 1, j, IncTEment, fenp;
ICTement = 3; /* increment=Cap®
wiitle (increment = {0)
i
for (=i, 1< armay_size; i++)
4

¥=x
tennp = numbersil;
while (] == mcrement) && (mumbers[j-increment] = tamp))
(
numbersi] = mmbers(j - incrament’;
3 et
}mth?EiFtﬂm;
if (increment 2 =0
IOCTEmeNT = Iorement 2,
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(Quick Sort Alzorithn)
2085 .60.75. 7058 50.00.33 .85
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X =102=5 Aglall by 5 g gl ycinl) @ 3 a8 pal
N="T0 - dasgl

(i) domlls Jidhy Aa50 Lasia F = Fromt
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K=5 Ly il el
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=10 L=10

ol aa g gl 20 95
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=2 F=2
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el aa g ol 8533
203306075 T B8 3000 B5 .05
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defaa i g 60 <00
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=5 F=5
=6 L=6
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== F=4
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b g gl 7550

20,33, 60, 50,70, 88 75,90 85,03
=3 I=3
20,33, 60,50,70,88 75,90 85,95

il iyl
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I=1 =4 I=6 =10
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X =33 =00
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D el S T s kel AT il el

vord quickSort(int pumbers[], int aray_size)

{
g_sortfnumbers. 0, array_sizs — 17

void q_sorine muwbers[]. fut lef, ine rizh)

{
mf pivor, |_bold r hold:

I_hold = left;

r_hold =nght;

pivot = mumbars[left];
while (Jeft < right)

{

while ((oumbers[right] == pivod) && (eft < nghi))
nght—;

if (left '= nzht)

"numhmne&] = munhers[rigkt];
L+

'
while ({onmibers[left] <= pivet) && (left < rght))
L+
if (left '= rizht)
rumbers rzht] = pumbersleft];
nght—;
'
}
munbers[lafi] = pivot;
prvor = left;
left =1 hold;
right =r_hold;
if {laft <= pivod)
g _sominumbers, left, pivo-1);
if (nghe = pivot)
o _sominumbers, pivoes+], right);
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tvpadef int tab_enters[MWAST;

iof rapideErape(tab_enfers t «anf min «nt max) |
int temp = tfmax].
while{max = man} {
while(max = min & f{min] <= temp) min++;
ifimax = pun) {
timax] = t[imn];
man--;
while(max = min && tfmaex] == temp) mex--;
if{ s = min) |
e[min] = t[mex];
e

3
H
t{max] = terp;
TEOIT mAax:

voud rapidetab_entiers t vumt deb «int fin} §
if{deb = fin) {

il = raprdeEtapetdeb-fin);

ifinml - deb = fin - ml) §
rapide(taml+1.fn};
rapideit.delamil-1};

i

else |
rapideitadelamil-1};
rapide(tamil+1.4in);
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SortiA)
Quicksort{ A.L,n)

CuicksortiA, low, high)
iT {low < high)
pivet-location = Partitlion{ A, low, high)
'-'-.-'e"n-it'-:'l'i:lli.:-'l.'l:..-‘-'l. foned . pivot-location 1}
Quicksort (A, pivot-location+1, high)

Partitian A, low. high )

plvat = Aflow]

leftwall = kow

for i = low+1 Lo high

ir {Aafl] < phwot) then

leftwall = lefewall4+1
swapl Afi], Alleftwall] )

swaplAllow] Aflertwall] )

el L o o BBy a3 ) o Sy g I (g

method siafEmania  avermge ime wovsloass tme
insertion sor 3 %) n)
shet soit 17 Q'S in™
quickeor M dinla n) iat)
courd mashion ghal guick=soit
18 35 e 45 pe 51 e

296 4 063 us 1,230 ps 811 us
4 98 1345 apr 033 spe OI0 zar
65536 4164373sec. 1254 =ec AE1 s=c
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(Readix sort Algoritban) 0 a0 il s g 300 pusdinl il 100
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1-Pockets] 11,4223 74,04 65 36 87,5590

o ) (2 | (4 [F |& |7 |8 |P

23 |36 |42 | 3E |65 |74 | 8T | 9400

3-Pockets?  11,23,36,42.58,65,74,87 04,90
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- A Sl s A i desiadi daa ] S0
Tree-Deletell’ =z}
It (left[z] = NIL) of (right[s] = NIL)
Ehen y + =
gles y + Tree-Successar(z)
it leftly] & NTL
then i+ left[iy]
else r 4+ right[y]
it e« & NIL
then .n-[r] | ]uhl]
if plp] = NIL
then raatlT] 4= =
else if {y = feft[nly]])
then leftlplg]]l +— «

else reght[py]] &« =
It {y <= z)
then F:-rp-l_'J o 'l"""|'|'|.!||]

J* IF ¢ has other lelds, copy them, too, ¥/
return g
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L et ) Al gt 5 il il ¢ G
vord TresSori{int munbers[], int amray_size)
{

ot 1, tenp:
for (1 = (aray_stze / I)-1; 1= 1--)
sifiDown{muonbers, i, array_size);
for (1 =smay_size-1;i>==1.1--)
{
tarnp = mumbers[07:
vuanbers[0] = munbars[]:
pumbers[i] = ternp;
siftDownnumbers, O, -1
}

vord sifilownint munbers[], ot root, iof botion)
{
ot done, maxChild, tarmg;
done = 0
whele ((root*2 <= botom) &d& ('done))
d
if (root*2 = bottom)
maxChild = root * I
else if (munbers[root * 2] » pumbers[root * 2+ 170
maxChild = root * 2
else
mexChild=root* 2+ 1:

if (numbers[root] < npumbersmaxChild]}

I'temp = numbers{rood];
vumbers{root] = muonbers[maxChild];
rumbersimaxChild] = temp:

oot = manChald
}

glsg

done = 1;

H



(Topological sorting Alporithm) o # sl e &l a5 -0

Lguia h g gl s g il 5 580 a0 1o 0 e g
:u.'.lﬂl;_:lil.r._l

The graph shown to the laf has many valid topological sorts,
including:

L 7.5

1182109
. 12,310,889
s 3785111092
« 3571110289

3
1

L
T &
L.

ﬁj.ﬂjaldlfihdlieijm_};;ﬁl’:nthgﬂlﬁljuﬁijgﬂ o
il 5 58 G { Elalm 1962) adadl 8 e D08 Ol g gall | pond Crasaiod

E= i}

U= apsl

W=

gt AR el i 5T A gl A0

L =—— Empry [t whare we put the sorted elements
3 =— Set of all nodes with no incoming edges
wihtle  is non-empty do
Temove 3 node o from O
Insert n imto L
for each pode mwith an edge @ from oo m do
remove edzs & Tom the graph
if m has no other Incomings adzes then
inser minto O
if graph has edges then
oL errar messaze (Zraph has 2 oyele)

- T8



else
oulpur messaze (proposad topologically sorted order: 1)

‘(External Sorting Algorithm:) - &l = o) o & 4-2
-(Merge sort Alporithm) s e & ] g -1

AT 8 goa® A Ll el B by udic R g ol o o1 s

Pivase | T1 | T2 | 13
A ]
.
g g
4 | 5
B o
i
] 5
i [ ]
i i
B
5 | 7
4 ]
D o
g
7
a
&

“ b el 5 5 A g eyl ST el i e Sy
void MreeSor(ing marnbers[], tut tetnpf]. int amray size)
I

|1
. sorm(mmbers, temp, O, amray size - 1)
§
vord msor(int monbers[]. ot remap1, inr left mt nght)
{
mt mad:
i (rght = left)
{
rad = {reght + lefi) £ 2.
tn sor(munbers, temg, Left mid),
oy sor{munbers, emp, mid+1, nzhi),
merge{nwmnbers, terop. oft mad~+1, nshi);
1

-f0 =



void reergeding munbers[], mf temp]], in? left, inr nud | mt meht)
{

mut 1, left_end mun elsments, mp pos;

left end=mnud - 1;

nnp pos = Lefi:

o elements = right - laft + 1:

whils ((left == left_end) && (mid == fek))

{
if (numbers[left] <= nombers[nud])
‘temptup_pos] = mumbers[lefi];
mp_pos = tmap_pos + 1
laft = left +1;
}
e_]se
‘temnp{omp_pos] = mumbers[mid]
mp_pos = mp_pos = 1
mid = mid = 1;
}
}
while (left == left_end)
{
temp{tmp_pos] = numbers{laf];
lafe=left = 1;
top_pos = mp_pos = L

¥

while {mid <= right)

d

tamp mp_pos] = pumbers [nud]:
mid = pud + 1;

}mq:_ma =tmp_pos = L

for (=0; 1 == mn_elemenrs; i++)
{
ruahers[right] = tamprizihr]:
nght =nght - 1:

}



- (Bmpirical Analysis) o ol (T
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(Merge Sort Efficiency) mead 42 ) ) s a8 14) 155

o 153 i gal) i i i Rt e -2
((Balanced Two - way - Merge Sort )
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AR B G
I.'JH.'l...:l.l J_.J-"‘_Ll.i.l.n-u_l ,.,.Ll.rl.ld.l.n.l MHEMHJJJ' _}Lﬂ—ljil_l_*}_l.—z
l_n__.,J_ll:'-l..i.l'_ﬁ'-
D aadifisdniiniy & AedSll B 300G o) ol aa B aedil & 350 pokl -y J56 -3
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{Balzpced Two - way - Marge Sort )

(18.23.2.50 .42 63.20.28.33.47.3)

AT A s by i
I-N=11  A=18,23,2 50, 42,
B=63,20, 28 33,473

1 inj C=18.8, .2.,28., .42.47
iay) D=20.23, 33,50, .3
C i il CoLl 38y TRl SO T8 o 0
3 A=18.20.23. 8, 3. 42 47
B=2 28 33.50,

§_20,23.28,33,50, 63

18,20 .23 ,28 33,42 ,47 .50 .63 A

II|'|

] 5 i i 5 3 il il i i
: (Divided and Conguer Merze Sort Algoricthm)

A fasdas N Sl LAEN 0B Sy o 23 3 F g el y 2 33T i st s
et g Aas Tl doe il 20 gl s g0 S Sy 0 gl b S0 AN G gl
ey (1] 7 S VP PR
BN AR gl 3 5 B 00 3 AT il d /M
(43 0540114193017 .5.60)
At il E L Ml o g o R
W= B Al ae ve -]
RalE b ] e F0E Y
Lty At s (0T S g -3
Ly sty AL A 5 e 4

[43_.54]?[11:41].{}'3 '|j?3:|[5'155]

[y ]

[11,41,43,54],[5,17,66,93]




At ol 310,017,401 ,45 53460, 93
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S ) aa T A ghnall B0 o o e Al il A e B e g -]
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Mo OfPass=logn el oo
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A Search) = -1-3

il o=l Gy sagm s ada el g Sin Y pasdad et doall 4 gaoad
A g il 50 o) ety dRad

(Sequential Search) ot = o2-3

lgios A Al el | gl i) gl moes (PS a pa'e e Siadliidde a
ALHED Al gl Al L 3ot 15 s pllnal] puainl] gl e LL 0
e e gl o eidin  Land ol

o=l el o
On)=2uilt 2

ol il s e s pns o e e s Doadlp B I i 00
A el y (3] s Sl ol il y (T) uckinll 2 i e LS

data[ }={7.4.5.6,3.9,10}

#mnchade="stdio b=
kit 1t

{

It data] ={7.4.5.6,3,9.10}:

Int nmax=";

Iz key=3;

Printf{"%:dn" sgsearch{data nmax key)):

Sqsearch(data n k);
Ing datal J;

Int nc

Imt k-

{

Fegister int 1

For (F;1="=n;++1)

If (k==data[ I J)retamii+1]};
Returm(-1}, /™ no match exist * /

{5) Bpala Lth g a (3) psiall o A Sl Ba

=



JBinary search) coemsl e -3-3

u_a:u']'u,ﬁa_uajj:_u:_qd:naJulJldj_nLaﬂg_i_n £l | B P
sibiientis B abi 23l bl oaiesd ok e A Ciag 530 key Al o
|I'Ic_:n._il_u_.uq__p_.=.-|.[;|qsl_h._|l_.,:|..' =il st puainll 134 o 0 a0 ul_'l_.n...n.i.i‘
gl -HLEE--:H,,U Fsendo code 1
repear
If ID <= Array{k] then j=k-1
If ID == Array{k] then i=k+1
il 1=
If i-1=j then we found te ID in the amray
else the IT 13 wot foumd
i o3 3 05 0 A8 glica Y (M
ward[={"begm"”, "const", "do”, "end". "if", "odd", "program”. "read".
"then", "wvar”, "while", "write™}

Tavad &8 piucall ¥ Ciasi i T AN Sl aa 34l code IS g
'.,Iiddn.i'q_,._Ju_|udhﬂu.a|;.iu|JJ=_.5ﬂ_Ff.mJ ol i 43 J5s 2l

strcmap (char *swl, char *sol)
e e g g il il o g A i o AR a8

strl= s SIS (e dad)
sir]< str? T 13 A dad
5 g B S 3 A g A

- s (binary search ) U ool dae 3 g bl 2 30 il ¢ Gy

#mcihude "STRING H"
Fmciude "STDIOH"
ﬂd&ﬁuema:{ zize 12
Jnthm.-an saarch (I0):
char *IT¥;
{
char *word ={"bezn", "const”, "do", "end®, "if". "o0dd", "proeram”,
"raad”, "then". "war”, "wiale", "write"}:
ot =0, j=ay_size-l, 5 K
whils(1="=j}
d
k=il
s=atremip( 1D word k]
if (==0) =k-1;
if (5=0) =k+1;
}



H{(i-1)=9){
pront"mpwe found the key (%as) at element %", word[k]. k=1);
renum k;

refurm -1

printf("mmPlz Enter the IT to begin searchnlD="};
sranf("%es" IDN:

result = binary _search{ID};

if (resul=-1}{

printf{"nrhe Key@as) is not found”, ITN; }

getchi);

J_;.m]l_l_.u_.LdJ_i_q.i....:..i o Binary EEE[’:L:'I.‘.‘_I_I II-‘.I.]___._IJ:-.‘_:L_A:I.'.'E.J
LI0N de

g—almll o FE |3 jlq_a_J_..'_p.Jl__q_L.nu_,_'f.u:'u_llJ,a_:.T_q._J.'j‘ i p—ball -]
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kil &8 ghicallaih it 8wy o3l uaiall il -3
S B8 U gina e LN Conoll ke 1 1 g 4

A T g3l puaiell L g 28 o g5 sy 5 13 -
Cundi o lin 3 o el i Lo pecin® S B il a0 1
I L PE N ._nJl:u_n_.J_.._l_q":IJ_i_q.i.u.a..l.i'-._u.:.] CR=et]

i 5 i gl 3 g el Bl ] Uil A GRS 13 3 o Lad
Ty (PSSR Tt S i I L O (D W - P

i, J k_i‘ L xna o lgilh s Al A8 e 48 ] T 230 G indll il i
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AR 3N ] Cghall i s ol o ) iy ol dayy T i

RS A R ealn e Cnaly p B il 18 g
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Cin ) Al il ol _ﬂmmjf]}aLJJJﬂtﬂﬂ}_M}aﬂ -4 15 -
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et nodetvpe
{
int k;
struct nodervpe® Lefi
strict nodstype® nght;
¥
vpedef smuct aodenpe® nodepm;
nodepm makemreeing x)
f

k

nodeptr p;
PRREW nodstype:
o=
p-lefi=00 L
p-rrga=LULL;
remm (gl

)

-0 .



void build{nodeptr node int pumber)
{
if{mmber-node-=k)
iffnode-~right=—I"TLL)
wode-rzammakeresmunbar);
else
build{node-~rnght number);
else
i mumiber- pode-=k)
if{node-=lefi—MNULL)
node-=lef=mskareenumber);
glza
build{pode-~left mmber);
else
cout="="nThplicare mumber "< <nwmnber;
}
Tehum:
'
void searchiint key nodeptr root)
{
nodepr p.f.o.0p.s;
p=root [ powil pomt 1o the node
g=ULL; /and q to its father, if any.
while(p!'=KTULL && p-~ki'=kay)
9=F-
Hkey-p--k)
p=p-=la
else
PFp-~TLEDT.
}
if{p=1ULL)
cour<"The key does not exdst in the trae'n”; (laave the oee
mnchanzad
else! mp will poins fo the pods that will replace node p
ifip-=left=01LL) / node p has nght son only
Tp=p-~right,
else
if{p-=rght==NULL)/ node p has left son caly
Tp=p-=ledi;
elsa [ mode p has two sons



=
Tp=p-=Tight;
s=1p-=left;
while(s!I=2ULL)
{
=p:
Tp=s,
s=rp-—lefi) 5 18 always the left son of p
b now, rp is the inorder successor of p
if{f'=py if p 15 not the father of rp
{E-:“- lefi=rp-=right;
Tp-~Tight=p-=right;
bt
}

(g==IL0L0) /7 if powas the root of the mee
S L
glse
ifip==g--lefi)
-~ lef=p:
else
qrighp;
delete(pl;
}
void print{nodsptr p)
{
f{p!=MULL)
print{p--left)
mul,'r:cip;.:-kcir:' ";
}Fﬁmm*ﬂghﬂ:
glsg
I:l:lul.--:c:"_ II;

}
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while = % NIL
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than fefefy] + =
else right[n] — =

y 5 maintaingd as the parent of =, since ¢ eventually
Decomies NIL

The fingl teslk e=stabl=haes whether The MIL was a et
of right turm from y.
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Taa )l O gt bty xade sl 3
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5 iiuﬂi@hﬁy' i

Rac i sl dlhg o -5

Vol

saal) il | g v s el dua i i nlea ) ) Ll -
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ERE . © 0 <« EEN - - ¢« EERR - - oo

o B T e = el = o el B Rl

?ii?-]- 21-:'\1-::- El-]- S

e ¥ | W "W T S = x| T sk BRI R

e ENENE . El_-h.tl-___.i- R G R
g b ¥

Let C={1.Z ... my derobe the s=t of cities and for eady city §-in C et P
-.’L‘.- dencte tha set of it wamediste predacesaans, & lat =1y dardla
the sat of Ibs immechare successors, namely set

P =1k in C: Dk.j) < irmnityy , §inC
=il = [k I G DE K] < infinted , 1R C
Theg, far the problem depicted in Figura Lia), PL1={}, PF(21={1}, F{3]

={1,2F Pdy={3}, S(13=123}, S12)={3}, S(A={4}, Sid)={7}, where
£} denotes e emphy set
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Slmep, l=t HF cenobes e ==t of cltiss that feve ra immediakbs
pradacezsors, and lab HE derabe tha sat of cities that hava e
Imrresclimts mucpeEmenres, thab i et

ME = 1IN G P = {3
ME = 1IN G B = {3}

R : = 5 4 2
1 * |. * * 1 * |-| o E *
E o B ] 3 T 2 * o ] * T
3 _5 + * : 3 * + | = 3 +
i + * * + £l * -5 | * .
5 # L L
& a]
Panga = Sparsity = Aopdic = Cai, oz 1 = Gen

1 B |z 8 fio |+ J= |s 3 |z
@ E g | K IE EEE a |E
2 i N N N R R N I
4 - |- [+ v Jl= [+ J |+
5 I « LI O CE EN C
& Bl E E = Jla Jla |ln

7 * |- * - Q- | & v |7
& * |- * 0 N N" | a |7
5 — 1
10 - - - f- N- N- - N- |
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A all Bl et U

;= Quantity fFlowy sent along the Hrk from ity o 2ty J)
fd=12,m

Fher e minimem cost rebaoik Tlow problem 15 55 fol Iows:

o
miln oy

EI-":]- ~ L =80, =020

Lo S P L SRR

='iu

. ;nid__;ll]l FH H_:iil.

fMly=10

f2) =4+ fM4)

3y =min{2 + f£2), 1 + 1]}
fldy = 3 + F 3

& 10 LN

-

il R

FAN

-13% -



Treration k I F Tteration k u F

0 - '[1..2,3,4, 5} {nﬂxllﬂtll d - '[1.113.1415} ':ﬂ.ltli.ltli
1 1 {23435} (0,53109)] 1 1 {2345} 10,53,109)
Z 3 {245} (05379 2 342451 (0,53,109)
3 2] {43} O530)) 3 (2] {45 [053109
4 4] {5y [{DLJILE)

a b

Fny = F(s) = 9 > fin) = fi5) = 7.

TS 0 Yl Bl a3

Inltialize: k=1; F(1) = 0; F{) = Infinity, 1=2,...,n
U={123..n}
Iterate: While (U] > 1 ad Rk) < infinity) Co:
Ll = LAk}
Fi1 = min {Fr33,00k, 10 + Fka}, ] in UAS0
k = argmin {FID: 1 in U}
End Do,

Sparsity =
: _Emur-utul:l re=wr problem, Mow, e .

L L L

L L [ 1 T T 7
T T 7 7 7 7 7

3 4 5 & 7 8 9
3

1 Bz fls Wi J7 Ja fs Jls |z

2 F ls By ll= flw B2 JIs s

3 « | [+ 8 |3 = + |5 |7

o L1 T T

5 [~ - - | 10 s J7 fla s

B « |« J)f- « | 2 J+ |0 |8

7 < - M- N+ J | o fJla | |
: ~ f- M- N B [ | P = |
g = - M- N - - " E
10 B E B E i B
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Al 8l dad g Ty JAE o B LSl plald s

Exampls arena:
)
-B-—-B-
B——-
—B—o-
—BB--
—PB—-
-—-E-B
-—-E-B
B--—-7

Inpruat:
2B
10
11
18
20
32
44
45
54
65
&7
70

Zample Chatpar:
00
01
02
12
22
23
24
25
26
id
48
56
G 6
76

—
T3

1- 1-
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PROGPAM: ( TRIED AND TESTED IN TURBO C++
# mclude <stdio b=
# mclude <stdlib b=
sirwct Matrix { short int * *amay;
10t row;int col:
}

siruct Vertex { int num ; inf currDist ;

typedef smact Matrix miatmix;
typedef smact Vertex vertax:
void gatGrdimanix S
void gatShortestPartk); * Dijkstra Alzontun
void printSohrtion(int p[].in index);
TN I
int maind)
erCred{m);
gatShortestPath);
prinsf"n-1 -1'a'n"y;
frea{m array);
retum
}
void gatGrdimanix S
{int cir]l ool blockedSquares. xy;
scanfi Yed%ed%ed”, dmm row, &rm col, &blockedSquares);
A= short ine **pmalloc (o row* sizeod shore ine *3)
foricwrl=0corl<mrowcrl+—)
marravcmrl [=(short mt *noslloc{m col* sizeof(short int));
foricwrl=0corl<mrowcrl+—)
for{co2={;cm2-mcolco2++)
m amray ool ] [cr2 =
for{cir2=0;cr2=blockedSqnares; crl—+)

{
scanfil ™ Yed%ed” Sox &v);
marray [x][v]=1:

} B
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void getShortestPath) /™ Uses Dijkstra Alzorithom */

imr cir]l=0,cr2=0rowl.coll row2, coll:
iar *predscessor={1n? *malloc(sizeof(int) * mrow * m.col)
vertex *toBelhecked muin® ertay;
toBaChecked={vemex *malloc(sizeofverex) * (mrowtmcol+1));
for(crl=1;crl<=mrow*m.colcirl+=)
{predecessor]crl-1 =3 1000;
toBaChecked[ctr] | mmm=cml-1;
toBaChecked[cr] ] cumrDis=31000;
};
pradeceszor] 0=
toZeChecked[0] vum=toBaChecked[0] carDis=mirow* nucol;
toBeChecked[1] currDis=(:
while(toBaChecked[0] num =0
i
min ertex=tadaeChecked[1];cu2=1;
for{ewl=1;crl-=wBeCheckad[0] nunyvcml—)
{
if{teBeChecked ctr] | currDist<minVertex carrThist)
{col=crlmunVerer=oBaChecked[cr]];
|

|
teBeChacked[cin J=oBeChecked[toBeChecked[] mum):
toBeChacked 0] mmn—;
row I =miin Verten. man ol col l=ninVertex mun® e col;
forictrl=1.crl “=taZeChecked[0] pumy oo l++)

rowl=oBaCheckad[cir] ] voan fm ool |
col2=roBeChecked[cm] | num % mucol ;
if{m_ arrav[row?2 [[col2=—=0)
iff{{coll-col2)*(coll-col2) =1 && rowl = row2)|{{rowl-
row2)*{row l-row2 =1 & & coll=—=coll})
if{toBeCheckedctr]l ] currDist-minVertex carrDhist+1)

toBeChacked crl | comDiis=ninVertes currDist—1
ifitoBaChecked[cir]] mun!=0}
predecaessar[toBeChacked[cir]l | o =ninVartex s
};

H
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printSolutionpredeces sor m row *mLcol-1);

void printSolutionin: pllint indes)
{
ifindex="0)
{ prinef("ad 0°);
TEnoe |

};
ifiplindex]==31000)
Tetiirm;

printSolutionp plindex]);
printf{"n®ed *ed". indexm col ndex®am.col);

s (AMultiztory graph) o s fiacs ko o§-5

(121 2k) Cun (V1) dbafiade ptaa (£ 22) N dall pdldfaz pa b g
i-.'._p._,.-l..'JJ..:.E-.TMU|,_;'}|:FHI|=||F‘|=_:|.:|:&JJ_U¢;{;_ S B e
dmlgide o gg0al L0y gl e gaall o) D (1=

domsdy Vy Jiggini a1 gy pdilidni a8 g gae,d
A0 Al A LS (1. 1) S Al A Dl oy, 4]

Cort (f,j)=mmm{ c{j.r)+ cos r{i+101,r)}
(=1)=) ko i g gall d8a0] e 0 Lg

Sl o il BE s A T g NS Al e ) 43
(T 35S Joeails Bl Lowdad &l al aia bbbl Al dkaoia
1 atapalsyian (T 0 S oo shos €y bbiall 33k o 0 ) do pins
(ks s iy
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Vi V3

! pall avais dabid i s (24 255 LES

sl Ga By e Al Bt ol Sisa
-(Forward approach) adéwei! &l 1- §-5

() AAE G 2 A K-2) o SaTliai o8 (T 1 5 ) o b 8 o a2l
el o ST S S R -2 )0 (F, 4 1 )acic Ll ety

wiad 3 17 dp pandd () 5kl o B Bl b P ) G
Cfy s el s cfoas (1) g3 i () Cus P2T) O e ()
Aol &3 bl iy Cost (2,2} e fadl SRAEE S Com (4, )
S sl Yt (T el 0 o 8 I o 1)
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Cost (i, j)="min mm {c[j.r]l+ecos t{i+1 r)}-.- .1
Sl A EP ol G
raV +l< iz K

Pl hbad el il e T b < s ol

.-l.' £l o § fmm M
Cosr: Ehichy Yot "L s

||- i o= f tam 0

=Yy sy Confl, ) Aall (RI(1) b ldaell o (3

Cost (=2, JLVie F,u_;
S5 3wy 3

Cost- (& =3, JLYjeF .
dudum Cosr (1.5) Lty pin A Sal Bl o W s 6y
(A F Ll dad

i b B (1) B D 2 gl i) el

Cost (3.6) = nun{ 6 + cos 1{4.9),5 + cos 1{4,10}} =T
e B jaliiad A

Comt (3, 7) = mimn{ 4§ + oos (4. 703+ ooi ¢{&.00 }} = 73
Com (3.8)=min{ 5 + cos {2,105 8 + cos 7(<,11}} =7

Cost (2.2 =min{ ¥ +cos r{3.6).2 +cos f{3,7TL1+
cas #{(3,8) =7
Cost (2. 3}y=mm{ 2 +cos ({3,677 +cos (3.7} =90

Cost (2.4) = mie{ 1l + cos ¢(3.2)} =18
Cost (2.5 =mmnf{ 11 + cos #{3.7).8 + cos r(3,8)} =15

Cost (L) =mm{ D +cos 1{2,207 +cos {3,313 +
cos f{2,4)%1 +cos #{2.53) =16

O et B gl ) Cun b Y Tl AL a5t Y1 N 32051 Ly
 Cost{1.5) Gk iy Cosr{L1) 4 b leba
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e el aatly 16 e lie 3 g (TS ) cedil B Ll 3 1l

_  {p) s JE i Eaasall 24 ) gl

Dty el Al TN AR pal Ty dad A DE, §] ol e iy
fe[j.r]+ Coxxr (i+ 1. 71}

B el Gkl g i BB A el 32l AN Sl DT §] o deate

_j._l.:n_ul.i' ;lJi.lJll_l_l:l.i.‘_i

i Ly ol e 5o gl nl] I8 i b o 0 o e

(-2 s

D[2,2]=7.0[2.3] =6
D[2.4] =8
D[1.5]=3
D[l1]=2
D A LE B L il
=1 ¥, Fyou .. F,, T =12
Lalts B0 by ) el el S
2 IFn
T IFE
10 © Fik-I)
sl adad fidy 12: T
F, = D[1,1] = 2
F, = D[2,D[1,1]] = D[2,2]= 7
Vo = D[2.D[1.1]] = D[3.7] =10
B Rl o L D el s B G Gl e e Y e
A Al e 52
1(5) 2.7.10,12 (T) - s Sl oad o) g

el 2eaie bnbodall a1 i) Asad i e gl A0RE o 0 S o
{ Aol B 3 st
iV el o ol Al 5 )l ) o Bl L A
PR IL PR - S B, IR QU T - PR |
b 4 S T, 41 e pandl el sleedl e il o g1 Tikgiaie Nbai
_F}]iniudliﬁ
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“iodd FGraph (Graph & inf K intn mt B])
{ float cost [maxsize]
int Dmamnsize] 1
cost[ul= 0.0
for {int j= n-1j==1;--)
{ O Conypute costf)].
Ler r be Vertex Suchthst <00 is an edze of G oaed cfj][1+costr]
Is mumnmm
Cestjl= c[jr]+ costr] ;
Dfl=rx:
'
P[1]=1; plk}=
Forj=2; j==k-1; =+

FOI=DIp0-21k

A v 5 A0 20 o phod, i g

Vil 1B by ¢ ot b 5 g pall il 23 2 P ] 38 el of @

B po pld 25all Pl pgll 1 il Lok o cost] ] 3 ghuns A p 00 el y Apdlai A8 s
O Al gl

costn]= 0.0 Vmeas ol G sy Galiall & gl 4GER  doms o Gic _:_r;.\;l *

e B 8 o (AR L Lyl (i p ) o e W Ay Aad et @
- AT S = dabalel fy Graph Glaali (il =

L (T A TR o) 2B B e e )
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Struct node

{ inf rertex ;
floar weizht |
Smct node®link ;

Sl Bl o 5o g pall Aadll L ¢ perex il fuladad i e
Lo g iad 2 el ] s g el 13 i 5 preipht paiell
__,.r_-'rﬁ:.:.._ﬂ_-i:-:l.l:-_pl:..‘]-i_..dﬂ_ll_ll ®
Struct node*headnods[n] ;

’—-M-:H
= [4]

|7 |
L]

2 |

= __—_’.

[} I A

afs] sl [
E

|
FEL L

(=]

]

e LI NTH S

hesdnodas

1 — =T

=

n o pil

beadnods el S5 ¢ jal Sc day fodad 5 JyT Gdedl o) Baf e
A )l 2T 8 T o) sy abodal) Qi CHLl Bed Ay Jladldgler o) w
lgle B L 3 s FGraph

- {Forward approach) aeslailds; ol sies mad —dl ol ¢ o b 1385

FGraph { Type head*node )
{ Type *p=npewTyvpe:

4P

p--waizhi

p-erermex;

for{ing i=21-=mi—+)

{ type *p
p-=weight;
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P-TRITEN:

R

q—:'-ll:i.l:l.I:::':';
}
head[u]=0;

void FGraph (Type *head]20],mt k mt o)
{ float cost [100],2; int p[ 1007 D100
cost[n]=0;
for{mt j=e-1:)>=1--]
{costj]=hkead]j]-=weizhr+cost[head]] -=ramex];

L[ =head[ ]--rerex;

Haad[j]=hkead[j]-=1mk;

While (head[]] =0

{ m=head[j]-=weight —cos[hesd])]-=rarmex];
If (x=" cost[j])
{ cost[jF==
D[h]=head[j]-=rertex:
}
bead[j]=head[j}-=lmk;
}

}.
PIFFL plE]=:
for(mt j=1:;<=k-1-+)

Pl Dpp-1]1;
for(mt i=1:1<=ki++)

cont<< pfi] <= =

}
AFGraph) dla ol Ll

By Tyt ey o4 (Linked List) e 2 i) A0 e i
1 0t 5 (1) o (agi¥T) (Wm0 5ad el CASES ) ) () il o g
- A fors e iy el el | g e g

R
_-._-i'_q:._'"_'.I:-LE.I:.lJ,L_.’IE b« Salldc puns aoc  Jial VW ilum
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rd % .
bl e Bak cus D) W5 daw for s g cR AL LG
o it pa T AN Tl e T
@ (F [+ |E]
oy ghnall B RED 3 s b dala oo B COla sl dgibm R Al B aEGT
PD

: (Backward approach) ssediis o &b 1.4-5

S Wi b i e (5 BT om0 e Sl il
TS AT A e i il

dCont (1, J)Y=mmnf k {r-1.r)+c[r. J}-.. I
<r,j> E , Fe¥V,.,

PR ST R A P T LT B (LS | q_,é-._lf_..,.:i' Sall (8 o
FETE =L T

sflf]l & =b, =all

= el i=a B

beos #(2. [} = [

B dr panal o ()il IS Gkl e Al B fan @A BP UGS CRENE  min g
A0 e e g WP LTV g ndae g BEOST(E ) ae
L s L=3;._‘_E&--:l:.|.£|:r._|:| o T doosdfl ] 4

ot gt A e gf A R R 8 (24 B D g gall G el
] Alaial] ag it Alaa e Vide a0 Uit £3150

boos ti3,6)=min{ boos #(2,2)+ %, bcos (2.3 +2}=0

o G g LS Al T il i T il 5 e 5 el 55
_i;‘_.:l_.g:‘l:li:'l.]'ljur‘l....:..
TS el AR Bl i Rl g

beoos 1{3,7)=11

b cos 13,8} =10

beoos r{2 8 =13

bos f{4,10 =14

bioos 1{411) =16



beos 1(5.12) =16
16 1 ffe il € (5 T ) pedis By oad (8 ) 0 2T Aol La
&'ﬁiu}ﬂqﬁfﬂujﬁdu;udfhlj

D[3,6]=3,D[3,7]=2,D[3.8]=2

D[49]=6D[410]=7,D[411]=8
D[5]12]=10

P[] =1
P[4]=10
P[3]1=7
P[2]=2
Pln]=12

- ALK B ) ety
§=1 ,F; Fyeoe o Fu, T =12
Laia 1 gy A e i 5
3 -V
7 ¥@
10 ; Fle-D
i skl Sy 12: T

¥, = D[3,D[410] = D[3,7]=2
¥, = D[4 D[5]2]] = D[4,10] = 7
¥, =D[512]=10

1I:S:| -2_]-':'1: m LA q_!-l-ﬂ-'l:lil g 5 E'.'I'. ;
Aol 0 0y ell 3 A ol vmla Bl i B il 0 w30y
(BGraph)
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“oid BGraph (Graph & int K int n mt B{])
{ float cost [maxsize]
int Dijmaxsize] 1 ;
boost 1= 000;
for {inf j= Z;j==n j+)
{0 Compuare boosi)].
Let r be Vertex Suchthat < )= is an edze of O and boost[r]+c[F10]
Rl i
beost[)]=beost[r] = <[r1l] ;
DhJ=r:

}

F1}-1; plk=

For(j=k-1; y==1; 1--)
P01 =D p0+11k

O L A IR RO P LR PRI

Fraph ( Type head*node )
{Type *p=uewType
=P
p-weiglht,
p--Teres,
for{int i=2;i<=m;i++)
{ vpa*p;
p--weaighr;
p-ereme

g lmkep:

q-= limk=0;

'
head[n]=0;

void BGraph (Type *head[20], mt k. mt )
{ float boost [100].x o p[ 100101007
costful=l;
for(mt j=2j<=nj++)
(ot [=head]j]-=weighe+boost[head]j-—rarmex];
L) =head]) ]--rertex;
head[)]=head[)]-=link;



While (hezd]j] =10}
{ m=head[j]->weight “bcost[head]]-=ramex];
If {x=bcost[j)
{ boost]jl=x:
O J=headlj]-=rertex:

beadljj=hesd]j--lmk;
-
)
H
I} plElm:
for(mt j=k-1 =2+
PiFDp0+11L
for(mt i=11=k1++)
CaMbes=s P‘:lj. -y S

)

(BGraph) «lah chaded Jlad

(FGraph) i i Al Chaiall S0 Leadl b sl il o3g] oy jall g Do ph Cidaiai
g a2 g bl U b syt
ot Ay gl Al DTl o e o
8 |+ [&]
- S i aal fgli Y F

beadnods

[F RN NN N

4
1

< W . F > K Gt T i AaHE glas gan s ST 108 Pisie (B o o
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et BE il Pl V¥ s gana ST E

cid il ) g pall i e Lyl pal) sawie Cliabeiall | ¢ i ik o AT
N ppilean pana b ok Lad

- (Back Tracking) & e & st 2 & -3-6-5

Al o a3 e i Tse 3l o™ L ngall 300 6 gl il
E-JP‘HMJ
‘miu_u._uL,_l:i,jh_a.rul;h_._uprnnEJ.d o Y

20 et B Sial (gl g e pmi 0 Cin 1 Tl o fen

5_#;_-._-._‘_‘]::_#”_'!.':' J:&j;gaIE:':E'-"I'.I"II-J""I'.-]-I'_l |I.j..'|:..;;_ﬁ;|
e e
Lol Lag T ol Tl i 550 i B i S

24

Bl ) Lo e 00 o i Lo ey Ly i N Bcall (ot el sl
.aﬂ'mw#ﬁ;ﬁggwﬂﬂ{fﬂl;ﬂw#JH
{Elpiil:i! Constraint:) -u-_a-n- A A

gl Bann 0 ‘_,_1._.1.|.J_'f.|_|_-. " g T basar ganal - l:|_|:|.u' _..l_ﬂ_‘,_:.J.
A |_IH:|=_| Lljuﬁi:__'lu.a}-

- (Tmplicit {uusmmts}é;_hu; 4 gaaall
L i *, P AT el Ll g N Ay Fiad fylal Chpna il Tt F 8

A g Y R A e A el T gos

Al il fll gl Aol el Rl el 1 i el (]

(s g5 o) ol A i T gl £l e D

2 g S s (Depth_first_ Search) 'l Gl L5 e il Siay 3
o Y A e CHET A Y el i (Bonnding Function)

-:_h..u.i..-;.._,hrﬂ._y.ﬁ'.u'i{]:. gueens problem) A5l o Al el e
_|'_.|.||:I.|_|||_I.|.|:|.I'_.|.'I. R AT I Sy gy B RTE E ERR e LA R g
.'|_r,.|:|.|I

ujJJE_l“hﬂu_p!lr:-liuJJlJJlemlhﬂnLuL_'nJ:ﬂ.ﬂhu et
_pJ_.J_..-uJ_H.J...a.!,__JLH_ﬁ-ASJthjlth._!l_.:nJ n*n
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call Fins Lgin ¢ G g S (24 Ll a3 ins i ) b oLphal) e gt of L
it ad
o Ny Dl 2l S Bl g
el b st Rk Ve i ] il N g el el
(1) gia s s dplall B ke el
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