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Abstract of new, fast storage devices (e.g., SSD) on the VM hosts.

With local cache storage, each VM can improve the 1/0O

Block-level distributed storage systems (e.g., SAN, . .
iSCSI) are commonly used in the emerging cloud Com_performance by doing I/O locally to the cache device.
However, there are several key questions that need

puting systems to provide virtual machine (VM) storage, ) >

for fast VM migration and improved availability. How- to be ar_lswered in order to make effectlve use of SSD
ever, as the size of cloud systems and the number chaches in cIou_d storage systc_ams. Firetw to S|ze.the
hosted VMs rapidly grow, the scalability of shared block- >SP caches®iven the capacity and cost constraints of
level storage systems becomes a serious issue. ClienpoPS: there need to be enough locality in VM 10s in

side solid-state-based caching has the potential to imerder to make SSD-based caching cost effective. Other-

prove the performance of cloud VM storage by em- Wise, cloud may no_t be a good target .for SSD caching.
ploying solid-state drives (SSDs) available on the C"ent_Secondhow to configure the cache pollcgé’bllmes on
side of the storage system to exploit the locality inher-CaChe replacement and prefetching are important to the

ent in VM I0s. However, there are several key ques_cache performance; the policy of how to handle writes in

tions to effectively use SSD caches in clouds. First, bel€ cache hasimplications on notonly write performance

cause of the limited capacity and high cost of SSDs, jout also data durability. Thirdhow to share the shared

is important to determine the proper size and configu-CaChe capacity among concurrent VMgesingle SSD

ration of the caches. Second, because of the diversity df2che may be shared by up to a hundred VMs running
cloud workloads, it is also critical to properly allocateth O the same host, while the VM workloads vary in terms

limited SSD cache capacity among concurrently hoste! [0c@lity, read/write ratio, sequentiality, and buresss.
VMs. This project provides answers to these question he lack ofundersta_ndlng Qf allthese charactenstlcs may
by studying hundreds of GBs of and months long blocklea‘_j to a cache sharing policy t_h.at unfairly treat the com-
10 traces collected from real-world private (FIU) and peyng w_orkloads and u_nderut|l|ze the cache resources.
public (CloudVPS) cloud systems. ThIS project try to provide answers to the above ques-
tions by studying hundreds of GBs of block IO traces
1 Introduction collected from the Florida International University pri-
vate cloud and the Cloud VPS public cloud systems.

System virtualization is the key enabling technology of ~The rest of this work is organized as follow: Sectign 2
the emerging cloud computing systems. It enables flexdescribe the trace analysis. Secfion 3 present the work-
ible server consolidation and allows applications to being set size analysis. Sectibh 4 shows the study on pro-
conveniently deployed along with their required execu-portional cache allocation. Finally we present our future
tion environment through virtual machines (VM). Ap- work.

plications hosted on VMs can be relocated across dif- )

ferent physical servers to improve performance, reduc€ Block-10 Trace Analysis

resource usage, achieve better isolation, and save power

consumption. To enable fast VM migration and improveWe studied traces from two different locations, one col-
data availability, cloud systems commonly employ stor-lected atloudVPShttp://www.cloudvps.com/) and

age area networks (SAN) or IP-based SAN (e.g. iSCSIthe other collected at our servers her&&t (web, moo-

to store VM images for a set of VM hosts. As the size dle, and file servers). The traces are divided into sets, and
of cloud systems and the number of hosted VMs rapidlysummarized in Tablés 1 ahd 2.

grow, the scalability of shared block-level storage sys- For every set of traces we conducted a thorough anal-
tems becomes a serious issue. In order to overcome thigsis to get the following data:

issue we usém-cachdl], a block-level cachingthaten- e The amount of read and write operations
ables client-side storage and exploit data locality. e The amount of hits, using different cache policies
The feasibility of usingdm-cachds supported by the (write-back, write-through, write-allocate)

continuing deceasing cost of storage and the availability e The amount of IO operations per second (IOPS)


http://www.cloudvps.com/
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Table 1:FIU traces Table 2: CloudVPS traces Time (hours) Time (hours)

(a) Static (b) Dynamic

e The amount of sequential reads and writes
Figure 3: Cache Allocation Policies

Figure[l shows a summary of the analysis for FIU web-4 Pr oportional Cache Allocation

server traces. This analysis determines if the traces is

read or write intensive, and the hit ratio using differentWith the understanding of VMs’ cache needs, we further
policies (write-back, write-through, write-allocate)hd  investigate how to enforce the cache allocation among
analysis shows that FIU-webserver is write intensive andhe VMs sharing the same SSD cache. Cache allocation

the best cache policy to use is write-back. can be enforced statically for competing VMs’ work-
loads; however, due the dynamism inherent in the work-
B i loads, the WSSes change over time, so the allocation
LOREY N e T ey may also need to be updated dynamically.
£ e
E et 4.1 Static Allocation
g & s Qf Qf f g g This approach enforces logical partitioning at replace-
Time (weeks) ment time: if the cache is not full, a VM can use empty
oo o~ wieToomh — o | slots in the cache beyond its allocated share; when it is

full, a VM that has not used up its share takes its space
back by replacing a block from another VM that has bor-
3 Working Set Size Analysis rowed its share. FiguteBBa shows the results of replay day
long traces using static allocation.

Figure 1: FIU webserver trace analysis

For the Working Set Size (WSS) analysis we performed4.2 Dynamic Allocation
evaluation using different windows size “delta”, which

can be based on the number of accesses or based on tiff¢ €nhancedim-cacheto analyze workloads online.
elapsed. The analysis includes: This wss-anlyzekeeps track the information (block ad-

o . dress and time) of received 10s, and calculates WSSes

e WSS ?nalyfls with delta as ) number of &c- ¢4 each workload online. Based on the observed WSSes,
CESSEes and number of seconds . it also predict the WSSes of the workloads for the next
. Predlct next_WSS using double exponential smoothyindow. Using the predicted WSSes of all the work-
ing mechanism ) loads,dm-cacheeallocates the cache among the compet-
» Evaluate the accuracy of each predicted WSS ing VMs and enforce the allocation at replacement time.

. L . Figure[3b shows the trace replay results for dynamic al-
This analysis will give an understanding of VM's cache |, ~ion.

needs, and help us determine how to better collocate mul-

tiple VMs when all of them are sharing the same caches  Conclusions and Future Work

device. Figur€R? shows the WSS calculated usidgléa

specified based on the number of accesses, wittlta  The analysis performed on the traces definitively gives
of 1024. Here we can appreciate certain stability of WSSus a better understanding of block-level cache for cloud
throughout the entire three month of the trace and an eVeomputing systems on its requirements and implications,
ident change of WSS occurred in the middle of the traceput also raise more questions. For example, how to uti-

lize the sequentiality in the workloads? How to combine

g = access-based and time-based WSS analysis? These ques-
2 e tions will be addressed in our future work.
& 512 i —— Sl
- i i References
g 0 r 1 1 1 1l 1 [ L | I
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 . .
Window Number [1] Dynamic block-level storage caching
L Beo oEXP Vs = for cloud computing systems.
Figure 2: WSS-analysis using (delta accesses: 1024) http://visa.cs.fiu.edu/dm-cache.
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