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form of dynamic adjustment. Adjustment Mmight be accomplished simply by

operator intervention, by a Priority recalculation Such as 1in the SCOpPE

QUANTUM ALLOCATION AND OVERHEAD VARIABILITY



Service to need more appropriate]y, the answer is hopefu]]y an increase in

the cpy efficiency. Time-sharing system designers long ago recognized the

over a longer intervay,

length can be adopted under the assumption of 4 "Took—ahead" Capability,
i.e. if the Program is g complete jtg Processing ip the next quantum,

its service time follows 3 distribution different from the usual., The



slice, Proportionai
ATl four algorithms are

The model Presented ip Subse-

(4) overhead js considered as 4 controllable variable rathep
than a Constant vaiye,

Average response time
serves as the behaviora] Measure that is

analyzed as 3 function of total
CPy time, constant overhead times

> and varioys quantum lengths, The second

[2], outlines 3 Perspective of



of the algorithms used for schedu]ing and resource a]]ocation, i.e. assigning
- disk Space, tape drives, Peripheral devices, ete, to g particu]qr Program.

As the Operating systenm attempts allocation of its resources to reduce the
average Processing time Per program, more time is required tg determine the

Proper assignment. But even with Tess complex resource allocation methods,

Seeking serviée,_more Computations are necessary tg determine'the program

assigned cpy control.

which inclydes the quantum ai?oéation algorithm. Bunt and Hume [3] Provide a
survey description of schedu]ing algorithms in the context of se]f-ﬁegu]ating

Operating systems. They note that Parametric schedu]ing algorithms offer

the Capability tg alternate among severa] "switching algorithpms"® with less



A MODEL QF cpy EFFICIENCY WITH VARYING QUANTUM AND OVERHEAD

We begin with the assumption of & single Cpu that performs all tasks
related to the allocation of résources (jn Particular, the CPU and main
memory). OQur objective is to determine the efficienqy of the cpy under
different conditions for quantum allocation and overhead, We define efficiency

as the fraction of time the CPU g actually involved in Processing within

cycles with identical statistical Properties, Based on this Concept a Cpy

Productivity Measure is defined by Gaver [10, p. 4247 as

CPy Productivity = E [busy Period] (1)
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E [totad useful Processing tipe
in a busy Period]

CPUF = e
E [busy Period]

S (2)

1 . ETtotal overhead in a busy péffodj
E Dousy periog)

"Usefyl Processing time" is also referred to as “problem state time"

)

i

[22, p. 324].

CPU Productivity reflects the Proportion of 3 Specified time period
that the cpy s engaged in some form of Processing related to user demand.
The CPU efficienqy is a measyre of thE'proportion of the Processing
period'devoted to the execution of User programs ip contrast with the ovep-
head necessary to maintain the time-sharing environment . While both CPU

productivity and CPU efficfency are determined by the match of ysep and

we are dividing Processing time into two categories: (1) useful CPU time

and (2) cpy overhead., -Ip effect we ape counting only 4 portion of the time



different environment. Moreover, this overhead unrelated to the time-
sharing environment is quite dependent on the individual Program and the
mix of programs rather than on decisions related tq CPU allocation.

We assume the’fo]]owing conditions:

(1) a time-sharing systeﬁ'using some feedback discipiine and to
which programs are submitted via an input device,

(2) N input devices Potentially can access 3 single CPy, i.e.
submit a single program at a time to the CPU,

(3) an'input device after being "free" initiates 3 demand for
the CPU after g length of time that has a negative exponentiaj
distribution with mean 1/,

(4) the Processing times of submitted programs are independent,
identical i

{(5) an overhead computation (Df) is incurred at the initiation
of each period, in which j Jjobs are in the system,

(6) cpPy allocation is not affected by mémony availability, and

(7) no explicit considerations are made for the interruption of
task execution to accomplish input/output functions,

Now 1in the most general case the programs are Processed in some order for

@ period of time that does not exceed the quantum, a positive valye assumed

If the processing'of the program js completed within the quantum, it exitg

from the system;_otherwisgidgggﬁprogram surrenders 99”??9159f;th§ CPU_tQ“

another program and remains to seek a future assignment of the CPU. In

either case.an overhead period Di is incurred, with Di @ random variable



Possibly

Extension of

» conditioned op j programs seeking the cpy On completion of
the (n-?)éﬂf-task

s T.€. for Jn_]= i

n-1 (n=],2, .,)_
Then the distribution of the time devoted by the CPU to the nghh-task (bi(t))
s given by . oL
=i
| (3)
B.(t) = Pr{z (i)<t} = 1-¢H(t-5,)
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T (Re(6)>0).
Then
B;(6) = 7%, + oe™(0 + 1) Y1 (on)T
| 7 (4)
and the expected value of Zn(i) is determined by
E {Z (1)1 = - B (0) = ny
where

UREE (1-e7H9)

(5)

Before continuing, we note that three s

Pecial cases cap exist for the
general form given aboye for B;(0).

These cases relate to the assumptions
With respect to quantum and overhead:

(1).
(2)

constant quantum and overhead, -

constant overhead, variable Guantum, and

(3) constant quantum, variable overhead,

A1l three cases have physical significance in the modeling of time—sharing
systems. _

In the first case, the efficiency of the CPy (CPUF) g determined
simply as

1+us-e~HA i (6)
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As defined aboye the ordered paip (tn

n) Provides the information on
the number of Programs in the S

ystem just after the task completion epoch tn.
The sequence-{Jn

,Zn(f)} describes 3 semi:Markov.processuwith the distribution
function for state transitions within th

e interva] (0,x] for this process given
by

A.ij(x) = PP{Jn=J; Zn(T)iX[Jn__]=T}.
These transition Probabilities are determined as

i) =



dAij(x)

where

h(z)

1}

Let oy

(9) be the LS transform of dA; (X)

= ;® _-BX
aij(e) = fO e dAij(x),

-12-~

ue'“(x'5 ) 1) (1- e-Ax)J i+
J= 1+T
N-j- 1

'5i <X < 6 + q

( ) (e o) 5 g {e~1(61.+q1_)} N-3

. h(6i+qi-x)

=he, N5 i< j (g

1 if z=0
0 Otherwise

» 1.e.

Re(6)s0.
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After some simp]ffféatfons equations (7) and”(é) Tead to

—[e+A(N—i)]au__ .—[e+u+.(N—i)AH q;
%,i.1(6) = e e -
1,1-1

(9)

) :
O+ u+ (N-ina

N-1 3 j-14 K (}-i+i) —[B+(N—j+k-1)l]6i
a;5(0) =\ join kgﬁ ('j)' k /e

1-e-[o%ut (N~5+k-1)qui

tut (N-33k-T)3

-+(N“1)J'i" (-1)k (j‘f) _e-[6+(N-j+k)}\]61.-[6+u+(N-J'+k)AJq1-_ (10)
- \J-i /K0 k

R

,.
T A
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Now, consider the process {Jn, n=0,1,2,...3. 1t is a finite Markov chain

with state spacé-{0,1,2,...,N}. Its transition probabilities are given by

Which we denote as %340 1,3=0,1,2, ... .N. Denoting the matrix of transition
probabilities as As we obtain

r” _ ' ]
“00 %01 %02° "%, N-1 g
*10 %17 127 % Noy
4= 21 %22+ 4% N %N

e . -.—-_-_...._.._.._-._—--...—-.—._-.-.—-._

th
From the theory of finite Markoy chains [14], we know that the (i,j)

element of (IlH)f] repfesents the expected number of visits of the process

busy period), having started originally from State i. Whenever the process

visits state J» it spends an expected length of time ns (dj in overhead
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(15)

COMPUTATIONAL RESULTS

The-eerrimentaT”grocedure

The computatioha? proceduyre required_for the detérmination of
Processing times (g),overhead'ﬂﬂ.and CPU efficiency (CPUF) involves
two stages: (1) The determination of the matrix of transition_
probabilities 4 (equation (11)) and (2) the solution of the 1ipear
system of equations (see (13) and (18)). The transition probabilities

are obtained from €Xpressions given in equations (9) and (10), where
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the elements *i,i-1 @re shown separately frop all the remaining ones.
2

for the subdiagonal elements,

The determination of the transition probabilities alsg involves a

combinatorial calculation routine, For small valyes of N, high precision = -

might not be necessary. Hawever, the routine utilizes double precision
arithmetic so as to increa§e the range of values for N,

| The 1inear system of equations is solved using a modified Gauss-
Seidel routine Programmed by Professor Jameé E. Kalan. Because of the
Hessenberyg structure of the matrix 4, this routine proves tg pe extremely

efficient.

For éomputationa] comparfsons the mean Processing time Hu is
assumed to be of unit length . Consequently, a1j time values are
expfeséed in terms of 1/u. AN Programs are coded in FORTRAN. Results
are based on execution of the Programs on a UNIVAC 1108 and an IBM

S/370 dual 158 system.

Dynamic guantum aT]ocation

We can note in Figure ] the general behavior of CpPyF as the constant
quantum length js increased, By increasing the quantum from .5 to 2.5

(in units of the mean Processing time (T/ﬁ)), an increase of approximately
20 percent efficiency is observed. However, by increasing the quantum

from éfS'f6'12.5, a gain of only two percent is realized, Obviously,



CPU EFFICIENCY (CPUF)

Figure |,

trtect of Constant Quantum with Constant bverhead (6 = .5,
1/3=10/u,N=10)
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To enable a compar1son of CPUF under different strategies for dynamic guantum

a]]ocat1on we def1ne a measure of strategy variability - dispersion (d),

where

(q;- §)2

=
—

1

ja B
I
Kall ’—-

N

The analogy between dispersion and the coefficient of variation 1S recognized;
however, the quantum values (q ) are not realizations of a random var1ab1e
We also refer to quantum allocation strategies as 1ncreas1ng, decreasing, and
static (a constant quantum length regardiess of the number of programs demanding
CPU service).

In the following examples we explore two types of allocation strateg1es
(1 increasing the quantum 1ength as the number of Programs demanding service
increases and (2) decreasing the quantum Tength as the number of- programs
demanding serv1ce increases. An allocation strategy-is-characterized by S(N,d)
where N is the number of peripheral units and d is the measure of dispersion. .
The four increasing” strategies are 1isted below. Note that the strategy

average-(q) s 1.50 for all strategies.

$(5,.408) = (.70, .95, 1.50, 2.05, 2,30)

5(5,.739)= (.10, -45, 1.50, 2.55, 2.90)

S(?O,.408)= (.50, .75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50)
5{10,.739)= (.50, .50, .75, .75, 1.00, 1.25,.1.25, 2.00, 3.00, 4.00)

Corresponding to each of.the above. is a . “decreasing” strategy that we. designate

as S(N d), in which the order of quantum values is reversed. For each
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strategy pair {S(N,d) and g(N,d)}, we obtain CPUF values for the combinations

of parameter values shown in Table 1.

Overhead
Demand
Rate(1) § = .25 5 = .50
N6 | N=T0 N=5 | N=10
1/20
1710 -
3/20

Table 1. The Combination of Parameter Values for Each Strategy
Tested (Values for Overhead and Interarrival Time in
Units of 1/u). : :

Figure 2 is 'cdmpri§ed of four parts to show the effects of demand, overhead, .
“and number of peripheral units on CPUF. To simplify the 1abelling of strafegies
in Figure 2, single ]ette;s are used to indicate strategies as follows:
| ‘A: constant quantum {static strategy),
D: S(N,.408) or D: S(N,.408), and .
E: S(N,.739) or E: S(N.,739).

The following observations can be made:

1. As demand increases the-genera1 trend is for CPUF to increase under

increasing quantum strategies (S(N,d)} and to decrease under decreasing
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Figure 2.

The Effect of Demand R
Under Quantum Allocati
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CPU EFFICIENCY

Ine Effect of Demand Rate on CpPy Efficiency (CPUF) Under
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"
quantum strategies (S(N,d)).

2.  The difference in CPUF values for corresponding increasing and de-
creasing quaﬁtum strategies is greater when the dispersion is higher.
(Note the relative differences in D and E and B and ¥ in each part of
Figure 2.)

3.  As demand increases, higher dispersion has a more pronounced effect
on CPUF ander an increasing quantum strategy (S(N.d)). (Compare D

and E versus § and E.)

The significance of these’resu]ts~isﬂn0twtofbe~derived-by“comparing values of
CPUF under-dynamic-quantum allocation strategies with the related static
strategy values byt rather to demonstrate the effect on CPUF of different
dynamic strategies, any of which might be implemented without sufficient
investigation. ..To elaborate brief]yymwefacknowiedge—thatwthe desire to reduce
response time can motivate the use of a dynamic strategy, but the choice of
strategy should reflect consideration of the resulting effect on CPU efficiency.

Figure 3, presented in six parts reflects the effect of a saturation point
in terms of the number of peripheral unfts. Following Kleinrock [15, p. 840]
we can define a saturation point {N*) expresséd in the number of peripheral units
supporied by the system as

N = Ju+ 68+ 1/

T/u+s

"The resulting values for N* are indicéted on the graphs of Fiéure 3. With

reference to these values, we make -the fbi]owing~observations:"
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(Overhead Expressed in Units of 1/u.)
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Overhead Variabi?it
———==Jariability

the amount of overhead required to

often.v1ewed.asya_consequenceof.the

”-éovérheadmvariabiIiihwrepnesented~hy two -

The re]ationship between a conhs
by equation (6).
and 7.5 (in units

of 1/u).
slight. ‘
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"average” overhead ("average" in the same sense as g). The overhead functions

used in the reported resylts are shown in Table 2. similar to the testing of

2. quantum lengths of 1.5 apq 3.0 (in units of /1),

3. the demand rate per input device set ét -05, .10, and 15 (in units of
1/u),

4. overhead function dispersion valyes of .283 and .633, and

5. "average" overhead valuyeg of .25, .50, and .75.

composed from the results shown in Table 3. The discussion attempts to inter

pret the behavior mope fully,
Table 3 shows that an increasing overhead Function, especially with high

dispersion, causes a considerable Tncrease in CPUF over 3 constant overhead

Although increasing CPU efficiency is a prime consideration, stability of

response contributes significant]y to usep satisfaction, The resylts of Table
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o(5, .283, .25) = {.15, .20, .25, .30, .35} ' i
0(5, .633, .25) = {,05, .10, .25, .40, .45} :

0, .40, .50, .60, .70}
0, .20, .50, .80, .90}

45, .60, .75, .90, 1.05) o
15, .30, .75, 1.20, 1.35) |

5, .15, .20, .20, -25, .25, .30, .30, .35, .35}
5, .05, .10, .10, -25, .25, .40, .40, .45, .45}

0(5, .633, .50)

{
{
0(5, .283, .50) = {.
= {
0(5, .283, .75) = {
0(5, .633, .75) =
0(10, .283, .25) =
0(10, .633, .25} =

0(10, .283, .50) =
0(10, .633, .50) =

-30, .30, .40, .40, .50, .50, .60, .60, .70, .70}
.10, .10, .20, .20, .50, .50, -80, .80, .90, .90}

0{10, .283, .75

) = {.45, .45, .60, .60, -75, .75, .90, .90, 1.05, 1.05)
0(10, :633, .75) 5

» .15, .30, .30, .75, .75, 1.20, 1.20, 71.35, 1.35}

Table 2. The Overhead Functions O(N;d;S) Used in the Testing of Overhead Variability
(A11 Overhead Values in Units of 1/u)
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I Quantum Length {q) = T°5

Decreasin
in Units

g Overhead F
of 1/u).

N=5
T e ———————
d = .283 d = .633
Alu — . -
i Overhead (s) = Const. Incr;f Decr. Incr. . |Decr.
.05 83.24 | 69.40 93.09) 63.89
| 8= | 0 | 75.65 | go.ag 70.09 91.52| 64.98
1 |15 81.39 | 70.94 89.44| 66.45
0 196 | 53,3 86.95| 47.20
5= .50 101 60.84 |69.66 | 54 43 60.84 | 83.87}-49 o0
I L .15 67.88™|"55.79 |- 79.77] 51.37
| .05 62.02 | 43.40 81.44] 37.64
§ = .75 101 50.88 | 59.97 | 44.g8¢ 76.88| 40.01
: 15 57.58. | 46.56 70.89] 43.0]
L ~ M=
IS _ —
.05 83.14 | 69.55 93.27/ 64.08
5§ = .25 101 75.65 | 80.68 | 71.73 | 7565 88.74 67.79
] .15 77.57 | 74.26 81.22] 72.90
.05 70.79 '53.80 87.04] 48.00
§ = .50 10| 60.84 | 65.87 | 57.¢6 76.78/ 54.79
L5 61.12 | 61.02 62.76| 61.77
.05 61.25 | 44.37 80.99| 39,27
§= .75 0 | 50.88 54.19 | 49.21 64.21 47.96
[ .15 49.32- | 52 56 47.55] 55.30.
Table 3. Complete Results for Tests of the Increasing angd

unctions (Values of q and s,
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Quantum Length (q) = 3.

N=5
_Dispersion (d) R
d = .283 d = .633
M u .
Overhead (s) (p=1) Const, Incr. | Decr. Const.| Incr. Decr.
.05 86.11] 73.30 94.62( 68.13
§ = .25 .10 79.17| 85.60| 73.74| 79.17 | 93.7¢ 68.77
a5 84.91] 74.34 92.48| 69.75
.05 75.54[ 57.93 89.74) 51.78
6 = .50 0| 60.84| 74.60 58.70| 60.84 | 88.03 52.92
15 | 73.31] s9.75 | 85.44] 54.64
.05 67.24| 47.97 85.30] 41.88
§ = .75 .10 50.88( 65.90| 49.02| 50.88 82.74| 43.47
15 64.05| 50.42 78.81] 46.00
N =10
.05 86.01| 7343 | 94.66 68.29
§ = .25 .10 75.65| - 84.18{ 75.09] 75.65 91.65[ 70.95
15 81.60] 77.30] 85.86] 75.24
.05= 75.25 58,30 | g9 6 52.30
§ = .50 .10 60.84| 71.50| 61.51| 60.82 | g.gg 57.71
.15 67.01] 64.72 70.89] 64.12
.05 66.66| 48.68 85.06| 42,99
§=.75 .10 50.88/ 60.92| 53.04| 50.88 73.40] 50.49
.15 55.69] 56,42 56.63 | 57.56

Total 3, Continued
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caution in utilizing an increasing overhead function.

The i"?ﬁf@??ﬁ?ﬁ between demand and the amount of overhead incurred is
depicted in the four parts of Figure 6. The effect of increasing the "average"
overhead by a factor of three serves to separate the CPUF values in Figure 6(a)'
and 6(b). The degree of separation is quite Targe. But when the number
of input devices is increased to ten, the pattern of behavior undergoes marked
changes. The drop in CPU efficiency for the increasing overhead function
o(10, .633, .75) is over 33 percentage points contrasted with only 12 percentage
points for 0(10, .283, .25) and less than 11 for 0(5, .633, .75).

As a final observation we note that a higher dispersion value (with a
fixed "average" overhead) produces larger differences between the corresponding
increasing and decreasing overhead functions. The claim that variation in

overhead can significantly affect CPU efficiency is clearly warranted.
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CONCLUSIONS ANp SUMMARY

Several observations are-noted in the Preceding pages. In repeating the.
most significant of these observations below, we Wish to recal? two specifie
Points with régards to this research: (1) " the emphasis jig directed toward
relative_strategy comparisons, and (2) while all scheduling policies give the
same "averager quantum assignment (q) in the sense of assuming equal state
probabilities, the time-average is not equal to g. However, the time-average
quantum assigﬁment can be obtained only by solving the model. The conclusions
shown below ére Timfted-to the conditions Specified for Computational resyjts:

| 1. With fncreanng demand, increasing quantum strategies cause an
increase ip CPy efficienqy while the reverse is trye for decreasing

strategies,

under Tow to moderate demand (non-saturation).

served and the rate of job submissions) and the amount of overhead

has a significant effect on Cpy efficiency.
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The models developed during this research offer tools that are both
powerful and practical. Specific syétem configurations can be Conveniently
investigated. The effect of variability in quantum allocation strategies and
overhead functions on CPU efficiency is being investigated further. Extensions
of this research are directed toward the identification of “best" strategfes

which include both the user and operator perspectives,
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