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Abstract

We have proposed a method replica-assisted migration
that use temporally replica data in other storage nodes dur-
ing executing data migration to keep both qualities of ser-
vice accesses and data migration duration. However, we
have not evaluated the method with real workload includ-
ing update operations. In this paper, we first improve the
method and evaluate an efficiency of the method under file
server workloads. Base on the result of it, we also pro-
pose Adaptive replica-assisted migration for reduce migra-
tion duration.

1. Introduction

Data migration is a method to balance workloads for re-
move hot spots in which heavy load is concentrate on paral-
lel storage systems and distributed databases [2,10]. Trans-
ferring data from hot spot to unused storage node keep per-
formance of storage systems for changing workloads.

However, data migration causes performance degrada-
tion temporarily because data transfer consumes system
resources such as I/O bandwidth and network bandwidth
[1, 7, 11]. The storage nodes with heavy accesses need
to process accesses for both services and data migration,
though the storage node degredate its performance ex-
tremely with excessive load. Saturated I/O such as disks or
networks of partial storage nodes makes a system difficult
to guarantee its performance.

For the problem, we have proposed Replica-assisted mi-
gration that reduce and distribute load caused by migration,
using replica data for data redundancy. The method reduces
the amount of data transferred and provides a source node
selectability by using replica data location. The method also

achieves to keep performance of each storage node by for-
warding moderate ratio of accesses to replicas.

However, our past studies don’t include enough evalua-
tions. We have indicated the efficiency of our method by
only experiments under synthetic workload with only read
operations, while update operations and real workload have
an influence on behavior of the method because of the con-
sistency control and real change of access trend. The eval-
uation and improvement of the method for real workload
with update operations is required in order to apply our
method to actual systems.

A purpose of the paper is to show the efficiency and ap-
plicability of the Replica-assisted Migration on real work-
loads with update operations. At first, In this paper, we
use file server workload generated by trace logs on actual
shared file server for evaluate our method. Current file
servers become larger and larger storing enlarged personal
information. So they are one of most significant application
for large-scale storage systems The workloads include ex-
tremely skew distribution and a half of the loads consists of
update operations.

First, we improve our method for file server workload.
Then we observe a behavior of our method on simulation
program with workload generated by real file server trace
logs. Results of the simulation show that providing migra-
tion source node selectability can work well, while access
forwarding cannot indicate efficiency.

Based on the results, we also propose Adaptive replica-
assisted migration that improve the proposed method to
control the migration source node adaptively with the load
of the node for reduce migration duration. The experimen-
tal results with simulation and real workload indicate that
adaptive method can reduce migration duration in many sit-
uations.

The rest of this paper is organized as follows. We de-



scribes assumed environment, technology and system orga-
nization in 2. In section 3, we summarize Replica-assisted
migration we have proposed. Section 4 describes file server
I/O and improvement of the proposed method. Section 5
indicate exeprimental results and discussions using simula-
tion program. In section 6, we proposed adaptive replica-
assisted migration and show its efficiency. In last section
we include our concluding remarks.

2 Data migration

Performance of hard disk drives extremely decline when
excessive accesses concentrated on them [8]. Current large-
scale storage systems consist of a lot of storage nodes with
connecting over high-speed networks. Saturated I/O such
as disks or networks of partial storage nodes make a system
difficult to guarantee its performance. Therefore access load
skew should be balanced over all storage nodes.

Data migration is proposed for the problem. Data re-
location by transferring stored data with considering per-
formance of storage node and current workload trend can
achieve load balancing on parallel storage systems.

2.1 Migration strategy

We assumed that all intelligent storage nodes record the
degree of current load and planning task is executed on a
node, aggregating current workload information. The node
executing planning task, we call coordinator, planed not
amount of migrating data but amount of migration load
degree because aggregating workload information of each
data is much complex.

The nodes execute following tasks at regular time inter-
vals defined in advance. At first the nodes pick a node for
coordinator and send the degree of current load on each
node to coordinator. Then the coordinator node calcu-
lates average load degree and make migration amount list
that include information that how much data or load each
node should migrate to other node. At third, the coordina-
tor node refine the list by multiply speed-factor parameter
θ(0 ≤ θ ≤ 1) to prevent overdo. The end of the strategy,
each storage nodes transfer ordered amount of data to or-
dered nodes.

2.2 A Problem caused by load of data migration

It is significant problem that data migration causes per-
formance degradation temporarily. Data migration con-
sumes system resources such as I/O access ability and net-
work transfer bandwidth that services for clients also uses.
The migration causes serious performance degradation on
systems because the migration tends to occur on nodes
when the nodes already become hot spot. So when hot spots

appear on systems, the migration cannot make a sense or
cannot guarantee the quality of storage systems services.

Although there are many studies on achieve both stor-
age QoS and data migration simultaneously [1,7,11], many
of them consider not horizontal migration but vertical one.
Thus, the horizontal migration with speed adjusting makes
no sense because it cannot follow changing speed of work-
load trend.

3 Replica-assisted Migration

We have proposed Replica-assisted migration to achieve
both storage QoS and data migration without slowing mi-
gration speed . The rest of the section describes a concept
and summary of the method.

3.1 Concepts

We uses replica data for data redundancy described at
section 2. We first reduce the amount of transferred data
and make selectability on migration source node. We also
use replicas for access services, forwarding partial accesses
of primary data to replicas. Using replicas not only with
migration but also with regular services is beyond the scope
of this paper, although we discussed the usage in [5] An ad-
vantage of our method is that systems can migrate moderate
amount of data even if the source node already becomes hot
spot.

Following description of the method and algorithm as-
sume that the systems adopt range-partitioning data place-
ment policy and Chained Declustering replica placement
policy [3] implicitly, although the concept of our method
is applicable to other systems.

3.2 Migration source selectability using replicas

Replicas location make selectability of migration source
node and the selectability make it available to generate mi-
gration load on less accessed nodes.

The algorithms implicitly assumed that Chained Declus-
tering replica placement policy and range partitioning data
placement policy. The stored data has unique identifier and
sorted the identifier. Each node has range of identifier and
equivalent data are stored the node. The range make two
nodes as neighbors.

The migration destination node restricted to which right
neighbor node that store data that has larger identifier or left
neighbor node that store smaller one by range restriction.
Therefore using replicas on right node, the migration can
select data transfer source node from whether primary data
or replica data. We call the former S(Self)-pattern and the
latter N(Neighbor)-pattern. Figure 1 shows the S- and N-
pattern of right migration.
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Figure 1. Two data transfer source node. the
coordinator node can select the source node
from prii on diski or baki on diski+1 when
migrating datai

When data migration requires, the coordinator can select
migration source node from S- or N- pattern with aggre-
gated workload information.

3.3 Access forwarding to replicas

Partial accesses towards data stored in a node which is
hot spot and also be source node of data migration can be
forwarded to nodes that store replicas of the primary data to
avoid causing performance degradation by data migration.
Thus you can execute data replacement even if hot spot has
appeared.

Our method execute following tasks in addition to reg-
ular migration tasks described at 2.1 At first coordinator
calculate access forwarding ratio r as well as calculate the
amount of migrating load, using load degree aggregated
from all nodes. At that point, the coordinator issues orders
to all node to switch replica consistency mode from asyn-
chronous to synchronous one and apply uncommitted up-
date logs, if the system adopt asynchronous replicas. Then
the coordinator send the r to all nodes and the nodes set each
r to itself. At third, required nodes migrate the stored data
to ordered nodes. At that point, accesses to the nodes are
partially forwarded to the nodes that stores replicas based
on r. When the node finish to migrate ordered amount of
data, the node set own forwarding ratio as zero.

3.3.1 Calcuration of Forwarding Ratio

A coordinator node calculate access forwarding ratio r as
follows. In the discussion, Li(t) is load of primary data
stored in node i and LTMP

i (t) is list of values using tem-
porarily in the algorithm.

At first, the coordinator picks a node i that total number
of current load of the node LTMP

i (t) plus migration load

LMIG is larger than max processable load per node Lmi.
Then, if forwardable load hi is smaller than the primary
load Li(t), in other word, the node i can forward its load
to other one, LTMP

i (t)−LMIG is subtracted from LTMP
i (t)

and added to LTMP
i+1 (t) and hi that is forwarding load of

node i. The calculation involves access forwarding. At that
point, if Li+1(t) that is load of nodes storing replicas of the
nodei, we call the node node i + 1, exceeds the max load
Lmi+1 to keep agreed response time, node (i+1) forwards
the access load to node (i + 2), according similar to the
way described as above. The algorithm terminate when a
node j that satisfy hj > Lj(t) exists or all node i satisfy
LTMP

i (t) < Lmi, in other word, no update of hi occur.
The output of the algorithm is access forwarding ratio ri

that is calculated by hi/Li(t)

3.3.2 Estimation of data migration load

This section describes the estimation value of data migra-
tion load LMIG that is required at algorithm described sec-
tion .

We estimate the migration load by performance curve of
storage nodes that indicate response times of a storage node
by access frequency. The migration load can be represented
as Qavg/2Rreq [Byte/s], where Qavg [ Byte ] is average
size of data segment such as file and blocks, Rreq [s] is max
response time that client can tolerate, and 2 on denominator
represent sequential behavior between data read on source
node and write on destination node.

You note that we improve the estimation method at sec-
tion 5.1 because the estimation method assumed that behav-
ior of storage nodes is linear to IO size, although workload
with various IO size such as file server workload caused
non-linear responses.

4 Improvement for file server workloads

In this paper, we uses file server workloads as real
and update-including workloads. We describes summary
of properties of file server workloads, improvement of
premised migration strategy and Replica-assisted migra-
tion.

4.1 Properties and trends of file server workloads

Hsu et al. [4] analyzed trace logs on fifteen PCs and five
fileservers and report their characteristics. In this section,
we summarize the report as four properties:

Property 1 The workload includes update requests. The
ratio of update requests is 30-60 percent by both request-
size and number.



Property 2 Request size is very small. The average request
size for the original workloads is about 7-9KB, they said.

Property 3 Only a small fraction of the data stored is in ac-
tive use, they said. the average size of files accessed c times
at a day f(c) is approximately described as a/cb, where a
and b are positive constants. In addition, the daily work-
ing set for the various workloads ranges from just over for
percent to about seven percent of the storage used.

Property 4 There are few files tha t are both read and writ-
ten. less than 25 percent of the total working set size are
used both read and written.

4.2 Improvement of premised migration strategy

Before improving our method, we first improve the
premised migration strategy described at section 2.1.

4.2.1 Various request size

Property 2 shows that the workload includes various size of
access requests. Thus it is difficult to estimate max perfor-
mance of storage nodes as units on MB/s or iops because
behaviors of hard disk drives tend to be non-linear on size.

We refine our migration strategy not to use response per-
formance on a request size but to use one on various request
size by measuring with benchmarks.

4.2.2 Extremely skew access distribution

Property 3 shows the extremely skew access distribution.
Our premised migration strategy described at section 2.1
must migrate massive amount of data because the strategy is
based on load equalization on each node with the workload.
The massive amount migration causes longer migration du-
ration than changing speed of workload trend.

We refine the strategy not to base on load equalization
but keeping max load to keep agreed response time of each
node. The strategy calculates amounts of migrating data by
keeping performance of storage node as hot spot on levels
on service level agreement (SLA).

The refine reduce amount of migrating data on practical
one. Our simulation experiments show that the amount is
reduced from about 100GB to about 1GB, while keeping
performances of all storage nodes.

4.2.3 skew distribution of update ratio

Property 4 shows that update ratio of each data segments are
funnel towards zero or one. Thus the coordinator cannot de-
termine the migrating data segments with abstract average
information of update ratio on stored data.

We refine to re-obtain update ratio of each data on each
stored node after the coordinator node issues migration or-
ders for keeping both scalability and accuracy of update
ratio information. The migration destination node also in-
forms the update ratio of migrated data to the node that has
replica of it.

4.3 Improvement of Replica-assisted Migration

Replica-assisted Migration should be improved as fol-
lows for real workload such as file servers.

Consistency control between primary and replicas are as
follows. We assume the synchronous update between pri-
mary and replicas. Request sequence is received the node
containing primary data. The update requests and read re-
quests are serialized by the primary node and sending to
nodes containing replicas if forwarding is needed.

Forwarding ratio should be calculated by load of read
requests. We change the strategy described at section ?? to
calculate by load of the node and average update ratio of
node i ui(0 ≤ ui ≤ 1). First refined point is to change
definition of load of a node from only primary load to total
of read and write to primary and write to replicas. Second
one is forwardable load from total primary load to only read
load of primary. Third one is calculation of forwarding ratio
hi to hi/{Li(t)(1 − ui)}

5 Experiments

We evaluate and observe the behavior of our method un-
der file server workload by simulation program we con-
structed.

5.1 Environments

We use a queuing network based storage system simu-
lation program that we constructed in past study. Behavior
of hard disk drives in the simulation is calculated with pa-
rameters on HGST deskstar T7k250 specification [9]. The
simulation constructs of 16 storage nodes with 64MB cache
connected by 800 Mbps network.

Write accesses are processed as below. Cache on each
storage node is set to write through and replicas are up-
dated synchronously. Then the write request arrived at disk
drives on both primary node and replica node . Disk drives
eliminate requests to same blocks. Command re-ordering
method is not implemented.

As described at section , we need benchmark result of
the storage nodes. We measured the max access frequency
a node can keep practical response time with storing 1GB
files by request size. Responses of larger size are dominated
by networks, while one of smaller size are constricted by



Table 1. Specifications of used workloads

workload parameter a b c d e

Head Timestamp (hour) 15 16 17 18 19
Time span (hour) 1.1 1.0 0.9 1.0 0.9

Write Ratio on # (%) 46.9 41.7 38.5 42.7 44.4
Write Ratio on size (%) 43.4 42.2 39.6 42.0 44.7

Accessed size (GB) 36 40 40 42 40
# of accessed files (103) 14.0 13.4 11.6 13.4 11.9

# of requests 1.2 × 105

total file size(GB) 450 × 2 (Primary & Backup)
# of total files 1.0 × 106

disk drives. Applying least square method, we can calculate
load of a request to l(s) by following equation:

l(s) =

{
s×3.38×10−9+5.49×10−3 (s ≤ 800KB)
s/(96×106) (s > 800KB)

(1)

where the node performance is normalized as one. We
use the equation on following experiments and discussion.

To evaluate our method, we use trace logs on real file
server [6]that Hewlette Packard published. The used work-
loads are generated by clipping five set of one hour traces
form the trace log and be as sequences of stateless ac-
cesses. Table 1 shows the characteristics of clipped work-
loads. Stored file set is also generated by trace log and re-
sults of ls command.

We use range partitioning as file placement policy. Iden-
tifier of each files are generated as follows:

id = sid ⊕ ((sid ∧ 0xff) × 212) (2)

where sid is preliminary numbered by trace sequence order.
The transform distribute files on 220 ranges.

5.2 Results

Figure 2 shows the average and max response time per
blocks under five segments of workload. both of them are
normalized by response time without our method. The fig-
ure indicates that average response time are reduced, while
max response time has no differences.

The experimental results show that the proposed method
make no sense from aspects of QoS. We analyze the result
log on simulation and discuss two differences of behaviors
between synthetic workload and real workload.

One is by property 3 that is high skew distribution. Ex-
tremely skew distribution causes isolated hot spot and the
migration can transfer data from other idle nodes by using
replicas. Therefore migration load don’t occurs on hot spot.

The other is high update load. In spite of the similar
ratio between read and write operation, it is observed that
many heavy workload consist of much of write accesses.
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Figure 2. Relative access latency with/without
Replica-assisted Migration~iwithout pro-
posed method ~j

In addition, cache on storage nodes absorb almost all of
read accesses with 90 percent hit ratio. Thus most accesses
requests concentrated on hot spot are write operations that
cannot forward to replicas.

We summaries the result as that while providing migra-
tion source selectability well works, access forwarding to
replicas should be refined to work well with real and hard
update operations.

6 Adaptive replica-assisted migration

The experiments and analysis shows that providing mi-
gration source selectability well work even under real work-
load.

In this section, we propose to enhance the method in or-
der to reduce migration duration.

6.1 Adaptive selection of migration source nodes

When concentrated update operations make hot spot
nodes, the node containing their replicas also become hot
spot with synchronous update load. In order to reduce mi-
gration duration, the migration load should be distributed to
colder hot spot.

We propose Adaptive selection of migration source
nodes to solve the problem. The method dynamically se-
lect migration source node based on short-span evaluated
load information such as I/O queue length.

The method enhances our past proposed method to add
following tasks.

When migration of each file or moderate amount of files
finishes, the migration source node, the replicas of the node
and destination node communicate the short-span evaluated
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Figure 3. reduction ratio of migration duration
by Adaptive replica-assisted migration.

load information. The information tend to transfer in piggy-
back payload. Then the primary of migration source node
select which S-pattern or N-pattern, so that migration load
occur at colder hot spot. At a result, the migration load is
distributed to two nodes equally and migration duration is
reduced.

6.2 Efficiency of adaptive selection

We observe behaviors of the adaptive migration source
selection by simulation and real workload. In the experi-
ments we use queue length of disk module as short-span
evaluated load information.

Figure 3 shows reduction ratios on migration duration of
eleven periods of migration with six segments of workload.
The first three segments of workload are same as a, b, c in
table 1 and the second three are heavier version of first three
to reduce 30 percent of intervals between accesses. In the
figure, while bar indicate first migration on the migration
and black bar indicate after second migration.

The results show that all of the migration duration is re-
duced by adaptive version of proposed method. About 2.6
percent of migration duration is reduced. Although we have
not analyze details yet, the figure also show that the method
work more efficient after second migration than first migra-
tion.

7 Conclusions

In this paper, we improved, observed, analyzed and eval-
uated Replica-assisted migration we have proposed with
file server workload as actual and update-including work-
load. Refining a few point in order to work as file server,
one of our method to provide migration source node se-
lectability worked well with the workload, while the other
of our method to forward partial accesses to replicas made
no sense because of high skew access distribution and high
update load.

Based on the result of analyze, we also proposed Adap-
tive replica-assisted migration by enhancing our past pro-
posed method to reduce migration duration. The adaptive
method worked well with almost all time of real file server
workload.

To solve current issue, we plan to enhance and improve
the premised migration strategy to apply our method to ac-
tual systems. We also should refine replica consistency con-
trol and cache behavior in order to reduce update load.

Detailed evaluation and analysis are one of important fu-
ture works.
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