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In this section we consider and analyze alternative 
replication strategies. We analyze the advantages of 
each strategy using as metrics: degree of fault tolerance 
(how many nodes can be unavailable or fail 
simultaneously); efficiency (performance upon node 
failure); provision for taking several nodes offline 
simultaneously for data loading or other management or 
maintenance activities. For instance, it may be possible 
to take half the nodes offline for loading while the 
system remains online, then switch to loading the other 
half while never stopping the availability status of the 
system. 
  
5.1. Full Replicas (FR) 
 
The simplest replica placement strategy involves 
replicating each node’s data into at least one other node. 
In case of failure of one node, a node containing the 
replica resumes the operation of the failed node. A 
simple placement algorithm considering R replicas is: 
 
Number nodes linearly; 
For each node i 
   For replica =1 to R 
      data for node i is also placed in node (i+R) MOD N; 
 
Metrics: 
• Degree of fault tolerance: R nodes when considering 
R replicas; 
• Efficiency (performance upon node failure): 
processing time doubles when a node fails; 
• Provision for taking several nodes offline 
simultaneously: can take multiple nodes offline 
simultaneously, as long as the set of unavailable nodes 
does not include all R+1 copies of any node. For 
example, in Figure 6 with two replicas, shaded boxes 
may be unavailable and the system still works, because 
nodes 3, 6 and 9 contain replicas of their two closest 
neighbors. This suggests that up to R/(R+1)N nodes can 
be offline simultaneously, if chosen carefully.    
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The major drawback of this simple strategy is 
processing efficiency when unavailability of a few 
nodes occur: consider a NPDW system with N 
homogeneous nodes. Using a simplified linear model, 
assume that each node contains and processes about 



1/N of the data in O(1/N) of the time it would take to 
process the whole data. If one node fails, the node 
replacing it with the replica will take (at least) about 
twice as long O(2/N), even though all the other nodes 
will take O(1/N). The replica effort is placed on a single 
node, even though other nodes are less loaded.  
 
5.2. Fully Partitioned Replicas (FPR)  
 
Instead of having full replicas in a single node, much 
more efficiency results if replicas are partitioned into as 
many slices as there are nodes minus one. If there are N 
nodes, a replica is partitioned into N-1 slices and each 
slice is placed in one node. The replica of node i is now 
dispersed into all nodes except node i. The following 
algorithm can be used to place the slices: 
 
Number nodes linearly; 
The data for node i is partitioned into N-1 numbered 
slices, starting at 1;  
For slice x from 1 to N-1: 

Place slice x in node (i+x) MOD N . 
 
This strategy is the most efficient one because, 
considering N nodes, each replica slice has 1/(N-1) of 
the data and each node has to process only that fraction 
in excess in case of a single node being unavailable. If a 
node becomes unavailable, the remaining nodes will 
process their data together with the replica slices 
corresponding to the unavailable node. However, in this 
case it is not possible to stop more than one node if 
there is a single replica, because all nodes that remain 
active are needed to process a slice from the replica. In 
order to allow up to R nodes to become unavailable, 
there must be R non-overlapping replica slice sets. Two 
replicas are non-overlapped iff the equivalent slices of 
the two replicas are not placed in the same node.  
Consider that R replicas are to be created (tolerance to 
unavailability of R nodes). In order to avoid slice 
overlapping, the following placement algorithm is used: 
�
Number nodes linearly; 
The copy of the data of node i is partitioned into N-1 
numbered slices, starting at 1.   
For j=0 to R:  

For slice x from 1 to N-1: 
Place slice x in node (i+j+ x) MOD N 

�
Metrics: 
• Degree of fault tolerance: R nodes, when R replicas 
are used; 
• Efficiency (performance upon node failure): 
processing time increases proportionally to size of slice 
(fraction 1/(N-1)); 
• Provision for taking several nodes offline 
simultaneously: need multiple non-overlapping 
replicas.     

 
�
�
5.3. Partitioned Replicas (PR) 
 
Replicas may be partitioned into less than N slices (in 
NPDW with N nodes). If replicas are partitioned into x 
slices, we denote it by PR(x). If x=N, we have a fully 
partitioned replica. A very simple algorithm to generate 
less than N slices is:   
 
Number nodes linearly; 
The data for node i is partitioned into X slices starting 
at 1;  
For slice set j=0 to R:  

For slice x from 1 to X: 
Place slice x in node (i+j+ x) MOD N 

 
If we desire y nodes to be able to come offline 
simultaneously when a single replica is used, then the y 
nodes must not contain replica slices of each other. In 
order to achieve this, we can divide the nodes into 
groups that we want to take offline simultaneously. 
Then we guarantee by placement that replica slices of 
the nodes in a group are not placed in any node of that 
group and therefore we can take the whole group 
offline simultaneously for maintenance or other 
functionality.  
For instance, Figure 7 shows twelve nodes organized 
into two groups G1 and G2. Replicas of each node are 
PR(6) and the slices are placed in the other group. The 
labels R1 and R2 in the Figure represent the replicas of 
nodes of each group and indicate that they are placed in 
the other group. The replicas are fully partitioned into 
the other group.    

�
  

�������9��:�	���
�����������
 
Using this strategy, it is possible to take a whole group 
(6 nodes) offline simultaneously. The system will run 
slightly slower than if we had a single node offline with 
12 full replica slices, because slices are larger. This 
layout guarantees availability to failures of a single 
node (R=1) but also of any number of nodes from a 
single group.  
We denote this strategy by PRG(g,x) (g groups with x 
elements each) or PR(x), for simplicity and considering 
equal-sized groups. It works like FR at the inter-group 
level and FPR within each group.   If we use this 
strategy with R replicas and R+1 groups, the system can 
tolerate failures or unavailability of nodes from up to R 

1#�

16�

L6� L#�



groups. More groups allow more nodes to be 
unavailable but slices will be larger, leading to possibly 
slower processing when groups are offline. 
 
Metrics: 
• Degree of fault tolerance: X nodes from a single 
group; If R replicas over R+1 groups are used, the 
system can tolerate failures or unavailability of nodes 
from up to R groups; 
• Efficiency (performance upon node failure): 
processing time increases proportionally to size of slice 
(fraction 1/(X)); 
• Provision for taking several nodes offline 
simultaneously: can take offline whole groups.     
�
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Select nation, o_year, sum(amount) as sum profit from 
( 
Select n_name as nation, year(o_orderdate) as o_year, 
l extendedprice * (1 - l discount) – ps_supplycost* 
l_quantity as amount 
from 
tpcd.part,tpcd.supplier, tpcd.lineitem, tpcd.partsupp, 
tpcd.orders, tpcd.nation 
where 
s suppkey = l_suppkey and ps suppkey = l_suppkey 
and ps partkey = l_partkey and p_partkey = l_partkey 
and o_orderkey = l_orderkey 
and s_nationkey = n_nationkey 
and p_name like x and n_nationkey > y 
and o_orderpriority = 'z' and ps_availqty > w 
) as profit 
group by nation, o_year 
order by nation, o_year desc;) 
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