國立交通大學
2007年 程式設計競賽乙組 

說明:

1.試題共六題，考試時間共五小時整。
2.參賽者可攜帶書籍、手冊、紙本式的程式碼。但不可攜帶機器可讀的任何軟體或資料，亦不可攜帶自己的電腦、終端機或計算機。
3.參賽者如果覺得試題語義不清，或懷疑試題有誤，請在本程式競賽開始後四十五分鐘內要求評審解釋，經評審判斷，試題確實語義不清有誤，評審會立即對所有參賽者解釋，四十五分鐘後不得再對試題發問。
4.參賽者除了與同隊隊員或評審召集人指定的工作人員交談外，不得與其他人員交談。
5.當參賽隊伍有任何違反競賽規則，或破壞競賽秩序的行為發生時，評審召集人可以取消參賽隊伍的參賽資格。
6.評分標準為結果之正確性佔70%，其餘如程式是否具一般性、輸出輸入容易度及美觀性、程式設計方式之優劣、程式說明之可讀性等佔30%。

7.競賽進行期間，主辦單位將提供參賽者每隊一張磁片，請將程式分存入各子目錄prog1\,prog2\,…, prog6\之內備查。

8.比賽終了請勿離開，評審當場評分，評分完畢並繳交磁片備查始可離開。十二點三十分前不得要求評審提前評分。
Problem 1  Number triangle
          7

        3   6
      5   1   0

    2   6   4   4

  5   8   2   9   5

Fig. 1 a sample number triangle

Figure 1 shows a number triangle. You are asked to write a program that calculates the highest sum of numbers passed on a route that starts at the top and ends somewhere on the base. Each step can go either diagonally down to the left or diagonally down to the right.

In the sample shown in Fig. 1,  the route from 7 to 3 to 5 to

 6 to 8  produces the highest sum: 29. 

Input and sample Input:

1. The input file for this problem is a text file named p01.in (注意是 p 零 壹). 

2. The number in the first row is an integer between 1 and 99 which is the number of rows in the triangle followed by the numbers in each row.
3. The numbers in the triangle are all integers between 0 and 99 inclusive.

4. Thus the triangle in Fig 1 should be stored in p01.in as the following sample input.
Sample Input:

5

7

3 6
5 1 0

2 6 4 4

5 8 2 9 5

Sample Output:

29
Problem 2  Text Compression problem
Compression techniques can be used to save space. One of the simple techniques used to compress a text string is using a dictionary. The dictionary consists of (dictionary string, bit string)-pairs, each representing the bit string that can be used to replace a substring in the text. The bit strings are not necessarily of equal length.  In this text compression problem is that of, given a text string over some finite alphabet and a dictionary, deciding the length of the shortest binary bit strings which encode the original text string.

Example 
text string :  abcdef 

Dictionary:

	Dictionary string
	a
	abc
	abcd
	bcd
	def
	ef

	bit string
	01
	0
	1011
	1
	10
	11


What follows are three different ways of encoding the text string:

Method 1

	a
	bcd
	ef

	01
	1
	11


Length of the compressed result (i.e., 01111) = 5

Method 2

	abc
	def

	0
	10


Length of the compressed result (i.e., 010) = 3

Method 3

	abcd
	ef

	1011
	11


Length of the compressed result (i.e., 101111) = 6

As shown above, Method 2 results in the shortest compressed string whose length is 3.  Your job in this assignment is to find out the length of the shortest compressed string. If the text string cannot be compressed using the given dictionary, 0 should be returned. (For example, the text string abcxyz cannot be compressed using the dictionary in the above example.)

Input:

The input file for this problem is a text file named p02.in (注意是 p 零 貳). The first line of the input file contains the text string to be compressed. Following this are (dictionary string, bit string)-pairs, each of which occupies a line of the input file.  (For the sake of simplicity, we assume that the text string is over the alphabet which consists of the 26 lower-case characters `a, b, c, …, z’. Examples of such text strings include: abcdef, thisisatextstring, and  acmprogrammingcontest.

With respect to this example, the input and output files are the following

Sample Input file:

abcdef

(a, 01)

(abc, 0)

(abcd, 1011)

(bcd, 1)

(def, 10)

(ef, 11)

Sample Output: 

3

Problem 3  Data Encryption 

To keep data safe, we design a two-phase encryption algorithm to scramble the data (assume all data are english letters in lowercase). In the first phase, we rotate the text string to right for m positions. (For example, if the original text string is "abcxw" and the value of m is 2, then the resulting string is "xwabc".) In the second phase, we add a fixed integer value offset into every character. For example, if offset is 3, then "xwabc" would become "azdef" after adding 3 into each character. Note that wrap around is necessary when the resulting value is greater than 'z'. Another example is that add 3 to 'y' will result in 'b'.

We call the original text as plain text. The scrambled text is also known as cipher text. You are required to write a program to find out the two phase algorithm from known plain text and the corresponding cipher text. Then apply that algorithm to another plain text for encryption and give the output of the resulting cipher text.

Input and Output

The input file for this problem is a text file named p03.in (注意是 p 零 三). Each line contains 3 words separated by a space. The first word of each line is the known plain text. The second word is it's corresponding cipher text. The third word is the text string to be encrypted using the same algorithm used in that line. Note that algorithm used in every line is different from to the algorithms used in other lines. The line numbers in the input file is unknown. You have to process the data till end-of-file. Assume the length of each word is less than 20.
Sample Input:
nctu bstm best
computer fsdpnqvu monitor
contest guveqpv game
Sample Output:
drsa

psnpoju
cogi
Problem 4  Counting Friends
You want to plan a big birthday party with your friends. On planning you notice that you have to do a lot of operations with sets of friends. There is one group, g1,  which consist of Arthur, Biene and Clemens. Then there is a group, g2, of friends you know from snowboarding which consists of Daniel, Ernst, Frida and Gustav. If you want to invite them both, the resulting party group consists of g1 + g2 (the result is the union of both groups). Then you can compute the intersection of the two groups g1 * g2, which consists of the empty set. Maybe you want to invite a group g1, but excluding all members of another group g2, which is written as g1 - g2. 
    Note that intersection (*) has precedence over union (+) and set difference (-). All operations are left associative, which means that in A op1 B op2 C you first have to evaluate A op1 B (provided op1 and op2 have equal precedence). 

Input Specification

The input file (p04.in) consists of one or more lines. Each line contains one expression that you have to evaluate. Expressions are syntactically correct and only consist of the characters: 

· '{' and '}' 

· the elements 'A' to 'Z' meaning friend Arthur to Zora. 

· the operations '+', '-' and '*' 

· '(' and ')' for grouping operations 

· the newline character '\n' marking the end of an expression. 

Assume a line is never longer than 255 characters. 

Output Specification

Output the resulting set in curly braces '{' and '}', each on a line of its own. Print elements of sets sorted alphabetically. 

Sample Input

{ABC}

{ABC}+{DEFG}+{Z}+{}

{ABE}*{ABCD}

{ABCD}-{CZ}

{ABC}+{CDE}*{CEZ}

({ABC}+{CDE})*{CEZ}

Sample Output

{ABC}

{ABCDEFGZ}

{AB}

{ABD}

{ABCE}

{CE}

Problem 5 生產計畫
假設你是位工廠的生產主管，請根據以下生產材料表、零件庫存與半成品庫存、產品市價，提出生產計畫，使總售價達到最高。

已知零件有 A, B, C, D 四種，半成品有 P, Q, R 三種， 成品有 W, X, Y, Z 四種，須由零件與半成品庫存組合而成。

製造半成品所需的零件表展開如下

P 的物料清單為  A * 2,  B * 1,  C * 1
Q 的物料清單為  B * 1,  C * 2
R 的物料清單為  C * 1,  D * 1

製造成品所需的材料表展開如下
W 所需的零件與半成品為 B*1,  D*1,  P*4
X 所需的零件與半成品為 B*1,  P*1,  Q*2,   R*2
Y 所需的零件與半成品為 B*2,  D*2,  Q*1,   R*1 
Z 所需的零件與半成品為 B*1,  C*1,  D*5,   P*1

輸入格式 (輸入檔為 p05.in 的文字檔)
第一列為零件A, B, C, D 的庫存量，以space隔開  (輸入值皆小於100)
第二列為半成品 P, Q, R 的庫存量，以space隔開 (輸入值皆小於100)
第三列為W,X,Y,Z的售價，以space隔開(輸入值皆小於1000)

輸出格式
請評估現有零件、半成品的庫存量，以及成品的售價，決定各成品的產量，使所有成品售價總和達到最大值。請輸出此最大總和即可。
範例輸入
8 8 8 4
0 0 0
400 300 200 100

範例輸出

600

Problem 6  Sudoku (數獨遊戲)
數獨遊戲的規則是在9列(row) × 9 欄(column)的大九宮格中，再區隔為9個3 row × 3 column虛擬的小九宮格(region)，遊戲剛開始已經預先填好一些數字在裡面。根據這些數字，運用邏輯和推理，在其他的空格上填入1到9的數字。但限制是每個小九宮格內的數字不能重複，每個數字在每行、每列也不能出現一樣的數字。就因為它的「數」字必須「獨」立，所以就譯為「數獨」。
數獨謎題的難度(對玩遊戲的人而言，而非程式設計的難度)可分成多個等級，簡單 (easy) 等級的數讀謎題運用簡單的消去法即可完成解答。消去法的作法是對每個空格所屬的同一個column, row, region，篩去已出現的數字，即可得知此空格尚可填入的值；重覆此法，繼續消去更多數字，直到所有空白的格子都求得其正確的值為止。對於難度更複雜的問題，亦可選擇性地先用消去法減少謎題內尚未定值的空格個數，以及各空格內候選數字的個數，再套用trial-and-error的遞迴窮舉法解出整個數獨謎題。
本題所輸入(p06.in)的數獨謎題皆為 easy 等級，一定有解，請設計程式參考提示之技巧，解出輸入的數獨謎題。若有多個解，請輸出任一個解即可。
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圖一、輸入的謎題
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圖二、解答完成的謎題


	Sample Input (0代表尚未定值的空格)
	Sample output

	003007090

057200460

060019003

300900028

005320700

740050006

600890050

081005640

030400100
	123647895

957283461

468519273

316974528

895326714

742158936

674891352

281735649

539462187


Sample Number Triangle
15

74 

67 51 

64 47 54 

69 97 1 31 

89 14 11 3 72 

68 21 70 46 87 68 

 5  6  6 29 51 40 71 

18 38 15 10 53 19 55 7 

 9 70 16 78 89 66 84 7 83 

80 19 22 82 19 40 44 35 44 35 

85 54 22 16 92 43 21 59 25 18 94 

30 19 19  2 33 54 93 95 76 66 43 46 

93 36 12 43 26 47 55 26 54 27 23 11 67 

51 86 88 42 37 92 61 36 25 18 24 17 16 69 

 6 14 10 61 86 52 79 37 96 83 47 44 83 88 20 

0

