Subject : DsaA (ADA) Unit - 5 Page No.: (2)
Sem’dn% & Sea.m:hina_
| 2. QUICK SORT
[Ini“nsdw:ﬁsn___:
— Qm&k_&%i:_@_m._Dwm_um_Cﬂn%m_aigﬂm&\m It picks an
element as pivel and pantitiens the amnay ansund. the pivet
such thol elements smallen than pivet one on the left and
greaten  elements ose on the sight. Then necunsively sonts
the left and snight suborays
————Algonithm :

Pantition Procedune. :

2. Pantitien m_mgﬁ_m_mwmmm pivet
ane on the left. gn.d_ﬂngmmn_ei;mgﬁé_ﬁn iha_mnht
&_Rmuﬂgd_appl%_(mm_&mt_ i'he._lgcﬁ;t_.mhcsmu

4. Recwwsively a.fsz-d__Qu;;k_&mi:_m_,thg_m%ht _subosoy .

1Tm&nateimr¢mpivet

2. Use :twe indices &.(atgnt)_cm.d j (end).

5. Swap A[L]l and A[j1 if A& < j.

3. Meve i .gmumd_m_an_dgmmi_%:m_m_p&&t_g_ﬁmmd
4. MQM_MM_M_W_MMP_LM is_feund.

! 6. Repeal steps 3 o 5 undil i>=j.
| _*. Ploce pivet at jndgac_j_(_m_jﬂ

8. Rebwmn j as postition index.

— |Example : Sext the owrway : [10,%,8,9,4,5] §
I - Time Complexity :
Step 4:  Pivet = 10 (finst element) Best Cose 1 Of(nlegn)
|[1o 7,8,49, 1, 5]| ;‘;":"“t Wenst Cose Ol’_-ni)___ o
| 7 pouiEion
= e Avenage Cose i O(nlegn)

~ (Ne Awap reeded )

. ———[[%,8,9,1,5,10]]

B J
T Pivet =3

Left poxt > [#, 8,9,1,5]

B O(J.eg n) (Rwumva .&tnch) N

~ [i%, 8,9, 1, 5]
T

]_[i, G F, A5 s][m

1 Pseudecede :

:_____ | All elements < % 2 J 4
|Sg_f_ 3 tht s 41, 5] Pr.uet 1 Ruaw; —~[9,8] Pivet=19
| [1, 5] —» L4, 8] —[Is, 1]
e § 4 3 4 3] 4
S —— Ssnked ‘awoy - [4,5,%,8,9,20] .
— Dropendies : — —— —
— In-pla;g__,ba’ing glﬁa'uﬂvn R

QuickSent (A, low, high)
I lews < high
pi = Pantition (A, Lew, high)
QuickSent (A, low, pi-1)
QuickSext (A, pi+d , high)

Pm;titisn(ﬂ,lew,hiah)
pivet = Allsw]
j,-_lmu-r:l.,,j = hi%h
While Truse -

While (J.(—'h}.ah cm.d AEJ.] <= pivet)

A= a+d

While [J>,lewandA[J]>Pwet)
a=j-1

Leleg
Swap ALL] and P.EJ]

Else -

Swap Allew] and ALj]

Retunn j
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Trees | Gmg& Trawensal & NP Completeness

| Introduction :
WhuLAVLTmbewmuunbalmmeda#mimuﬂmmordeleﬂmm,

4. AVL TREE ROTATIONS (LL, RR, LR, RL)

of rototions depending on the position of the heawy mode.
T%&%Rnfﬂﬂmw:

1. LL Rotation (Left Left Case)

2. RR Rotation (Right Right Case)

3. LR Rotakion (Left Right Cose)

4. RL Rotation (Right Left Case)

| 4. LL ROTATION (Left Left Case)

This cose occuns when o node s inserted in

the left subbree of the left child.

We Pen%mm&uxﬁlamﬁ}imtatm

2. RR ROTATION (Rnaht Right Case)

This cose occws when a node is insented in

We Fﬁn{armwﬁ.%hlu;tm

3. LR ROTATION (Left Right Case)

This cose occwws when o rode is insented in

the night subbree of the left child.
Nepa{otmhuﬁm’coim:

(i) Left notation on left child
() Right notation on nook node

| 4. RL ROTATION (Rsﬁ}Lt Left Case)
This cose occwns when o node is irsented in

We pedorm two nototions :

(i)Ri%H:;wto.ﬁonmﬂ_ieldchﬂd.

(i) Left notation on oot node

Unbalonced Condition :

I{, nﬂar any nede N,
[BF(N)| > 1

then the tree is wnbalanced
mdnatnhmum‘iumeal

Smﬁh&:
g Conditi T ERll' Rotati P‘
BF >1 o node and | Single Right Rotation | Right Rotation on node
LL
RR BF < -1 at nede and S.mtal,gl&*i:gnfu.bm Left Rotation. on rnode
insnto. . gt
LR BF >1 at node and Double Rotatiom Ln‘iﬁo{nﬂmmla',td\id
RL BF <-1 at node and | Double Rototion Rlahtl?.nlnh.unmmsﬂ.d'tdd

Irn:'-mcl'm\.‘t Points :

[

= Rotations ome wsed o maintain bolance in AVL tnee.

—)A%Lm mmm,wa;mumbdm
and BSTFmFe:dH,Ls also presemed. .

- Each notation takes O(1) time.

= Irsention. ond Deletion
O(b&n) time. .

in. AVL Tnee tokes

Note : Rofaﬂmaiond.dxmwﬂzihzbm-mdmsqmmuim.SO,BST vapvdxdmemmmm




DO OO O OO OO OLOOLOLOLOLOLOLOLOLVOGLOLOLOLOLOLOLOLLOLOGVOGOGEOGOGOGOGOGGSGSS

| ADA (Analysis & Design of Algorithms)

Unit - 3
l R I ]

!:L Solve 0/1 Knapsack Problem using Dynamic Programming .

' 4. Problem Statement : e e i
Given n items, each with u.m.al-\k. wli]l] and velue v[i] and : A, WA T
o knopsack of capacity W, the o/1 Knapsack problem. is i
to select o subset of items such thot fotal weight is Ttem (i) 1t | 2 | 3 | 4
ot most W and total wvalue is maxirmum. w“ﬁh" wli] i 4
Value v[i] i 4 5 7

Note : Each item can be taken either once (1) or not taken (0).

' obtained using copacity W= T.

2. DP State and Recurrence Relotion :
DP_State :
Let K[ilJ[w] = Maximum value thot can be obtained
u.smg fi.rsi. L ittems ond kno,pu.:k mpo,c-dzﬁ w.
Recurrence Relation :
KEiICw] = KLi-1](w] , |.f wli-1] > w
max (KEi-t10w] , vEi-t] + KEi-tllo- wli-t)) , i wli-t] 4w
where wli-1] = weight ui i-th item |,

vli-1] = value v’ i-th item

volue thot con be

Find maximum

If weight of curvent item is more

than remaining capacity (w),

we cannct include it.

Otherwise , we have two choices :

(1) Exclude the item.

(2) Include the item and add its
value to vemaining copacity

(w- wli-1]).

3, Base Case :
. Ifmi.tun.smuvoﬂaﬂg (i=0), then volue = 0 Se, Klol[w] =0 fornllw(OﬁwSW)
* If copacity is 0 (w=0), then value = 0 and K[iJ[0] =0 for ol i (0%i%n)
4, DP Toble Construction :
Rows —  Ttems (0 to n) " Result :
(w) S
Cobwmns —  Copacity (0 to W) Lapacty (w) Moximum volue = K[4]1[7] =19
0 |1 123 4|5 |6 |17 Ttems taken : {2, 4}
M: o o 0o o ] 0 0 o] (ie., item 2 ond item 4)
Rows O ond Colusmn O I 1 o | ¢ |1 |1 |1] ¢ 1 1 Totol weight = 3+5=8 €772 X
ore filled with O = 2 0 1 q 4 | 4| 5 5 5 Wait! Check correctly .
as per bose case. E 3 0 1 4 4 | 5 5 6 6 From taoble, we'uah!:=3+4-'f
e o1 |2 ]a|s| 7| 8|9 (tems 2 ond 3)
5. Backtracking to find selected items : L ——
n ) | Backivacking P Time & S Complexity :
Start from K[n)[W] = K[41(7] = 9 | ing Toth e &_Space Lompexity
is i | K[41[71 =9 P Time lexiby :
KI4103] o KESI[H] = Them % ia included. | [41[%] ¢ e | Ofé*:t w;ﬁ
W= 7- wl4] = 7-5=2 i 1 L :
KSIE] # KE2JE] = Tem 2 is inchulad. | K[31(2] = 4 | | SEEae
' (Include item 2) | | W = copocity)
W= 2-wl2] = 2-3 <0 (sl'a?) ! s ) .
So items included ove {2,4}. | K[1](-1] Stop "mo(:"“"wl"’)“tﬂ'
| n x

________________________________

6. Agglicnﬁm:

Resource allocation., Budget planning, Memory allocation , Project selection, etc.

Exam Tips :

_'@\_

AWWMWM,MM,DPMMM&MW#{&M&L
Nﬂﬁmmmﬂmw;mmm *
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10. Expla.in Di.jkstm's Si.n.ale, Source Shortest Path N.SO‘I‘LH'UYI.

1. Inbroduction :

Dijkstra's algorithm is used to Jind shortest distances from
nﬁnﬁhmmuvmtnqﬂothmwvﬁmhn.uniahhi
grigh Gath an nemative algh wilifids.

It is o greedy algorithm that always picks the vertex with
of its adjocent verbices .

2. Problem Statement :

GlmmmiﬁMTnﬁtG'(V,E}wdmmmmh:sEV,
fhds}w{c&tdisknmefmsiawu-da’dmm{gzvev.
Ed.ﬂt. umﬂh}.smm—ntﬁd:we.

Source
vertex = A
V=1{A B,C,D,E}
nnn-nesn}.int_

Notadion :

n — Number of vertices

dist[v] ~  Current shorbest known distance from source to v
Md{v]ﬂqumvhhduddmw?aﬂmhu
PQ =+ Prievity Queue (Min-Heap) to select minimum dist[v]
parent(u] — Predecessor of v in shortest poth tree

3. Idea :

v Takiakisa dikls] =0 and disklothans] = ..

« Insert oll vertices info o min-priority queue .

* Repeatedly pick the verbex w with minimum dist[u].
-Mmuuwﬂuﬁm&mqaaﬁmm{m.
+ Conbinue until all vertices are processed .

&, Algorithm (D‘I.ikslt.ro.'s Alqanﬂ'mx) H

Pseudocode :

5. Step-by-Step Execubion from Source A :

D:;jkit\'ﬂ.((;,l)
fm- each vertex v in V

Step ;ﬁ digh[A] | diek[B] | disk[C] | disk[D] | dis[E] | Visibed Set Al fp] =y gl =cbllky, wikellyl s Tuie
ick dist[s] = 0
O] = | & | ® | = | B | e t Tncart ol verkicas inke Min-Priorthy-Cusue PQ basad on dici] ]
1 A 0 & o 1 @ {A} while PQ is nob emphy
Update: Be4, D=l (via A) u = Extract-Min(PQ)
2 D 0 2 o 1 3 {A, D} visited[u] = True
U.Pdn.h.! B=2 (via D), E=3 {(via D) fmr each nuahbar v o} u
3 B 0 2 4 1 3 | {A,D, B} if ot visited(v] and weight(u,v) + dist[u] < dist[v]
Update: Co4 (via B) (E via B = 24426 > 3, no change) dist[v] = weight (u,v) + dist[u]
4 E o} 2 i 1 3 | {A,D,B,E} poerent[v] = u
Ohack vl £ m 36807623, o dhomge Dicen- Ky tT, v, B8
5 € 0 2 4 1 3 |{AD,B,EC}
Nowwisihd.wfﬂ:ultfi.ﬁlﬁwiﬂwxm. GJS tPauﬁ:Fm.A'
A= A : Cost =0
Final Shortest Distonces from A :
) A—-D: A=-D:1
A=0, B=2, C=4, D=1, E-=3
A= B : A-D—=B8: 2
Shortest Path Tree (Pavent Arvay) : A+E S ASTSE .8
parent[A] = NIL, parent[B] =D, parent(C] =B, pavent[D]=A, pavent[E]=D et By sk
7. Time Complexity : 8. Spoce Complexiby 9. Applicotions :
Using Mi.r\-Pr'wr[iﬂ GQueue (ermd H:ofl) . Ad_'ncgn::! List - O(V+E) * GPS Nowigation Sﬁshrns
s Insert / Extract-Min [ Ee&m-l‘eu — Q(h:ﬁ\’) J G s A
" Ve parform thase i fie aasi sy o dist[], parent[], visited[] = O(V) *  Nebwork Routing
Time Complesity = OC(V + E) log V) + Priovity Quewe — O(V) * Robot Path Planning
For dense graph (E = V2) = 0(V?log V) * Shortest Path in Mops
For sparse graph (E=V) = 0OV log V) Total SFM" - 0{V'+ E) * T‘m.ffi.c M:m.n.aamvd‘.

Exum. TI:E H

Remermber :

Dijkshm works ani.ﬁ fm' mn-ngﬂnﬂve. r.dﬁa. wc.i.sH’.s

Alwoys drow the graph, table and final shortest path tree for full marks. *
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9. Write short note on Parallel ALsorLthm.s.

processors or cores.
d.n.uud.mﬁu\qPruH.un into md.efﬂn&:l.ﬂn}. sub -tasks .
2. Need for Parollel Algorithms :

* To solve large problems faster.

* To utilize multiple processors efficiently.

e To improve throughput and performance.

* To hondle real-time opplications.

* With the odvancament of multi-core CPUs, GPUs
and distributed systems.

3_. Characteristics :
M tasks executed ob the
* C-on.curruru:ﬂ ond e e
sarne 3
% dhbon: Problem is divided into smaller
; Mk ok ireboliii
C icaki
ruLu'Lrul.
i T Coordination is needed to maintain
* & d"iﬂ MOFE Procassors .

4. Types of Parcllelism :

*+ Data Porollelism : Same operation is performed on

diﬂmtpi.mso;dﬂku..
Example — Matrix addition.

* Task Parollelism Dn.ﬂcmnt';n&hmm‘;ed
Emnlea—*Surtinaund.saa.rchj.rlﬂatmijm.

OP"LFahnaPumﬂd.tmOu{:Fu{'.ufunn*askblm

input of next task (like assembly Line).
Example — Instruction pipeline in CPU.

Onuljridpmudhm:winnﬁmn;tmorm

5_5peeiapmd.££{mmcq

Speedup (Sp) : Sp';‘;
Where , T*'Tmmifrmnnr

TP = Time on P Pprocessors
E‘fmﬂrﬂ CEP) H EP = SP/P
Where , P = MNumber of processors

6. Exomple : Porcllel Sum of Array
Probln:ﬂFl.r\.d.mngnruW\harn

chuwnﬁnlﬂpproochAd.d.wbﬂw*Tm‘O(n)
Parallel A

Cs+s L T
T 3

+ 85

]

. Models o‘f Parallel Compuj:aim :

1. PRAM (Parcllel Rondom Access Machine)
All processors share a common rarnory . Communication
Uﬂrouai\ read /write on shared memory .

2. BSP (Bulk Synchronous Parallel Model)
Computation is divided into supersteps. Eoch superstep
has computation + communication + synchrenization.

3. Distribuled Mamory Model
Each processor has its own memaory . Communication
cccurs by sending messages

4. GPU Model

Thousands of lightweight threads execute same

instructions on different data.

8. Advontages :

* Reduces execution time.

L] Iumu-s resource utbilization .

® Solves bigger problems.

¢ Suitable fcr m’.nrd'.i.r:.c, un.su-mnnnﬂ and real -tima uﬁs{.nms

*  Need for synchronization.

L] (:njﬁmnni.:.ﬂ]:i_m overhead .

¢ load l':n.l.nnmz\ﬂ

s Not all ?rolalnrns can be quLl-.lmd.

Area | Applications
Scientific Computing Weather for ting, simulation, nuclear research.
Multimedia Image processing, vides enceding, 3D animabion .
Data Mining Large dataset analysis, machine learning.
Artificial Intelligerce Neural networks training, pattern recognition .
Enginearing Finite elament analysis, computational fluid dynomics.
Databases Porallel query processing, large transaction systems.

Exam TL_.E 4

. Al.un.ﬂ.s du;‘ma Fl:l.rﬂu.ﬁ.l ﬂlsoru*.l'\m flrst.
. Explain need, types, models and metrics (speedup, efficiency) .
. Draw neat d-u:.srum.s wherever possible.

Wrdno.PFLsmtmmud:}mﬂarﬁumshm{Pohis




ADA (Analysis & Design of Algorithms)

L. Solve Fractional Knn.Psm'Jc Problem {

1. Inbroduction :
Fvu:ﬂmnlknnpsa.:kpmblmni&a.wbﬂonof
O/il(napsackpmblun.lnihis,mmnumsed.

2. Problem Stotement :

Gl'..\"m i .i.f.f.nui, each with o u)e.l.ﬂi\:l:. (""'i.) and.
profit (P;). oand o knapsack with cn*:nnbdw
WGnezd.i:oc}\ooso.fm&i.aruof.iiuns (0 < X;Si)
such that total M&.a}\k < W and total P!'D;I.I'.
is

Here, x; is the fraction of it item taken .
i. Gmed.H SLﬂ:J:e.HH:

A.Luotls select the item with Hﬁl\a.st on‘d.
per unit weight (p,-_./w;,) first.
If the item connot be taken cornple‘kd.ﬂ,

| =

A_.Lﬂm'lﬂ'uﬂ.

Swtthaméa&rmmﬂordnro;

!Lﬁiﬁaﬂz&b":a.l._':rofii=0

m\nﬁnﬁtﬂ_mpac-&idsw

: For each item in sorted order

a)l‘miﬂhk;ﬁuminins_mfm:&ﬂ
Take the whole item

mmnmﬂ..mpncﬂ:ﬁ -= we.i.aH:i

b) Else
Toke frackion = vemaining_capacity / weight;
io'b;.l._Pro;i.k += :F'ru.r.hm x Fro{-ﬂ'-,-_
nmwn.a_c.mpqc.d:a = 0O
Break

5__{&2_5: Returm {'o'l‘.al.._F'fofii.

Time Complexity :  O(n logn)
(due to sorting of items)

£

Unit -2 (e Noi i
stony; by Mathvll:
5. Examgle :
Given U4 items and k:mpsa-:k m.Pa.u}.H W = 50
Ttems
i io 60 6.00
2 20 i00 5.00
3 30 120 4.00
L 40 140 3.50

&E_i: Sort items bld :i.eom.smﬂ (p;/w;)
Ovder : Them 1 (6.00), Ttem 2 (5.00),
Ttem. 3 (4.00), Ttem & (3.50)

S_{_AB_Z : Select items one bﬁ one
Step Ttem 'w'eiaH:. Prvfd’. Total Total Remn.l.runﬂ
Selected | Taken Token Weight | Profit CAPa.ni:H
i i 10 60 10 60 4O
2 2 20 i00 30 160 20
3 3 20/, [(204 )x120| 50 240 0
(fraction)| = 80

A{'.Sh.]:3,u;amnhkeanlﬁ20 wmﬂhk{mlhmfr
(ru.d.i.un:-_°=£) o.swun.s" cn.Pcu:J:ﬁ is 20.
¢ 3 3

Profit from this fraction = 2 x 120 = 80

Moximum Total Profit = 240

L Weﬁuiuh&hnuuﬂxﬁﬂkutpropiwm&miﬂht.

Cuﬂin.ﬂsl:ockprublun.

¢ s o s o |4

mdmmmaord&ro#rrn{ztperm&mxﬁhiltamsaﬂmlmh&wn




