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Check every way through a factory and choose the
fastest way.

Analysis
* Checking = O(n) time per way.
* 2" possible ways to choose stations.
* Worst-case running time = O(n2")
= exponential time.

It is infeasible!

2. D\'ﬂ nomic ngrom«uig

) /.l/] denote the fastest possible time to get a chassis
@ Sm Nmtlms L from the starting point through station S, .
e, denote an entry time for the chassis to enter
assembly line i.
x;, denote an exit time for the completed auto to exit
assembly line i.
a;, denote the assembly time required at station .

t. . denote the time to transfer a chassis away from
assembly line 7 after through station S,

Our ultimate goal 1s:

S = min(f,[n] + x, f5[n] + x,).
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® Memory to store the. recults of subproblems anol solutiong to the best orsrir
*Memony to store, dhe resulls of Subproblems
The best answer of the subproblem
* Colutions 4o the best onswex’
The (st choice we moke. o solve. the Subproblem - help o rebuild the solution
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EKGMEM ) R()d—Cuttil’lg problem

Serling Enterprises buys long steel rods and cuts them

into shorter rods, which it then sells. Each cut is free. N:Uutrta+--— ¢ 'Ll:-
The management of Serling Enterprises wants to know
the best way to cut up the rods. I = P“ + P,u o= & P,‘ e

Given a rod of length » inches and a table of prices p,

fori=1, 2, ..., n, determine the maximum revenue 7, We ned o ?‘t m (_oqagt Y

obtainable by cutting up the rod and selling the pieces.

Lengthi | 1 2 3 4 5 6 7 8 9 10
1 5 8§ 9 10 17 17 20 24 30

Price p, ‘

© bruteforce A(gori'thm

Check every possible ways of cutting up a rod and
choose the best one.

Analysis
* Checking = O(n) time per way.
271 possible ways to cut up a rod.
* Worst-case running time = O(n2" ')
= exponential time.

It is infeasible!
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BOTTOM-UP-CUT-ROD(p, 1) - m - %

1 let 7[0..n] and s[0..n]| be new arrays

i rd the st choice
3f0r;—1>m"'w rocs (legth of the (ost piece)

4 g=— oo result Ofdwsubpmblem to rebuild the solution.

5 fori=1to;

6 g < pli+rj=1] pebuild the Solution

7 qg=pli]|+ r[j —i] PRINT-CUT-ROD-SOLUTION(p, n)

R slj]=i 1 (r,s) = BOTTOM-UP-CUT-ROD(p, n)
o) r[j] =g J\‘\’\ 2 while n > 0

4 Print s|7|

10 return » and s B
4 n=n-—s|nj

. L k2

Length / 8 9 10
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s|i] 2 R 10
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(A (A (A3A,)))
(A, ((A;A;D)AL))
((A;Az)(AA))
((A, (AA;))A)
(((A;ADADA)
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fotr. T T A O AC S 4 T OB S R R A R A AR HE BT L, B2 4.2 1Y SQUARE-MATRIX-
MULTIPLY R 9HE) . JB1E rows Fl columns J&%8 FE 1T 805 $

MATRIX-MULTIPLY (A, B)
1 if A. columns==B. rows

2 error “incompatible dimensions”

3 else let C be a new A. rows X B. columns matrix
4 for i = 1 to A. rows

5 for ; = 1 to B. columns

6 c; =0

7 for £ = 1 to A. columns

8 ci =cCi Tau * by

9 return C
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L B s B pgre B SCHIRATHRE FH AR B3 3 i I SOk 2R AR
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A A, GREE 10X5), T8 10« 100 « 5=5000 KirFey:, M5 A, M UEEM 10+ 5« 50=
2 500 WARREHEE , LT 7 500 WhR ek . WIRE (A, (A, A BT, H3 A Ay GREE 100 X
50), % 100 « 5« 50=25000 KbrtafE:, A, F5 2T LT 10 « 100 « 50=50 000 ks fit ek,
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4B P& $% 7€ 7% 9] @ (matrix-chain multiplication problem) A f§ RN F . 2% n NE M EE (A, ,

Apy w0y Ay JERE A IR b X p(I<i<n) , RE2FESIHT R, FBITRAEB A A A, [37]
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Bk, Sn=10, ATFRAE-MERE, AERA—-ME2mebrR. Y2 nt, B2LmS1k
R B e B ] i ik O P58 245 S BURTRMIE 20, 1105 AN 43 B R 20 S A6 & AN
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N
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REX A 1<iGs<n 5E A Ay A; B/MUME ST BIER T8, 4 mli, jIRRHH
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RATTLUBIAE X mld, jIWF . XFF i=j B 8)F LM, 4 6% F A & e — A, =
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W SLEEE A, FIA 20, o i<k<<j, B84, mli, jIRETIR AL A, BAAH L
W AR AL M . B TRERE A KR o X pey B AL S Av AU R £
pup; WhrREZT. i, FR145 5

?'H[l:_f:l m[:.k]ﬁ-m[k-l—l,}]—f—j? 1P}PJ
s A R E B4 B R EC AR, EEkE ERIMTEATEN. A, k RA 7 —i ]

AEAYIRAE, BP k=i, i+1, -, j—1, I FRMAAWSLERL S, RIMA TR TEN,
RPN E BT, b, AAG A BMUH S 56 3 03 SRR 22 N8R -
mlisi] = {0 WRi=j
mln{m[llk]+m[k+l-j]+.b bt BRI
ml 2, jIRE S T F ) B0 45 1 54 1Y) FoAR DL 2 W% G Bk E e ii. VI,
AT sLis jIRAF AA i A J%fﬁ%%%bﬁ%ﬂﬁ%%ﬂﬁﬂﬁk B4R mli, jl=mli, ]+
mlk+1, jl+pipep; BOLE k.
T3 ITHBRAELH
PAE, AT ARZ S bt T H A Q15 DEH—N 3R, KitW A A, A, TN
B/ MY m[ 1, n]. @iﬁﬁ]&ﬁ%’é’]%‘]ﬁﬂ—*ﬁﬂﬁﬁﬁﬂﬁﬁf LA B BREAE 15. 3 5 WA B Ay IR EE
S B IR R, AR ERAEHR ST ENR NIRRT EEL. 374]
HER, BIMTERMBOARFFEAEE RAHATELR . SR 1<i<j<nfl§ i fll

AR — e — 0T M, 3647 () ) +n= @) A Ik L0 U B R 93 3 0 2

i B[] — AN o) 8, 33X A o) A8 TR A A4 1 O D 8 75 ML R Y 55— NP O — N PR U e A
F450) .

RATR BE R EREBEAHERETARAS. DHE B RN (RITETE 15.3 1
s N A S BT R 8D . R4S A9 A2 MATRIX-CHAIN-ORDER SE8L T H Jig
] bRk, A BREBEERE A BB po Xp,Gi=1, 2, =, n), ENHEIAR—F5
P={Pos Prs ***y P>y HALHER p. length=n+1, FFRA—1TMBE m[1. .0, 1.0 REER
fhrmli, jl, AB—THBIE s[1..n—1, 2.. n IO RIARME mLi, 7 IXRE 208088 & FRATTHE AT LA
Pl s M1 B i .

AT RMANER Ik, BATLABE TR ml, 70T E U5 R P A FZm, /A (15.7)
B, i1 NMEPESEAERR IR RACH mLi, ] RMKE TR F j—i+1 AN PR 3 Ay
BACTTRACH . W, X k=, i+1, =y j—1, HHEA JEE—i+H1<;—i+1 PMEEM
Bl W Avy 12— h<G—i+ 1 ADNERERIEL. I, B85 032 40 1< J3E 33 194 ) IO Py SR A b P4 4 4%
SAERE, FHHEXT N P S R m, XA AA L A BIETE SR A, RATA MK
MR AR EKE j—i+1,

MATRIX-CHAIN-ORDER(p)
n=p. length—1
let m| 1..n,1..n]and 5[ 1..n—1,2.. n]be new tables
fori = ] ton
ml[i.i]=0
for [l = 2 ton // [ 1s the chain length
fori = lton—I+1
j=i+Il—1
mli,j|=oo
for k = i toj—1

(15.7)
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10 g=mlik]+mlk+1,j]+pi-1pup;
11 if g << mli,j]
12 mli,j]=q
13 sLivj]=k
375 14 return m and s

W ITES 3~4 fT XA i=1, 2, «, nitB® mli, {J=0KEN 1 8B/ ITHA
#r). FEFTES 5~13 17 for HIAR M HE—MIEF L, FIHBIEHAKXAS DI A i=1, 2, =,
n— 1 mld, 1)K =2 W8 BT RAM) . R/ -AWHFL D, WEMNIAfi=1,
2y +o+y n—2 W mli, i+2]CKBE (=3 fosE /DT RARH) , Kb ASHE. ZERDMER L, B
10~13 1733 mld, jIBHUKEE T C &35 B 2T mli, k]JF mle+1, j].
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BT AT ). HEPEEERRUBEAE TR . TERXFP AR R, FRATTAT DA B 156 P 6E AA
A; B mLi, jIRIFALTHT A MARILERBE H M EHLK SHT A, 761024/ 5
FLRMAE A . b Ia]-—17 o i) 2 30 #B xf 07 1< BE A8 [6] (1) 46 P4 46% . MATRIX-CHAIN-ORDER #%
T l. BEZELARIRFHRERETT. MR RT mli, jI0, 2HBNEH p pp; k=i, i+
1, «, j=—1), L ml[i, jIPOr A M FZEE F e _E BT A F00.

e

& 155 Y4 n=06 MIMEFEHBLIN T #HT, MATRIX-CHAIN-ORDER 8 H ) m £ Hl s 3.

il Ay | f’iz A Ay | As Ag

ﬂﬁ 30X 35 35}{15 15 X5 5}‘{1!3 10X 20 EGZ‘{EE

ATVREPIA AT T HEHs, (E18 X MR I 0] A8 R K-y 1), 28 m W08 FH 32 06 40 28 10
E=mEar, s RHE =M. 6 /5T 77 A9 85 20 br B3 2 3 80N
ml 1, 6]|=15125, P FERTHIriC THARE, HEIMAEERSIEES 1017
T m[ 2, 5 B[R] A TR] T Ao 4 SR T

(m[2,2]4+m[3,5]+ prpeps =04+25004+35+1520 = 13000
m[2,5]=mimk m[2,3] +m[4,5]+ pipsps =2625+1000+35«5+20 = 7125
m| 2,4 ] +m[5,5]+ pipaps = 4375404351020 = 11375
='7125

& Bt MATRIX-CHAIN-ORDER Wi EIGE 4, 7] IF I B EMEITeE R OG?).
M ENRERN=F, BENHEHRTEU, i MEABEZI n—1 ME. %3 15.2-5 FERUFBH i,
WEWEITHEER FE Q). REATEOW)DNANFESRIKRBGFER m Al s, H I,

MATRIX-CHAIN-ORDER Lt #2552 Fir 47 0] B 19 5 5 16 77 38 3k - 3% 4 00 % 10 48 09 30 1 2 i 3%
",




SR 4. WiERMARE
B4 MATRIX-CHAIN-ORDER 3R} 7 33946 4 6% e BUIT 5 i) die A b UL IZ R, HE

I B 48 T AT X A AR AR SR PR R T . & s[1. . n— 1, 2., n )it R T AN
FRENER. B4R (i, jHCFRT —RMHE, BH AAL A EBRRTE ST F B 08 5L
TEA, fMAZE,. Bk, BIOME A, WRERETEFRBPERE —RERKEREZF DX
AL cinlAiinin.ne RATATA B A k@ HR HE R EEREN AR LRE, HH
sL1, s[1, ﬂ]]‘J’EHiTﬂ‘ﬁ Ay o1 EREREAT B B G — YO B TR IL 25 s(s[ 1, n]+1, nldEH T
HW Ao BN TR IRE —UOE FER L Z T . 4 A S AR v DA (A Asgyy o0

AL EE Sk %, H# AN MATRIX-CHAIN-ORDER 1§ 8|9 s X FHri fj. A
PRINT-OPTIMAL-PARENS(s, 1, n)BJA[4iHi(A,, A,, -, ADHBMKIESHTE.

PRINT-OPTIMAL-PARENS(s, #, j)

1 A e

2 print “A”,

3 else print “(”

4 PRINT-OPTIMAL-PARENS(s, ¢, s_1,7])

o PRINT-OPTIMAL-PARENS(s, s[i,j]+1, j)
6

H':Il'.l

print

% 15-5 4+, A PRINT-OPTIMAL-PARENS(s, 1, 6)% ¥ 54k &
((A; (A A))) ((AADA)D)

& g final result
b Lm-)’ clrb)‘, (l.n=1)  Cl-n)

(2 ’;)D (zf‘l-) (2.n-} (2.h)
(5'4’) (3,n- 3. n)

(4.n-) (4,n
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