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ABSTRACT





     This paper describes the design and functionality of a mini data 

acquisition system used to model queueing theory that was designed

and built at Fermi National Accelerator Laboratory.  Along with a

brief discussion of  data acquisition and queueing theory,  this paper

details some of the author's contributions to the project as a 

summer intern at Fermilab.

     By varying the number of buffers in our data acquisition system, it

is shown that the amount of data collected increases with the number   

of buffers.  This is in compliance with one of the most fundamental

concepts of queueing theory.
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INTRODUCTION



     Queueing theory is the mathematical theory of the formation and behavior of 



queues or waiting lines.  The pioneer in the study of queueing theory, A.K.

 

Erlang,  began his study of queues in 1908 in order  to improve the problem of



 telephone congestion for the Copenhagen  Telephone  Company.  Erlang was 



concerned with the fact that  because the number of telephone operators  was 



limited, customers often had to wait long periods of time before obtaining 



service.  By examining how much a telephone subscriber's waiting time would



 change as the number of  telephone operators increased or  decreased , and



 estimating the average waiting time for each customer, Erlang sought to strike a 



reasonable balance between increased  efficiency, and increased cost in service 



(due to increase in operators).



     As one can imagine, Erlang's study,  though initiated for a very specific 



purpose, does not have such a narrow application, in fact,  queueing



theory  can be applied in most line-forming situations. This can include traffic 



congestion,  aircraft  flying around in circles waiting to use an airport landing 



strip,  waiting in line at a car  wash, and perhaps the least obvious of these, data 



acquisition. 



     This paper describes a data acquisition system designed and built at Fermi 



National Accelerator Laboratory in order to model one of the fundamental 



concepts of queueing theory.  Moreover, this report  details some of the author's 



contributions which helped to bring the model into  completion. 







DATA ACQUISITION



     Data acquisition is the process by which data is collected in an experiment for 



later analysis.  Data acquisition systems always require the following: 1) a 



conversion of an analog signal to a digital word, 2)holding the digital words in 



some sort of waiting area, and 3) reading(processing) the digital words into a file.





DATA ACQUISITION : QUEUEING THEORY



     Queueing theory tells us that as the number of waiting areas increases in a 



data acquisition system , so does the amount of data that can be collected from 



the experiment.  Just as  customers must be turned away if there are no available 



waiting areas, so must possibly relevant data in the  case of data acquisition.  The 



amount of time that this occurs is known as Dead Time.  Dead Time decreases as 



the number of waiting areas increases  according to the relationship: 



                                           D.T. = (1-()^(k / (1-()^(k+1)



,where (=event arrival time/processing time, and k= # waiting areas. 





IC BOARD : CAR WASH



     In order to model this relationship, a mini data acquisition system or IC board 



was built.  A block diagram of this board is shown in figure 1. The functionality 



of this board can be best explained by the comparison with the operation of the 



car  wash shown in figure 2. 



     There are several parking spaces in our car wash which operates on a first 



come ,first serve basis.  The average number of customers arriving per unit of 







time is constant.  The car wash only performs one task -- washing.  It does not 



wax the car, or clean its inside.  The larger the car, the longer the processing time, 



or time it takes to actually wash it. In every instance ,after each customer is seen, 



he/she heads straight for McDon's, as they are running a 99cent special on their 



burgers.



     In our board, the number of buffers corresponds to the number of parking 



spaces at the car wash.    A hit on the PMT, which  was used to detect cosmic 



rays, is analogous to a car arriving at the car wash, while the size of the car 



corresponds to the amplitude of the analog signal  from the PMT.  McDon's 



is the VAX  FARM  that our digitized signal is read to.  The function



of reading out  corresponds to washing the car.  The FADC, or analog to 



digital converter, not represented at our car  wash, is used to convert the analog 



signals from the PMT into  digital words.  These digital words are stored inside 



of buffers which are located inside of a FIFO (first in first out) memory and read 



out into a VAX FARM.  The FIFO, which contained sixteen buffers, allowed the  



number of buffers to be adjussted.  This feature allowed the board to show 



that as the number of buffers is increased, so is the amount of data that can be 



collected. 























RESULTS



     Once completed, the functionality of the board was tested by allowing it to 



operate several times.  In each run, the number of buffers was changed, and 



the number of total  and accepted events, or hits on the PMT were measured.



The plot shown in figure  3 shows the ratio of  total  events to accepted events as 



a function of the number of buffers used.  As the number of  operating buffers 



increases, this ratio approaches one.  The amount of total hits in each run was 



about 101.  With 1 buffer, 64  PMT hits were accepted. There were 89 accepted 



with  2 buffers , 91 with 8 and 100 with 12. 







CONTRIBUTIONS



     As a summer intern, I made several contributions which helped bring this 



project into completion. This included the hand wiring of our mini data 



acquisition system, a vero quick-wire prototype electronics board.  This required 



the knowledge  and use of matrices, each IC part on the board, hex and  binary 



numbering systems, analog and digital signals, and soldering.
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