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Thereisalack of flexibility in afixed page location system because every location
within a page has a determined mapping within a page buffer. This causes the buffer to
contain locations that are unlikely to be used. A more flexible system introduced in this
paper, called variable page location, allows a page to begin at the first location needed so
that the page buffer will be filled with sequential locations that are likely to be used.

This is not easily accomplished or practical if a conventional replacement policy,
such as FIFO or LRU, is used in a variable page location system; therefore, a new class
of replacement policies, called location palicies, isintroduced. To see how well aloca
tion policy system compares to a conventional system, a performance model for each
system is developed. Both models are a function of cache size, program size, and pro-
gram behavior. Asapreliminary step for performance modeling, a stochastic model of
program behavior based on the difference between successive word references is pre-
sented.

Keywords: memory replacement policies, cache, performance analysis, program behav-
ior, models, hit ratio, LRU, FIFO, OPT, FCRP

1. INTRODUCTION

A replacement policy tries to anticipate the needs of the CPU which is controlled
by program behavior; therefore, when a cache system is designed, program behavior
should be taken into consideration [1-4]. There are many different types of programs.
Fortunately, most of them exhibit the temporal and spatial characteristics of locality of
reference [5-7].

1.1 Existing Approachesto Cache Design
The techniques for implementing a cache memory system in multi-user and multi-

processor environments have been well understood for some time [8-10]. Techniques
such as fully associative, set associative, and direct mapping schemes are the most popu-
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lar ones. Each technique usualy involves a trade-off between implementation and hit
ratio and, to evaluate the three techniques, two key areas of implementation that add to
the cost and complexity are the first is hit/miss determination and the second is replace-
ment determination.

Table 1 is a qualitative summary of the existing cache techniques [11, 12] without
taking cache size into consideration.

Table 1. Qualitative summary of existing cache techniques.

Hit/ Miss Replacement | Hit Ratio
Determination | Determination
Fully 4 LRU =4 LRU = 1
Associative FIFO=1 FIFO = 2
2-Way Set 3 LRU =3 LRU = 2
Associative FIFO=1 FIFO = 3
4-Way Set 2 LRU =2 LRU = 3
Associative FIFO=1 FIFO = 4
Direct 1 1 4
Mapping

Rated onascalefrom1to4. (Best=1)
1.2 Variable Page L ocation Design

The moativation behind this study was to develop a technique that would enhance
cache performance for microcomputer applications and architectures. However, the
models derived may be utilized elsewhere. To achieve higher performance, variable
page locations in main memory are utilized. The idea behind variable page locations is
simple. Since locality of reference says that sequential locations have greater probabil-
ity of being accessed, every time a miss occurs, it should be beneficial to cache perform-
ance if apageis buffered starting from the first location needed [13, 14].

Each page of main memory has a starting location (L). Since there are m words in
apage, apage ends at location L+m-1. For n pages in cache, there is a set of n starting
locations{L,...,L.}.

A diagram showing how main memory locations are mapped to cache is shown in
Fig. 1. Fig. 1 can be considered a snapshot in time of the memory hierarchy and is
meant to show which locations of main memory, the bottom half of the diagram, existsin
each cache page frame, the top half of the diagram. We can also see which locations do
not exist in cache, i.e., between the frames, which gives us a sense of distance from
frame to frame.

Framel Frame2 Framen
Tl L
man — 1 Ly L+ml L, Ly+ml [T L L+ml M >

memory
Fig. 1. Horizontal representation of amemory hierarchy.
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The advantage here is that both fixed page and variable page configurations can be
shown using the same diagram.  In afixed page configuration, the page framesin Fig. 1
can overlay main memory only at multiples of the page size, while a variable page con-
figuration allows the page frames to overlay main memory at any number of locations.
Using the parameters for a typical memory configuration found in some microcomputers,
givenin Table 2, an example snapshot in time can be given for both configurations.

Table 2. A sample memory configuration.

Word size = 1 byte
M = 1024 (1K) words
n = 64 page frames
cache size = 64K words
mainmemory = | 2% (1M) words

In this example, the set of page frame starting locations {Ly,...,.Lss} for afixed page
configuration can have values that are a factor of some multiple of 1024, e.g., L;=1,
L,=2049. Thisis not true for a variable page configuration where L, could be 50 while
Les could be 1086. How do you use conventional replacement policies, such as FIFO,
in a variable page configuration without getting overlap of information in cache? The
answer isyou can't do it easily or practically, therefore, a new class of replacement poli-
cies, called Location Palicies, will be introduced in this paper. Location Policies are heu-
ristic algorithms based on the location of the page needed in main memory with respect
to the locations of the pages already in cache [14]. Because Location Policies are heu-
ristic, they have the advantage of using less overhead by not maintaining statistics of
program behavior. Location Policies are easily understood by visualizing the memory
hierarchy as in Fig. 1 Just looking at Fig. 1 can develop many heuristic rules. For ex-
ample, one rule may be to replace a page frame that contains main memory locations
directly below the page needed. By viewing Fig. 1 each time a miss occurs, a visua
sense of cache performance can be achieved. Location Policies are not exclusive to a
variable page location configuration, i.e., they can easily be implemented in a fixed page
configuration without any coherence problem.

The objective of this paper is to show that a location policy, implemented in a vari-
able page location configuration, can improve the overall cache performance while de-
creasing, in some cases, implementation overhead. A preliminary step in achieving this
goal is adopting a model for program behavior. A new model for program behavior,
called the next reference distance, will be introduced and explained in section 2.

In section 3, a location policy called forward circular replacement policy (FCRP)
will beintroduced. In section 4 the next reference distance model will be used as a part
of another model that predicts the miss ratio for both fixed and variable page location
configurations. The last part of cache analysisis simulation, which is covered in section
5.
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2. PROGRAM BEHAVIOR

Probably the most widely used model for program behavior is the working set
model [2, 8, 9, 15]. Although its not the choice for this paper it is still worth mention-
ing and explaining. A working set is the set of pages that are most recently used by a
program. As the phrase most recently used indicates, a working set is defined over
some period of time. Specifically, the symbol W(t, T) denotes the working set where
(t-T, t) istheinterval of time.

2.1 Next Reference Distance M odel

By recording all the relative distances of a program, i.e.,, for every t, both the tem-
poral and spatia behavior of a program can be mapped onto a two dimensional plot like
theonein Fig. 2. Tempora behavior will show up as negative jumps due to alooping
process while the spatial nature (arrays, subprograms, etc.) will show up mostly as posi-
tive jumps. The variable P, defined as the probability that the next reference will be
one above the current, will denote the sequential component.

In making the transition from a frequency distribution to a probability distribution it
will be assumed that the probability distribution is stationary.  Since only the sequential
component of the mapping will be exploited, main memory will be viewed in a more
convenient way. Fig. 3(a) shows a picture of main memory wrapped in a circle with an
arrow pointing in the clockwise direction indicating increasing memory locations.

This method maps all negative jumpsin Fig. 2 to positive jumps by translating the
negative half of Fig. 2

relative frequency

i 1
sequential

/omponenl

| \ L] ‘ ‘ | \ \ [ |
\ \ [ FTT \ \
1-M -1 01 M-1
distance

Fig. 2. Relative frequency vs. distance.

Pr(d)

(1-P)/(M-1)

<):| o 1 2 3 M-1

() Circular main memory (b) Next reference distance
Fig. 3. Forward direction mapping.
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onto the positive half and adding the overlapping components.

A further assumption is that for a large program, i.e., many references, all the other
components will be very small and uniform with a probability (1-P)/(M-1). Fig. 3(b)
shows the final model of probabilistic program behavior (next reference distance) that
will be used in the performance evaluation of a cache memory. As shown in the figure,
P = Pr(2) and Pr(d) = (1-P)/(M-1) (for d #1) where Pr(d) is a probability function of dis-
tance.

3. LOCATION POLICIES

Since programs are sequential by nature, then it would be advantages to load se-
guential addresses when amissis encountered. In afixed page configuration thisis not
aways possible.  For instance, the CPU may reference the last word in page x of main
memory, therefore, there is a good chance the program will need page x for that refer-
enceonly. If the pageislarge, then the CPU will waste alot of time loading page x for
only one reference. In a variable configuration the page can start with any reference
thereby taking advantage of the programs sequential nature.

3.1 FCRP Explained

Asthe algorithm is described its adaptive behavior will be seen.  First take another
look at the memory hierarchy, in Fig. 4, to see where misses can take place.

cache frame 1 frame 2 frame n
} [ ] [ ] [ ] }
main memory 1 11 I1+m-1 12 12+m-1 In Im+m-1 z

Fig. 4. Contiguous application with z location.

Notice that z (active memory) has replaced M because, as discussed earlier the total
memory is not a concern. Only the portion that is used by the contiguous application,
which has been re-indexed for convenience, is of concern.

There are two types of misses of interest. The first deals with a miss between any
two page frames or below the first page frame. Fig. 5 shows the location of a miss be-
tween framei and framej. Therulefor replacement is to take the frame above the miss
asshownin Fig. 5.

Frame i Frame j Frame i Frame j
[ ] | [ ] [ 1 [ 1]
miss replacement

Fig. 5. A miss between two frames.
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The second type of miss deals with misses above the highest frame in cache. The
rule hereisto take the lowest frame for replacement.  This situation is shown in Fig. 6.

Notice that a circular configuration memory hierarchy really has only one rule for
replacement, and that is to move in the forward direction from the miss location and re-
place the first frame encountered. Thus, the term “forward” in FCRP. The replaced
frame then is loaded with the miss location plus m-1 contiguous locations.  Notice that
FCRP insures no overlap of data in cache, i.e., no coherency problem, which is an ad-
vantage in implementation.

frame 1 frame n frame n framel
} N N \
1 miss z replacement z

Fig. 6. A miss above the highest frame.

3.2 FCRP Implemented

There are three important considerations when implementing a cache algorithm.
Two of them, hit/miss and replacement determination, have already been mentioned in
section 1.1. The third, initialization, is not as important but is addressed here for the
sake of understanding the software simulation presented in section 5.

First, let us consider initialization. This can be done in many ways. One way is
to initialize the page frames so that they are contiguous starting from the first location
requested by the CPU. This is the method used in section 5. Even though the cache
does not contain any information, neither does the main memory. Initialy, write opera-
tions have to be performed, e.g., loading the operating system, so that the frames will be
positioned accordingly.

As discussed in section 1.1, atag register is needed for each page frame to identify
which pages are in cache (hit/miss determination). Also needed are registers and logic
for replacement determination as required by the replacement policy. Each tag register
will contain the starting address of a page of main memory. Aside from the tag regis-
ters, another register is needed for the next memory reference address. This register
will be denoted by R and the tag registers by R1,R2,...,Rn.  Fig. 7 isablock diagram for
an FCRP hardware cache controller.

tag registers

parallel logic
R2
. hit/miss
determination controller
) control cache
logic main memory
Rn replacement CPU
determination

ﬂ

Fig. 7. Block diagram for an FCRP hardware cache controller.
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As shown in the Fig. 7, both hit/miss and replacement determination are in parallel
and use the same set of registers to generate control signals. A hardware design for the
FCRP cache controller was presented in [16]. A software approach to hit/miss and re-
placement determination will now be explained.

When the CPU initiates a reference, the cache buffers the address in R.  Assume
for the moment that R1 has the lowest starting address, that R2 has the next lowest and
soon. Using the fact that addresses in page frame i range from |; to l;+m-1 both hit/miss
determination and replacement determination can be executed by the algorithm as shown
in Fig. 8. Since R; does not necessarily have the lowest starting address, a pointer is
needed to mark the tag register containing the lowest address. This works because of
the circular nature of FCRP. Recall that a miss above frame n will cause frame 1 to be
replaced; therefore, R, now has the lowest starting address.  Fig. 8 will then start with
R, and end with R;. If a miss occurs above the new frame 1, then frame 2 is replaced,
and R; has the lowest starting address.

wait for the next perform operation to cache
reference (read/write)
start
l undetermined
R-R1<0

0<=R-Rl<m
hit i
R-R1>=m

L ~-==7="1 | replace (read) frame 1
undet@ starting at address R

miss update (write) frame 2
R-R2<0 to main memory

0<=R-R2<m 1
R-R2>=m replace (read) frame 2
starting at address R

hit
undelml
. miss update (write) frame n
R-Rn<O0 to main memory

0<=R-Rn<m i

R-Rn>=m hit replace (read) frame n
starting at address R
miss

update (write) frame 1
to main memory

N

Fig. 8. Algorithm for hit/miss & replacement determination.

4. PERFORMANCE ANALYSIS

The objective of this performance analysis is to see how the cache size (nm) affects
the miss ratio with regard to program behavior, program size, and memory configuration
(fixed or variable). Clearly, the performance will depend on n, m, z, and P; therefore, a
formula for fixed page location and a formula for variable page location will be derived
to show this. In the following subsections, anything that does not contribute to a hit or
miss, e.g., data path or access times, will not be considered.
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4.1 Markov Model

Because of the way cache systems are defined, a location referenced at some time t
will be in cache before reference t+1 regardless of a hit or miss. Letting each page
frame location equal a state, prior to reference t+1, the cache will be in the state that the
reference at time't occupies. For instance, if reference t resultsin a hit to word location
j of any page frame, then before reference t+1, the cacheisin statej. Sincetherearem
words per page frame, the cache can be in one of m states only.

Clearly, every reference results in a state transition. To calculate the state transi-
tion matrix for afixed page location and variable page location configuration, some defi-
nitions will be given for convenience. Recall Fig. 3(b), the next reference distance
model, where P equals the probability that the next reference will be one above the cur-
rent,i.e, Pr(1). For M =z, al other distances have probability

P=(1-P)/ (z-1) = Pr(d), ford=1.

At any time, there are nm locations in cache that could possibly be referenced and
z-nm locations outside of cache that also may be referenced; therefore, let the locations
not in cache be denoted by

|2 = Z-—nm.

For a fixed memory hierarchy, main memory is divided into equal pages. Since
there are z locations of interest, z is divided by m to get the total number of pages in
main memory. Each page of main memory has m locations, which correspond to the m
states of a page frame; therefore, a miss to word j of any page will map only to word j
(state j) of the replaced page frame. Let P; ; equa the probability of going from state i
to statej; i.e,, if the cacheisin state 1 at timet, then the probability that it will be in state
2 at timet+lis Py, [17]. Fig. 9 shows the m by m state transition matrix for a fixed
location hierarchy.

Pisi =P + (Zm-1) P,fori=1tom-1
Pni = P + (Zm-1) P
Pi.; = (zZm)P,al other

Fig. 9. State transition matrix for fixed page locations.

The values shown in Fig. 9 were calculated using deductive reasoning and the de-
fined variables. For instance, calculating a transition from state 1 to state 3 (Py, 3)
entails adding up all the possibilities of getting to state 3 out of all the possible references.
As stated earlier, in a fixed page configuration, word 3 of any page will map only to
word buffer 3 (state 3) of any page frame; therefore, to get to state 3, a reference to word
3 of any of thez/m  pagesisneeded. Since the cacheisin state 1 at time t, none of
the references are a distance 1 apart, therefore, each of the z/m references has probability

PsoPy 3= (z/m)P.
Fig. 10 shows the state transition matrix for a variable page configuration.

Pimw =P + (n-1) p,fori=1tom-1
Pmi = (n+ k) P,for i=2tom-1
Pm1i =P + (n+ k-1) P

Pi; = np,alother

Fig. 10. State transition matrix for variable page locations.
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4.2 MissRatio

Most reports in the literature give performance measures in terms of a limiting (av-
erage) fault rate (missratio) [9]. In this section the average fault rate denoted by Pyiss,
the probability of a miss for any reference, will be derived for fixed and variable page
location configurations. The models for Py Will be afunction of n, m, z, and P and not
any particular replacement policy. They will serve only to show the average behavior of
each type of configuration. Since prior to any reference, the cache must be in one of the
m states, it followsthat P ; + P ,+...+ P ,, = 1. If the cache isin state 1 before any refer-
ence, then the probability of amissis

P k =((1-P)/(z-1)) (z-nm).

Thisresult is arrived at because there are only z possible distances (jumps), z - nm
of which are outside of the cache. Recall that only a distance of 1 has a probability of P,
and that the rest have a probability of P; therefore, state 1 (for m > 1) implies that a
distance of 1 isinthe cache. The same s true for the probability of a miss for states 2
through m-1, i.e., as long as there is a location in cache after the current state. The
above probability is not necessarily true if the state is m and the next location is not in
cache; i.e., the two adjacent page frames are not contiguous as shown in Fig. 11.

reference t reference t+1
frame k frame k+1 frame k frame k+1
L] L[] [ I
T
State m Next location _above with
prob.=p

Fig. 11. Not contiguous page frames.

Let P. equal the probability that there is a contiguous page frame and P, the prob-
ability that there is not. Clearly, P, = 1-P,.. To find the probability of a miss if the
state is m, we must consider both possibilities. If there is a contiguous page frame, the
probability is as discussed above (k P). When there is no contiguous page frame, one
location is removed from k, and P is added to get a miss probability of P+ P (K -1).

All the possibilities are now covered; therefore, to find the probability of a miss,
Bayes' theorem is used [18].

m m
Priss = X P(miss,j) = X P(miss|j)P.
j:l i=1

—

Letk = P K for convenience, then

Priss = Py + kP, +...+ kP + Pr[Pc(P+ P( K-1)) + PeK].

Substitute P, = 1 - P,; then,
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Pmiss:k g' PJ + PmPnC(P' ﬁ)):k"'PmPnc((Pz'l)/(z'l))
i=1
=( (:{ -P)/(z-1)) (z- nm) + P, Py ((Pz- 1)/ (z- 1)).

The above expression for Pyss IS hear completion.  All that remains is to find suit-
able models for P, and P,.. This may seem like a difficult task, but they can be closely
modeled using intuitive methods or, for Py, using the Chapman-Kolmogorov equations
and the state transition matrices shown in Figs. 9 and 10 [17].

A modé for P will now be developed by inspection. We will begin by looking at
the case with only one page frame (n = 1). Clearly, with one page frame and m < z,
there can not be any contiguous page frames; therefore, P, =1forn=1andm<z If
m = z, then the entire page frame is contiguous because main memory wraps around as
shown in Fig. 3(a); therefore, P,, = 0forn=1and m=z. The one page frame situation
is exactly modeled through the addition of two step functions, as shown in Fig. 12.

n = 1
Pe=u(m-1)-um-2)

Fig. 12. P.forn=1.

For the case where n = z /m, it should be obvious that all n page frames must be
contiguous, therefore, P,.= 0. From the above two extreme cases, i.e,n=1andn=2z/
m, it is seen that P, is also extreme, i.e., P equals 1 or 0; therefore, to model the casein
which 1 <n<(z/m), alinear approximation will be used as shown in Fig. 13.

1<m<z1
Pc=(z-nm)/(z-m)

Fig. 13. P for z> nm.
Combining both equations for P,,. produces the model
P = ((z- nm) / (z- m)) [u(m-1) - u(m-2)].

Let usnow look at P, As stated earlier, fixed and variable configurations must be
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looked at individually. To distinguish between the two, P, will be used for fixed P,
and, P',, for variable P,,. For afixed configuration, it can be surmised that

P, =1m

because of the direct mapping of word locations from page to page frame and the fact
that no stateis favored, i.e., auniform distribution (P, = P, = ... = P\, = 1/m).

For avariable configuration, P';, can be computed numerically by using Fig. 4.2 and
the Chapman-Kolmogorov equations. The computation entails matrix multiplication
until a steady state is reached, which can require a lot of computer time; therefore, a heu-
ristic model will be used, i.e.,

P = 1Um(1-((m-1)f(n))/m°,wheref(n) =(z-n)/(z-1), andc= constant.

A first look at Py, shows that it differs from P, by the factor inside the brackets,
Note that this factor has values between 0 and 1, and approaches 1 as n approach z.
This is due to the fact that P, oo n. As m approaches z, P';, should approach P,
therefore, the constant ¢ is used for convergence and is determined by the size of z.  For
instance, by letting the value in the brackets be equal to u for m = z, avalue for ¢ can be
found by the formula

c= (log (z-1) - 10g10(1-U) ) / (1010(2) )-

The value for u used in this paper isu = 0.99; therefore, logio(1-u) = -2. Vaues
of u closer to 1 cause c to increase. The larger c is, the faster P, converges to P
Thisfact may not be desired; therefore, it should be remembered.

4.3 Comparison

The basis for Py for each type of configuration has now been developed. As
stated earlier, Pyss iS considered stationary for al t; therefore, Pyiss is Not indexed by t.
In the following subsection, some numbers will be used to see how well a variable page
location configuration does in comparison with a fixed page location.

4.3.1 Theoretical

To get afeeling for how the two different configurations compare, a practical ex-
ample with different page sizes will be given. Suppose that a very large application, z =
1M, running continuously, e.g., on a LAN operating system, has a measured p value of
0.8. The goal is to design a cache system with an overall 20% miss ratio (Ppiss = 0.2).
Based on using the Py;iss formulas derived above for both a fixed and variable page loca-
tion configurations, the values listed in Table 3 was calculated so as satisfy to meet the
criteria.

As seen in Table 3, there are substantial savings in buffer size. This is especially
true for practical page sizes for microcomputers (m=4 and m=16). Py, iS an expected
value; therefore, a cache system implemented with a structured replacement policy, e.g.,
FCRP or LRU, may have better miss ratios. Specifically, fixed page location cache
systems have a theoretical limit exhibited by the OPT (optimal) replacement policy [7].
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Table 3. Theoretical cachedesign: z=1M, P=0.8, P,;=0.2.

Fixed Variable Difference
m N words n words %l ess words
4 131,072 | 524,288 | 95,144 | 380,576 274 143,712
16 13,107 209,712 | 8,917 142,672 32.0 67,040
64 964 61,696 736 47,104 23.7 14,592
256 63 16,128 53 13,568 15.9 2,560

5. SIMULATION

Because of the time constraints, the parameters used for simulation were not neces-
sarily the best ones for showing the merits of FCRP over conventional systems. Instead,
the parameters were chosen solely to show how well the theoretical models described in
section 4 predict the simulated results of fixed and variable page location cache systems.

5.1 Simulation Program (SIMCACHE)

The C program written for simulation, called SIMCACHE, has two main functions.
Thefirst function isto simulate memory traces that are used to drive the second function,
which isto calculate the miss ratio of a cache system. The program is menu driven, and
itis DOS based.

5.1.1 Trace simulation

A program trace is a string of numbers generated by the CPU that is driven by a
program. The numbers in the string represent the sequence of memory addresses of
opcodes and operands in main memory used by the CPU. SIMCACHE simulates three
different traces. Thefirst trace is a simple loop, the second is a semi-random trace, and
the third is a fragmented trace.  All three traces have the same storage format; i.e., they
are ASCII files. The traces also share five common variables that are selected in a
menu. A trace is given a DOS filename, total references, beginning address, smallest
address, and largest address. The latter four variables are stored in the trace file in the
order mentioned. Each variable is separated by a space; therefore, it is easy to examine
atracefilewith an ASCI| editor to see what the variables are.

5.1.2 Missratio determination

Using a trace file with the format explained in the last section, the performance of
four different cache systems could be ssimulated. They where FCRP, OPT, LRU, and
FIFO. The theoretical values for both fixed and variable page location systems were
also computed using the acronyms TheoF and TheoV, respectively.

5.2 Results

As stated earlier, simulating a cache system requires careful planning. Time is a
big factor when simulating the OPT algorithm because every time a miss occurs, the dis-
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tances for each page frame have to be calculated. This trandates into many disk reads.
Space is another factor since trace files with many references trandate into large disk
files.

5.2.1 Theoretical vs. practical

To see how well the theoretical models predict performance, one semi-random trace
were used. The trace file is SEMI4K.6 the memory variables, i.e., references=81920,
beginning=0, smallest=0, and largest=4095. From the given parameters z=4096, there-
fore, each location should be referenced an average of 20 times. Table 4 shows how
close the predicted miss ratios match the simulated miss ratios for both fixed and variable
systems.

Table4. Missratiosfor tracefile SEM14K .6, P=0.605037.
FIXED VARIABLE

n m TheoF | LRU FIFO TheoV | FCRP
256 4 0410 | 0408 |0.409 |0.373 [ 0.366
512 4 0273 10273 0271 |0250 [0.251
768 4 0137 10136 [0135 [0.126 | 0.130
1024 4 0.000 | 0.000 | 0.000 |0.000 [ 0.000

As the above table shows, the predicted values are exceptionally good for each type
of configuration. Of specia interest here is the slope of FCRP. It should be noted that
FCRP has aflatter slope than TheoV predicts.

As stated earlier, the above examples were used primarily to show how well the
models work.  Although the examples use small numbers, there still are significant sav-
ings in computer time.  For instance, using the values listed in Table 4 and comparing

FCRP = 0.187 (average FCRP) with LRU = 0.204 gives an average of 1433 less misses
for FCRP over 80K references. Obviously, the difference in misses becomes more sig-
nificant as the number of references getslarger.

5.2.2 Fragmented traces

To study the performance of cache systems under non-ideal program behavior, one
fragmented trace, FRAGS8K.6#3, were used. The fragmented trace consisted of refer-
ences=81920, beginning=0, smallest=0, largest=8191, fragments=3, and fraction=0.5.
In this case, z= 8K, but only 4k of that space was used. The FRAG8K.6#3 trace at-
tempted to simulate non-ideal program behavior of the SEMI4K.6 file if it was divided
into 3 fragments and spread out over an 8K space.

Table 5, shows the result of cache performance for FCRP and LRU using the same
page sizes used for the semi-random traces.
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Table5. Missratiosfor tracefile FRAGS8K .6#3, P=0.600911.

N m FCRP LRU

256 4 0.023 0.533
512 4 0.020 0.530
768 4 0.018 0.527
1024 | 4 0.013 0.523

As seen from the above tables, there are substantial differences in performance
among all four cases. For instance, using Table 5, FCRP = 0.0185 and LRU =
0.528, which gives FCRP 41758 less misses over 80K of references.

6. CONCLUSIONS

In this paper, four new ideas have been introduced. The first idea, variable page
locations, defines a new and more flexible way of mapping pages to page frames. The
second idea, a horizontal representation of a memory hierarchy, represents a new way of
viewing a cache/main memory hierarchy, by giving a sense of distance between page
frames and a visual sense of cache performance. The third idea, the next reference dis-
tances model, explains program behavior in terms of space instead of time. The fourth
idea, Location Policies, is used to show how a variable page location configuration can
be practically implemented while increasing performance.
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