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1. Minimum cost sequence alignment

2. Space-saving for MCSA
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MINIMUM COST SEQUENCE ALIGNMENT DYNAMIC PROGRAMMING,

PART 3: SPACE-SAVING
The problem TECHNIQUES

e Given two sequences over some alphabet@ ={ ks

o
éﬁiw X=o...79
\/l/l* }: =YL y_@
s

e find lalighment: non-crossing matchings of X's to Y's characters
e a2 minimal cost

- = Ex: solve the problem
° matchn’]gfﬁ@ cy Costs@ with multiple matchins
gaps" and cost@

(but still non-crossong
e unmatched characters ar way).
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Ex: solve the problem with multiple matchins (but still non-crossong way).
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DYNAMIC PROGRAMMING,
PART 3: SPACE-SAVING
Example TECHNIQUES

MINIMUM COST SEQUENCE ALIGNMENT
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DYNAMIC PROGRAMMING,
PART 3: SPACE-SAVING
Main idea TECHNIQUES

MINIMUM COST SEQUENCE ALIGNMENT

e ook at the last two characters @and @ either

° th’ey are matched: cost @ subpro
A= Ypm=)

*, @ is matched: then gy must be free (why?): cost(d) prefixes

ems: prefixes

Xl Llins Yl m—1
°q ym is match)gd then @ must be free: cost@ prefixes

Xl m—1, Yl\r/n
Ky
\pt‘(/}{v«
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DYNAMIC PROGRAMMING,

MINIMUM COST SEQUENCE ALIGNMENT PART 3: SPACE-SAVING

Resultant recursion TECHNIQUES

@) et e @ (@22 ;@/a
«u/efk [og;0. beaty Aoc Ll
(gl @ Pgniy’ Lpn‘dl LYy @y
Alg. is pseudo-poly if ~——~
it were poly for a @l)\s _") Xf’;b';;(w
° H H unary encoding of =" | pete e |
That gives us a recursion. e e s Bt

41; 1)

o Let A(4)]) be the cost'of the best alignment of X7 and Vi3
o We want: A(n,m).

e A satisfies OU) e plr by (et
4 free u
min{@e; y; + A= L, D@L AC=1,9).8£AG D}, >0/ >0,
i - G e
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e This would be a backwarfiWDP

r{r(mlg e opf, solubin |
Space complexity: O(ww) —Y|Qlm /L“ “‘ J)(fya), % ij’ffj
Time complexity: 9 (w «) 9lu) Ao =10, .
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Space complexity:
Time complexity: 
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Alg. is pseudo-poly if it were poly for a unary encoding of the input.
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DYNAMIC PROGRAMMING,
PART 3: SPACE-SAVING
Forward DP TECHNIQUES

MINIMUM COST SEQUENCE ALIGNMENT

e We can also compute this solution in a forward manner

e Compare z1 and y1, same trichotomoy, subproblems are now

suffixes
e Let R(i,j) be the cost of the best alignment of Xj and Yjim.
e R satisfies 201 1) = [~ )

R(’L,]) _ {‘jun{a\;)y +R(L+1 J+1),\\)+ R(L+1 J),U+ Rb/+l)} KL </VL/\_] < u,

Bn +1 w1 - 5)), EHl-da+1-))
_— \_/

(mime2~i-))3
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DYNAMIC PROGRAMMING,
) ) PART 3: SPACE-SAVING
Space and time complexity TECHNIQUES

MINIMUM COST SEQUENCE ALIGNMENT

Both take space O(nm)

Both take time O(nm), too

Assume (wlog) m < n: space can be reduced to O(m) by
propagating only lines

But we lose the solution
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DYNAMIC PROGRAMMING,
. PART 3: SPACE-SAVING
A second look at the matrix TECHNIQUES

SPACE-SAVING FOR MCSA

e Main problem now: how to recover a solution
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SPACE-SAVING FOR MCSA DYNAMIC PROGRAMMING,

PART 3: SPACE-SAVING

Insight TECHNIQUES

The solution is a shortest path from (0,0) to (n+1,m + 1)

If we fix some line k& must pass through some (&, j), for
j€0,m+1]
For shortest paths C((i,7), (¢, 7)) are

A(Zvj) = C((07 0), (17]))
R(i,j) = C((3,5),(n+1,m+ 1))

We check them all and recursively compute the shortest path

10




DYNAMIC PROGRAMMING,

SPACE-SAVING FOR MCSA PART 3: SPACE-SAVING

Overall TECHNIQUES

Jped,: Olia)
Compute @k,j) and @g)(k,j) for j€[0,m+1]i O(nm) by
propagating rows.  Spac (I(w)
SeIect(i)such thatw) is minimal. Then cell@
is on the shortest path. [/klu )
Recursively find the shortest path from (0,0) to (i/]d/and the
one from (%) to (ri;m)t ki)
Join the shortest paths.

11
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SPACE-SAVING FOR MCSA DYNAMIC PROGRAMMING,

PART 3: SPACE-SAVING
Costs TECHNIQUES

e Space cost now is @)
e Time
g

/2 )+ 12 23+
O(nm) o

T(n,m) =

12
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SPACE-SAVING FOR MCSA DYNAMIC PROGRAMMING,

. ) PART 3: SPACE-SAVING
Proof by substitution TECHNIQUES

T(n,m) <T(n/2,5)+T(n/2,m+2—j)+cnm
<c/2nj+c/2n(m+2—j) + Inm

(¢/2+ ' )ynm + en form>c
(c/2 4+ +1)nm for c > 2c +2
cnm.
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LAGNIAPPE DYNAMIC PROGRAMMING,

i . PART 3: SPACE-SAVING
Assembly-line balancing TECHNIQUES

A memetic algorithm for the Cost-oriented Robotic Assembly Line
Balancing Problem

Jordi Pereira®*, Marcus Ritt? and Oscar C. Vasquez®

@ Universidad Adolfo Ibdriez, Faculty of Engineering and Sciences , Viiia del Mar, Chile
b Instituto de Informdtica, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil
CIndustrial Engineering Department, University of Santiago of Chile, Chile

(May 31, 2017)

14



coal.png

LAGNIAPPE DYNAMIC PROGRAMMING,

PART 3: SPACE-SAVING
Problem is . .. TECHNIQUES

Tasks t1,..., 07|

Set of robots R with fixed cost c,f, re R
Task ¢; takes time p,¢; on robot r.
Variable costs are ¢; ;. for the tasks.

A cycle time c for the production line.

Buy robots and assign tasks to them.
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LAGNIAPPE DYNAMIC PROGRAMMING,

o PART 3: SPACE-SAVING
And the solution is . .. TECHNIQUES

Theorem 3.1. The cRALBP with a given specific order to execute the tasks admils a polynomial

time algorithm in the input size.

Proof. A polynomial time algorithm for the cRALBP with a given specific order to execute the
tasks is obtained by a more efficient dynamic program, deciding for each station which prefix of
the remaining tasks and which robot will be assigned to it. Let C(i) be the minimal total cost of

executing tasks ;. g, ..., ti7- These costs satisfy the recurrence
C(|T|+1)=0,
5= : 1 " X (21)
c(@) ket ] 7 + Z Cre, + Clk)
o i<i<k
iCjek THiT
To see the correctness of recurrence (23), note that for initial task ¢ some prefix T; Tr-1,

E >4, of the tasks must be executed on the first station by some robot r. This has fixed cost ¢/ and
variable cost 3o Crt; The station is then closed, and we are left with the residual pml]l(m of
executing the 1«‘111.11111110 tasks k, &+ 1,... starting at an free station. The optimal cost is obtained
by minimizing over all feasible choices ul r and k, which must satisfy Z,_:-,,-(,‘.p,[‘, < ¢. Correctness
thus follows from a backward induction over i.

The corresponding dynamic programming table has O(|7T'|) entries and each entry takes time
O(|R||T|) to compute. Thus the optimal assignment of robots and tasks to stations can be found in
time O(|T|* |R|). O

16
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