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大綱

• 複寫簡介

• 三種複寫的運作原理

• 監控複寫



什麼是複寫(Replication)?

• 建立或維護多份資料的複本

• 將資料帶到使用者身邊

• 個伺服器的自主性

• 減少鎖定衝突

簡報者
簡報註解
Define replication as the mechanism for creating and maintaining multiple copies of the same data. Data is distributed in a loosely coupled fashion that gives sites more autonomy and ensures that updates are replicated within an acceptable timeframe. 
Identify the benefits and uses for replication:

Maintain multiple copies of data.  Note that this is not a replacement for backup or disaster preparedness.
Brings data closer to geographically distributed users.  Talk about slow network links and global networks.
Allows for autonomous sites that do not have to be continually connected.  Discuss the expansion of branch offices and their needs for data access.
Allows you to maintain separate online transaction processing (OLTP) and decision support system (DSS) copies of the data. Discuss this in the context of Business Intelligence needs.  By their nature, OLTP and DSS will cause locking conflicts with each other that can be resolved by using separate but replicated copies of the data.  

References:
SQL Server Replication http://go.microsoft.com/fwlink/?LinkID=127549



複寫的組成元素

訂閱(Subscription)接收發行項

發行項(Article)將被覆寫

發行集(Publication)是複寫的單位

簡報者
簡報註解
Explain the article, publication, and subscription metaphor.  
Replication uses a publishing industry metaphor to represent the components in a replication topology, which include Publisher, Distributor, Subscribers, publications, articles, and subscriptions. Although the magazine metaphor is useful for understanding replication, it is important to note that SQL Server replication includes functionality that is not represented in this metaphor, particularly the ability for a Subscriber to make updates and for a Publisher to send out incremental changes to the articles in a publication. 

Articles
An article can be a whole table or a database object, or a part of one. It can be filtered horizontally, restricting the rows it contains, or filtered vertically, restricting the columns it contains.
Publications
A publication can contain one or many articles. It can only have articles from the same database, but there can be many publications in a database. A publication is both the unit of subscription and the unit of replication. 
Subscriptions
A subscription is created against a publication; it cannot be directly created against an article.

 A push subscription is created at the publisher and can be created at the same time as the publication for many subscribers. Because you create subscriptions centrally in this scenario, this method is more secure than pull subscriptions, but requires the subscribers to be connected when replication takes place.
Pull subscriptions are created at the subscriber. The publisher must first have enabled pull subscriptions and either registered the subscriber or allowed anonymous subscriptions. This system is generally less secure, but allows the subscriber to control when updates are received, making it suitable for sites that are infrequently connected.
You can have a pull subscription to one publication and a push subscription to another.

References:
Replication Publishing Model Overview http://go.microsoft.com/fwlink/?LinkID=127551




在複寫中的伺服器角色

發行者(Publisher)

散發者(Distributor)

訂閱者(Subscriber)

發行者 散發者

訂閱者

訂閱者

簡報者
簡報註解
Define the publisher, distributor, and subscriber server roles:

Publishers create and modify the data. 
Distributors store replication-specific data associated with one or more publishers.
Subscribers receive the data. With merge replication, this situation is altered slightly because modifications occur at both the publisher and the subscribers.
A subscriber holds a replica copy of the data. The subscriber may be:
Prevented from making modifications.
Allowed to make modifications on the publisher.
Allowed to make local modifications that are merged together later. 

The publisher has the original copy of the data and makes this available to subscribers. Data is sent to the distributor, which then passes it on to the subscribers.
Talk about replication topology.

References:
Replication Publishing Model Overview http://go.microsoft.com/fwlink/?LinkID=127551



複寫的類型

快照式複寫(Snapshot replication)
傳遞所有的資料

交易式複寫(Transactional replication)
傳遞修改的資料

點對點(Peer-to-Peer)複寫

合併式複寫(Merge replication)
發行者和訂閱者皆有修改資料

透過 Web 同步

•異質型複寫

複寫到其他資料庫產品

簡報者
簡報註解
Discuss the three types of replication.
SQL Server provides three replication methods, each providing a different set of advantages. Each replication method has different optional configurations. Choose the appropriate method for your system.
Snapshot Replication
Snapshot replication sends all the data in a publication each time it is synchronized. Typically, snapshot replication is used in scenarios in which a large proportion of data changes between synchronization. 
Transactional Replication
Transactional replication sends modifications of the data only when synchronization takes place. This can reduce the volume of data being replicated, particularly if the number of data modifications is low, or if replication is frequent.
Mention Peer-to-peer transactional replication. 
In this method, every node is both a publisher and subscriber of the same data. There is no hierarchy of publisher and subscribers. Use this method when each peer works with a specific portion of the data. If all peers make changes to the same data, and conflicts are likely, merge replication should be used instead.
Merge Replication
Merge replication allows modifications at both the publisher and the subscribers. When synchronization occurs, the modifications at the publisher and subscriber are merged together.
Merge replication can be configured to function over HTTP using web synchronization.
Heterogeneous Replication
You can replicate data from SQL Server to other database products such as IBM DB2, Oracle, and Sybase. SQL Server can also act as a subscriber to Oracle version 8.0.4 and later.  Both snapshot and transactional replication can be used when subscribing to an Oracle database.

Question:  What are the disadvantages of transactional replication?
Answer:  There will be points between the scheduled synchronizations when data will not be consistent at all nodes.  Also, if changes are made at multiple nodes to the same data, conflicts will occur.

References:
Types of Replication Overview http://go.microsoft.com/fwlink/?LinkId=131466
Web Synchronization for Merge Replication http://go.microsoft.com/fwlink/?LinkID=127555



複寫代理程式
• 複寫代理程式的類型(C:\Program Files\Microsoft SQL 

Server\100\COM)

Snapshot Agent

Log Reader Agent

Queue Reader Agent

Distribution Agent

Merge Agent

發行者 訂閱者代理程式

簡報者
簡報註解
Discuss the role of replication agents and the type of replication agents.
SQL Server 2008 provides the following replication agents:
Snapshot Agent. The Snapshot Agent generates the initial data files for publications, stores these snapshot files, and records information about synchronizations in the distribution database. It runs on the distributor server, and is required by most types of replication.
Log Reader Agent. The Log Reader Agent is used with transactional replication. It moves transactions marked for replication from the transaction log on the publisher server to the distribution database. Each database published using transactional replication has its own Log Reader Agent that runs on the distributor and connects to the publisher.
Queue Reader Agent. The Queue Reader Agent is used with transactional replication when you specify the queued updating option. The agent runs at the distributor and moves changes made at the subscriber back to the publisher. A single instance of the Queue Reader Agent services all publishers and publications for a given distribution database.
Distribution Agent. The Distribution Agent is used with snapshot replication and transactional replication. It applies the initial snapshot to the subscriber, and moves transactions held in the distribution database to subscribers. The Distribution Agent runs at either the distributor for push subscriptions or at the subscriber for pull subscriptions.
Merge Agent. The Merge Agent is used with merge replication. It applies the initial snapshot to the subscriber and moves and reconciles the incremental data changes that occur at the publisher and subscriber.

Question:  Which agent moves transactions marked for replication from the transaction log on the publisher server to the distribution database? 
Answer: The Log Reader Agent.

References:
Replication Agents Overview http://go.microsoft.com/fwlink/?LinkID=127563



建立散發者

需要的資訊 ：

散發者

快照集資料夾

散發資料庫

選擇可用此散發的發行者

1

3

4

2

• 使用設定散發精靈

簡報者
簡報註解
Discuss the ways to create a new publication.

You can create a publication interactively by using the New Publication wizard in SQL Server Management Studio, or non-interactively by using Transact-SQL and the replication stored procedures supplied with SQL Server 2008.
Name of the distributor. This page only appears the first time you create a publication for a SQL Server instance. 
Snapshot folder. This is the folder where SQL Server creates the files containing the snapshot data that is used to initialize subscriptions. 
Publication database. This is the database containing the data that you wish to publish. If you want to publish data from more than one database, you must create multiple publications.
Publication type. You can select Snapshot publication, Transactional publication, Transactional publication with updateable subscriptions, or Merge publication.
Subscriber types. This page only appears when you create a Merge publication. You can specify which versions of SQL Server subscribers might be using. 
Articles in the publication. A publication can contain several articles. An article can be data from a single object, such as a selection of columns from a database table, view or indexed view, or it can be a stored procedure or user defined function.
Filters to apply to any published tables. You can apply a filter to each table and limit replication to rows that match the conditions specified by the filter. 
When to run the Snapshot Agent to generate snapshot data for the publication.
You can create a snapshot immediately, and you can also arrange for the Snapshot Agent to execute periodically and generate a new snapshot containing the most recent version of the data in the published articles. 
Security settings for the agents used by the publication. Different types of replication use different replication agents. You must specify the security account that each of the agents will use. 
Publication name. This is just a unique name for the publication in the SQL Server instance. Specify a name that easily identifies the purpose of the publication and what it contains.
You can edit some properties for a publication after you have created it.
SQL Server 2008 also provides a number of stored procedures you can use to create and manage publications. 

Question:  When would it be desirable to use stored procedures instead of the wizard to create publications?
Answer: With stored procedures, one could automate the creation of publications based on variable inputs, allowing for quick dynamic publication creation.

References:
SQL Server 2008 Help file “How to Create a Publication.”





建立發行者

需要的資訊 ：

散發者

快照集資料夾

發行集資料庫

發行集類型

訂閱者類型

1

3

4

5

2

發行項

篩選

何時執行快照集代理程式

代理程式帳號設定

發行集名稱

6

8

9

10

7

• 使用新增發行集精靈

使用預存程序來建立複寫發行集

簡報者
簡報註解
Discuss the ways to create a new publication.

You can create a publication interactively by using the New Publication wizard in SQL Server Management Studio, or non-interactively by using Transact-SQL and the replication stored procedures supplied with SQL Server 2008.
Name of the distributor. This page only appears the first time you create a publication for a SQL Server instance. 
Snapshot folder. This is the folder where SQL Server creates the files containing the snapshot data that is used to initialize subscriptions. 
Publication database. This is the database containing the data that you wish to publish. If you want to publish data from more than one database, you must create multiple publications.
Publication type. You can select Snapshot publication, Transactional publication, Transactional publication with updateable subscriptions, or Merge publication.
Subscriber types. This page only appears when you create a Merge publication. You can specify which versions of SQL Server subscribers might be using. 
Articles in the publication. A publication can contain several articles. An article can be data from a single object, such as a selection of columns from a database table, view or indexed view, or it can be a stored procedure or user defined function.
Filters to apply to any published tables. You can apply a filter to each table and limit replication to rows that match the conditions specified by the filter. 
When to run the Snapshot Agent to generate snapshot data for the publication.
You can create a snapshot immediately, and you can also arrange for the Snapshot Agent to execute periodically and generate a new snapshot containing the most recent version of the data in the published articles. 
Security settings for the agents used by the publication. Different types of replication use different replication agents. You must specify the security account that each of the agents will use. 
Publication name. This is just a unique name for the publication in the SQL Server instance. Specify a name that easily identifies the purpose of the publication and what it contains.
You can edit some properties for a publication after you have created it.
SQL Server 2008 also provides a number of stored procedures you can use to create and manage publications. 

Question:  When would it be desirable to use stored procedures instead of the wizard to create publications?
Answer: With stored procedures, one could automate the creation of publications based on variable inputs, allowing for quick dynamic publication creation.

References:
SQL Server 2008 Help file “How to Create a Publication.”





建立訂閱

需要的資訊 ：

發行集

散發代理程式執行位置

訂閱者，資料庫

代理程式帳號設定

1

3

4

2

執行同步的排程

複寫訂閱者的變更到發佈
端

初始化訂閱

訂閱者類型

5

7

8

6

• 發送(Push)或提取(pull)訂閱

‧使用新增訂閱精靈

使用預存程序來建立複寫訂閱

簡報者
簡報註解
Discuss the New Subscription Wizard as well as the subscription stored procedures.
Push and Pull Subscriptions
A subscriber can create a subscription to a publication and elect to run the various agents that control the replication process on the subscribing server. This is known as a pull subscription. Alternatively, a publisher can execute the agents on the publication or distribution server. This is known as a push subscription.
Using the New Subscription Wizard
You can use the New Subscription Wizard to create a push or a pull subscription.
Publication to subscribe to. You identify the SQL Server instance containing the publication, the database holding the publication, and the name of the publication itself.
Agent location. This page enables you to specify where to run the agents that implement the replication process. 
Subscriber servers and databases. You can specify which SQL Server instances you want to subscribe to the publication, and which database on each of these servers should hold the replicated data. 
Security settings for the replication agents. The agents transfer data between the publisher or distributor and the subscriber. 
Synchronization schedule. Specify when the agents should run to synchronize the data between the publisher and the subscriber. 
When to replicate changes made by a subscriber to the publisher and to other subscribers. This page only appears when you subscribe to a transactional publication with updateable subscriptions. 
When to initialize the subscriptions. For each subscriber specified earlier, you can specify whether the subscription should be initialized immediately, or whether initialization should occur the next time the publisher (or subscriber, depending on the type of replication) initiates the synchronization process.
Subscription type. This page only appears when you subscribe to a merge publication. A subscriber can republish the data it receives. This has a bearing on how SQL Server resolves any conflicts that occur if multiple subscribers modify the same data.
 Using the Replication Stored Procedures
SQL Server 2008 provides different sets of stored procedures for creating push and pull subscriptions. 

References:
SQL Server 2008 Help file “How to Create a Subscription”




Distribution 資料庫

記錄歷史
和錯誤

發行者資料庫

發行項

快照代理程式如何準備快照

REPLDATA

.sch

.dri Schema

寫入
schema

記載
活動

釋放鎖定

寫入
資料

.bcp 資料記錄

快照
代理程式

讀取1

2

4

3

5

簡報者
簡報註解
This active slide proceeds 1 through 5 obviously.
There is an underlying shading separating the items that occur on the Distributor from those that occur on the Publisher (upper right).
The Snapshot Agent is the “thing” that does all this stuff.
The distribution database is a specific db, and is all lower case.
The Publishing db is not named in this example, so it uses normal case.
REPLDATA is case sensitive.
Change colors and size of D and P



散發代理程式如何部署快照

REPLDATA

.sch

.dri

.bcp

散發
代理程式

訂閱資料庫

Tables

distribution 資料庫

MSrepl_commands
MSrepl_transactions

歷史記錄
錯誤

1

決定要部署到
哪個訂閱

建立物件3

新增資料4

建立複寫的系統物件5

新增觸發，預存程序，檢視
到訂閱資料庫

6

記錄
活動

7

確定快照的目錄位置

2

簡報者
簡報註解
This active slide proceeds 1 through 7 obviously.
There is an underlying shading separating the items that occur on the Distributor from those that occur on the Subscriber (lower right).
The Distribution Agent is the “thing” that does all this stuff.
The distribution database is a specific db, and is all lower case.
The Subscribing db is not named in this example, so it uses normal case.
The REPLDATA files on this slide are the files that were created in the previous slide.




交易式複寫如何移動資料

快照需要同步的資料表結構和資料

Log Reader 代理程式掃描交易記錄

Log Reader代理程式複製需要複寫的交易到散
發者

Distribution 代理程式從散發者將交易送到訂
閱者



Log Reader 代理程式

1 當發行者第一次建立交易式發行
集時，便會建立 Log Reader 代
理程式

Log Reader
代理程式

建立2 Log Reader 代理程式在
distribution 資料庫搜尋
最後讀取的 LSN

每次 Log Reader 代理程式執行時

3 Log Reader 代理程式從
發行集資料庫的交易記錄
讀取之下一筆 LSN 開始
讀取

distribution
LSN:                  

交易記錄



Log Reader 代理程式如何讀取交易記
錄

1 發現下一個 LSN

2 開始讀取交易

3 去除無關之未發行的物
件的交易

4 複製發行的交易到
distribution 資料庫

5 標誌交易記錄已經讀到
此處

LSN:************** 29:  XXXXX

LSN:************** 17:   UPDATE
LSN:************** 18:   XXXXX 
LSN:************** 19:   UPDATE 
LSN:************** 20:   UPDATE 
LSN:************** 21:   INSERT
LSN:************** 22:   DELETE
LSN:************** 23:   UPDATE
LSN:************** 24:   INSERT
LSN:************** 25:   INSERT
LSN:************** 26:   UPDATE 
LSN:************** 27:   INSERT 
LSN:************** 28:   INSERT 

UPDATE
UPDATE
INSERT
UPDATE …

6 在標誌之前的記錄可以
清除



Log Reader 代理程式如何改變語法

INSERT INTO Emp VALUES (57, 'Bremer', 'Ted')

CALL sp_MSins_Emp (57, 'Bremer', 'Ted') 可能轉成預存程序

UPDATE XYZ SET …

DELETE XYZ …
INSERT XYZ …

可能轉成
DELETE/INSERT

UPDATE Emp SET Phone = '5559521' 
WHERE LastName = 'Bremer' AND FirstName = 'Ted'

CALL sp_MSupd_Emp (57, '5559521') 使用主鍵



快照代理程式如何準備發行項

MSmerge_contents
rowguid

Table rowguid

觸發

Table rowguid

rowguid

UPDATE
INSERT

rowguid

UPDATE
DELETE

MSmerge_tombstone
儲存記錄內容



Merge 代理程式如何建立和同步訂閱

讀取在發行和訂閱的 MSmerge_contents

將訂閱的變更寫到發行

將發行的變更寫到訂閱

若相同記錄(以rowguid認定)兩端都變更，則記
錄衝突，並啟動衝突解決器(conflict resolver)



點對點複寫

台北

上海

紐約

多個資料庫彼此互相複寫

每個伺服器都有讀/寫的發行、散發、訂閱

簡報者
簡報註解
Explain peer-to-peer replication.
Peer-to-peer replication provides multiple update database replicas. 
Each server that participates in a peer-to-peer publication has a read/write replica of the database. 
How Peer-To-Peer Replication Works
All participants start with an identical copy of the data and articles being published. For this reason, all databases participating in peer-to-peer replication should have identical schemas. Peer-to-peer replication uses transactional replication; all data modifications are replicated and the transaction processed on every server in the replication topology. 
To avoid having a single point of failure, servers should not share the same distributor.

References:
Peer-to-Peer Transactional Replication http://go.microsoft.com/fwlink/?LinkID=127590




範例

• 如果同步時間過期，發出通知

• 呈現各種代理程式的狀態

管理和監控複寫

利用複寫監視器監控複寫，利用警示主動通知

驗證和重新初始化訂閱

管理複寫代理程式

處理複寫衝突

簡報者
簡報註解
Discuss the Replication Monitor.
Replication depends on reliable network connections to maintain contact between a publisher and its subscribers. 
The purpose of Replication Monitor is to help you to identify performance issues before they become critical and endanger the stability of your applications. You can define acceptable performance for a publication; when this threshold is reached, alerts can be raised to warn you of any problems.
Includes statistics measured at the article level to ensure that you can easily and quickly identify any articles that are causing performance issues. It also separates upload and download statistics, providing a finer granularity of performance data.
Enables end to end latency tracking of transactional replication. 
After a prolonged network failure, or after performing disaster recovery for a crashed server, it might be necessary to manually verify the consistency between a publisher and its subscribers.

Question:  A server in a branch office that subscribes to a standard transactional replication publication goes offline for an entire weekend.  What is necessary to return data to 100% consistency? 
Answer: It may be necessary to manually verify that each transaction has been recorded consistently in both location.  Some T-SQL automation could be used to simplify the process.

References:
Monitoring Replication with Replication Monitor http://go.microsoft.com/fwlink/?LinkID=127576 
How to: Monitor Replication Agents from Management Studio http://go.microsoft.com/fwlink/?LinkId=131467





交易式複寫的追蹤 Token
• 透過複寫監視器可以新增追蹤 Token，以
了解交易式複寫在不同階段所耗時間

• Token 是一段指令，讓複寫可以追蹤過程

• 複寫監視器會呈現時間，並可以比較歷來
不同時期執行追蹤 Token 的時間差異



對複寫事件的警示

• 兩類事件
執行活動(錯誤，驗證失敗)
依使用者設定的效能警告

• 事件會記載到 Windows Event Log
• 對於事件警示的反應設定，可以利用：

SQL Server Agent
Microsoft Operations Manager(MOM)
其它可以讀取 Windows Event Log 的應用程式



備份-交易式複寫

• 所有參與的 SQL Server 伺服器，其

master、msdb 都要備份

• 在散發資料庫和發行集資料庫上設定sync 
with backup 選項

簡報者
簡報註解
http://byronhu.spaces.live.com/blog/cns!BF14192BD27975CB!1371.entry



對複寫的迷思

• 複寫不是及時發生的

• 若要用複寫當作高可獲得性或負載平衡的解決
方案，需先詳細規劃

• SQL Server 2005 後可以直接修改 Article 結構，
但建立非叢集索引需要靠sp_addscriptexec 系
統預存程序

• 交易式複寫從備份初始化，而非快照集：

簡報者
簡報註解
檢視 Transactional Replication 執行某句命令所觸發的錯誤：http://byronhu.spaces.live.com/?_c11_BlogPart_pagedir=Next&_c11_BlogPart_handle=cns!BF14192BD27975CB!1211&_c11_BlogPart_BlogPart=blogview&_c=BlogPart&partqs=cat%3dSQL%2520Server%25202008

交易式複寫從備份初始化，而非快照集：http://byronhu.spaces.live.com/blog/cns!BF14192BD27975CB!1379.entry?&_c02_vws=1



參考資料

• SQL Server 2005 White Papers (http://msdn.microsoft.com/en-

us/library/ee229552(SQL.10).aspx)
Achieving Scalability and Availability with Peer-to-Peer Transactional 

Replication(http://msdn.microsoft.com/en-us/library/cc966404.aspx)

Merge Replication Performance Improvements in SQL Server 

2005(http://msdn.microsoft.com/en-us/library/cc966388.aspx)

• SQL Server 線上叢書

• http://byronhu.spaces.live.com/
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