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PERFORMANCE OF AN |/O CHANNEL W TH MULTI PLE PAG NG DRUMS

ABSTRACT

For rotating storage units, a paging drum organization is known to
of fer substantially better response time to I/O requests than is a nore
conventional (file) organization [Abate and Dubner, 1969; Ful |l er and
Baskett, 1972]. Wen several, asynchronous paging druns are attached to
a single 1/0 channel, however, puch of the gaim in response tinme due to
the paging organization is lost; this article investigates the reasons
for this loss in performance.

A nodel of an 1/0O channel with nultiple paging druns is presented
and we enbed into the nodel a Markov chain that closely approximtes the
behavior of the I/0 channel. The analysis then |eads to the nonment
generating function of sector queue size and the Laplace-Stieltjes
transform of the waiting tinme. A significant observation is that the

expected waiting time for an 1/0O request to a drum can be divided into

. two terms: one independent of the load of 1/0O requests to the drum and

another that monotonically increases with increasing load. Mreover,
the load varying term of the waiting time is nearly proportional to

(2 -1/k) where k is the number of drums connected to the 1/0 channel.
The validity of the Markov chain approximation is examned in several
cases by a conparison of the analytic results to the actual performance

of an I/0O channel with several paging druns.
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The performance of conputer systens has becone increasingly
dependent on secondary storage in the past years as the relative
performance gap has wi dened between central processors on the one hand
and secondary storage on the other. This article focuses attention on
the performance of one major form of secondary storage, the drumlike
storage unit. Exanples of drumlike stores include fixed-head disks,
seniconductor storage units built from large shift registers, magnetic
bubbl e shift registers, and delay lines, as well as storage units that
actual ly contgin physically rotating drums as shown in Fig. 1.1. The
purpose of this article is to investigate exactly how the performance of
several druns attached to the same I/0O channel, as shown in rig.1,2,
compares to the sinpler case of a single drum per 1/0O channel

An attractive organization for a drumstorage unit is as a shortest-

| atency-tine-first (SLTF), paging drum often just called a paging drum

Fig. 1.1 is an illustration of a paging drum The drumrotates at a
constant angular velocity and information is read or witten onto the
surface of the drum as the surface passes under the fixed read-wite
heads. That fraction of the drums surface that passes under a partiecula-
read-write head is called a 31@2& and a block of information, or a record
is recorded serially.onto a track. In a paging drum the angul ar co~
ordinate of the drumis partitioned into a nunber of equal size intervals
cal l ed sectors. Furthernore, we inpose the restriction that records be
stored at the intersection of a track and a sector. In other words, we
require that records start at sector boundaries and all records are the
same size, the length of a sector. The scheduling policy used by a

paging drumis , as we already mentioned, shortest-latency-tine-first.
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Figure 1.1. A drum storage unit organized as a paging drum
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Figure 1.2. Data paths between druns, |/O channel, and nmain storage
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This sinply neans that when a new sector arrives at the read-wite heads,
if there is an outstanding I/O request on the sector it will begin
service inmediately. If nmore than one |1/0O request requires service at a
particular sector, a first-in-first-out (FIFO) policy is used. In Fig.
1.1, if requests to read records 2, 3, and 5in sector 3arrived in the
order 3,5, 2, then the paging drumw |l begin servicing record 3as
soon as it finishes processing record 1 in sector 2.

There are several inportant reasons for using a paging drum
organi zation rather than some nore general, |ess constrained organization.
First, fixed size records considerably ease the task of managing space on
the surface (;f the drum If variable size records are allowed, the same
problenms of (external) menory fragmentation that have received so much
attention in main storage [cf. Knuth, 1968, Randell,1969] al so occur in
the drum store.

Ski nner [1967] and coffman[1969] have analyzed nathematical nodels
that accurately depict a single, SLTF, paging drum An inspection of
their results show it is possible to divide the response time of 1/0
requests into two terns: a term independent of the load of 1/0O requests
pl aced upon the drum denoted L and a term that nonotonically increases
with increasing |oad, denoted V\iv' The general form of the expected /0

waiting time, W, a single paging drumis

W= Wk W, (1.1)

the specific conposition of W and L is discussed in detail later in
this article. For an SLTF file (nonpaging) drum it has been shown that

the expected |/Owaiting tine is [Fuller and Baskett, 1972]

w o> W t2W L, (1.2)
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wher e V\iI and V\iv are the same expressions shown in Eq. (1.1). A
conmpari son of the above two equations gives an indication of the
substantial gains in performance offered by a paging drum over a file
drum  However, econonic and hardware constraints often require that
more than one drum nust be attached to a single I/0O channel, as shown in
Fig. 1.2. \Wen an I/0 channel nust manage several drums, nuch of the
gain in response tine achieved by using apaging drum organi zation is
lost. The reason for this loss is that each drum on the 1/0O channel is
driven by a separate, asynchronous motor. The records on one drum that
are carefully- stored in non-overlapping sector positions now overlap by
sone arbitrary, and slowy varying, anmount with all the other records on
the remaining drums attached to the 1/0 channel.

In the analysis that follows we will see that the expected 1/0
waiting time of an 1/0O channel with k paging druns is approxinmately

W= W+ (2- l)W .
LI k/"LV
Note that the load varying termincreases by # with the addition of a
second drumto the /O channel and doubles in the linit as k - o,

Shoul'd an individual decide, after seeing how nuch is lost with
several drunms on a single channel, that he would like to regain the |ost
performance there are several possible solutions. The nobst obvious one
is to replace all the drums on the I/O channel by a single drum|arge
enough to hold all the information once contained on the several snaller
drums.  This solution unfortunately runs counter to efforts to maintain
modul arity and reliability in the I/O structure of the conmputer system
A nore attractive solution would be to provide sufficient hardware in
the drum controllers so that all the paging drums on the same /0O
channel can remain in synchronization and hence reply to 1/0 requests

with the responsiveness of a single drum
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