Redurce oama
Congmer

% (whe Opplied Yo Search omd opHmization
probleme,

* Live More eiicent Twabime Over exhouubive
Seawdhh 07 bruke force bub may not Fesull w
polynomisl Hmue. T is wiuodlyy IMPROVED ExPonNenNTIAL
e, ond o Solve NP complete prolloma.

* lay e dnsivainkt ko eliminabe impossible

So\ukiong Lty o m iy dﬂndbpw%b.

¥ Foy vecuvtive R, inpwk Size iS Teduted by

CONSTANT DI\EFLRENCE 08 Opposed o CONSTALT FAcTop.

Moxaimal  Tnolipendint Sof - For  am wndireck ed
g fied b larqat sk 6 ks Suth Hhat

dong T8 M g e behwous g 3 pF hewn

Seleck persom  WiHA Jewerk momaies
Gives, él - ‘H-muver enemies o?md vep ot !

1Sl 2 lopT) O Moximum. digrie tor & verteg
Da ) ~bod OAfPprOxiMakion vokio

T = 27 (n—y + 0(ny — ©2*)
Tt = Ttn-1) FTn-23,0m) — 0O (Vr62™)
) = twed+ T =1y «ot — OLINE"

o Gk Wngwm
T = A alygorivam s

02y

— &uzmwivxxj [

TMPROVE

MIS3(G, undirected graph)
if [V|=0:
return ¢
pick a vertex v.
In = MIS3(G - {v and all of v's neighbors}) U {v}
if deg(v) = 0 or deg(v) = 1: N nw
return In Q"“P{*

Out = MIS2(G - {v})
If lIni>l0utl: ~ Tlnr) O

return In
else:
return Out
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BTWES(!,, ..., I,) (sorted by end times.)
ifn=0: return0
ifn=1: return value(l,)
OUT = BTWES(I;, ..., I,_,)
Let I, be the last event to end before I, starts.
IN = BTWES(,, ..., ) + value(l,)
return max(OUT,IN)
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DPWES(I4, ..., In; v(14), .., v(I,)) ordered by end times.
Al0] =0 Find ar evemt Hha

fork=1..m: ynds l:Ljroﬂ, I
j=1 Sanks
while End(l;) < Start(/y):

j=j+1

Alk] = max (A[x— 1], v(I}) + A[j — 1])
return A[n] out in
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StringReconstruction(x{1...n])

Computed yaduwes
Initialize all S(.) to be false and all prev(.) to be nil i
Sn(lol)a:‘zmeea 0 be false and all prev(.) tobe nil  Capm. o Shw;?;-%

for k from 1ton Q!M'%W w

ke ovo e wp
while (not S(K)) and j>0
if () is true and x(j+,...k] is a valid word, then nyo WOO~dA,
e
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IFC=0: .
eumo fiaed tapon """"d
IFwln] > C:
return BTKS(w[1 ..n = 1], v[1 ..n = 1],€) C-
IN = BTKS(w[1 ..n],¥[1 ...n],C = wln]) + v[n]
OUT = BTKS(w[1 ..n—1],v[1 ..n — 1].€)

Knapsack(w([1...n],v[1...n],C)
KS[j,0] = 0forall j
KS[0,b] = Ofor all b
for j from 1 ton:
for b from1to C:
ifwlj] > b:
KS[j,b] = KS[j — 1,b]
else:
IN = v[j] + KS[j,b - wljl]
OUT =KS[j — 1,b]
KS[j,b] = max(IN,0UT)
return K[n,C]

return max(IN,OUT)
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EditDist(x[1...n]y[1...m])
Initialize for i from 1 to n, E(i,0)=i and for j from 1 to m, E(0,j)=j
forifrom 1ton

for j from 1tom . . T
IF x[i] == yli]: delekion insertion  swbskiion
E(,j)=min( 1 + E(@-1j), 1 + E(@ij-1), 0+E(i-1j-1))
IF x[i] # ylil:
E(i,j)=min( 1 + E(@-1j), 1 + E(ij-1), 1+E(i-1,j-1))
Return E(n,m)
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DAGDP(G,s):
dist(s) =0
Let vy, .. v, be a list of all vertices after s in topological ordering.
fori=1..n:

dist(v;) = (Vrgi)réE{dist(v) +2(v,v)}
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B(0,t — 1) + w(vp,v;)
B(1,t—1) +w(vy,v)
B(2,t —1) + w(v,v;)
B@3,t—1) +w(vs,v;)

min
(vjwi)eE

B(i,t) =min [B(jt = 1) +w(v)]
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BFDP(G,v,) (graph with edge weights) o S imdey ree (V)
B[0,0] =0 i

' PR
Bi,0] = oo for all i # 0 = o CIME

fort =1,..,me wox eds=d o) = [r Carewd
fori=0,...,n—1: e foc o vertdes

i) = mi o o) ol )
B(i,t) (vﬂlﬂes[m}‘t 1) +W(1i],1il)] 0 i ndaggrer L)

fori=0,..,n—1:
if B(i,n— 1) # B(i,n):
return “negative cycle!l!l”
return [B(0,n),B(1,n),B(2,n),..,B(n—1,n)]

fumbme = O(WE1) = 0(n®)
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Let FW(i, j, t) be the length of the shortest path from v; to v;
using only the vertices {v4, ..., v,} as possible intermediate
vertices.
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FW(i,j,t) =min[FW(,j,t — 1), FW(,t,t — 1) + FW(t,j, t — 1)]
AL%O'TW\M
Floyd-Warshall(G):
FWi,j,0] = w(i, ) if (v,v;)€E
FW[i,j,0l =0 if (v,v;)€E

fort=1..n
fori=1..n:

forj=1..n:
FWIi,j,t) = min(FW[i,j, t — 1), FW[i,t,t — 1] + FW[¢,j, t — 1])
return FW[i, j,n] for all i, j.
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Then create a graph with each red circle corresponding to a left positive edge and
each other entry corresponding to a right negative edge. Look for negative cycles
and if you find one, then flip around all edges in the cycle.

Keep doing this until there are no more negative cycles left!!

To detect negative cycles, use Bellman-Ford which runs in OIVIIEl = O(n"3) time
Each negative cycle will increase the total cookie amount by at least 1, so in the
worst case, you will have to increase C times where C is the total weights of all
cookies (can you think of a slightly tighter upper bound?).

So the total runtime of the algorithm is 0(Cn"3).
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It works in the case when the constraints and objective function
are all linear equations or inequalities.

Essentially, the constraints limit the solution space to a polygon
or multi-dimensional polyhedron.

Then since the objective function is linear as well, there are no
local optimums so the global optimum occurs at a corner of the
polyhedron.

Linear programming is the process of traveling from one vertex
to another, always improving until you cannot improve any more.
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Instance: Directed graph with non-negative edge weights,
called the capacity of edges. Two vertices, s: source, t:
sink

Solution format: An assignment of non-negative values to
each edge.

Constraints: At any vertex except s, t total flowing in =
total flowing out. Flow along edge cannot exceed
capacity of edge.

Objective: maximize total flow out of s = total flow into t

Residual flow graph

Ford-Fulkerson insight: We can represent the problem of
improving a flow as another flow problem, for the residual
graph

If f(e) is flow on edge e and c(e) is capacity of edge e
then change the capacity to c(e) — f(e) and add f(e) to
the capacity of the reverse edge.

We Stop wwhan Rene s no
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Let T =V-S, the unreachable vertices. Then all edges e=(u,v)
with uin S and v in T are not in the residual graph. Therefore,
they are all being used to full capacity.

Let Cut(S,T)= the total capacity of all such edges. Then
Flow(f)=Cut(S,T).
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FF(G, c, s, 1)
Repeat until there is no path in the residual graph:
Find a path in the residual graph (e.g., use DFS) fromsto t
Augment the flow along every edge in this path.
Create new residual graph

At most W|V]| iterations of outside loop, each iteration takes O(|E|)
time, so O(W|V||E|).
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NP: The class of all decision problems that can be decided
using a non-deterministic Turing machine in polynomial time.

P: The class of all decision problems that can be decided
using a deterministic Turing machine in polynomial time.
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An algorithm is said to run in polynomial time if the & S

runtime of the algorithm is polynomial with respect to the O.Q/SO'Y v

size of the input (in other words, the number of bits ruma v

required to store the input) .
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An algorithm is said to run in pseudo-polynomial time if its N

input is a value and the algorithm is polynomial with AVUMA e

respect to the value of the input. Vg _ (&)
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Proof: Let Algp be a polynomial time algorithm that
solves B.

Define Alg, (x):= Algz(F(x)) using the reduction F.

Since Algg and F are both polynomial time, then Alg,
is also polynomial time.

IfA<,Band A¢PthenB &P
Proof: By contradiction let Algp be a polynomial time
algorithm that solves B.

Define Alg, (x):= Algs(F(x)) using the reduction F.

Then we have built a polynomial time algorithm for A
which was assumed to not exist.
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Instance: Boolean formula (in CNF)
Solution format: Boolean assignment of the variables
Constraint: The assignments make the formula True.

Decision: If a solution exists return True, otherwise return
False.
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Create a graph G

For each literal x create 2 vertices: one for x and one for x.

For each clause (x v y) create two edges for (x - y) and (¥ - x)
There is no chance of assignment that makes the formula true if
there is a contradiction.

There is a contradiction if x - ¥ and ¥ —» x

What does this mean in the graph we built?

Run SCC algorithm on this graph. For each variable x,
if x and x are in the same SCC then return False.
Otherwise return True.
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Consider a clause in the form:
(ayVa,V-Vay)
This clause has an assignment that makes it true iff the

following clause has an assignment to make it true:
E (@Va;vy) A GiVasVy) AGzVasVys) .. a=z Van-1Vay)

Z0 Vo, Ve, Va, = (BVa, vy a LE, V&g Va,)
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Given an instance I of 3SAT, create G:
1. Create an edge: {x, x} for each variable.
2. Create a triangle: {a, b}, {b, c}, {c, a} for each clause (a VbV c)
Then for each literal x in step 1, create an edge to each x in step 2.

Then ask if G has a VC with B or fewer vertices where B = £ + 2m where £ is
the number of literals and m is the number of clauses
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If & problem is in NP then there is no known polynomial time algorithm to solve it.

If you perform explore on any DAG starting at a source vertex, then all vertices in the DAG will
be marked as visited. —2 vadnode VF drene. MR 2 Souvee)

If an undirected connected graph has a cycle, and e is the unique lightest edge of that cycle, then
e must be part of all MSTs. —» g W ane
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Case 3: ¢, is paired with ¢; and c; is paired with ¢;. Then create O’ from OS'
by removing the pairs (c1,¢;), (c2, ¢;) and replacing them with (e, ¢2), (i, ¢;)
08 is valid: By assumption ¢; — ¢; < T 50 (c1,¢2) is a valid pair.
Subcase 1: ¢; < ¢;: Then ¢; —¢; < ¢; — ¢y < T.
Subcase 2: ¢; > ¢;: Then ¢; —¢; < ¢; — ¢z < T.
So by these two cases, (¢, ¢;) make a valid pair, and with the validity of OS,
08" is valid.
0S' is just as good as OS: there the same number of pairs in OS' than OS

50 (08| = [08].
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o Recursion and Case analysis: To compute P[i], we can do a case analysis based on
what is the biggest part in the product.
Case 1: one of the parts is 1. Then P[i] = 1 P[i — 1].
Case 2: one of the parts is 2. Then P[i] = 2+ P[i — 2].

Li== J)
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Case i — 1: one of the parts is i — 1. then P[i] = (i — 1) * P[1].

Case i: the only part is i in which case P[i] = i.

Since we do not know in advance which case results in the biggest product, we take the
maximum over all cases:
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Define PotatoesP; |0, ..., B], P»[0, ..., B, ...P,[0, ..., B]

(1) fori=0,...,n:

@ M0/ =0

3) forb=0,...,B: w ‘o

@) Mo,5=0 s ek
(5) fori=1,...,n: amgwor .w
(6) forb=1,...,B: gren  pointec
7) tempmaz = 0.

®) prev(i,j) =0

9) for k=0,...,b:

(10) if P;i(k) + M[i — 1,b— k] > tempmaaz:
(11) tempmaz = Py(k) + M[i — 1,b— k]
(12) prev(i,b) = (i — 1,b — k)

(13) Mli,b] = tempmaz

(

14) print M([n, B]




