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SudokuStudyLib

[image: _images/logo.jpg]
這是一個讓學生學習邏輯及Python OOP基礎程式設計的一個 Python3 程式庫。 數獨是一種益智類遊戲，同時也是學習邏輯的最好工具之一，而 Python 則是世界上最好的初學者學習程式設計的電腦語言。 所以，如果能夠結合這兩種來教導兒童、學生、青少年來學習邏輯的話，那將會是最好的組合！ 這也是這個專案的緣起，也是這個專案追求的目標。


歡迎來到人類最單純的世界：數獨與邏輯

內容：



	安裝與使用
	安裝方法

	使用方法





	數獨(Sudoku)基礎知識
	一個典型的數獨題目

	基本規則

	在一個 9x9 數獨中, 可以組成多少種可能的遊戲?





	「邏輯」是甚麼?
	對一個開始學習去探索這個世界的學子而言，邏輯是最重要的工具之一。

	從解數獨來學習邏輯

	以學習 Python 程式設計來學習邏輯

	這個程式庫的特點





	課程計畫
	誰適合上這些課程呢?

	第一步: 以手寫來解數獨

	第二步: 學習去發現解決數獨的方法

	第三步: 開始撰寫 Python 程式來實踐自己發現的方法





	如何在 Python 中製作一個解數獨的模擬環境?
	甚麼是類別? 甚麼是物件?

	甚麼是屬性(Property)？

	甚麼是方法(Method)？

	數獨遊戲定義檔案





	撰寫 Python 程式來解數獨了
	求解環境

	求解過程

	一些基本求解方法

	如何去實作一個求解方法呢？





	程式詳解: sudoku套件








索引與參考資料


	索引

	模組索引

	搜尋頁面
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安裝與使用

這個專案是一個 Python 程式庫以便讓使用者學習邏輯與 Python 程式設計。它包含了兩個套件，一個是 Sudoku，另一個是 Matrix。Sudoku 是一個以物件導向程式設計的模組，而 Matrix 則是一個傳統程式設計的模組。

這個專案與文件只要是提供給 Sudoku 套件來使用。Matrix 只是提供給傳統程式設計者做一參考。


安裝方法

你可以使用 pip 來安裝這個專案:

pip install SudokuStudyLib





你也可以到下列網址來複製整個專案:

https://github.com/RobertOfTaiwan/SudokuStudyLib





當你安裝完畢後，你安裝的目錄應包含了兩個套件，sudoku 及 matrix。下面就是整個目錄的結構表:

[image: _images/p1.png]



使用方法


	物件導向：sudoku，在 test.py:

from sudoku import *

# to solve a sudoku defined in data directory
solve("m18.data")

pass

# to solve a sudoku and just using the methods which level <= 15 and if can't solve, don't use guess method
solve("m3.data", level_limit=15, use_try=False)

pass

# to solve a sudoku with emulator methods and print the steps
solve("m12.data", use_emu=True, print_step=True)

pass

# to solve the world's best difficult sudoku
# by default method
solve("m10.data")

# by computer's try error
try_error(None, file="m10.data")

# by all methods but not using human guessing, it can't solve the sudoku
solve("m10.data", use_emu=True, use_try=False)

# by basic human methods and guess
solve("m10.data", level_limit=10, use_try=True)
solve("m10.data", level_limit=3, use_try=True)







	傳統方法 ：matrix，在 test.py:

from matrix import *

# solve it directly
m, n, p = main("m6.data")

# solve it by limit methods, it can't solve the sudoku
m, n, p = main("m3.data", methods=8)

# set the limit methods to the 10, and it can solve the sudoku
m, n, p = main("m3.data", methods=10)

# using the try error's method to solve the best difficult sudoku in the world
m, n, p = TryError("m10.data")
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數獨(Sudoku)基礎知識

數獨(Sudoku)是一種智力遊戲,  也是一種學習邏輯的最好工具. 而 Python 則是世界上最好的電腦程式語言之一. 所以如果能夠結合這兩種工具, 來教導小孩或青少年來學習邏輯的話, 那就是最好的組合.  這就是這個專案的緣起, 也是這個專案的目標.


一個典型的數獨題目

你可以從下列網站取得與學習數獨(sudoku)的相關知識：http://en.wikipedia.org/wiki/Sudoku








	下面是一個典型的數獨題目:


	
	下面是一個典型解出來的數獨:




	[image: sudoku_init]
	
	[image: sudoku_result]








基本規則

數獨(Sudoku)的基本規則非常簡單：



	將數字 1-9 填到每一行(包含 x-way 及 y-way)及每一個 3x3 區塊。



	每行及每個區塊的數字不能夠重複。











在一個 9x9 數獨中, 可以組成多少種可能的遊戲?

假如我們開始在位置 (1, 1) 中置放一個數, 那必然是有9個可能的數字讓我們選擇. 然後當我要置放第二個數到位置 (1, 2) 時, 那我們會有8個數字可以選擇. 所以, 以此類推, 從上往下, 從左到右, 我們可以寫下每一個位置可以被選擇的數字:














	9!
	6!
	3!
	6!
	3!
	1!
	3!
	1!
	1!




	9
	6
	3
	6
	3
	1
	3
	1
	1


	8
	5
	2
	5
	2
	1
	2
	1
	1


	7
	4
	1
	4
	1
	1
	1
	1
	1


	6
	3
	1
	3
	1
	1
	1
	1
	1


	5
	2
	1
	2
	1
	1
	1
	1
	1


	4
	1
	1
	1
	1
	1
	1
	1
	1


	3
	1
	1
	1
	1
	1
	1
	1
	1


	2
	1
	1
	1
	1
	1
	1
	1
	1


	1
	1
	1
	1
	1
	1
	1
	1
	1





所以, 所有的組合就是  9!*6!*3!*6!*3!*1!*3!*1!*1* = 4,514,807,808,000

假如我們使用 python 來計算時:

>>> def n(x):
    if x==1:
        return 1
    else:
        return x*n(x-1)

>>> n(9)*n(6)*n(3)*n(6)*n(3)*n(1)*n(3)*n(1)*n(1)





關於數獨的數學知識, 你可以到下列網站來取得, http://en.wikipedia.org/wiki/Mathematics_of_Sudoku
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「邏輯」是甚麼?


對一個開始學習去探索這個世界的學子而言，邏輯是最重要的工具之一。

最基礎的邏輯就是二分法，也就是「是」與「非」，或者在電腦科學裡面的「0」與「1」。這是人類在認知上、與他人溝通上的最小分類方法。所以學習邏輯對中小學生而言是非常重要的，因為這是所有知識的基礎，也是所有信仰的基礎。

如果依某一特定的角度、在某一特定時候，你無法判斷某個事物是「是」或「非」、或者「存在」或「不存在」，那你就是不了解這個世界，同時你也不了解你自己。




從解數獨來學習邏輯

學習邏輯可以變成一件有趣的事情，如果我們能夠從遊戲中去學習的話，而數獨就是一種很好玩的遊戲。我們可以列舉很多以數獨來學習邏輯的優點:


	它的規則相當簡單, 任何一個人能夠在5分鐘內了解它。



	它又夠複雜，它可以有多達數十億種的組合。



	它可以分各種不同的困難程度，來讓不同程度的人都能使用。








以學習 Python 程式設計來學習邏輯

學習一種電腦語言是一種很直覺的方法來學習邏輯。Python 是一種直譯式電腦語言，提供一種簡便的方式來實作程式的設計。你可以在下面官方網站來取得該電腦語言的所有資源:  https://www.python.org/。我們從其 FAQ<https://docs.python.org/3/faq/general.html> 中剪輯一段來說明為何 Python 適合程式設計的初學者:


	問題:

	對一個程式設計初學者而言，Python是否是一個好選擇？



	解答:

	是的。

現在學生開始學習程式時，還是在使用傳統的電腦語言，如 Pascal, C, C++。但這是有點古板了，學生應該得到更好與更簡單的方法來開始他們的程式探索，而 Python 就提供了這些特點。它擁有非常簡單及一致的文法結構，以及大量的標準程式庫，最重要的是，它讓學生能夠將心思放在解決問題的程式設計技巧上，而不是在電腦科學的細節上。使用 Python，學生可以很快地學習程式設的基本知識，如回圈(loops)、程序(procedures)。甚至在第一堂課，就可以讓他們嘗試使用自訂的物件。

一個從來沒有程式設計經驗者，一開始就使用靜態式電腦語言(如C等)似乎是不自然的。它讓學生必須先去了解電腦複雜的內部結構，使整個課程緩慢下來。 學生必須學習如何使用電腦的角度來思考、解決問題及設計界面。雖然就長期目標而言，學習靜態式電腦有其必要性與利益性，但對初學者而言，大可不必將程式設計的門檻弄得那麼高。

Python擁有很多優點來當作學習程式設計的首選電腦語言。就如同 Java，它擁有大量的標準程式庫，可以讓學生在課堂上去實作一些專案，而這些專案都可以是一些實用的應用程式，而不是簡單的加減乘除四則運算。同時，使用這些標準程式庫可以讓學生學習程式的再利用。其他豐富的第三方模組也非常好用，如 PyGame，都可以直接拿來讓學生使用。

Python是一個互動式的直譯器，可以讓學生直接邊撰寫程式邊測試。它可以讓你在一個視窗邊寫程式，而在另外一個視窗執行與測試這些程式碼。








這個程式庫的特點

這世上已經有太多的數獨遊戲或者學習程式，有些是為了娛樂，有些是為了數學的研究，而此專案則是專注在邏輯的學習上。而且，這裡的邏輯是專門以人的角度為出發點，而不是電腦科學的角度。所以這個專案有以下特點:


	讓人們學習「邏輯」 的基本精神。



	它「不是」要成為一般性的程式設計課程。



	它「不是」要成為嚴謹的數學研究。



	探索解數獨的方法是以人的角度，而「非」電腦科學角度。



	讓人們自己去發現解數獨的方法，並且以自己的文字來命名它。( 這雖然不在此 Python Package  裡面，但必須將此安排在課程裡面。)



	讓人們能夠學習 Python 程式設計以時做學生們自己探索出來的方法。



	學習以物件導向程式設計(OOP)來求解數獨。OOP方法可以比擬為人的思考與行為角度。
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課程計畫

我們可以安排一個暑期數獨營來上這些邏輯探索課程. 我們可以預先安排六種難易度不同的數獨題目. 目標不是讓學習者學會所有的數獨解法, 而是讓他們找到適合自己程度的數獨. 我們的目標不是教他們所有的解決數獨的技巧, 而是教他們邏輯. 所以, 我們可以讓不同的學習者, 使用不同的教材, 並且以邏輯的精神來解決它.


誰適合上這些課程呢?

每一個上過小學3-4年級課程的人都適合.




第一步: 以手寫來解數獨


	時數:

	14小時, 2小時/每天, 共 7 天



	目標:

	
	讓每個學習者找到適合他程度的數獨



	學習電腦基礎知識












第二步: 學習去發現解決數獨的方法


	時數:

	14小時, 2小時/每天, 共 7 天



	目標:

	
	當他們發現一個模式來解決時, 用自己的語言來命名, 並且寫下字句來描述此模式.



	讓他們將自己發現的方法闡述給他人聽.



	從解決他們以前家庭作業的方式來學習 Python 基本程式的撰寫, 如從 1 加到 100 等等...












第三步: 開始撰寫 Python 程式來實踐自己發現的方法


	時數:

	14小時, 2小時/每天, 共 7 天



	目標:

	
	學習物件導向程式設計(OOP)的基礎觀念.



	學習使用 OOP 來模擬他們所發現的方法.
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如何在 Python 中製作一個解數獨的模擬環境?

我們認為, 類別定義, 是在OOP程式設計中最困難的部分. 所以在這些課程中, 我們不準備詳細地解釋如何設計類別, 屬性與方法. 我們只會解說在這個程式庫中既有的類別, 屬性與方法. 所以我們可以類比這些類別, 屬性與方法所構成的資料結構是一個解決數獨的模擬環境, 以便讓學習者以人的思考模式來學習如何解開一個數獨.

首先, 我們可以想像在一個美麗的山谷中, 有 9x9  間方方正正的房子, 它們排列如下:

[image: _images/p4.png]

一個假想的聯合王國

這裡有 9 個國家, 每一個國家有 9 個人, 他們決定一起定居在這個美麗的山谷. 而這個山谷共有 9x9 間房子.  他們決定每一排(x-way line), 每一列(y-way line), 及每一個 3x3 區塊都包含了每一個國家的人. 如此, 他們才會認為他們這個團體才是一個真正的聯合王國, 可以永久和平地生活在一起. 你可以幫助他們達到這個目的嗎?



接著, 我們就可以開始協助這些人來促成這一個美好的世界...


甚麼是類別? 甚麼是物件?

在OOP中，類別(class)的定義是主角。它就如同人類j為了探索、溝通或者紀錄等目的，會將有同樣行為、特性與外表的事物歸類一樣。如同我們會將動物當作一類，而大象就是動物類別的一個子類別，一隻大象就是同屬於動物及大象這兩類的一個物件。

雖然在自然上，一隻大象這個物件同時隸屬於大象類及動物類，但看目標的需要，也可以直接將一隻大象當做動物類別的一個物件即可。所以我們可以說在 OOP 所說的物件(Object)就是我們現實世界的一個實體，就如同人類若是一個類別，那你就是隸屬此類別的一個唯一獨立的物件。

依據我們設定的範圍與需要，我們可能設計出不同的類別，而讓同一個物件同時隸屬於它們。如我們想要研究城市生態時，我們可能會設計一個 animal 類別，而這個類別中的物件包括一些人，一些寵物等等...但當我們想要製作一個電話簿程式時，那我們就會設計一個 person 類別，一些人會成為此類別的物件，但不會包括寵物，除非這些寵物也都擁有手機。

在這個專案中，我們設計的主要類別有:


	Number Class:


我們可以視數獨遊戲中每個數字是一個人。而整個數獨世界中有 9 個國家，每個國家有 9 個人。如此，這個 Number Class 就可以視為是一個國家類別。每一個國家都有一個識別代碼(ID)，在這裡是 1-9，而每個國家都會紀錄它的人民住在這山谷中的位置。






	Point Class:


Point 物件就是一間房子。 每間房子都會標註它是否已住人，如果已住人，那是哪個國家的人民；如果是空的，那可以讓哪些國家的人民來申請入住？






	GroupBase Class:


GroupBase是一種群組類別，也就是它的物件不是一個實體，而是一群實體的組合。在這裡的 GroupBase 包含了三種群組，X 與 Y 軸方向的房子群組及區塊房子群組。 每個物件都將指出它包含了哪些房子，已經住了多少人，還有哪些國家的人民還沒住進來？






	Box Class:


它是GroupBase的子類別，為區塊群組。在數獨世界中總共有 9 個區塊物件，從左到右，從上到下，被標註其區塊代碼如下:

[image: _images/p5.png]





	lineX Class:


這是 GroupBase 子類別，為 X 軸的房子群組。在數獨世界中共有 9 個物件，從左到右被標註 1-9，如下圖:

[image: _images/p6.png]





	lineY Class:


這是 GroupBase 子類別，為 Y 軸的房子群組。在數獨世界中共有 9 個物件，從上到下被標註 1-9，如下圖:

[image: _images/p7.png]





	Matrix Class:


Matrix class定義了數獨遊戲的整個世界。它是一個美麗的山谷，包含了 9 個國家的人民，每一個國家有 9 個人，山谷中建造了 9x9 間房子以提供給這些人民來居住，以組成一個永遠和平的聯合王國。











甚麼是屬性(Property)？

屬性(Property)是在類別(Class)的定義裡面，類別用它來定義成員，特徵及紀錄狀況。如在一個人的類別裡面可能會包含以下一些屬性: 這人擁有多少錢、他有幾個小孩子、第一個小孩是男或是女、每個小孩各是幾歲?

以下是這個專案中幾個主要類別的主要屬性定義:


	Number class:



	v: 這個國家的代碼, 1-9



	p: 這個國家每一個人民所居住的房子列表



	filled: 有多少人已經住進房子了










	Point class:



	x: 這個房子的 x 軸座標



	y: 這個房子的 y 軸座標



	v: 這個房子居住了哪個國家的人民，如果是空的，那它的值就是 0



	b: 這個房子隸屬哪個區塊










	GroupBase class:



	idx: 這個群組的代碼



	p: 隸屬這個群組的房子列表



	filled: 在這個群組裡面已經居住了多少人



	possilbe: 在這個群組裡面還有哪些國家還沒住進來，值為這些國家的代碼列表













什麼是「effects」？

當我們說一個區塊(box)的**effects**，是說與這個區塊有相同的 x 與 y 軸方向的其他四個區塊。所以，effectsX就是有同樣 x 軸方向的區塊，effectsY就是有同樣 y 軸方向的區塊。




	Box class:



	包含所有 GroupBase 的屬性



	effects: 這個區塊的所有鄰居區塊



	effectsX: 這個區塊的 x 軸方相鄰居



	effectsY: 這個區塊的 y 軸方相鄰居










	lineX class:



	與 GroupBase 的屬性相同










	lineY class:



	與 GroupBase 的屬性相同










	Matrix class:



	p: 一個二階陣列的房子列表，從 p[0][0] 到 p[8][8]，代表這個山谷的所有房子。



	lineX: x 軸方向房子群組的列表



	lineY: y 軸方向房子群組的列表



	b: 區塊房子群組的列表



	n: 所有國家的列表



	filled: 紀錄已經有多少人入住在這個山谷了















甚麼是方法(Method)？

方法(methods)是一個類別及其物件的一些特定行為。舉個例子，如果我們定義了一個收音機類別，它將包含一些按鈕的屬性，而當我們按下這些按鈕時，我們就必須定義一些方法來執行這個動作。這些動作有可能是開始接收某個電台的節目、或者是錄製節目到CD等等...

以下是這個專案中的類別中使用道的主要方法:


	Number class:



	setit(p1): 當有人找到屬於自己的房子時，就會啟動這個方法










	Point class:



	can_see(p1): 測試一個房子是否能夠**看到**另外一個房子(p1)?



	can_see_those(posList): 測試一個房子能否**看見** posList 所列的房子，並將所有能看見的房子列表傳回。






註解

甚麼是「看見」？

對一個房子而言，與它同一排、同一列、或者同在一個區塊的其他房子，都是它能夠**看見**的房子。








	GroupBase class:



	allow(v): 測試一個房子群組能否讓標記為 v 的國家人民來居住？



	get_num_pos(v): 在這個房子群組中，取得 v 國人民居住的房子物件，如果該國尚未有人入住，則以None來回應。



	count_num_possible(count): 在一個房子群組中，取得國家的id及可供該國人民居住的房子列表，如果有參數 count，則表示要取得的可供居住的房子數要等於 count 才取回。



	get_all_pos(method): 如果 method = “a”， 取得一個房子群組的所有房屋物件列表；如果 method=”u”，則取得所有空房列表；如果 method=”s”，則取得所有已住人的房子列表。










	Box class:



	所有 GroupBase 類別的方法



	get_group_number(num): 測試這個國家代碼  num 在一個房子區塊中能否形成一個 虛擬國民？






註解

甚麼是「虛擬國民」？

虛擬國民存在於一個房子區塊群組中。在一個區塊中尚未有人入住的房子中，如果所有可能讓某個國家居住的房子在同一個方向時(無論是 x 軸或 y 軸)，那我們就可以稱這些房子形成了一個**虛擬國民**。雖然我還不曉得在這個區塊中，這個國家的人民最後將居住在哪裡，但我們從虛擬國民中知道，在與它同個方向的其他區域的房子，都將不允許居住這個國家的人民了。








	lineX class:



	與 GroupBase 有相同的方法










	lineY class:



	與 GroupBase 有相同的方法










	Matrix class:



	get_all_pos(method): 如果 method = “a”， 取得所有房屋物件列表；如果 method=”u”，則取得所有空房列表；如果 method=”s”，則取得所有已住人的房子列表。



	sort_unassigned_pos_by_possibles(possibles): 取得所有的空房列表，而這些空房數必須僅能夠讓 possibles 個國家的人入住，如果 possibles == 0,  將取得全部空房。回應回來時將以可居住國家數 ，從小排到大。



	can_see(p0, method=”u”, num=0): 取得能夠看見某一房子(p0)的房子列表，如國 num!=0，表示僅取得可讓國家代碼為 num 者居住的房子。



	setit(x, y, v): 讓國家代碼為 v 的人民安住在座標為(x, y)的房子。



	reduce(x, y, v): 當一個房子(x, y)被入住時，任何能夠看見此房子的其他空房，都可用此方法來減掉已入住這個國家人民(v)的可能性。



	allow(x, y, v): 測試這個國家(v)的人民是否能夠居住於座標(x, y)的房子？



	read(file): 從一個定義檔(file)中讀入最初到此山谷的國家、人民與居住位置。















數獨遊戲定義檔案

你能夠定義數獨遊戲的最初狀況。在文字檔中一行定義一個房子的座標及居住者，格式為x, y, v，如下圖，此專案附有一些已定義好的數獨，置於 [安裝的目錄]/sudoku/data/ 目錄裡。


一個定義範例、最初的外觀以及解出來的外觀






	m3.data
	起始的數獨外觀


	已解的數獨外觀






	[image: _images/m3.png]

	[image: _images/origin.png]

	[image: _images/result.png]
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撰寫 Python 程式來解數獨了

當我們已經在電腦建構好一個數獨模擬世界時，對那些我們以前使用手寫的方式所發現的解數獨方法，我們就可以著手來將其以電腦語言(這裡是 Python)來重新闡述。就術語來說，稱為程式設計(Programming)。所以程式設計可以視為我們在教導電腦如何去執行我們解決問題的方法。

一開始，我們先介紹這個專案整個求解數獨的環境，然後我們再說明一些基本方法。


求解環境

我們設計了 solve() 這個函數來做整個求解數獨的入口，另外也定義了兩個事件類別，SudokuDon 及 SudokuError，以處理求解過程中發現已經解開數獨或者產生違反數獨規則的狀況。


註解

甚麼是「例外處理(Exception)」？

「例外處理(Exceptions)」是一種事件定義，當構成這個事件的條件滿足時，系統就會停止處理目前的事務，而跳到該事件的處理程序。在這個專案中有兩個主要的例外處理：


	SudokuDone:

	當這個數獨已經被解開時，這個例外處理會被叫醒



	SudokuError:

	當求解過程中發現違反數獨規則時，這個例外處理會被叫醒







為了讓整個求解環境能夠知道有多少種求解方法它能夠使用，我們設計了一個類別，SolveMethod。我們以這個類別來將所有的求解方法置入成一個**虛擬大腦**。我們可以將這個虛擬大腦視為是這個美麗山谷的守護神。每當有新進來此山谷者，找不到居住所時，都可以透過祂來選擇出適合的房子，但祂也可能回答：「對不起，我也不知道該如何選擇！」

對**虛擬大腦**而言，每一個解數獨的方法都化為一個 SovleMethod 物件儲存在裡面，這些物件有以下主要屬性：



	fun: 解數獨方法的 Python 函數名稱



	idx: 方法的排序，從簡單的方法開始到困難的方法依序排列，虛擬大腦將依序一個一個地使用這些方法來解開數獨。



	name: 此方法的名稱，使用者可以自訂其名稱



	level: 困難度，對人的直覺而言。系統用此來計數解開整個數獨的困難積分。











求解過程

下面是主要求解函數，solve()，的流程圖：

[image: _images/flowchart.png]

註解

「有用(work)」或「沒用(not work)」？

一個求解方法如果是「有用」，表示它能夠：


	讓一個或多個人找到他們的居所



	或者是可讓一間或多間房子知道一個或多個國家的人不能居住在他們的房子







在這張流程圖中，我們知道：


	當一個求解方法有用時，設定了一個人的住所或降低了一間房子可居住者的可能性時，整個虛擬大腦會重新回到第一個求解方法來繼續求解。



	假如一個求解方法沒用時，它會交給下一個方法來解決。



	當到最後一個方法都沒用時，他會離開整個求解環境並說：「我無法解開這個遊戲，抱歉！」



	在整個求解過程中，如果發現已解開數獨(Done)或者違反了數獨規則(Error)時，它就會跳離整個求解環境。








一些基本求解方法


	fill_only_one_possible:

在每一個房子群組中，檢查每一間房子，是否只有一間房子能夠讓某國的人民居住，如果是，則該間房子必然要讓那國的人民遷入。



	fill_last_position_of_group:

當一個房子群組中只剩一間空房時，那必然是只有一個國家的人民尚未入住。



	check_obvious_number:

檢查每一個國家中已經定居的國民，看他們所在的位置所交互影響、而尚未有該國人民入住的區塊中，是否可以找到僅剩一間房子容許該國國民來定居，如果是，則可以很明顯地配給該房子給與該國的人民。



	check_inobvious_number:

這個求解方法與 check_obvious_number 相同，只是先找到一些區塊的虛擬國民，讓他們以及已定居的國民一起來探測其他尚未有本國國民居住的區塊。






甚麼是「鏈結(Chain)」？

「鏈結(Chain)」是由同一個房子群體中兩個或以上的空房子所組成。形成的要件就是這在這些房子中所有可能能夠居住在這些房子裡面的國家總數與這些房子的總數相等。如此我們就可以說這些房子形成了一個鏈結。這些國家的人都只能居住在這些房子上，而在同一房子群體的其他空房子則不再可能居住這些國家的人民。




	reduce_by_group_number:

如果在一個房子區塊中形成了一個虛擬國民時， 那與這個虛擬國民同方向的房子群組中的其他空房子，就不可能居住這個國民。



	update_chain:

當一些房子開始住人以後，會影響一些房子不再能夠允許一些國家的居民，而這些空房子可能因此在一個房子群組中(x軸、y軸、區塊)中產生了一個**鍵鏈(Chain)**。這個方法就是去尋找可能的鍵鏈，並將鍵鏈所影響的空房子減少它們被這些鍵鏈的國民居住的可能。








如何去實作一個求解方法呢？

我們來實作一個只為一個國家的人民來看是否能有一個直覺的方法來為一個尚未有該國住民的區塊找到住所，我們命為 check_obvious_for_a_country(m, num)：


 1  def check_obvious_for_a country(m, num):
 2  checked = list()
 3  for p1 in m.n[num].p:
 4      for b in m.b[p1.b].effects:
 5          possible = []
 6          if b in checked:
 7              continue
 8          else:
 9              checked.add(b)
10          if num not in m.b[b].possible:
11              continue
12          for p2 in m.b[b].p:
13              if p2.v != 0 or p2.can_see(p1) > 0:
14                  continue;
15              if not m.lineX[p2.x].allow(num):
16                  continue
17              if not m.lineY[p2.y].allow(num):
18                  continue
19              possible.append(p2)
20          if len(possible) == 1:
21              m.setit(possible[0].x, possible[0].y, num, d="Obvious For a Country People")



	line#1, 定義一個求解方法, m 是這個遊戲的數獨世界，num 則是一個國家代碼, 可能值為1-9。



	line#3, 將每一個已經入住此山谷的此國國民都找出他們的住所。



	line#4-9, 檢查每一個尚未被檢查的房子區塊。



	line#10-11, 如果此區塊已有該國人民居住，那就不用檢查了。



	line#12-19, 檢查此區塊每一個空房是否可以讓該國的人民來居住。如果是，則將該房子放進去可能的名單裡面。



	line#20-21, 最後檢查可能的名單中，如果只有一個時，那就表示該房子必然由該國人民來居住。
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程式詳解: sudoku套件

這是使用物件導向程式設計來求解數獨的程式庫


	
class sudoku.sudoku.Box(idx, p)[source]

	Box


	
get_group_number(num, pos=, []notInLineX=None, notInLineY=None)[source]

	如果在一個區塊群組中所有尚未被給填上的代碼, num, 其可能填上此 num 的 Point 物件有同樣的 x 軸或 y 軸座標時, 我們稱為 Group Numer。










	
class sudoku.sudoku.Chain(numList, posList)[source]

	一個鏈結(chain)是由同個群組中2個以上的空白點組合起來，在這些點上的可被填上的代碼總數剛好等於這些點數，所以在同個群組中的其他空白點就不可能被填上這個鏈結上的所有代碼。






	
class sudoku.sudoku.GroupNumber(b, num, p, direction, idx)[source]

	在區塊群組中的 Group Number






	
class sudoku.sudoku.LineX(idx, p)[source]

	x 軸線群組






	
class sudoku.sudoku.LineY(idx, p)[source]

	y 軸線群組






	
class sudoku.sudoku.Matrix(file='')[source]

	數獨遊戲的整體物件


	
allow(x, y, v)[source]

	檢查座標為 (x, y)  的點(Point)物件能否填入數字 v






	
can_see(p0, method='u', num=0)[source]

	get the possition list which can see the position, p
method: “u”: un-assigned positions, “a”: all, “s”: assigned positions
num: if method=”u”, the position must have be possible to be filled the number






	
get_all_pos(diff=, []method='a', num=0, chain=None, possibles=None)[source]

	get all postion






	
print_rec()[source]

	列印所有的求解過程






	
read(file)[source]

	讀取數獨遊戲的定義檔






	
reduce(x, y, v, d='set', check=False, info='')[source]

	reduce the position(x, y)’s possible numbers from v
Return:

int, as following
2 -- if set a number,
1 -- if just set number
0 -- if is not in the possible set, if check is True, it will raise an SudokuError exception










	
setit(x, y, v, d='define', info='')[source]

	set the position x, y to be the number v
return: >=1 if set successfully, 0 if it can’t be set the number v






	
sort_unassigned_pos_by_possibles(possibles=0)[source]

	Get unassign position’s possible number list, format is [p1, p2,...]
and Sorted By the possible numbers
possibles: 0 for all, >=2, mean get only the possible numbers for it










	
class sudoku.sudoku.Number(v)[source]

	數字物件


	
can_see_by_group_number(p1)[source]

	Check if the position, p1, can be seen of all this number’s group number”
return: gn if can be seen by it, or None






	
setit(p1)[source]

	儲存所有非空白的點到 p 這個列表










	
class sudoku.sudoku.Point(x, y)[source]

	在數獨表中的一個點


	
can_see(p1)[source]

	this position can see p1? the value can’t be 3 or 7 it means the same pos
rtn: 0: can’t see p1


1: can see it in x line
2: can see it in y line
4: can see it in the box







	
can_see_those(posList)[source]

	check this position can see which positions in the posList, a [(x, y),...] list










	
class sudoku.sudoku.SolveMethod(fun, idx, name='', level=0, obvious=True)[source]

	求解法物件






	
exception sudoku.sudoku.SudokuDone(x, y, v)[source]

	一個例外處理，當數獨遊戲中每個點都被填滿時產生






	
exception sudoku.sudoku.SudokuError(x, y, v, t)[source]

	一個例外處理，當一個點無法被設定或減掉某個數字(v)時而產生, 其中 type 為 s 表示為設定動作, r 表示為減掉動作






	
exception sudoku.sudoku.SudokuStop[source]

	一個例外處理, 當求解紀錄達到 recLimit 時 (除錯時用)






	
exception sudoku.sudoku.SudokuWhenPosSet(x, y, v)[source]

	一個例外處理, 當一個座標列表, [(x1, y1), ...], checkPos 有設定時, 這些點中如有被設定時, 就會引發此事件的處理






	
sudoku.sudoku.check_inobvious_number(m, first=1, only=False)[source]

	Check every number which has been assigned and known as group-number and its effect’s boxes’ does not have assigned that number”
Only: False, check all numbers


True, check the first number only


first: the first number to be checked






	
sudoku.sudoku.check_line_last_possible_for_number(m, first=1, only=False)[source]

	檢查每一個 x 軸或 y 軸線群組，是否只剩一個點能夠填上某個數字






	
sudoku.sudoku.check_obvious_number(m, first=1, only=False)[source]

	Check every number which has been assigned and its effect’s boxes’ does not have assigned that number
Only: False, check all numbers


True, check the first number only


first: the first number to be checked






	
sudoku.sudoku.compare_result(m, emu, result)[source]

	比較所有的結果列表，比較每個列表從原本最後一筆紀錄之後的行動紀錄，如果有相同者，則表示每一種狀況都會導致這個結果，那此行動就應該是符合邏輯的，可以照做無誤






	
sudoku.sudoku.emulator(m, x, y, v, targets=, []checkval=0)[source]

	emulate the x, y to be set v, then start to use some basic methods to try to solve
it will stop when and return
1: one of the targets have been set the checkval
2: isDone
-1: error is True
0: all basic methods have been tested, and can’t solve
and the result matrix






	
sudoku.sudoku.fill_last_position_by_setting(m, sets)[source]

	When setting a number, may cause 1-3 groups left only one possible position
check if a group have only position left, just set it






	
sudoku.sudoku.fill_last_position_of_group(m, first=1, only=False)[source]

	假如在一群組(線或區塊)中只剩一個空白點時






	
sudoku.sudoku.fill_only_one_possible(m, first=1, only=False)[source]

	檢查每一個空白點，看是否在可能的數字列表中只剩一個。


	Args:

	m: Matrix Object
first (int): the first number of checking
only (bool): just check the first number or not

	Returns:

	in the tuple format (sets, reduces, method Index to restart using, first, only)








	
sudoku.sudoku.guess(m, idx=0, first=0, only=False)[source]

	Guess Method






	
sudoku.sudoku.reduce_by_emulate_possible_in_one_position(m, first=1, only=False)[source]

	when a position(p1) has 2 or more possible numbers,
we can emulate every possible number and get its result,
1. if it causes an error, we can reduce that number,
2. if it can solve the sudoku, we can set this number,
3. if all possible number can’s get condition 1 or 2, we can compare their rec, if they have the same records, we can do it.






	
sudoku.sudoku.reduce_by_emulate_possible_number_in_group(m, first=1, only=False)[source]

	when a group(lineX, lineY, Box) has 2 or more position have the same possible number,
we can emulate every position to set the number and get its result,
1. if it causes an error, we can reduce the position’s possible number from that number,
2. if it can solve the sudoku, we can set this number in the position,
3. if all possible position can’s get condition 1 or 2, we can compare their rec, if they have the same records, we can do it.






	
sudoku.sudoku.reduce_by_group_number(m, first=1, only=False)[source]

	以 Group Number 來消減其他點的可能數






	
sudoku.sudoku.reduce_by_two_possible_in_one_position(m, first=1, only=False)[source]

	當一個點(p1)只有兩個能數時，我們可以先假設這個點其中一數(設為first)，然後將此點設為另外一數(設為second)來模擬f求解，看這求解過程中，first這個數落在哪些點上，那對所落的點與p1有所交集(兩個點都能看見)的空白點而言，都不可能存在填入first這個數的可能，而可以讓這些點將這個可能數消除。






	
sudoku.sudoku.reg_method()[source]

	註冊所有求解法為一個個物件並儲存成一個列表送回給呼叫者






	
sudoku.sudoku.set_obvious_method_for_pos(m, method1, p1, v)[source]

	Check is there an more obvious method for the position, p1 than method1
Obvious methods include fillLastPostionOfGroup=0 and checkObviousNumber=1
return: True: set, False: not set






	
sudoku.sudoku.solve(file, loop_limit=0, rec_limit=0, check=None, level_limit=0, emu_limits=2, use_try=True, use_emu=False)[source]

	Solve a sudoku which define in a file!
loopLimit: the limit for the method loops, 0: no limits
recLimit: when the records >= recLimit, it will stop, 0: no limits






	
sudoku.sudoku.try_error(m=None, file='', depth=0)[source]

	Try Error Method, only fill the first possible postion






	
sudoku.sudoku.update_chain(m, first=1, only=False)[source]

	檢查與更新 Matrix 物件(m)的鏈結狀況與資訊，並取得鏈節總數(>= 0)。






	
sudoku.sudoku.update_group_number(m, num)[source]

	Update the group number, num, in a box, and store those group number in m.n.group list
return: >=0 means the group number’s amount in the matrix, m






	
sudoku.sudoku.update_indirect_group_number(m, num, amt=0, start=0, first=1, only=False)[source]

	Update in-direct Group Number, formed by the assigned number and groupnumber already known,
a recursive function






	
sudoku.sudoku.write_down_possible(m, first=1, only=False)[source]

	如果常數 WRITEN_POSSIBLE_LIMITS 設定為 1..9 時，則表示要像人一樣將每個點的可能數 <= WRITEN_POSSIBLE_LIMITS 都寫在點上，讓人可以看出這些數的關聯而繼續求解
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  Source code for sudoku.sudoku

"""
.. module:: sudoku
   :platform: Unix, Windows
   :synopsis: oop's method of solving sudoku

.. moduleauthor:: Robert J. Hwang <RobertOfTaiwan@gmail.com>
"""

import sys
import copy
import itertools
import traceback
import time
import os

# global variable
methodLoopIdx = 0  # the index of the methods loops
methodIdx = 0  # the method idx which run now
checkPos = None  # set this varible, if you want to make an exception when this position has been set
writeDownAlready = False  # if the every un-assigned positions have been writen down their possible number?
emulatePossibles = 2  # to set the possibles when using emulate method, for both positions and numbers
tryStack = []  # the try Stack
tryIdx = 0
tryUse = True
emuUse = True
Scope = 0  # the scope of difficult level
Level = 0  # the level Limit, 0 means no limit
NowPath = os.path.abspath(os.path.dirname(__file__))

ACTION_SET = 's'  # action of set number
ACTION_REDUCE = 'r'  # action of reduce number
WRITEN_POSSIBLE_LIMITS = 3  # When a position's possible numbers <= this numer,
# it will be assume that it's possible number has been writen down for a human,
# 0 is same as 9 means no any limit
ACTION_GET_INFO = False  # if want to get the info of an action,
# those can be re-played by the info to describe the action
SCAN_ONE_NUMBER = True  # in the methods of scanning numbers, use this to scan only one number
SCAN_ALL_NUMBER = False  # in the methods of scanning numbers, use this to scan all numbers
SCAN_DEF_BEGIN = 1  # in the methods of scanning number, the default begin number
METHOD_DEF_BEGIN = 0  # the default idx of a serial methods to start
METHOD_FILL_LAST = 0  # the idx of the method of filling the last position in a group
METHOD_CHECK_OBVIOUS = 1  # the idx of the method of check obvious numbers
METHOD_WRITE_POSSIBLE = 4  # the method which write down all possible numbers in the positions
DEBUG_MODE = True  # it is in the debug mode?
CHECK_MORE_OBVIOUS = True  # When a postion will be setting in a method, does check it for more obvious way?
METHOD_BASIC_LEVEL = 7  # Basic methods
METHOD_EMULATE_START = 8  # the emulate method begin idx
METHOD_USE_TRY = True  # the default of using try method or not
METHOD_USE_EMU = False  # the default of using emulator
METHOD_LEVEL_LIMIT_WHENTRY = 2  # if start using try, set the level limit to use


[docs]class SudokuError(Exception):
    """An exception when x, y can't be set or reduce to or form the number v
    t: is the type: 's' means set, 'r' means reduce"""

    def __init__(self, x, y, v, t):
        self.x = x
        self.y = y
        self.v = v
        self.t = t



[docs]class SudokuDone(Exception):
    """An exception When the table has been filled 81 positions"""

    def __init__(self, x, y, v):
        self.x = x
        self.y = y
        self.v = v



[docs]class SudokuStop(Exception):
    """An exception When the the record number >= recLimit"""

    def __init__(self):
        pass



[docs]class SudokuWhenPosSet(Exception):
    """An exception When the position, checkPos, has been set, and program want to setit"""

    def __init__(self, x, y, v):
        self.x = x
        self.y = y
        self.v = v



[docs]class Point:
    """A Position in a Sudoku's table"""

    def __init__(self, x, y):
        self.x = x
        self.y = y
        self.v = 0
        self.possible = list(i for i in range(1, 10))
        self.writen = False  # does the position's possible number has been writen by man
        self.b = int(x / 3) * 3 + int(y / 3)  # the box index which this position belong to

    def __repr__(self):
        return "p({0},{1})".format(self.x + 1, self.y + 1)

[docs]    def can_see(self, p1):
        """this position can see p1? the value can't be 3 or 7 it means the same pos
        rtn: 0: can't see p1
             1: can see it in x line
             2: can see it in y line
             4: can see it in the box"""
        if self == p1:
            return -1
        rtn = 0
        if self.x == p1.x:
            rtn += 1
        if self.y == p1.y:
            rtn += 2
        if self.b == p1.b:
            rtn += 4
        return rtn


[docs]    def can_see_those(self, posList):
        """check this position can see which positions in the posList, a [(x, y),...] list"""
        rtn = []
        for x, y in posList:
            if self.x == x and self.y == y:
                continue
            if x == self.x or y == self.y:
                rtn.append((x, y))
        return rtn




class GroupBase:
    def __init__(self, idx, p):
        self.idx = idx
        self.p = p
        self.filled = 0
        self.possible = list(i for i in range(1, 10))
        self.chain = []  # store this group's chain positions

    def allow(self, v):
        """check the group can be filled the number(v)?"""
        for p1 in self.p:
            if p1.v == v:
                return False
        return True

    def get_num_pos(self, v):
        """get the position of a group which have been filled the number(v)"""
        rtn = None
        for p1 in self.p:
            if p1.v == v:
                rtn = p1
                break
        return rtn

    def count_num_possible(self, count=1):
        """get the un-assigned position in this group, and possible numbers only in [count] postions
        return: [(num,[p1, p2...]),...]"""

        rtn = []
        # count all possible number in to c and pos list, c is the times it show in the posiiton,
        # p records which positions
        c = list(0 for x in range(9))
        pos = list([] for x in range(9))
        for p1 in self.get_all_pos(method="u"):
            for num in p1.possible:
                c[num - 1] += 1
                pos[num - 1].append(p1)
        # get all the times = count
        for i in range(9):
            if c[i] == count:
                rtn.append((i + 1, pos[i]))

        return rtn

    def get_all_pos(self, diff=[], method="a", num=0, notInLineX=None, notInLineY=None, chain=None, possibles=None):
        """
        get position list in this group
        diff: exclude the positions in it
        method: a: all, s:has assigned, u:not assigned
        num: if method is u and set the number to 1-9, will get all possible pos which are possible to be assigned the num
        notInLineX: exclude the x line's positions
        notInLineY: exclude the y line's positions
        chain: if set, check it, if it is True, just get the chain positions, or get the un-chained postitions
        possibles: if method="u" and possibles!=None, it will only get the possible set's length = possibles
        """
        rtn = []
        lGetOtherThan = len(diff) > 0
        for p1 in self.p:
            if (method == "u" and p1.v != 0) or (method == "s" and p1.v == 0):
                continue
            if lGetOtherThan and p1 in diff:
                continue
            if num != 0 and method == "u" and num not in p1.possible:
                continue
            if p1.x == notInLineX or p1.y == notInLineY:
                continue
            if chain is not None:
                if (chain and p1 not in self.chain) or (not chain and p1 in self.chain):
                    continue
            if possibles and method == "u":
                if len(p1.possible) != possibles:
                    continue
            rtn.append(p1)
        return rtn


[docs]class LineX(GroupBase):
    """Line of X"""

    def __repr__(self):
        rtn = ""
        for x in self.p:
            rtn += "{0:3d}\n".format(x.v)
        return rtn



[docs]class LineY(GroupBase):
    """Line of Y"""

    def __repr__(self):
        rtn = ""
        for x in self.p:
            rtn = rtn + "{0:3d}".format(x.v)
        return rtn



[docs]class Box(GroupBase):
    """Box"""

    def __init__(self, idx, p):
        super(Box, self).__init__(idx, p)
        x = int(idx / 3)
        y = idx % 3
        # record all the box's related boxes 
        self.effects = set()
        self.effectsX = set()  # x-direction's effect boxes
        self.effectsY = set()  # y-direction's effect boxes
        for i in range(3):
            for j in range(3):
                if (i == x and j != y) or (i != x and j == y):
                    idx = i * 3 + j
                    self.effectsX.add(idx) if i == x else self.effectsY.add(idx)
                    self.effects.add(idx)
        self.groupnumber = set()  # record the box's group number

    def __repr__(self):
        rtn = ""
        for i in range(3):
            for j in range(3):
                p1 = self.p[j * 3 + i]
                rtn = rtn + "{0:3d}".format(p1.v)
            rtn += "\n"
        return rtn

[docs]    def get_group_number(self, num, pos=[], notInLineX=None, notInLineY=None):
        """if the unassigned num in this box which it's all possible positions have the same direction,
        we call it as a GroupNumber"""
        if len(pos) <= 0:
            pos = super(Box, self).get_all_pos(num=num, method="u", notInLineX=notInLineX, notInLineY=notInLineY)

        amt = len(pos)
        if amt < 2 or amt > 3:
            return None

        # check the first two position and decide the direction
        if pos[0].x == pos[1].x:
            idx = pos[0].x
            direction = "x"
        elif pos[0].y == pos[1].y:
            idx = pos[0].y
            direction = "y"
        else:
            return None

        # if there is three possible position, check it
        if amt > 2:
            if not (pos[2].x == idx if direction == "x" else pos[2].y == idx):
                return None
        # record the number
        self.groupnumber.add(num)

        return GroupNumber(self.idx, num, pos, direction, idx)




[docs]class GroupNumber():
    """Group Number in Box"""

    def __init__(self, b, num, p, direction, idx):
        self.b = b  # box idx
        self.num = num  # 1..9
        self.p = p  # the positions' list which form a group number
        self.direction = direction  # "x": as a x-line's number, "y": as a y-line's number
        self.idx = idx  # x-line or y-line's index

    def __repr__(self):
        rtn = "GroupNumber({0}) in box({1}) formed by {2} at line-{3}({4})".format(self.num, self.b, repr(self.p),
                                                                                   self.direction, self.idx)
        return rtn



[docs]class Number:
    """Number Object"""

    def __init__(self, v):
        self.v = v
        self.p = list()
        self.filled = 0
        self.group = []  # store the GroupNumber info

    def __repr__(self):
        return repr(self.p)

[docs]    def setit(self, p1):
        """save assigned position in the p list"""
        self.p.append(p1)
        self.filled += 1


[docs]    def can_see_by_group_number(self, p1):
        """Check if the position, p1, can be seen of all this number's group number"
        return: gn if can be seen by it, or None"""
        if len(self.group) <= 0:
            return None
        for gn in self.group:
            if gn.b == p1.b:  # at the same box
                continue
            if (gn.direction == "x" and p1.x == gn.idx) or (gn.direction == "y" and p1.y == gn.idx):
                return gn
        return None




[docs]class Chain:
    """A chain of two and above positions which are not in the same box but in the same line
    and can form a chain, means the possible number in this chain positions only can be filled in these positions"""

    def __init__(self, numList, posList):
        self.numList = numList
        self.posList = posList
        #self.direction = "x" if posList[0].x == posList[1].x else "y"
        #self.idx = posList[0].x if self.direction == "x" else posList[0].y

    def __repr__(self):
        return "chain({0} in Pos({1})".format(self.numList, self.posList)



[docs]class Matrix:
    """A Table of a Sudoku"""

    def __init__(self, file=""):
        self.rec = []  # record all the steps,
        # element's format is (x, y, v, t, d), t="s"|"r", d="Description String"
        self.filled = 0  # record how many numbers have been assigned in this table
        self.done = False  # if solved or not
        self.error = False  # if there is an error occurs
        self.lineX = list([] for i in range(9))
        self.lineY = list([] for i in range(9))
        self.b = list([] for i in range(9))
        self.p = list(list(Point(y, x) for x in range(9)) for y in range(9))
        self.n = list([] for i in range(10))
        for i in range(9):
            self.lineX[i] = LineX(i, list(self.p[i][j] for j in range(9)))
        for i in range(9):
            self.lineY[i] = LineY(i, list(self.p[j][i] for j in range(9)))
        for i in range(3):
            for j in range(3):
                idx = i * 3 + j
                self.b[idx] = Box(idx, list(self.p[3 * i + x][3 * j + y] for x in range(3) for y in range(3)))
        for i in range(1, 10):  # the first, index=0 will not be used
            self.n[i] = Number(i)

        self.chain = []  # store chains in this list

        # read define  
        if file != "":
            self.read(file)

[docs]    def get_all_pos(self, diff=[], method="a", num=0, chain=None, possibles=None):
        """get all postion"""
        rtn = []
        for line in self.lineX:
            rtn = rtn + line.get_all_pos(method=method, num=num, chain=chain, diff=diff, possibles=possibles)
        return rtn


[docs]    def sort_unassigned_pos_by_possibles(self, possibles=0):
        """Get unassign position's possible number list, format is [p1, p2,...]
        and Sorted By the possible numbers
        possibles: 0 for all, >=2, mean get only the possible numbers for it"""
        rtn = []
        check = possibles >= 2
        for i in range(9):
            for j in range(9):
                if self.p[i][j].v != 0:
                    continue
                if check and len(self.p[i][j].possible) != possibles:
                    continue
                rtn.append(self.p[i][j])
        rtn = sorted(rtn, key=lambda pos: len(pos.possible))
        return rtn


[docs]    def can_see(self, p0, method="u", num=0):
        """get the possition list which can see the position, p
        method: "u": un-assigned positions, "a": all, "s": assigned positions
        num: if method="u", the position must have be possible to be filled the number
        """
        rtn = []
        for group in (self.lineX[p0.x].p, self.lineY[p0.y].p, self.b[p0.b].p):
            for p1 in group:
                if p1 == p0 or p1 in rtn:
                    continue
                if method == "u":
                    if p1.v != 0 or (num != 0 and num not in p1.possible):
                        continue
                elif method == "s":
                    if p1.v == 0:
                        continue
                rtn.append(p1)
        return rtn


[docs]    def setit(self, x, y, v, d="define", info=""):
        """set the position x, y to be the number v
        return: >=1 if set successfully, 0 if it can't be set the number v"""

        global checkPos  # the position want to check

        sets = 0
        if not self.allow(x, y, v):
            raise SudokuError(x, y, v, ACTION_SET)
            return 0

        idx = self.p[x][y].b

        # the position(x, y)'s possible set to be empty
        self.p[x][y].possible.clear()

        # the filled numbers add one
        self.filled += 1
        self.lineX[x].filled += 1
        self.lineY[y].filled += 1
        self.b[idx].filled += 1

        # reduce every group's possible number set
        self.b[idx].possible.remove(v)
        self.lineX[x].possible.remove(v)
        self.lineY[y].possible.remove(v)

        # set number in this position
        sets += 1
        self.p[x][y].v = v

        # reduce all effect's positions' possible numbers
        for p1 in self.can_see(self.p[x][y], method="u", num=v):
            rtn = self.reduce(p1.x, p1.y, v, d="set")
            if rtn >= 2:
                sets += 1

        # record the number's position
        self.n[v].setit(self.p[x][y])

        # record this step
        if d != "define":
            self.rec.append((x, y, v, ACTION_SET, d, info))

        # check if it is done
        if self.filled == 81:
            raise SudokuDone(x, y, v)

        if DEBUG_MODE:
            # check the checkPos is set and now the position is it or not
            if checkPos and (x, y) in checkPos:
                raise SudokuWhenPosSet(x, y, v)

        #if d != "define":
        #   print("set: p({0},{1})={2} by {3}({4})".format(x+1, y+1, v, d, info))

        return sets


[docs]    def print_rec(self):
        """Print all the steps of solving process"""
        i = 0
        for x, y, v, t, d, info in self.rec:
            i += 1
            print("{5:3d}-{4}: p({0},{1})={2} by {3} - {6}".format(x + 1, y + 1, v, d, t, i, info))


[docs]    def reduce(self, x, y, v, d="set", check=False, info=""):
        """reduce the position(x, y)'s possible numbers from v
        Return::
            int, as following
            2 -- if set a number,
            1 -- if just set number
            0 -- if is not in the possible set, if check is True, it will raise an SudokuError exception
        """
        global methodLoopIdx, methodIdx

        if len(self.p[x][y].possible) <= 1:
            raise SudokuError(x, y, v, ACTION_REDUCE)

        if v in self.p[x][y].possible:
            self.p[x][y].possible.remove(v)
            # record this step
            if d != "set":
                self.rec.append((x, y, v, ACTION_REDUCE, d, info))
            return 1
        else:
            if check:
                raise SudokuError(x, y, v, ACTION_REDUCE)
            else:
                return 0


[docs]    def allow(self, x, y, v):
        """Checking if the position x, y, can be set the value v"""
        idx = self.p[x][y].b
        if self.p[x][y].v != 0 or not self.lineX[x].allow(v) or not self.lineY[y].allow(v) or not self.b[idx].allow(v):
            return False
        else:
            return True


[docs]    def read(self, file):
        """Read Sudoku's Define from file"""

        global NowPath

        if not os.path.isfile(file):
            file = "data/" + file
        try:
            f = open(file, "r")
        except IOError:
            return -1

        i = 0
        for line in f:
            if len(line) > 0:
                index = line.split(",")
                x, y = (int(index[0]) - 1, int(index[1]) - 1)
                v = int(index[2])
                self.setit(x, y, v)
                i += 1
        return i


    def __repr__(self):
        rtn = ""
        for i in range(9):
            for j in range(9):
                rtn = rtn + "{0:3d}".format(self.p[j][i].v)
            rtn += "\n"
        return rtn



[docs]def fill_only_one_possible(m, first=1, only=False):
    """Check every unassigned position, if it's possible numbers left one only WRITEN_POSSIBLE_LIMIT:  True, Check position's writen is True or note False, don't check.

    Args:
        m: Matrix Object
        first (int): the first number of checking
        only (bool): just check the first number or not

    Returns:
        in the tuple format (sets, reduces, method Index to restart using, first, only)

    """
    sets = 0
    for line in m.p:
        for p1 in line:
            if (WRITEN_POSSIBLE_LIMITS == 0 or (WRITEN_POSSIBLE_LIMITS > 0 and p1.writen)) and p1.v == 0 and len(
                    p1.possible) == 1:
                m.setit(p1.x, p1.y, p1.possible[0], d="Only One Possible")
                sets += 1
    return sets, 0, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def fill_last_position_of_group(m, first=1, only=False):
    """If the un-assigned positions in a group(line or box) are only one left"""
    sets = 0
    for grouptype in (m.lineX, m.lineY, m.b):
        for grp in grouptype:
            if grp.filled == 8:
                for p1 in grp.p:
                    if p1.v == 0:
                        m.setit(p1.x, p1.y, grp.possible[0],
                                d="Last Position in a {0}: {1}".format(grp.__doc__, grp.idx))
                        sets += 1
                        break
    return sets, 0, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def fill_last_position_by_setting(m, sets):
    """When setting a number, may cause 1-3 groups left only one possible position
    check if a group have only position left, just set it"""
    recIdx = len(m.rec) - 1
    idx = 1
    rtn = 0
    v = 1
    # process every sets from the end of records
    while idx <= sets:
        while True:
            r = m.rec[recIdx]
            if r[3] != "s":
                recIdx -= 1
            else:
                break
        x = r[0];
        y = r[1]

        for group in (m.lineX[x], m.lineY[y], m.b[m.p[x][y].b]):
            if len(group.possible) != 1:
                continue
            for p1 in group.p:
                if p1.v == 0:
                    v = group.possible[0]
                    m.setit(p1.x, p1.y, v, d="Last Position By Setting")
                    rtn += 1

        idx += 1  # next settings

    return rtn, 0, METHOD_CHECK_OBVIOUS, v, SCAN_ALL_NUMBER



[docs]def set_obvious_method_for_pos(m, method1, p1, v):
    """Check is there an more obvious method for the position, p1 than method1
    Obvious methods include fillLastPostionOfGroup=0 and checkObviousNumber=1
    return: True: set, False: not set
    """

    if method1 > METHOD_FILL_LAST:
        # check p1 is an last postion in a group or not
        if m.lineX[p1.x].filled == 8 or m.lineY[p1.y].filled == 8 or m.b[p1.b].filled == 8:
            m.setit(p1.x, p1.y, v, d="Change To Be Last Position!")
            return True
    if method1 > METHOD_CHECK_OBVIOUS:
        info = ""
        # check p1 can get in an obvious way, like METHOD_CHECK_OBVIOUS
        for p2 in m.b[p1.b].get_all_pos(method="u", num=v, diff=[(p1.x, p1.y)]):
            if m.lineX[p2.x].allow(v):
                return False
            else:
                if ACTION_GET_INFO:
                    info = info + repr(p2) + ", lineX(" + repr(m.lineX[p2.x].get_num_pos(v)) + ")\n"
            if m.lineY[p2.y].allow(v):
                return False
            else:
                if ACTION_GET_INFO:
                    info = info + repr(p2) + ", lineY(" + repr(m.lineY[p2.y].get_num_pos(v)) + ")\n"
        # after checking every possible poses in a box other than the position, p1,
        # that not allowing for the number, v, so p1 must be v
        m.setit(p1.x, p1.y, v, d="checkObviousNumber", info=info)
        return True

    return False



[docs]def check_obvious_number(m, first=1, only=False):
    """Check every number which has been assigned and its effect's boxes' does not have assigned that number
    Only: False, check all numbers
          True, check the first number only
    first: the first number to be checked"""
    sets = 0
    end = 9 if not only else 1  # if check the first number
    for i in range(end):
        num = first + i
        num = num if num < 10 else num - 9
        checked = set()  # save the checked box
        for p1 in m.n[num].p:
            for b in m.b[p1.b].effects:
                #print("check number {0} of pos({1},{2})!".format(num, p1.x, p1.y))
                possible = []
                info = ""  # record how to descide to set
                if b in checked:
                    continue
                else:
                    checked.add(b)
                if num not in m.b[b].possible:
                    continue
                for p2 in m.b[b].p:
                    if p2.v != 0 or p2.can_see(p1) > 0:
                        continue;
                    if not m.lineX[p2.x].allow(num):
                        if ACTION_GET_INFO:
                            info = info + repr(p2) + ", lineX(" + repr(m.lineX[p2.x].get_num_pos(num)) + ")\n"
                        continue
                    if not m.lineY[p2.y].allow(num):
                        if ACTION_GET_INFO:
                            info = info + repr(p2) + ", lineY(" + repr(m.lineX[p2.x].get_num_pos(num)) + ")\n"
                        continue
                    #print(num, p2, p2.possible)
                    possible.append(p2)
                if len(possible) == 1:
                    sets += 1
                    flag_set_more_obvious = False
                    if CHECK_MORE_OBVIOUS:
                        flag_set_more_obvious = set_obvious_method_for_pos(m, METHOD_CHECK_OBVIOUS, possible[0], num)
                    if not flag_set_more_obvious:
                        m.setit(possible[0].x, possible[0].y, num, d="checkObviousNumber", info=info)
                    # call self to solve the same number completely
                    r = check_obvious_number(m, first=num, only=SCAN_ALL_NUMBER)
                    sets += r[0]
                    return sets, r[1], r[2], r[3], r[4]
    return sets, 0, METHOD_CHECK_OBVIOUS, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def update_group_number(m, num):
    """Update the group number, num, in a box, and store those group number in m.n.group list
    return: >=0 means the group number's amount in the matrix, m"""
    sets = 0
    actions = 0
    info = ""
    #m.n[num].group.clear() # empty first
    for i in range(9):  # check every box
        if num not in m.b[i].possible or num in m.b[i].groupnumber:
            continue
        pos = m.b[i].get_all_pos(num=num, method='u')
        # if the possible position, just set it and return
        if len(pos) == 1:
            #print(m.b[i], pos, num)
            if ACTION_GET_INFO:
                pass

            SetInMoreObvious = False
            if CHECK_MORE_OBVIOUS:
                SetInMoreObvious = set_obvious_method_for_pos(m, 3, pos[0], num)
            if not SetInMoreObvious:
                m.setit(pos[0].x, pos[0].y, num, d="UpdateGroupNumber", info=info)
            return 1, 0, METHOD_CHECK_OBVIOUS, num, SCAN_ONE_NUMBER

        gn = m.b[i].get_group_number(num, pos=pos)
        if gn is not None:
            m.n[num].group.append(gn)
            actions += 1
    if actions > 0:
        sets, k, start, first, only = update_indirect_group_number(m, num)
        actions = actions + k
    else:
        start = METHOD_DEF_BEGIN
        first = SCAN_DEF_BEGIN
        only = SCAN_ALL_NUMBER

    return sets, actions, start, first, only



[docs]def update_indirect_group_number(m, num, amt=0, start=METHOD_DEF_BEGIN, first=SCAN_DEF_BEGIN, only=SCAN_ALL_NUMBER):
    """Update in-direct Group Number, formed by the assigned number and groupnumber already known,
    a recursive function"""
    info = ""
    for gn in m.n[num].group:
        effects = m.b[gn.b].effectsX if gn.direction == "x" else m.b[gn.b].effectsY
        #print(amt, effectBoxes, gn)
        for idx in effects:  # check every effect box, does the possible position for the num can form a group
            # number or not
            # check if the num is existed in the box, or already as a groupnumber
            if num not in m.b[idx].possible or num in m.b[idx].groupnumber:
                continue
            if gn.direction == "x":
                pos = m.b[idx].get_all_pos(num=num, method='u', notInLineX=gn.idx)
            else:
                pos = m.b[idx].get_all_pos(num=num, method='u', notInLineY=gn.idx)
            if len(pos) == 1:
                if ACTION_GET_INFO:
                    pass

                flag = False
                if CHECK_MORE_OBVIOUS:
                    flag = set_obvious_method_for_pos(m, 4, pos[0], num)
                if not flag:
                    m.setit(pos[0].x, pos[0].y, num, d="UpdateInDirectGroupNumber", info=info)

                return 1, amt, METHOD_CHECK_OBVIOUS, num, SCAN_ONE_NUMBER

            gn0 = m.b[idx].get_group_number(num, pos=pos)
            if gn0 is not None:
                m.n[num].group.append(gn0)
                amt += 1
                # call self again to get all possible InDirect GroupNumber
                return update_indirect_group_number(m, num, amt=amt)
    return 0, amt, start, first, only



[docs]def check_inobvious_number(m, first=1, only=False):
    """Check every number which has been assigned and known as group-number and its effect's boxes' does not have assigned that number"
    Only: False, check all numbers
          True, check the first number only
    first: the first number to be checked"""
    sets = 0
    actions = 0
    end = 9 if not only else 1  # if check the first number
    for i in range(end):
        num = first + i
        num = num if num < 10 else num - 9
        checked = set()  # save the checked box
        sets, actions, start, first, only = update_group_number(m, num)
        if sets > 0:
            return sets, actions, start, first, only
        # check every box
        for bi in range(9):
            if num not in m.b[bi].possible:
                continue
            pos = []
            info = ""
            for p1 in m.b[bi].get_all_pos(num=num, method="u"):
                gn = m.n[num].can_see_by_group_number(p1)
                if gn is not None:
                    if ACTION_GET_INFO:
                        info = info + repr(gn) + "\n"
                    continue
                else:
                    pos.append(p1)
            if len(pos) == 1:

                flag = False
                if CHECK_MORE_OBVIOUS:
                    flag = set_obvious_method_for_pos(m, 5, pos[0], num)
                if not flag:
                    m.setit(pos[0].x, pos[0].y, num, d="checkInObviousNumber", info=info)

                return 1, actions, METHOD_CHECK_OBVIOUS, num, SCAN_ALL_NUMBER

    return sets, actions, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def check_line_last_possible_for_number(m, first=1, only=False):
    """Check every line that only have one position for un-assigned number"""
    sets = 0

    for groupType in (m.lineX, m.lineY):
        for line in groupType:
            if line.filled >= 8:
                continue
            for c in line.count_num_possible(count=1):
                p1 = c[1][0]
                info = ""
                if ACTION_GET_INFO:
                    pass
                m.setit(p1.x, p1.y, c[0], d="checkLineLastPossibleForNumber", info=info)
                sets += 1
                # if get one, just return, let other methods to process others
                return sets, 0, METHOD_DEF_BEGIN, c[0], SCAN_ONE_NUMBER

    return sets, 0, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def write_down_possible(m, first=1, only=False):
    """Write down the possible numbers in every un-assigned position
    if WRITEN_POSSIBLE_LIMITS has set to 1..9, it will only write down the
    possibles which <= that limits"""

    global writeDownAlready

    writeDownAlready = True
    for line in m.p:
        for p1 in line:
            if p1.v != 0 or p1.writen:
                continue
            # if set writen limits and the possible numbers great it, just pretend it can not be seen for the user
            if 0 < WRITEN_POSSIBLE_LIMITS < len(p1.possible):
                continue
            p1.writen = True
            if len(p1.possible) == 1:
                v = p1.possible[0]
                m.setit(p1.x, p1.y, v, d="writeDownPossible")
                return 1, 0, METHOD_CHECK_OBVIOUS, v, SCAN_ALL_NUMBER

    return 0, 0, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def reduce_by_group_number(m, first=1, only=False):
    """Reduce the possible number in a posiition by GroupNumber"""
    sets = 0
    actions = 0
    end = 9 if not only else 1  # if check the first number
    for i in range(9):
        num = first + i
        num = num if num < 10 else num - 9
        for gn in m.n[num].group:
            for bi in m.b[gn.b].effectsX if gn.direction == "x" else m.b[gn.b].effectsY:
                for p1 in m.b[bi].get_all_pos(method="u", num=num):
                    if p1.x == gn.idx if gn.direction == "x" else p1.y == gn.idx:
                        rtn = m.reduce(p1.x, p1.y, num, d="reduceByGroupNumber")
                        actions += 1
    return sets, actions, METHOD_DEF_BEGIN, num, SCAN_ONE_NUMBER



def get_chains(m, group, pos, numbers):
    # get the possible pos's numbers chain
    amt = 0
    q = []
    for p1 in pos:
        if len(p1.possible) <= numbers:
            q.append(p1)
    # if qualified positions is less than numbers, just return
    if len(q) < numbers:
        return []

    rtn = []
    for c in itertools.combinations(q, numbers):
        s = set()
        for p1 in c:
            s = s | set(p1.possible)
        if len(s) == numbers:
            chain = Chain(list(s), c)
            rtn.append(chain)
            m.chain.append(chain)
            for p1 in c:
                group.chain.append(p1)
            amt = amt + 1

    return rtn


[docs]def update_chain(m, first=1, only=False):
    """Update the chain of line
    return: >=0 means the chain number's amount in the matrix, m"""

    sets = 0
    reduces = 0
    info = ""

    for groupType in (m.lineX, m.lineY, m.b):
        for g in groupType:
            pos = g.get_all_pos(method="u", chain=False)
            k = len(pos)
            if k == 0:
                continue
            elif k == 1:
                #print(g, g.idx, pos, k, pos[0].possible)
                m.setit(pos[0].x, pos[0].y, pos[0].possible[0], d="updateChain")
                return 1, 0, METHOD_CHECK_OBVIOUS, pos[0].possible[0], SCAN_ALL_NUMBER
            else:
                maxChainNumbers = min(k, WRITEN_POSSIBLE_LIMITS) if WRITEN_POSSIBLE_LIMITS != 0 else k
                for i in range(1, maxChainNumbers):
                    chains = get_chains(m, g, pos, i + 1)
                    if len(chains) == 0:
                        continue
                    # reduce by chain and return
                    for chain in chains:
                        for p1 in g.get_all_pos(method="u", diff=chain.posList):
                            for v in chain.numList:
                                if v in p1.possible:
                                    m.reduce(p1.x, p1.y, v, d="updateChain", info=repr(chain))
                                    reduces += 1
                    if reduces > 0:
                        return 0, reduces, METHOD_CHECK_OBVIOUS, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER

    return sets, reduces, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def reduce_by_two_possible_in_one_position(m, first=1, only=False):
    """when a position(p1) has two possible numbers only, we can assume if the position is one number(first)
    then try to emulate to set the position with the other number(second),
    then see the first number will be filled in a position(p2) which the position can see it
    if so, we can reduce all these positions which can see p1 and p2 at the same time from the first number"""

    reduces = 0
    sets = 0
    for p1 in m.get_all_pos(method="u", possibles=2):
        for i in range(2):
            if i == 0:
                first, second = p1.possible
            else:
                second, first = p1.possible
            pos = m.can_see(p1, method="u", num=first)
            if len(pos) <= 1:
                continue
            else:
                targets = [(p.x, p.y) for p in pos]
            rtn, m1, idx = emulator(m, p1.x, p1.y, second, targets=targets, checkval=first)
            if rtn == 2:
                m.setit(p1.x, p1.y, second, d="Emulate it and solve the sudoku!")
                return 1, 0, METHOD_CHECK_OBVIOUS, second, SCAN_ALL_NUMBER
            elif rtn == 1:
                p0 = m.p[targets[idx][0]][targets[idx][1]]
                for x, y in p0.can_see_those(targets):
                    if first in m.p[x][y].possible:
                        #print("{4} and {5} reduce ({0},{1})'s possilbe={2} from {3}".format(x+1, y+1, m.p[x][y].possible, first, p1, p0))
                        r = m.reduce(x, y, first,
                                     d="reduceByTwoPossibleInOnePostion{0}, first={1}, second={2} with postion:{3}".format(
                                         (p1.x, p1.y), first, second, p0))
                        if r == 1:
                            reduces += 1
                        elif r == 2:
                            sets += 1
                if sets > 0 or reduces > 0:
                    return sets, reduces, METHOD_CHECK_OBVIOUS, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER
            elif rtn == -1:
                m.setit(p1.x, p1.y, first, d="Emulate it and it causes error, so the number must be another!")
                return 1, 0, METHOD_CHECK_OBVIOUS, first, SCAN_ALL_NUMBER
            else:
                continue

    return sets, reduces, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def reduce_by_emulate_possible_in_one_position(m, first=1, only=False):
    """when a position(p1) has 2 or more possible numbers,
    we can emulate every possible number and get its result,
    1. if it causes an error, we can reduce that number,
    2. if it can solve the sudoku, we can set this number,
    3. if all possible number can's get condition 1 or 2, we can compare their rec, if they have the same records, we can do it.
    """

    global emulatePossibles

    print("reduceByEmulatePossibleInOnePositions: {0}".format(emulatePossibles))
    reduces = 0
    sets = 0
    emu = []  # record the emulate method, [(p1,v),....]
    result = []  # save the emulate result of matrix for every possible number
    for p1 in m.get_all_pos(method="u", possibles=emulatePossibles):
        for num in p1.possible:
            emu.append((p1, num))
            rtn, m1, idx = emulator(m, p1.x, p1.y, num)
            if rtn == 2:
                m.setit(p1.x, p1.y, num, d="Emulate it and solve the sudoku!")
                return 1, 0, METHOD_CHECK_OBVIOUS, num, SCAN_ALL_NUMBER
            elif rtn == -1:
                m.reduce(p1.x, p1.y, num, d="Emulate it and it causes error, so the number can be reduce!")
                return 0, 1, METHOD_CHECK_OBVIOUS, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER
            else:
                result.append(m1)
                continue

    if len(result) == emulatePossibles:
        sets, reduces = compare_result(m, emu, result)

    return sets, reduces, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def reduce_by_emulate_possible_number_in_group(m, first=1, only=False):
    """when a group(lineX, lineY, Box) has 2 or more position have the same possible number,
    we can emulate every position to set the number and get its result,
    1. if it causes an error, we can reduce the position's possible number from that number,
    2. if it can solve the sudoku, we can set this number in the position,
    3. if all possible position can's get condition 1 or 2, we can compare their rec, if they have the same records, we can do it.
    """

    global emulatePossibles

    print("reduceByEmulatePossibleNumberInGroup: {0}".format(emulatePossibles))
    reduces = 0
    sets = 0
    emu = []  # record the emulate method, [(p1,v),....]
    result = []  # save the emulate result of matrix for every possible number
    for groupType in (m.lineX, m.lineY, m.b):
        for idx in range(9):
            for num, pos in groupType[idx].count_num_possible(count=emulatePossibles):
                for p1 in pos:
                    emu.append((p1, num))
                    rtn, m1, idx = emulator(m, p1.x, p1.y, num)
                    if rtn == 2:
                        m.setit(p1.x, p1.y, num, d="Emulate it and solve the sudoku!")
                        return 1, 0, METHOD_CHECK_OBVIOUS, num, SCAN_ALL_NUMBER
                    elif rtn == -1:
                        m.reduce(p1.x, p1.y, num, d="Emulate it and it causes error, so the number can be reduce!")
                        return 0, 1, METHOD_CHECK_OBVIOUS, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER
                    else:
                        result.append(m1)
                        continue
            if len(result) == emulatePossibles:
                s, r = compare_result(m, emu, result)
                sets += s
                reduces += r

    return sets, reduces, METHOD_DEF_BEGIN, SCAN_DEF_BEGIN, SCAN_ALL_NUMBER



[docs]def compare_result(m, emu, result):
    """compare the result list, to check if there are same result in every step after the last record of original m.rec
    if same for all emulate result, it means that it must be true, so can do by it
    """

    global emulatePossibles

    sets = 0
    reduces = 0
    recIdx = len(m.rec)
    results = len(result)
    m1 = result[0]  # use the first result to compare with others
    i = 0
    for r1 in m1.rec[recIdx:]:
        i += 1  # step idx of m1
        info = "The #{0} step of the {1} emulate as {2} is same with follows:".format(i, emu[0][0], emu[0][1])
        same = 0
        resultIdx = 0
        for m2 in result[1:]:
            resultIdx += 1
            idx = 0  # step idx of others
            for r2 in m2.rec[recIdx:]:
                idx += 1
                if (r1[0], r1[1], r1[2], r1[3]) == (r2[0], r2[1], r2[2], r2[3]):
                    if ACTION_GET_INFO:
                        info = info + "\nThe #{0} step of the {1} emulate as {2}".format(idx, emu[resultIdx][0],
                                                                                         emu[resultIdx][1])
                    same += 1
                    break
        if same == results - 1:
            if r1.t == "s":
                sets += 1
                m.setit(r1[0], r1[1], r1[2], d="compareResult for {0} emulate!".format(results), info=info)
            else:
                reduces += 1
                m.reduce(r1[0], r1[1], r1[2], d="compareResult for {0} emulate!".format(results), info=info)
    return sets, reduces



[docs]def emulator(m, x, y, v, targets=[], checkval=0):
    """emulate the x, y to be set v, then start to use some basic methods to try to solve
    it will stop when and return
    1: one of the targets have been set the checkval
    2: isDone
    -1: error is True
    0: all basic methods have been tested, and can't solve
    and the result matrix"""

    global writeDownAlready, checkPos

    check_pos_save = checkPos
    m1 = copy.deepcopy(m)

    if len(targets) > 0:
        check_target = True
        checkPos = targets
    else:
        check_target = False

    methodLoopIdx = 0
    begin = time.time()
    allmethods = reg_method()
    start = METHOD_CHECK_OBVIOUS  # start from for the first time
    num = 1
    only = False
    rtn = 0
    idx = 0  # the index of the targets, which = checkval
    emulate_first = True

    while True:
        actions = 0
        methodLoopIdx += 1
        try:

            if emulate_first:
                #print(m1.p[2][2].possible)
                #print("Emulator Start in P({0},{1})={2}!".format(x, y, v))
                m1.setit(x, y, v, d="Emulator Start!")
                emulate_first = False

            for method in allmethods[start:METHOD_BASIC_LEVEL]:
                methodIdx = method.idx
                # every method have 5 return values:
                # sets: how many positions have been set
                # reduces: how many numbers have been reduced
                # start: which method will start to be used, default is 1
                # num: which number will be the first number to be procossed, for methods that look over all numbers
                # only: for methods which look over all numbers to process one only, which is the num
                sets, reduces, start, num, only = method.run(m1, first=num, only=only)
                #print("Emulate#{0}-{2}: {1}, sets={3}, reduces={4}".format(methodLoopIdx, method.name, methodIdx, sets, reduces))
                if sets > 0:
                    rtn = fill_last_position_by_setting(m1, sets)
                    if rtn[0] > 0:
                        start = rtn[2];
                        first = rtn[3];
                        only = rtn[4]
                        #print("Emulate#{0}-last: {1}, sets={3}, reduces={4}".format(methodLoopIdx, "LastPosition", methodIdx, rtn, reduces))
                        sets = sets + rtn[0]
                if (sets > 0 or reduces > 0) and writeDownAlready:
                    rtn = fill_only_one_possible(m1)
                    if rtn[0] > 0:
                        sets = rtn[0];
                        start = rtn[2];
                        first = rtn[3];
                        only = rtn[4]
                        #print("Emulate#{0}-only: {1}, sets={3}, reduces={4}".format(methodLoopIdx, "LastPossible", methodIdx, rtn, reduces))
                if sets > 0 or reduces > 0:
                    actions = actions + sets + reduces
                    break
        except SudokuDone as err:
            print("It is done by the last position({0},{1}) to set to be {2}!".format(err.x, err.y, err.v))
            rtn = 2
            break
        except SudokuWhenPosSet as err:
            #print("It is stopped by the position({0}) be set! method={1}".format(checkPos, methodIdx))
            if err.v == checkval:
                idx = targets.index((err.x, err.y))
                rtn = 1
                break
            else:
                continue
        except SudokuError as err:
            rtn = -1
            print("It is impossible for {0}, {1} to set/reduce {2}! ({3})".format(err.x, err.y, err.v, err.t))
            #traceback.print_exc()
            break
        except:  # unexpected error
            print("Unexpected error:", sys.exc_info()[0])
            traceback.print_exc()
            break

        if actions <= 0:
            break

    #restore
    checkPos = check_pos_save
    #print(checkPos)
    return rtn, m1, idx



[docs]def try_error(m=None, file="", depth=0):
    """Try Error Method, only fill the first possible postion"""

    if file != "":
        m = Matrix(file=file)

    possibles = m.sort_unassigned_pos_by_possibles()
    done = False
    depth += 1

    m1 = copy.deepcopy(m)

    p1 = possibles[0]

    k = len(p1.possible)
    if k <= 0:
        #print("try#{0}: {1} has empty possible!".format(depth, p1))
        return False
    elif k == 1:
        #print("try#{0}: {1} has only one possible!, set it to {2}".format(depth, p1, p1.possible[0]))
        try:
            m1.setit(p1.x, p1.y, p1.possible[0], d="try")
            flag = try_error(m1, depth=depth)
            if flag:
                return True
            else:
                return False
        except SudokuDone:
            print(m1)
            return True
        except SudokuError:
            return False
    else:
        flag = False
        m2 = copy.deepcopy(m1)
        for v in p1.possible:
            try:
                if m1.allow(p1.x, p1.y, v):
                    #print("try#{0}: {1} try set it to be {2} of {3}".format(depth, p1, v, p1.possible))
                    m1.setit(p1.x, p1.y, v, d="try")
                    flag = try_error(m1, depth=depth)
                    if flag:
                        return True
                    else:
                        m1 = copy.deepcopy(m2)
                        continue
                else:
                    #print("try#{0}: {1} is impossible to be set to be {2}".format(depth, p1, v))
                    continue
            except SudokuDone as err:
                print(m1)
                done = True
                return True
            except SudokuError as err:
                m1 = copy.deepcopy(m2)
                continue
        if not flag:
            #print("try#{2}: {0} is not impossible to set any for {1}".format(p1, p1.possible, depth))
            # restore it and continue
            # m1 = copy.deepcopy(m)
            return False
        else:
            #print(p1, p1.v, p1.possible)
            return True



[docs]def guess(m, idx=0, first=0, only=False):
    """Guess Method"""

    global tryStack, tryIdx, Scope, Level

    # if start using tryMethod, set the level to the METHOD_LEVEL_LIMIT_WHENTRY
    Level = METHOD_LEVEL_LIMIT_WHENTRY

    Scope += 5  # it is easy as the method of write down possible
    if idx == 0:  # Add New Try
        tryIdx += 1
        possibles = m.sort_unassigned_pos_by_possibles()  # get all unassigned postion and sorted by the possibles number
        m1 = copy.deepcopy(m)
        p1 = possibles[0]  # the first un-assigned postion
        x = p1.x;
        y = p1.y
        tryStack.append([m1, x, y, 0])
        print("Try Add: {0},{1} to set {2} of {3}".format(x, y, p1.possible[0], p1.possible))
    else:
        i = tryIdx - 1
        tryStack[i][3] = idx
        x = tryStack[i][1];
        y = tryStack[i][2]
        print("Try Idx={3}: {0},{1} to set {2} of {4}".format(x, y, m.p[x][y].possible[idx], idx, m.p[x][y].possible))

    v = m.p[x][y].possible[idx]
    m.setit(x, y, v, d="try")
    return 1, 0, METHOD_CHECK_OBVIOUS, v, SCAN_ALL_NUMBER



[docs]class SolveMethod():
    """Method Object"""
    lastNumber = 1

    def __init__(self, fun, idx, name="", level=0, obvious=True):
        self.fun = fun
        self.idx = idx
        self.name = name if name != "" else fun.__name__
        self.des = fun.__doc__
        self.level = level  # the difficult level for human, can be set 0-9
        self.obvious = obvious

    def run(self, m, *args, **ks):
        return self.fun(m, *args, **ks)



[docs]def reg_method():
    """register all method as an object and save them into a list to return"""

    global tryUse, emuUse

    methods = []
    #methods.append(SolveMethod(fillOnlyOnePossible, 0, level=0))
    methods.append(SolveMethod(fill_last_position_of_group, 1, level=0))
    methods.append(SolveMethod(check_obvious_number, 2, level=1))
    methods.append(SolveMethod(check_line_last_possible_for_number, 3, level=2))
    methods.append(SolveMethod(check_inobvious_number, 4, level=3))
    methods.append(SolveMethod(reduce_by_group_number, 5, level=5))
    methods.append(SolveMethod(write_down_possible, 6, level=5))
    methods.append(SolveMethod(update_chain, 7, level=10))
    methods.append(SolveMethod(reduce_by_two_possible_in_one_position, 8, level=15))
    if emuUse:
        methods.append(SolveMethod(reduce_by_emulate_possible_in_one_position, 9, level=20))
        methods.append(SolveMethod(reduce_by_emulate_possible_number_in_group, 10, level=20))
    if tryUse:
        methods.append(SolveMethod(guess, 11, level=0))
    return methods



[docs]def solve(file, loop_limit=0, rec_limit=0, check=None, level_limit=0, emu_limits=2, use_try=METHOD_USE_TRY,
          use_emu=METHOD_USE_EMU):
    """Solve a sudoku which define in a file!
    loopLimit: the limit for the method loops, 0: no limits
    recLimit: when the records >= recLimit, it will stop, 0: no limits"""

    global methodLoopIdx  # how many method loops it has taken
    global methodIdx  # the method idx of now running
    global checkPos  # setting the position want to check
    global writeDownAlready  # if the every un-assigned positions have been writen down their possible number?
    global emulatePossibles  # set the emulate possibles
    global tryStack, tryIdx, tryUse, Scope, emuUse
    global Level

    writeDownAlready = False
    checkPos = check
    methodLoopIdx = 0
    begin = time.time()
    m = Matrix(file=file)
    start = METHOD_CHECK_OBVIOUS  # start from for the first time
    num = 1
    only = False
    Scope = 0
    max_method = 0
    tryIdx = 0
    tryUse = use_try
    emuUse = use_emu
    tryStack = []
    allmethods = reg_method()
    Level = level_limit

    while True:
        actions = 0
        methodLoopIdx += 1
        try:
            for method in allmethods[start:]:
                if 0 < Level < method.level:
                    continue
                methodIdx = method.idx
                # every method have 5 return values:
                # sets: how many positions have been set
                # reduces: how many numbers have been reduced
                # start: which method will start to be used, default is 1
                # num: which number will be the first number to be procossed, for methods that look over all numbers
                # only: for methods which look over all numbers to process one only, which is the num
                sets, reduces, start, num, only = method.run(m, first=num, only=only)
                Scope = Scope + method.level
                max_method = max(max_method, method.idx)
                print("Try#{0}-{2}: {1}, sets={3}, reduces={4}".format(methodLoopIdx, method.name, methodIdx, sets,
                                                                       reduces))
                if sets > 0:
                    rtn = fill_last_position_by_setting(m, sets)
                    if rtn[0] > 0:
                        start, first, only = rtn[2:]
                        print(
                            "Try#{0}-last: {1}, sets={3}, reduces={4}".format(methodLoopIdx, "LastPosition", methodIdx,
                                                                              rtn, reduces))
                        sets = sets + rtn[0]
                if (sets > 0 or reduces > 0) and writeDownAlready:
                    rtn = fill_only_one_possible(m)
                    if rtn[0] > 0:
                        sets = rtn[0]
                        start, first, only = rtn[2:]
                        print(
                            "Try#{0}-only: {1}, sets={3}, reduces={4}".format(methodLoopIdx, "LastPossible", methodIdx,
                                                                              rtn, reduces))
                if DEBUG_MODE:
                    if 0 < rec_limit <= len(m.rec):
                        raise SudokuStop()
                if sets > 0 or reduces > 0:
                    emulatePossibles = 2  # if any thing work, the emulatePossible set to the begin number
                    actions = actions + sets + reduces
                    break
        except SudokuDone as err:
            print("It is done by the last position({0},{1}) to set to be {2}!".format(err.x, err.y, err.v))
            break
        except SudokuStop:
            print("It is stop by the limit of recLimit set to {0}:".format(rec_limit))
            m.print_rec()
            break
        except SudokuWhenPosSet:
            print("It is stopped by the position({0}) be set! method={1}".format(checkPos, methodIdx))
            traceback.print_exc()
            break
        except SudokuError as err:
            if tryUse and tryIdx > 0:
                flag = False
                while tryIdx > 0:
                    m1, x, y, idx = tryStack[tryIdx - 1]
                    idx += 1
                    if len(m1.p[x][y].possible) > idx:
                        m = copy.deepcopy(m1)
                        sets, reduces, start, num, only = guess(m, idx=idx)
                        flag = True
                        break
                    else:
                        tryIdx -= 1
                        tryStack.pop(-1)
                if flag:
                    continue
            print("It is impossible for {0}, {1} to set/reduce {2}! ({3})".format(err.x, err.y, err.v, err.t))
            traceback.print_exc()
            break
        except KeyboardInterrupt:
            traceback.print_exc()
            break

        if DEBUG_MODE:
            # for testing
            if methodLoopIdx == loop_limit:
                break

        if actions <= 0:
            if emulatePossibles < emu_limits:
                Scope += 1000
                emulatePossibles += 1
                print("Try emulate numbers = {0}".format(emulatePossibles))
                start = METHOD_EMULATE_START
                continue
            else:
                break

    print(m)
    if m.filled < 81:
        print("Can't solve it, still need {0} more effort!".format(81 - m.filled))
    else:
        print(
            "Done! good job, it takes {0}! Level={1}, Methods Used={2}".format(time.time() - begin, Scope, max_method))

    return m
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