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Abstract 
 

While a grid represents a computing infrastructure 
for cross domain sharing of computational resources, 
the cyberinfrastructure, proposed  by the US NSF Blue 
– Ribbon advisory panel, is expected to revolutionizing 
science and engineering by including more computer 
integrated resources, e.g. telescopes and 
observatories. As a part of the China national 
cyberinfrastructure for education and research, 
resource sharing of expensive scientific instruments is 
discussed in this work. A layered model of instrument 
pools is introduced and the process from submitting a 
job to instrument pools to obtaining results is 
analyzed. Fuzzy random scheduling algorithms are 
proposed in instrument pools when a job is submitted 
to one of instruments within a pool. The randomness 
lies in the probability which instrument could be 
chosen for an experiment and the fuzziness origins 
from vagueness of users’ feedback opinions on 
experimental results. Users’ feedback information is 
utilized to improve overall quality of service (QoS) of 
an instrument cyberinfrastructure. Several algorithms 
are provided to increase utilization of instruments 
providing higher QoS and decrease utilization of those 
with poor QoS. This is demonstrated in details using 
quantitative simulation results included in this paper. 
 
1. Introduction 
 

Grid computing, originally motivated by wide-area 
sharing of computational resources [4], has evolved to 
be mainstream technologies for enabling large-scale 
virtual organizations [5].  Especially, entering the new 
century, the cyberinfrastructure vision [1], proposed by 
the US NSF Blue – Ribbon advisory panel, provides a 
blueprint of future infrastructure in cyberspace for 
revolutionizing science and engineering. Grid 
technologies are potential to be utilized for cross-

domain sharing of much more computer integrated 
resources, e.g. telescopes and observatories [11]. 

Current situation in China is that on one hand some 
organizations have expensive scientific instruments 
with high maintenance costs but low utilization ratios. 
On the other hand, many universities cannot obtain 
necessary experimental facilities supporting academic 
experiments and activities. As a part of the China 
national cyberinfrastructure for education and research, 
remote manipulation of geographically distributed 
scientific instruments and cross-organization sharing of 
high-quality education resources using grid 
technologies was discussed in [16, 17]. 

This work focuses on scheduling remote access of 
scientific instruments with consideration of quality of 
service (QoS) issues. A layered model of instrument 
pools is introduced. In our previous work the role of 
human was not taken into account and there was no 
QoS feedback mechanism to reflect whether users are 
satisfied with experimental results. In this paper the 
feedback information regarding instrument QoS is 
considered to be a fuzzy variable with one of the 
following linguistic values, terrible, bad, normal, good 
and excellent. The probability whether an instrument 
could be chosen for a job is dynamically adjusted 
according to users’ QoS feedback information. As a 
result, utilization of instruments providing higher QoS 
according to users’ feedback is increased so that QoS 
of an instrument cyberinfrastructure as a whole is 
dramatically improved. This is quantitatively 
illustrated using detailed modeling and simulation 
results included in this paper. 

Resource scheduling issues for clusters and grids 
has been discussed for many years. Especially, using 
historical QoS data to improve scheduling performance 
has been proved to be very effective. In a parallel and 
distributed computing environment, QoS data can be 
defined easily using quantitative values, e.g. job 
execution time [13], queue waiting time [14], data 
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