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2.5 A computer architect is considering the adoption of wfite—through;kv

with-write-allocate(WTWA) or write-back cache management strategy.

Assuming no read-throught, each block consists of b words, which can
transferred between main memory(MM) and cache in b+c-1 time units,

where ¢ is the MM cycle time. The cache has a hit ratio indicated by
the parameter h., The probability that a memory reference is a write {
wt and the probability that the block being replaced in the cache was
modified(in WB strategy) is wy. Usually wy w.

(8]

a) Using each the strategy, give a formula for the expected tim
to process a reference in terms of the above variables.

SOLUTION: Assume the cache cycle time is tg. And because the system
above is no read-throught, we can get the equation 1 belop
by refering to Eq. 2.27 on page 114,

twtwa = tec + (1=h)(b+c=1) + wt*c \///...... 1
From the equation 2.31 on page 115, we have
t wB = tC + (1—h)(1+wb)(b+C-1) \/ ...... 2

b) Assuming wt=0.16 and w_=0.56, what is the performance of th
WB strtegy in comparison to WTWR strategy when 1) h = 1 and 2) h = 0Ol

y

SOLUTION: 1) In case of h = 1 ¢t From the eguations 1 and 2 above, we

tytwa = te * Wp*e > tyg = tgi tyya-tug=wy*c=0.16*c>0}

2) In case of h » 0: From the equations, we have
twTwa = tC + (b+c=1) + wt*c*<twaztc+(b+c-1)+wb*(b+c—1)
Because, /
butwa = twg = (We-wp)*e - up*(o-1)

( 0.16 - 0.56 )*c - 0.56%(p1)~"

-0.40%c-0.56%(b=1) <o

i

i

c) Give a general expression describing when WTWA is better

than WB as a function of h and b. Assume that wy=0.16, wy=0.56, and ¢=10.

SOLUTION: From the equations 1 and 2, and let wy=.16, w,=.56 and c=0,
we Obtalﬂ, Cf&a-&e see  page & Ser sthe P-eo,t b

wb*(1~h)*(b+c-1) - wi*c

i

LW = tyTwa

it

0.56*%(1-h)*(b+9) - 0.16%10
3.44 + 0.56%(b-h*b-9h) ....l(/<;

So, WTWA is better than WB when 3.44+,56%(b-h*b=-9h)>0 ,

w o

d) Does wt depend on h ? Give intuitive reasons.

SOLUTIONs NO. It only depends on how many memory references are writ
and how often the references are write Dperatii;;y
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2.6 A certain uniprocessor computer system has a paged segmentation
virtual memory system and also a cache. The virtual address is a trip
(s,p,d) where s is the segment number, p is the page within s, and d
the displacement within p. A translation lookaside buffer (TLB) is us
to perform the address translation when the virtual address is in the
TLB. If there is a miss in the TLB, the translation is performed by
accessing the segment table and then the page table, either or both o
which may be in the cache or in main memory (Mm).

Address translation via the TLB requires one clock cycle. A fetch
from the cache requires two clock cycles( one clock cycle to determin
if the requésted address is in the cache plus one clock cycle to read
data). A read from MM requires eight clock cycles. There is no overla
between TLB translation and cache access. Once the address translatio
is complete, the read of the desired data may be from either the cach
or MM, This means that the fastest possible data access requires thre
clock cycles: one for TLB address translation and two to read the dat
from the cache. Threr are nine other ways in which a read can proceed
all requiring more than three clock cycles.

a) Assuming a TLB hit ratio of 0.9 and a cache hit ratio of h,
enumerate all 10 possible read patterns, the time taken for each, and
the probability of occurrence for each pattern. What is the average
read time in the system?(Assiume that when a word is fetched from memo
a read-through policy is used.)

SOLUTION TO THIS PART IS ON PAGE 3&4.

b) The above discussion assumes that the cache is always given a
physical memory address. Suppose that the cache is presented with the
virtual address of the data being requested rather than its physical
ress in memory. In this case, the TLB translation and cache search ca
be done concurrently, This means that whenever the requested data is
the cache, no address translation is necessary and only two clock cyc
are required for the fetch. If the data is not in the cache, either a
TLB translation segment table-page table access is needed to generate
the physical address of the data. When data is written into the cache
it is tagged with its virtual address. Find the average read time for
system organized in this fashion. Assume that only one clock cycle is
required to establish that an item is not in the cache.

SOLUTION TO THIS PART IS ON PAGE 4.

c) What are the disadvantages of a cashe using virtual address?

SOLUTION TO THIS PART IS ON PAGE 4.
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SOLUTION TO PROBLEM 2.6 PART a:

Pattern 1 ¢ The virtual address is in the TLB and the data is in
the cache,

Pattern 2

e

The virtual address is in the TLB and the data is in
the MM,

Pattern 3 : The virtual address is not in TLB, and the segment table
is in the cache, and the page table as well as the data
are in the cache too,

Pattern 4 ¢ The virtual address is not in the TLB. But,

table and the page table are in the cache.

however, is not in the cache, but the MM,

the segment
The data,

£33

Pattern 5 The virtual address is not in the TLB. The segment table
is in the cache, The page table is not in the cache. And

the data is in the cache.

ee

Pattern 6

°e

The virtual address is not in the TLB. The segment table
is in the cache. The page table is not in the cache, but
in the MM, The data is in the MM too,

The virtual address is not in the TLB. The segment table
is not in the cache, but in the MM, And the page table
and the data are in the cache.

-J
se

Pattern

Pattern 8

ee

The virtual address is not in the TLB. The segment table
is in the MM, The page table is in the cache. But, the|~
data is in the MM,
Pattern 9 The virtual address is not in the TLB. The segment table
is not in the cache. The page table is not in the cacheg
too. Both tables are in the MM, THE data is in the cache.

Pattern 10: The virtual address is not in the TLB, The segment table
is in the MM, And both the page table and data are in
the main memory.

The time taken for each pattern:( the system uses the read-throught policy)

Pattern 1 ¢ 3 clock cycless 1 clock cycle + 2 clock cycles
Pattern 2 ¢ 2 clock cycless 1 clock cycle + 8 clock cycles
Pattern 3 ¢ 7 clock cycles= 1 + 2 + 2 + 2 clock cycles
Pattern 4 s 18 clock cycles=1 + 2 + 2 + 8 clock cycles
Pattern 5 ¢ 13 clock cycles=1 + 2 + B8 + 2 clock cycles
Pattern 6 : 19 clock cycles=1 + 2 + 8 + 8 clock cycles
Pattern 7 : 18 clock cycles=1 + 8 + 2 + 2 clock cycles
Pattern 8 ¢ 1% clock cycles=1 + 8 + 2 + B clock cycles
Pattern 9 : 19 clock cycles=1 + 8 + 8 + 2 clock cycles
Pattern 10:,2% clock cycles=1 + 8 + 8 + B clock cycles
~

TO BE CONTINUE

ON NEXT PAGE.
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The Probability of Occurrence for Each Pattern:

Pattern

1 ¢ 0.9%h
Pattern 2 ¢ 0.9%(1-h)

Pattern 3 ¢ 0.,1%h*h*h

Pattern 4 : 0.1*h*h*(1-h)

Pattern 5 : D.1*h*§1-h;*h

Pattern 6 ¢ 0,1*h*(1-h)*(1-h)

Pattern 7 ¢ 0,1%(1=h)*h*h

Pattern 8 : 0,1%(1-h)*h*(1=h)

Pattern 9 s 0.1*(1-h)*(1-h)*h

Pattern 10: 0.1*(1-h)*(1=-h)*(1=h)

The Average Time For Reading

To= 3%,9%h 4 9% g%(1=h) + 7%, 1%h*h*h + 13%, 1%h*h*( 1=h)

H

+ 13% 1%h*(1=h)*h + 19%,1*h*(1=-h)*(1=-h) + 13*%,1%(1=h)*h*h

+ 19% 1% (1=h)*h*(1=h) + 19%,1*(1=-h)*(1=-h)*h + 25*.1*(1-h)3

10.6 - 7.,2*h clock eydé‘s
* GOLUTION TO PROBEM 2.6 PART b ¢

The read time for each pattern in a cache using virtual address:

YPattern 1 : 2 clock cycles = 0 + 2 + 0 clock cycles
lrpattern 2 ¢ 10 clock cycles = 1 + 8 + 1 clock cycles
Pattern 3 ¢ 2 clock cycles =0 + 0 + 0 + 2 clock cycles
xg)Pattern 4 ¢ 14 clock cycles = 1 + 2 + 2 + 8 + 1 clock cycles
o Pattern 5 ¢ 2 clock cycles
( Pattern 6 ¢ 20 clock cycles = 1 + 2 + 8 + B8 + 1 clock cycles
pattern 7 ¢ 2 clock cycles =
Pattern 8 ¢ 20 clock cycles = 1 + 8 + 2 + B + 1 clock cycles
Pattern 9 ¢ 2 clock cycles
’1/Pattern 10: 26 clock cycles = 1 + 8 + B8 + 8 + 1 clock cycles

/ The Average read time for this system:
To= 2%.9%h + 10%,9%(1-h) + 2% 1%H¥h¥h + 14% 1%h*h*(1-h)
+ 2%, 1*h*(1=h)*h + 20%,1%h*(1=h)*(1=-h) + 2% 1%(1=-h)*h*h
+ 20%(1-h)*h*(1=h) + 2%.1%(1-h)*(1=h)*h + 26*(1-h)3*.1
= 1.2%h% - 10.8%h + 11.6  chek egeles
* S0LUTION TO PROBLEM ~2,.,6 PART c :
For the cache using virtual address, there are two disadvantages:
1) Need more space in cache to to fit the virtual addresses.
It costs a lot, //
2) From the plots below , we can find out that the\ﬁﬂshion is

even worse than the one in part (a) when h <0,30976
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