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HW3 Trading Stock 
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2017/3/24 

 

Introduction 

 In this assignment, we are asked to read a sequence of dates and the stock prices 

of Google on that day. Then, to find out how to create greatest profit from buying the 

stock, we’ll use both brute-force and divide-and-conquer approach to compute the 

maximum sum. Finally, we’ll show how the two algorithms differ in terms of 

complexity. 

Approach 

 Suppose a sequence of stock prices is known. We can compute how much price 

changes with regards to previous day. Then, Finding the best time to buy or sell stock 

is simply calculating the maximum contiguous sum in the price change sequence. It 

can be done through brute-force or divide-and-conquer approach. 
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Brute-force Approach 

1. Algorithm MaxSubArrayBF(A, n, low, high) // Find low and high to                              

                         maximize ΣA[i ], low≦i ≦high.   

2. {   

3.     max: = 0;low: = 1;high: = n;   

4.     for j: = 1 to n do { // Try all possible ranges: A[j : k ].   

5.         for k: = j to n do {   

6.                 sum: = 0;   

7.                 for i: = j to k do {   

8.                         sum: = sum + A[i];   

9.                 }   

10.                 if (sum > max) then {                                                         

      // Record the maximum value and range.   

11.                     max = sum;   

12.                     low = j;   

13.                     high = k;   

14.                 }   

15.         }   

16.     }   

17. return max;   

} 

  
In brute-force approach, since there’s 𝑛(𝑛−1)

2
 possibilities for (buy date, sell 

date) pair. We’ll need to try out every pair of them. In the lecture slides, it is said that 

the third loop would cause another Ο(n) time complexity, making the overall 

complexity Ο(𝑛3). However, the third loop can be replaced by subtracting the 

price(high) with price(low) operation, through which an overall Ο(𝑛2) complexity 

can be reached. In this assignment, I chose the Ο(𝑛3) version to stay aligned with the 

slides. 

By the way, the space complexity is  Ο(𝑛) since there’s no other array declared. 
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1. Algorithm MaxSubArray(A, begin, end, low, high) // Find low and  high to maximize            

                                      ΣA   [i], begin ≦ low ≦ i ≦ high ≦ end.    

2.     {   

3.         if (begin = end) { // termination condition.   

4.             low: = begin;   

5.             high: = end;   

6.             return A[begin];   

7.              

8.         }   

9.        mid: = ⌊ (begin + end) / 2⌋;   

10.        lsum: = MaxSubArray(A, begin, mid, llow, lhigh);             // left region   

11.        rsum: = MaxSubArray(A, mid + 1, end, rlow, rhigh);            // right region

   

12.        xsum: = MaxSubArrayXB(A, begin, mid, end, xlow, xhigh);                         

// cross boundary   

13.          

14.         if (lsum >= rsum and lsum >= xsum) then {                                            

   // lsum is the largest   

15.             low: = llow;   

16.             high: = lhigh;   

17.             return lsum;   

18.         }   

19.            

20.         else if (rsum >= lsum and rsum >= xsum) then {     

 // rsum is the largest   

21.             low: = rlow;   

22.             high: = rhigh;   

23.             return rsum;    

24.         }   

25.         low: = xlow;   

26.         high: = xhigh;   

27.         return xsum; // cross-boundary is the largest   

28.          

29.     }   

  

Divide and Conquer Approach 
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1. Algorithm MaxSubArrayXB(A, begin, mid, end, low, high) 2 // Find low  and high to            

                              maximize ΣA[i], begin ≦ low ≦ mid ≦ high ≦ end.    

2.     {   

3.         lsum: = 0;   

4.         low: = mid;   

5.         sum: = 0;   

6.          

7.         for i: = mid to begin step− 1 do { // find low to maximize  

//ΣA[low : mid ]   

8.                 sum: = sum + A[i];   

9.                   

10.                 if (sum > lsum) then {   

11.                    lsum = sum;   

12.                     low: = i;   

13.                       

14.                 }   

15.                   

16.             }   

17.         rsum: = 0;   

18.         high: = mid + 1;   

19.         sum: = 0;   

20.          

21.         for i: = mid + 1 to end do { // find end to maximize                                 

                        ΣA[mid + 1 : high ]   

22.                 sum: = sum + A[i];   

23.                    

24.                 if (sum > rsum) then {   

25.                     rsum = sum;   

26.                     high: = i;   

27.                       

28.                 }   

29.                   

30.             }   

31.           

32.         return lsum + rsum;   

33.          

34.     }    

In the above MaxSubArray function we can see ordinary divide and conquer 
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i.e. termination condition → split → merge structure.  

When dealing with the cross boundary situation, it is kept in mind that if a 

maximum contiguous sum contains mid, then the sequence before and after mid are 

also maximum contiguous sums. 

Since we divide the task into two parts ( Ο( log(n) ) ), dealing with cross 

boundary situation for each part( Ο( 𝑛 ) ). It can be estimated that the time 

complexity is Ο( n ∗ log(n) ), more robust proof is already shown in course slides. 

Because recursion is used, and we need to at least store begin, mid, end 

variables for each part we split. There would be about 2n − 1 parts, so the space 

complexity is Ο(𝑛). 

Results and analysis 

Let’s first tabulate the CPU time w.r.t. the algorithms. 

 

We can obviously see divide and conquer approach outperform brute-force 

approach by great margin, especially as we encounter large task size. The difference is 

more evident if we plot above table, as Figure 1. 

task 

size 

9 30 72 155 325 658 1331 2672 3414 

Brute-

force 

2.86E-06 3.81E-05 0.000509 0.0049 0.0336 0.23 1.82 12.9 27.1378 

D & C 1.03E-06 4.07E-06 1.06E-05 2.29E-05 3.51E-05 9.08E-05 1.81E-04 3.85E-04 5.11E-04 

Table 1. task size v.s CPU time (in seconds) 

Mi-Chang Chang


Mi-Chang Chang
Need to count the memory space needed
due to recursion.
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Then, to prove that the above time complexity analysis correct, we can plot 

Figure 1. in log-log scale, as Figure 2. 

 

 

 

 

 

 

 

 

The two curves are quite similar to our expectations. 
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Observations and Conclusion 
 We’ve seen huge performance difference above. However, even if we adopt the 
Ο(𝑛2) version of BF approach, it’s still no match with D & C. For example, below is 
the execution result of largest task in this assignment, with improved BF version 
 
 
 
 
 
 
 
 
 
 
 It’s still a great improvement for BF approach compared with initial execution 
time (27.1378 sec) nonetheless. 
 
 In conclusion, we’ve known that how algorithm complexity can largely 
determine execution time when faced with large-scale tasks. And to reduce 
complexity, divide and conquer is one good way to go. 

./a.out < s9.dat 
N = 3414 
Brute-force approach: 
  CPU time 0.036952 s 
… 
Divide and Conquer approach: 
  CPU time 0.000557042 s 
… 



R f                                     
k 11jN3y �H;Q`Bi?Kb >qyj h`�/BM; aiQ+F
j GB@um 62M; Ry9yeRkRk
9 .�i2,kyR3fjfk9
8                                       f
e
d OBM+Hm/2 Ibi/BQX?=
3 OBM+Hm/2 Ibi/HB#X?=
N OBM+Hm/2 IbvbfiBK2X?=

Ry
RR ivT2/27 bi`m+i bahET`B+2 & ffbiQ`2 /�i2- T`B+2 � T`B+2 +?�M;2
Rk BMi v2�`-KQMi?-/�vc
Rj /Qm#H2 T`B+2-+?�M;2c
R9 ' ahET`B+2c
R8
Re ivT2/27 bi`m+i `2ip�H& ffbiQ`2 HQr- ?B;? BM/2t �M/ i?2 K�tBKmK bmK #2ir22M
Rd BMi HQr- ?B;?c ff7Q` +QMp2MB2Mi `2im`M
R3 /Qm#H2 bmKc
RN ' _1hp�Hc
ky
kR /Qm#H2 :2ihBK2UpQB/Vc
kk pQB/ J�tam#�``�v"6UahET`B+2  �- BMi MVc ff"`mi2@7Q`+2 K2i?Q/
kj _1hp�H J�tam#�``�vUahET`B+2  �- BMi #2;BM- BMi 2M/Vc ff. � * K2i?Q/
k9 _1hp�H J�tam#�``�vs"UahET`B+2  �- BMi #2;BM- BMi KB/- BMi 2M/Vc
k8 ff+`Qbb #QmM/�`v
ke pQB/ S`BMi_2bmHiUahET`B+2  �- _1hp�H `2bmHi- /Qm#H2 iBK2Vc ff�b Bib M�K2
kd
k3 /Qm#H2 :2ihBK2UpQB/V
kN &
jy bi`m+i iBK2p�H ipc
jR ;2iiBK2Q7/�vU�ip-LlGGVc
jk `2im`M ipXipnb2+YR2@e ipXipnmb2+c
jj '
j9
j8 pQB/ J�tam#�``�v"6UahET`B+2  �- BMi MV&
je /Qm#H2 K�t 4 y- bmKc
jd /Qm#H2 ic ffiBK2
j3 BMi HQr 4 y- ?B;? 4 M@Rc
jN BMi B-D-Fc
9y
9R i 4 :2ihBK2UVc
9k 7Q` UD 4 yc D I Mc DYYV& ffi`v �HH MUM@RVfk TQbbB#H2 bBim�iBQMb
9j 7Q` UF 4 Dc F I Mc FYYV&
99 ffbmK 4 �(F)XT`B+2 @ �(D)XT`B+2c ff M�k +QKTH2tBiv p2`bBQM
98 bmK 4 yc
9e 7Q`UB 4 Dc B I4 Fc BYYV&
9d bmK Y4 �(B)X+?�M;2c
93 '
9N B7UbmK = K�tV&
8y K�t 4 bmKc

R



8R HQr 4 Dc
8k ?B;? 4 Fc
8j '
89 '
88 '
8e i 4 :2ihBK2UV @ ic
8d
83 ffT`BMi `2bmHi
8N T`BMi7U]"`mi2@7Q`+2 �TT`Q�+?,$M]Vc
ey T`BMi7U] *Sl iBK2 W; b$M]- iVc
eR B7UHQr 54 yVT`BMi7U] "mv, W/fW/fW/ �i 0W;$M]-�(HQr@R)Xv2�`-
ek �(HQr@R)XKQMi?-�(HQr@R)X/�v-�(HQr@R)XT`B+2 Vc
ej 2Hb2 T`BMi7U] "mv, W/fW/fW/ �i 0W;$M]-�(y)Xv2�`-
e9 �(y)XKQMi?-�(y)X/�v-�(y)XT`B+2 Vc
e8 T`BMi7U] a2HH, W/fW/fW/ �i 0W;$M]-�(?B;?)Xv2�`-�(?B;?)XKQMi?-
ee �(?B;?)X/�v-�(?B;?)XT`B+2 Vc
ed T`BMi7U] 1�`MBM;, 0W; T2` b?�`2X$M]-K�tVc
e3 '
eN
dy
dR _1hp�H J�tam#�``�vUahET`B+2  �- BMi #2;BM- BMi 2M/V&
dk
dj BMi KB/c
d9 _1hp�H �Mb-H`2i-``2i-t`2ic ffbiQ`2 `2im`M p�Hm2b 7`QK /BpB/2/ �T`ib
d8 /Qm#H2 HbmK-`bmK-tbmKc
de
dd B7U#2;BM 44 2M/V&
d3 �MbXHQr 4 #2;BMc
dN �MbX?B;? 4 2M/c
3y �MbXbmK 4 �(#2;BM)X+?�M;2c
3R `2im`M �Mbc
3k '
3j KB/ 4 U#2;BM Y 2M/V f kc
39 H`2i 4 J�tam#�``�vU�-#2;BM-KB/Vc
38 ``2i 4 J�tam#�``�vU�-KB/YR-2M/Vc
3e t`2i 4 J�tam#�``�vs"U�-#2;BM-KB/-2M/Vc
3d
33 HbmK 4 H`2iXbmKc
3N `bmK 4 ``2iXbmKc
Ny tbmK 4 t`2iXbmKc
NR
Nk B7UHbmK =4 `bmK �� HbmK =4 tbmKV& ffH27i bB/2 `2im`Mb K�tBKmK
Nj �MbXHQr 4 H`2iXHQrc
N9 �MbX?B;? 4 H`2iX?B;?c
N8 �MbXbmK 4 HbmKc
Ne '
Nd 2Hb2 B7 U`bmK =4 tbmKV& ff`B;?i bB/2
N3 �MbXHQr 4 ``2iXHQrc
NN �MbX?B;? 4 ``2iX?B;?c
Ryy �MbXbmK 4 `bmKc

k



RyR '
Ryk 2Hb2& ff+`Qbb #QmM/�`v
Ryj �MbXHQr 4 t`2iXHQrc
Ry9 �MbX?B;? 4 t`2iX?B;?c
Ry8 �MbXbmK 4 tbmKc
Rye '
Ryd `2im`M �Mbc
Ry3 '
RyN
RRy _1hp�H J�tam#�``�vs"UahET`B+2  �- BMi #2;BM- BMi KB/- BMi 2M/V&
RRR /Qm#H2 HbmK 4 y-`bmK 4 yc
RRk BMi HQr 4 KB/c
RRj BMi ?B;? 4 KB/ Y Rc
RR9 /Qm#H2 bmK 4 yc
RR8 BMi Bc
RRe _1hp�H �Mbc
RRd
RR3 7Q`UB 4 KB/c B =4 #2;BMc B@@V& ff7BM/ H27i bB/2 K�t bmK
RRN bmK 4 bmK Y �(B)X+?�M;2c
Rky B7UbmK = HbmKV&
RkR HbmK 4 bmKc
Rkk HQr 4 Bc
Rkj '
Rk9 '
Rk8 bmK 4 yc
Rke 7Q`UB 4 KB/ Y Rc B I4 2M/c BYYV& ff7BM/ �i `B;?i bB/2
Rkd bmK 4 bmK Y �(B)X+?�M;2c
Rk3 B7UbmK = `bmKV&
RkN `bmK 4 bmKc
Rjy ?B;? 4 Bc
RjR '
Rjk '
Rjj
Rj9 �MbXHQr 4 HQrc
Rj8 �MbX?B;? 4 ?B;?c
Rje �MbXbmK 4 HbmK Y `bmKc
Rjd `2im`M �Mbc
Rj3 '
RjN
R9y pQB/ S`BMi_2bmHiUahET`B+2  �- _1hp�H `2bmHi- /Qm#H2 iBK2V&
R9R BMi HQr 4 `2bmHiXHQrc
R9k BMi ?B;? 4 `2bmHiX?B;?c
R9j /Qm#H2 bmK 4 `2bmHiXbmKc
R99
R98 T`BMi7U].BpB/2 �M/ *QM[m2` �TT`Q�+?,$M]Vc
R9e T`BMi7U] *Sl iBK2 W; b$M]- iBK2Vc
R9d B7UHQr 54 yVT`BMi7U] "mv, W/fW/fW/ �i 0W;$M]-�(HQr@R)Xv2�`- ffiQ �pQB/

R93 �(HQr@R)XKQMi?-�(HQr@R)X/�v-�(HQr@R)XT`B+2 Vc ffb2;7�mHi
R9N 2Hb2 T`BMi7U] "mv, W/fW/fW/ �i 0W;$M]-�(y)Xv2�`-

j



R8y �(y)XKQMi?-�(y)X/�v-�(y)XT`B+2 Vc
R8R T`BMi7U] a2HH, W/fW/fW/ �i 0W;$M]-�(?B;?)Xv2�`-�(?B;?)XKQMi?-
R8k �(?B;?)X/�v-�(?B;?)XT`B+2 Vc
R8j T`BMi7U] 1�`MBM;, 0W; T2` b?�`2X$M]-bmKVc
R89
R88 '
R8e
R8d
R83
R8N BMi K�BMUV
Rey &
ReR BMi L/�vbc
Rek BMi Bc
Rej /Qm#H2 ic
Re9 ahET`B+2  S`B+2bc
Re8 _1hp�H `2bmHic
Ree
Red b+�M7U]W/]-�L/�vbVc
Re3 S`B+2b 4 K�HHQ+UL/�vb  bBx2Q7UahET`B+2VVc
ReN
Rdy 7Q` U B 4 yc B I L/�vbc BYYV&
RdR b+�M7U] W/ W/ W/ WH7]- �S`B+2b(B)Xv2�`- �S`B+2b(B)XKQMi?-
Rdk �S`B+2b(B)X/�v- �S`B+2b(B)XT`B+2 Vc
Rdj '
Rd9
Rd8 S`B+2b(y)X+?�M;2 4 yc ff+�H+mH�i2 i?2 T`B+2 +?�M;2b
Rde 7Q` U B 4 Rc B I L/�vbc BYYV
Rdd S`B+2b(B)X+?�M;2 4 S`B+2b(B)XT`B+2 @ S`B+2b(B@R)XT`B+2c
Rd3
RdN
R3y T`BMi7U]L 4 W/$M]-L/�vb Vc
R3R J�tam#�``�v"6US`B+2b-L/�vbVc
R3k
R3j i 4 :2ihBK2UVc
R39 7Q` U B 4 yc B I Ryyyc BYYV
R38 &
R3e `2bmHi 4 J�tam#�``�vUS`B+2b-y-L/�vb@RVc
R3d '
R33 i 4 :2ihBK2UV @ ic
R3N S`BMi_2bmHiUS`B+2b-`2bmHi-ifRyyyVc
RNy
RNR
RNk `2im`M yc
RNj '
RN9
RN8
RNe
RNd
RN3

9



a+Q`2, Nk
ěěě@

(aT�+2 +QKTH2tBiv) Q7 i?2 /BpB/2@�M/@+QM[m2` �TT`Q�+? M22/b iQ BM+Hm/2 K2KQ`v bT�+2
M22/2/ /m2 iQ `2+m`bBQMX

(P#b2`p�iBQM) +�M /Bb+mbb i?2 2�`MBM; 7Q` /Bz2`2Mi H2M;i?b Q7 iBK2X

R


