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is

th
a
t

th
e

s
u

c
c
e
s
s

o
f

th
e

-
-

C
h

a
rl

e
s

B
ab

b
ag

e
(1

7
9

2
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8
7

1
)

T
h

e
d

e
s
ig

n
o

f
a

m
o

d
er

n
c
o

m
p

u
te

r
is

a
c
o

m
p

le
x

p
ro

c
e
s
s

lu
c
k

o
f

th
e

d
e
s
ig

n
e
rs

.

T
h

e
d

e
s
ig

n
o

f
th

e
in

s
tr

u
c
ti

o
n

s
e
t

is
an

a
re

a
w

h
ic

h
c
a
n

th
a
t

m
u

st
f
ir

s
t

b
e
g

in
w

it
h

an
u

n
d

e
rs

ta
n

d
in

g
o

f
th

e
g

e
n

e
ra

l
p

a
rt

ic
u

la
rl

y
b

e
n

e
fi

t
fr

o
m

m
e
a
su

re
m

e
n

t
an

d
a
n

a
ly

s
is

o
f

g
o

a
ls

,
th

e
a
v

a
il

a
b

le
re

s
o

u
rc

e
s
,

an
d

th
e

te
c
h

n
o

lo
g

ic
a
l

e
x

is
ti

n
g

c
o

m
p

u
te

rs
,

e
s
p

e
c
ia

ll
y

fo
r

a
rc

h
it

e
c
tu

re
s

w
h

ic
h

w
il

l

li
m

it
a
ti

o
n

s
.

E
v

en
w

it
h

in
th

e
s
e

c
o

n
s
tr

a
in

ts
,

h
o

w
e
v

e
r,

th
e

sp
a
c
e

o
f

p
o

s
s
ib

le
d

e
s
ig

n
s

fo
r

e
v

e
n

m
o

d
e
st

s
u

b
p

a
rt

s
o

f
th

e

sy
st

e
m

is
e
x

tr
e
m

e
ly

la
rg

e
,

an
d

h
u

n
d

re
d

s
o

f
m

a
jo

r
d

e
c
is

io
n

s

e
v

e
n

tu
a
ll

y
h

a
v

e
h

ig
h

p
e
rf

o
rm

a
n

c
e

im
p

le
m

e
n

ta
ti

o
n

s.
I
t

is

im
p

o
rt

a
n

t
to

a
v

o
id

·
fe

a
tu

re
s

fo
r

w
h

ic
h

th
e

co
m

m
o

n
ly

o
c
c
u

rr
in

g

c
a
s
e
s

c
a
n

n
o

t
b

e
e
a
s
il

y
o

p
ti

m
iz

e
d

,
y

e
t

th
e
re

a
re

m
an

y
su

c
h

m
u

st
b

e
m

ad
e

b
e
fo

re
th

e
s
p

e
c
if

ic
a
ti

o
n

is
c
o

m
p

le
te

.
e
x

a
m

p
le

s
in

p
o

p
u

la
r

a
rc

h
it

e
c
tu

re
s
.

In
o

th
e
r

c
a
s
e
s
,

sm
a
ll

T
h

is
le

n
g

th
y

d
e
s
ig

n
p

ro
c
e
s
s

re
q

u
ir

e
s

th
a
t

a
la

rg
e

n
u

m
b

er
o

f
d

if
f
ic

u
lt

a
~
c
h
i
t
e
c
t
u
r
a
l

q
u

e
s
ti

o
n

s
b

e
re

s
o

lv
e
d

ra
th

e
r

e
a
rl

y
in

th
e

d
e
v

e
lo

p
m

e
n

t
o

f
th

e
m

a
c
h

in
e
.

S
om

e
o

f
th

e

d
e
c
is

io
n

s
w

il
l

h
a
v

e
o

n
ly

a
sm

a
ll

e
ff

e
c
t

o
n

th
e

u
lt

im
a
te

p
e
rf

o
rm

a
n

c
e

an
d

o
th

e
rs

w
il

l
b

e
c
ru

c
ia

l,
b

u
t

is
i
t

o
ft

e
n

d
if

f
ic

u
lt

to
d

is
ti

n
g

u
is

h
b

e
tw

e
e
n

th
e

tw
o

b
e
fo

re
th

e
d

e
v

e
l-

c
h

a
n

g
e
s

to
th

e
s
p

e
c
if

ic
a
ti

o
n

o
f

th
e

in
s
tr

u
c
ti

o
n

fo
rm

a
ts

(s
ta

rt
/e

n
d

v
e
rs

u
s

s
ta

r
t/

le
n

g
th

fo
r

se
q

u
e
n

c
e
s,

fo
r

e
x

a
m

p
le

)

c
a
n

m
ak

e
a

la
rg

e
d

if
fe

re
n

c
e

in
im

p
le

m
e
n

ta
ti

o
n

c
o

s
t

y
e
t

a
re

a
lm

o
st

tr
a
n

s
p

a
re

n
t

e
v

e
n

to
a
ss

e
m

b
ly

la
n

g
u

a
g

e
p

ro
g

ra
m

m
e
rs

.

A
n

e
q

u
a
ll

y
im

p
o

rt
a
n

t
an

d
p

e
rh

a
p

s
e
v

e
n

m
o

re
f
r
u

it
f
u

l

a
p

p
li

c
a
ti

o
n

o
f

su
c
h

a
n

a
ly

s
is

is
fo

r
th

e
im

p
ro

v
e
m

e
n

t
o

f

o
p

m
e
n

t
is

c
o

m
p

le
te

.
T

h
e
re

,a
re

p
ro

b
le

m
s

o
f

a
rc

h
it

e
c
tu

ra
l

e
x

is
ti

n
g

d
e
s
ig

n
s
.

T
h

e
h

ig
h

c
o

s
t

o
f

s
o

ft
w

a
re

d
e
v

e
lo

p
m

e
n

t

d
e
fi

n
it

io
n

w
h

ic
h

a
p

p
ly

to
a
ll

m
em

b
er

s
o

f
a

c
o

m
p

u
te

r
"
fa

m
il

y
"

(a
n

d
th

e
c
o

n
ti

n
u

in
g

d
e
p

e
n

d
e
n

c
e

o
n

m
a
c
h

in
e

la
n

g
u

g
e

a
s

w
e
ll

a
s

m
o

re
's

p
e
c
if

ic
q

u
e
s
ti

o
n

s
th

a
t

a
ri

s
e

d
u

ri
n

g
im

p
le

-
p

ro
g

am
m

in
g

)
d

ic
a
te

s
th

a
t

ra
d

ic
a
l

c
h

a
n

g
e
s

in
m

a
c
h

in
e

a
rc

h
i-

m
e
n

ta
ti

o
n

o
f

p
a
rt

ic
u

la
r

m
o

d
e
ls

.
te

c
tu

re
b

e
m

ad
e

o
n

ly
a
t

in
fr

e
q

u
e
n

t
in

te
rv

a
ls

.
A

lt
h

o
u

g
h

te
c
tu

re
w

h
ic

h
is

o
f

u
se

to
th

e
d

e
s
ig

n
e
r,

an
d

th
e
re

is
a

is
s
u

e
s
.

T
h

e
re

is
a
lm

o
st

n
o

fo
rm

a
l

th
e
o

ry
o

f
c
o

m
p

u
te

r
a
rc

h
i-

a
v

a
il

a
b

le
w

h
ic

h
c
a
n

s
e
rv

e
a
s

a
g

u
id

e
fo

r
an

y
o

f
th

e
s
e

U
n

fo
rt

u
n

a
te

ly
,

th
e
re

is
v

e
ry

l
i
t
t
l
e

in
fo

rm
a
ti

o
n

u
s
e
rs

o
f

a
g

iv
e
n

c
o

m
p

u
te

r
a
re

o
f
t
e
~
w
i
l
l
i
n
g

to
ex

p
o

u
n

d
a
t

le
n

g
th

o
n

th
e

d
e
fi

c
ie

n
c
ie

s
w

h
ic

h
se

em
to

th
em

to
b

e
th

e
m

o
st

o
b

v
io

u
s
,

i
t

re
q

u
ir

e
s

c
a
re

fu
l

an
d

p
re

c
is

e
m

e
a
su

re
m

e
n

ts
to

id
e
n

ti
fy

th
o

s
e

a
re

a
s

w
h

e
re

e
f
f
o

r
ts

to
im

p
ro

v
e

th
e

d
e
s
ig

n

-
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m
o

st
to

im
p

ro
v

e
p

e
rf

o
rm

a
n

c
e

o
v

e
ra

ll
.

A
lt

h
o

u
g

h
i
t

is
p

ri
m

a
ri

ly
th

e
c
o

m
p

u
te

r
a
rc

h
it

e
c
tu

re
th

a
t

is
b

e
in

g
s
tu

d
ie

d
,

i
t

is
c
ru

c
ia

l
th

a
t

a
n

y
su

c
h

m
e
a
su

re
m

e
n

ts

b
e

b
a
se

d
o

n
p

e
rf

o
rm

a
n

c
e

w
h

il
e

e
x

e
c
u

ti
n

g
ty

p
ic

a
l

re
a
l

p
ro

g
ra

m
s.

T
h

e
c
h

a
ra

c
te

ri
s
ti

c
s

o
f

a
c
o

m
p

u
te

r
sy

st
e
m

is
a
s

m
uc

h
a

p
ro

d
u

c
t

o
f

th
e

s
o

ft
w

a
re

w
h

ic
h

is
u

se
d

a
s

th
e

d
e
s
ig

n

o
f

th
e

h
a
rd

w
a
re

,
an

d
an

y
s
tu

d
y

w
h

ic
h

is
b

a
se

d
o

n
ly

o
n

a

th
e
o

re
ti

c
a
l

e
x

a
m

in
a
ti

o
n

o
f

th
e

p
ro

p
e
rt

ie
s

o
f

th
e

d
e
s
ig

n
m

u
st

b
e
a
r

th
e

b
u

rd
e
n

o
f

d
e
m

o
n

s
tr

a
ti

n
g

w
h

e
th

e
r

it
a
p

p
li

e
s

to
th

e

w
ay

th
e

c
o

m
p

u
te

r
is

re
a
ll

y
u

se
d

.

B
e
c
a
u

se
o

f
th

e
li

k
e
li

h
o

o
d

o
f

la
te

r
e
x

te
n

s
io

n
s
,

i
t

is

im
p

o
rt

a
n

t
th

a
t

th
e

in
it

ia
l

d
e
s
ig

n
o

f
a
n

in
s
tr

u
c
ti

o
n

s
e
t

b
e

fl
e
x

ib
le

e
n

o
u

g
h

to
a
d

a
p

t
to

su
c
h

c
h

a
n

g
e
s.

T
h

is
a
t

th
e

v
e
ry

le
a
s
t

re
q

u
ir

e
s

so
m

e
u

n
u

se
d

s
lo

ts
in

th
e

e
n

c
o

d
in

g
sc

h
e
m

e
,

an
d

m
ay

a
ls

o
re

q
u

ir
e

th
a
t

so
m

e
fe

a
tu

re
s

b
e

le
f
t

o
u

t
in

o
rd

e
r

to

a
v

o
id

in
c
o

m
p

a
ti

b
li

ty
w

it
h

li
k

e
ly

fu
tu

re
a
d

d
it

io
n

s
.

T
h

e
la

c
k

o
f

h
in

d
s
ig

h
t

is
a

p
ro

b
le

m
,

b
u

t
e
v

e
n

la
te

r
m

e
a
su

re
m

e
n

ts
m

ay

n
o

t
b

e
e
n

o
u

g
h

to
sh

o
w

w
h

a
t

th
e

c
o

rr
e
c
t

d
e
c
is

io
n

sh
o

u
ld

h
a
v

e

b
e
e
n

.
I
t

o
ft

e
n

is
e
a
sy

e
n

o
u

g
h

to
re

c
o

g
n

iz
e

an
d

m
e
a
su

re
th

e

e
ff

e
c
ts

o
f

m
is

ta
k

e
s

in
a
rc

h
it

e
c
tu

re
o

r
im

p
le

m
e
n

ta
ti

o
n

,
b

u
t

i
t

is
m

uc
h

h
a
rd

e
r

to
se

e
w

h
a
t

th
e

g
o

o
d

fe
a
tu

re
s

a
re

.

F
a
il

u
re

s
a
re

m
uc

h
m

o
re

o
b

v
io

u
s

th
a
n

s
u

c
e
s
s
e
s
.

w
il

l
h

a
v

e
th

e

tr
a
te

o
n

th
e

it
ie

s
ra

th
e
r

g
re

a
te

s
t

e
f
f
e
c
t.

I
t

is
te

m
p

ti
n

g
to

c
o

n
c
e
n

­

d
e
fe

c
ts

w
h

ic
h

m
o

st
o

ff
e
n

d
a
e
s
th

e
ti

c
s
e
n

s
it

iv
­

th
a
n

o
n

th
o

se
w

h
o

se
e
li

m
in

a
ti

o
n

w
il

l
d

o
th

e
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H

A
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s
tu

d
y

c
o

n
c
e
rn

e
d

w
it

h
th

e
w

ay
c
o

m
p

u
te

rs
a
re

u
se

d

m
u

st
h

a
v

e
m

o
d

e
ls

fo
r

b
o

th
th

e
c
o

m
p

u
te

rs
an

d
th

e
p

ro
g

ra
m

s

w
h

ic
h

a
re

to
ru

n
o

n
th

e
m

.
T

h
e

d
if

fe
re

n
c
e

b
e
tw

e
e
n

v
a
ri

o
u

s

m
o

d
e
ls

is
m

o
st

o
ft

e
n

a
d

if
fe

re
n

c
e

in
th

e
le

v
e
l

o
f

d
e
ta

il

c
o

n
s
id

e
re

d
;

e
a
c
h

m
o

d
el

m
ak

es
a
ss

u
m

p
ti

o
n

s
a
b

o
u

t
w

h
ic

h
p

a
ra

m
­

e
te

rs
a
re

s
ig

n
if

ic
a
n

t
a
n

d
w

h
ic

h
c
a
n

b
e

n
e
g

le
c
te

d
.

In
q

u
e
u

in
g

th
e
o

ry
re

p
re

s
e
n

ta
ti

o
n

s
o

f
c
o

m
p

u
te

r
sy

st
e
m

s,

th
e

p
ro

g
ra

m
s

a
re

m
o

d
e
le

d
b

y
th

e
ir

re
s
o

u
rc

e
re

q
u

e
s
t

an
d

u
se

c
h

a
r
a
c
te

r
is

ti
c
s
.

A
t

th
is

le
v

e
l,

th
e

d
e
ta

il
e
d

se
q

u
e
n

c
e

o
f

o
p

e
ra

ti
o

n
s

p
e
rf

o
rm

e
d

b
y

a
p

ro
g

ra
m

a
re

e
it

h
e
r

g
e
n

e
ra

te
d

ra
n

d
o

m
ly

b
a
se

d
o

n
k

n
o

w
n

o
r

m
e
a
su

re
d

a
v

e
ra

g
e
s

(f
o

r
s
im

u
la

ti
o

n

s
tu

d
ie

s
),

o
r

a
re

re
p

re
s
e
n

te
d

b
y

si
m

p
le

m
a
th

e
m

a
ti

c
a
l

m
o

d
e
ls

(w
h

e
re

a
n

a
ly

ti
c

te
c
h

n
iq

u
e
s

a
re

fe
a
s
ib

le
).

T
h

is
a
p

p
ro

a
c
h

h
a
s

h
ad

g
re

a
t

s
u

c
c
e
s
s

fo
r

s
u

b
s
y

s
te

m
-l

e
v

e
l

m
o

d
e
li

n
g

,
w

h
e
re

th
e

b
a
s
ic

u
n

it
s

a
re

m
e
m

o
ri

e
s,

p
ro

c
e
s
s
o

rs
,

a
n

d
I/

O
d

e
v

ic
e
s
.

T
h

is

s
u

c
c
e
s
s

is
b

a
se

d
p

ri
m

a
ri

ly
o

n
th

e
a
c
c
u

ra
c
y

w
it

h
w

h
ic

h

re
q

u
e
s
ts

to
re

s
o

u
rc

e
s

c
a
n

b
e

m
o

d
e
le

d
in

a
s
im

p
le

,

in
d

e
p

e
n

d
e
n

t
fa

s
h

io
n

.

W
he

n
th

e
b

a
s
ic

u
n

it
s

to
b

e
s
tu

d
ie

d
a
re

a
t

a
m

o
re

d
e
ta

il
e
d

le
v

e
l

-
-

r
e
g

is
te

r
s
,

c
a
c
h

e
m

em
o

ry
lo

c
a
ti

o
n

s
,

e
x

e
c
u

ti
o

n
p

ip
e
li

n
e

s
lo

ts
-
-
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ro

g
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m
s.
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e
m

p
t
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o

v
e
rc

o
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e
th

e
s
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d
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u
lt
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C
u
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o
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W
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h

m
an

n
[C

U
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]
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p
e
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a
"
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c
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p
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p
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:
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h
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ra
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c
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d
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c
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e

[R
A
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a
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p
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c
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c
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b
e
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a
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e
ty

o
f

la
n

g
u

a
g

e
s
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L
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R

T
R

A
N

,
P

L
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)
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)
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o
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u
c
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u
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u
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r
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u
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c
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g
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o

r
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p
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y
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e
m

p
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d
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"
e
n
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u
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a
t
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e

p
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m
c
o

u
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n
o

t
b
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o

p
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d
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a
t
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m
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n

ts
w
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u
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n
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t

b
e
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m
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v
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m
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o
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o
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p
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c
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g
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d
e
te
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h
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i
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o
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b
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s
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.
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h

a
t
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b
e
e
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a
c
h
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v
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d
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v
e
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e
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x
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m
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o
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c
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d

e
p

ro
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u
c
e
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r
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c
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p
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c
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c
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d
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b
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a
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c
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c
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c
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c
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c
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c
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~
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c
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b
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p
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e

A
LG

O
L

v
e
rs

io
n

s
o

f
th

e
p

ro
g

ra
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b
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c
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c
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c
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c
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e
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c
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c
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c
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c
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c
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c
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c
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p
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p
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c
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c
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c
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c
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c
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T
h

e
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e
e
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m
e
n

t
c
h

a
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c
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s
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m
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c
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c
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c
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c
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p
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p
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D
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p
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c
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p
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a
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e
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c
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c
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p
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c
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c
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c
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c
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s
e
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c
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c
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p
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c
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c
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h
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e
n

b
e

a
b
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d
e
s
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a
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c
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c
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s
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c
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b
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e
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c
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r
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o

r
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a
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p
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c

e
x

p
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s
s
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n
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d
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o
p

ti
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a
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c
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a
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a
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e
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's

FO
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d
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l
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r
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c
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c
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c
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e
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u
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c
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rm
a
ti

o
n

is
o

ft
e
n

w
it

h
h

e
ld

b
e
c
a
u

se
i
t

is
,a

p
o

te
n

ti
a
l

s
o

u
rc

e
o

f
e
m

b
a
rr

a
ss

m
e
n

t.
S

om
e

e
x

p
u

rg
a
te

d
p

a
p

e
rs

re
v

e
a
l

g
l
i
m
p
~
e
s

o
f

la
rg

e
-s

c
a
le

e
f
f
o

r
ts

w
it

h
s
o

p
h

is
ti

c
a
te

d
to

o
ls

[V
A

N
,

H
U
~
,

M
U

R
I,

b
u

t
fe

w
o

f
th

e
re

s
u

lt
s

a
re

e
v

e
r

p
re

s
e
n

te
d

p
u

b
li

c
ly

.

T
h

is
s
it

u
a
ti

o
n

h
a
s

fo
rc

e
d

u
s
e
rs

in
to

th
e

p
o

s
it

io
n

o
f

e
m

p
ir

ic
a
ll

y
'm

e
a
s
u

ri
n

g
th

e
m

a
c
h

in
e

c
h

a
ra

c
te

ri
s
ti

c
s
;

n
o

ta
b

le

e
x

a
m

p
le

s
a
re

fo
r

th
e

CD
C

7
6
~
0

[L
IP

,
M

A
R

],
an

d
th

e
IB

M

3
7

0
/1

6
8

[E
M

E
].

N
o

n
e

o
f

th
e
s
e

a
re

c
o

n
c
e
rn

e
d

w
it

h
th

e

re
la

ti
o

n
s
h

ip
b

e
tw

e
e
n

th
e

d
e
s
ig

n
o

f
th

e
in

s
tr

u
c
ti

o
n

s
e
t

an
d

th
e

u
lt

im
a
te

m
a
c
h

in
e

p
e
rf

o
rm

a
n

c
e
,

b
u

t
th

e
y

su
p

p
ly

u
s
e
fu

l

d
a
ta

.
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T
h

e
m

e
th

o
d

o
lo

g
y

in
v

o
lv

e
d

in
d

o
in

g
a
c
c
u

ra
te

ti
m

in
g

s
tu

d
ie

s
fo

r
~
i
g
h
~
s
p
e
e
d

c
o

m
p

u
te

rs
in

re
a
l

e
n

v
ir

o
n

m
e
n

ts
is

c
o

m
p

le
x

,
a
n

d
so

m
e

o
th

e
r

e
x

p
e
ri

e
n

c
e
s

in
th

is
fi

e
ld

w
er

e

u
s
e
fu

l
in

d
e
v

e
lo

p
in

g
th

e
te

c
h

n
iq

u
e
s

w
e

u
se

d
[W

Q
R

7
6

,G
E

N
].

-
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3
.1

T
H

E
M

O
D

EL

T
h

e
b

a
s
ic

g
o

a
l

o
f

th
e

m
e
a
su

re
m

e
n

t
sy

st
e
m

is
to

a
p

p
o

rt
io

n
th

e
ti

m
e

s
p

e
n

t
b

y
a
n

e
x

e
c
u

ti
n

g
p

ro
g

ra
m

am
o

n
g

th
e

C
h

a
p

te
r

I
I
I

IN
S

T
R

U
C

T
IO

N
T

IM
IN

G
M

O
D

EL
FO

R
M

A
C

H
IN

E
E

V
A

L
U

A
T

IO
N

v
a
ri

o
u

s
sy

st
e
m

c
o

m
p

o
n

e
n

ts

in
s
tr

u
c
ti

o
n

p
ip

e
li

n
e

an
d

su
c
h

a
s

th
e

c
a
c
h

e
m

em
o

ry
,

th
e

in
d

iv
id

u
a
l

in
s
tr

u
c
ti

o
n

s
,

th
e so

th
a
t

re
s
o

u
rc

e
u

ti
li

z
a
ti

o
n

an
d

sy
st

e
m

b
o

tt
le

n
e
c
k

s
c
a
n

b
e

d
e
te

rm
in

e
d

.
T

h
is

is
a
c
h

ie
v

e
d

b
y

u
s
in

g
si

m
p

le
m

o
d

e
ls

o
f

th
e

C
PU

o
f

e
a
c
h

m
a
c
h

in
e

w
h

ic
h

a
ls

o
p

ro
v

id
e

e
s
ti

m
a
te

s
o

f
th

e

to
ta

l
C

PU
ti

m
e
s
.

T
h

e
to

ta
l

ti
m

e
is

im
p

o
rt

a
n

t
in

s
o

fa
r

a
s

i
t

O
ne

o
f

th
e

m
o

st
im

p
o

rt
a
n

t
ta

s
k

s
fo

r
a

c
o

m
p

u
te

r
d

e
s
ig

n
e
r

is
th

e
e
v

a
lu

a
ti

o
n

o
f

a
c
o

m
p

u
te

r
a
rc

h
it

e
c
tu

re
im

p
le

m
e
n

ta
ti

o
n

.

A
s

a
s
p

e
c
if

ic
in

s
ta

n
c
e

o
f

th
a
t

ta
s
k

,
th

is
c
h

a
p

te
r

c
o

m
p

a
re

s

th
e

im
p

le
m

e
n

ta
ti

o
n

an
d

p
e
rf

o
rm

a
n

c
e

o
f

th
e

IB
M

3
7

0
/1

6
8

-1
an

d

th
e

A
M

D
A

H
L

4
7

0
V

/6
,

w
h

ic
h

a
re

tw
o

h
ig

h
-p

e
rf

o
rm

a
n

c
e

m
a
c
h

in
e
s

w
it

h
th

e
sa

m
e

a
rc

h
it

e
c
tu

re
[I

B
M

7
0

]
b

u
t

d
if

f
e
r
e
n

t
im

p
le

m
e
n

ta
­

ti
o

n
s
.

is
u

se
d

to
v

e
ri

fy
th

e
a
c
c
u

ra
c
y

p
re

d
ic

te
d

ti
m

e
s

c
a
n

th
e
n

b
e

p
e
rf

o
rm

a
n

c
e

o
f

th
e

m
a
c
h

in
e
s.

o
f

th
e

c
o

m
p

a
re

d

m
o

d
e
l,

s
in

c
e

th
e

to
th

e
a
c
tu

a
l

T
h

is
c
h

a
p

te
r·

e
x

p
la

in
s
,

in
d

e
ta

il
an

d
b

y
e
x

a
m

p
le

,
th

e

m
e
th

o
d

o
1

0
g

y
,u

se
d

fc
ir

th
e

a
n

a
ly

s
is

o
f

in
s
tr

u
c
ti

o
n

s
e
ts

.
I
t

d
is

c
u

s
s
e
s

th
e

m
o

d
e
l

b
a
se

d
o

n
in

s
tr

u
c
ti

o
n

ti
m

in
g

,
th

e
p

ro
c
e
s
s

o
f

e
v

a
lu

a
ti

n
g

im
p

o
rt

a
n

t
fa

c
to

rs
,

th
e

to
o

ls
n

e
e
d

e
d

fo
r

su
c
h

a

s
tu

d
y

,
an

d
th

e
v

e
rf

ic
a
ti

o
n

p
ro

c
e
d

u
re

.
A

lt
h

o
u

g
h

p
re

s
e
n

te
d

in

th
e

c
o

n
te

x
t

o
f

th
e

IB
M

3
J
0

,
th

e
a
p

p
ro

a
c
h

is
a

g
e
n

e
ra

l
o

n
e
.

R
e
s
u

lt
s

in
d

e
ta

il
fo

r
th

e
3

7
0

a
rc

h
it

e
c
tu

re
an

d
s
im

il
a
r

re
s
u

lt
s

fo
r

c
h

a
p

te
rs

.

o
th

e
r

a
rc

h
it

e
c
tu

re
s

a
p

p
e
a
r

-
2

3
-

in
s
u

b
s
e
q

u
e
n

t

T
h

e
d

e
c
is

io
n

to
m

ak
e

im
p

le
m

e
n

ta
ti

o
n

d
e
p

e
n

d
e
n

t
m

e
a
su

re
s

o
f

C
PU

p
e
rf

o
rm

a
n

c
e

fo
r

tw
o

m
em

b
er

s
o

f
a

s
p

e
c
if

ic
a
rc

h
i­

te
c
tu

re
fa

m
il

y
h

a
s

s
e
v

e
ra

l
a
d

v
a
n

ta
g

e
s
:

1
.

S
om

e
o

f
th

e
tr

a
d

it
io

n
a
ll

y
d

if
f
ic

u
lt

p
ro

b
le

m
s

e
n

c
o

u
n

te
re

d
w

h
en

c
o

m
p

a
ri

n
g

tw
o

d
if

f
e
r
e
n

t
a
r
c
h
i
t
e
c
~

tu
re

s
a
re

n
o

t
p

re
s
e
n

t,
s
in

c
e

m
an

y
c
o

n
fo

u
n

d
in

g

fa
c
to

rs
re

la
ti

n
g

to
p

e
rf

o
rm

a
n

c
e

e
v

a
lu

a
ti

o
n

h
a
v

e

th
e

sa
m

e
e
f
f
e
c
t

o
n

b
o

th
m

a
c
h

in
e
s.

2
.

T
h

e
s
u

c
c
e
s
s

o
f

o
n

e
o

f
th

e
le

v
e
ls

o
f

a
c
o

m
p

le
x

sy
st

e
m

c
a
n

o
ft

e
n

b
e

m
e
a
su

re
d

b
y

th
e

c
h

a
ra

c
te

r­

is
ti

c
s

o
f

th
e

le
v

e
ls

b
e
lo

w
.

P
e
rf

o
rm

a
n

c
e

e
v

a
lu

­

a
ti

o
n

w
h

ic
h

is
c
lo

s
e

to
th

e
im

p
le

m
e
n

ta
ti

o
n

le
v

e
l

o
f

a
c
o

m
p

u
te

r
g

iv
e
s

v
a
lu

a
b

le
d

e
s
ig

n
in

fo
rm

a
ti

o
n

a
t

th
e

a
rc

h
it

e
c
tu

re
le

v
e
l.
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3
.

T
h

e
sp

e
e
d

o
f

c
o

ll
e
c
ti

o
n

an
d

th
e

p
re

c
is

io
n

o
f

th
e

re
s
u

lt
s

a
re

g
re

a
tl

y
e
n

h
a
n

c
e
d

b
y

h
a
v

in
g

to
o

ls
th

a
t

a
re

ta
il

o
re

d
fo

r
a

s
p

e
c
if

ic
in

s
tr

u
c
ti

o
n

s
e
t.

T
h

e
p

ro
g

ra
m

s
to

b
e

m
e
a
su

re
d

w
e
re

tr
a
c
e
d

in
u

s
e
r

s
ta

te
,

an
d

a
ll

th
e

in
fo

rm
a
ti

o
n

re
q

u
ir

e
d

to
c
o

m
p

u
te

th
e

in
s
tr

u
c
ti

o
n

e
x

e
c
u

ti
o

n
ti

m
e

fr
o

m
th

e
fo

rm
u

la
s

w
as

c
o

ll
e
c
te

d
.

A
re

c
o

rd

w
as

m
ad

e
o

f
c
o

u
n

ts
o

f
o
c
c
u
r
r
e
n
~
e
s
,

v
a
lu

e
s

o
f

in
s
tr

u
c
ti

o
n

v
a
ri

a
b

le
s

u
se

d
in

th
e

fo
rm

u
la

s,
an

d
in

fo
rm

a
ti

o
n

a
b

o
u

t
m

em
o

ry

p
e
rf

o
rm

a
n

c
e
.

T
y

p
ic

a
l

v
a
ri

a
b

le
s

d
e
p

e
n

d
o

n
th

e
s
p

e
c
if

ic

in
s
tr

u
c
ti

o
n

b
u

t
m

ay
a
ls

o
d

e
p

e
n

d
o

n
th

e
im

p
le

m
e
n

ta
ti

o
n

3
.1

.1
T

h
e

T
e
c
h

n
iq

u
e

T
h

e
m

o
d

e
ls

o
f

th
e

C
P

U
s

u
se

d
h

e
re

a
re

b
a
se

d
o

n
th

e

in
s
tr

u
c
ti

o
n

ti
m

in
g

fo
rm

u
la

s
a
v

a
il

a
b

le
fr

o
m

th
e

m
a
n

u
fa

c
­

tu
re

rs
'

d
o

c
u

m
e
n

ts
w

h
ic

h
d

e
s
c
ri

b
e

th
e
ir

c
o

m
p

u
te

rs

[A
M

D
,I

B
M

74
1
•
.

T
h

e
se

d
o

c
u

m
e
n

ts
so

m
e
ti

m
e
s

s
a
c
r
if

ic
e

d
e
ta

il
s

fo
r

e
a
se

o
f

e
x

p
o

s
it

io
n

(w
h

ic
h

is
n

o
t

to
sa

y
th

a
t

th
e
y

a
re

e
a
sy

to
re

a
d

!)
an

d
re

p
re

s
e
n

t
o

n
ly

th
e

b
e
s
t

e
f
f
o

r
ts

o
f

an

e
n

g
in

e
e
r

to
d

e
s
c
ri

b
e

th
e

e
x

is
ti

n
g

m
a
c
h

in
e
.

E
ff

o
rt

s
w

h
ic

h

a
re

d
e
s
c
ri

b
e
d

la
te

r
w

e
re

m
ad

e
to

v
e
ri

fy
th

e
a
c
c
u

ra
c
y

o
f

th
e

in
fo

rm
a
ti

o
n

.
In

d
e
ri

v
in

g
th

e
m

o
d

el
fo

r
th

e
A

m
d

ah
l

m
a
c
h

in
e

w
e

w
e
re

q
u

it
e

fo
rt

u
n

a
te

to
g

e
t

so
m

e
h

e
lp

fr
o

m
th

e
d

e
s
ig

n
e
rs

.

4
.

P
ra

c
ti

c
a
l

an
d

u
s
e
fu

l
re

s
u

lt
s

q
u

ic
k

ly
,

so
th

a
t

th
o

se
r
e
s
u

lt
s

fu
rt

h
e
r

re
fi

n
e

th
e

to
o

ls
.

c
a
n

b
e

o
b

ta
in

e
d

c
a
n

b
e

u
se

d
to

d
e
ta

il
s
.

F
o

r
e
x

a
m

p
le

,
th

e
n

u
m

b
er

o
f

b
y

te
s

m
ov

ed
is

im
p

le
­

m
e
n

ta
ti

o
n

in
d

e
p

e
n

d
e
n

t,
b

u
t

m
e
a
su

re
s

o
f

p
ip

e
li

n
e

in
te

rl
o

c
k

s

an
d

ti
m

in
g

d
e
la

y
s

a
re

n
o

t.
S

om
e

v
a
ri

a
b

le
s

d
e
p

e
n

d
o

n

in
s
tr

u
c
ti

o
n

e
n

v
ir

o
n

m
e
n

t
an

d
th

e
re

fo
re

re
q

u
ir

e
in

fo
rm

a
ti

o
n

a
b

o
u

t
in

s
tr

u
c
ti

o
n

p
a
ir

an
d

tr
ip

le
d

is
tr

ib
u

ti
o

n
s
.

T
w

o
p

ri
m

a
ry

c
o

n
s
tr

a
in

ts
c
a
u

se
d

u
s

to
tr

a
c
e

o
n

ly
u

s
e
r­

s
ta

te
in

s
tr

u
c
ti

o
n

s
.

(1
)

T
ra

c
in

g
sy

st
e
m

s
o

ft
w

a
re

,
.w

it
h

th
e

a
tt

e
n

d
a
n

t
p

e
rf

o
rm

a
n

c
e

d
e
g

ra
d

a
ti

o
n

o
f

a
t

le
a
s
t

5
~

to
I
,

w
o

u
ld

m
o

d
if

y
o

p
e
ra

ti
n

g
sy

st
e
m

b
e
h

a
v

io
r

in
t
i
m
~
n
g

d
e
p

e
n

d
e
n

t
I/

O

s
e
c
ti

o
n

s
.

B
y

tr
a
c
in

g
o

n
ly

in
u

se
r

m
o

d
e,

w
h

ic
h

is
u

s
u

a
ll

y

n
o

t
sp

e
e
d

d
e
p

e
n

d
e
n

t,
w

e
e
li

m
in

a
te

a
s
o

u
rc

e
o

f
e
rr

o
r

w
h

ic
h

w
o

u
ld

n
e
c
e
s
s
it

a
te

a
c
o

m
p

li
c
a
te

d
in

te
rp

re
ta

ti
o

n
o

f
th

e

r
e
s
u

lt
s
.

(2
)

T
ra

c
in

g
th

e
o

p
e
ra

ti
n

g
sy

st
e
m

in
tr

o
d

u
c
e
s

a

la
rg

e
n

u
m

b
er

o
f

p
ro

b
le

m
s

in
v

o
lv

in
g

th
e

re
c
o

rd
in

g
o

f
th

e

tr
a
c
e

d
a
ta

.
O

ne
s
ta

n
d

a
rd

s
o

lu
ti

o
n

is
th

e
u

se
o

f
sa

m
p

le
s

ra
th

e
r

th
a
n

c
o

m
p

le
te

tr
a
c
e
s
,

b
u

t
th

e
n

th
e

v
e
ri

fi
c
a
ti

o
n

o
f

th
e

p
re

d
ic

te
d

C
PU

ti
m

e
is

n
o

t
p

o
s
s
ib

le
.

S
in

c
e

th
e

ti
m

in
g

fo
rm

u
la

s
d

o
n

o
t

in
c
lu

d
e

th
e

e
ff

e
c
ts

o
f

c
a
c
h

e
m

em
o

ry
m

is
s
e
s
,

th
e

c
a
c
h

e
m

em
o

ry
is

s
im

u
la

te
d

fo
r

e
a
c
h

m
a
c
h

in
e
.

T
h

e
c
a
c
h

e
m

is
s

p
e
n

a
lt

y
is

a
d

d
e
d

to
th

e
in

s
tr

u
c
ti

o
n

e
x

e
c
u

ti
o

n
ti

m
e

to
o

b
ta

in
th

e
e
x

p
e
c
te

d
p

ro
g

ra
m

e
x

e
c
u

ti
o

n

ti
m

e
.

T
o

v
e
ri

fy
th

e
m

o
d

el
th

e
e
x

p
e
c
te

d
ti

m
e

is
c
o

m
p

a
re

d
to

th
e

o
p

e
ra

ti
n

g
sy

st
e
m

a
c
c
o

u
n

ti
n

g
ti

m
e

c
o

rr
e
c
te

d
to

c
o

m
p

e
n

sa
te

fo
r

th
e

d
if

fe
re

n
c
e
s

b
e
tw

e
e
n

th
e

m
e
a
su

re
m

e
n

t
m

e
th

o
d

s.
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T
h

e'
e
ff

e
c
ts

o
f

in
s
tr

u
c
ti

o
n

in
te

ra
c
ti

o
n

,
w

h
ic

h
c
a
n

g
e
n

e
ra

ll
y

,
b

e
a
tt

ri
b

u
te

d
to

p
ip

e
li

n
e

re
s
o

u
rc

e
in

te
rl

o
c
k

s
,

a
re

ra
th

e
r

e
x

p
li

c
it

ly
a
c
c
o

u
n

te
d

fo
r

in
th

e
A

m
d

ah
l

fo
rm

u
la

s
.

F
o

r

IB
M

,
h

o
w

e
v

e
r,

th
e

p
ip

e
li

n
e

e
ff

e
c
ts

h
a
v

e
b

e
e
n

~
v
e
r
a
g
e
d

in
to

th
e

fo
rm

u
la

s
in

a
w

ay
w

h
ic

h
w

as
n

o
t

c
le

a
rl

y
in

d
ic

a
te

d
.

T
h

is

w
as

a
p

o
te

n
ti

a
l

so
u

rc
e

o
f

d
if

f
ic

u
lt

y
,

b
u

t
th

e
e
f
f
o

r
t

re
q

u
ir

e
d

to
o

b
ta

in
th

is
in

fo
rm

a
ti

o
n

fr
o

m
th

e
lo

g
ic

d
ia

g
ra

m
s

an
d

m
ic

ro
c
o

d
e

li
s
ti

n
g

s
w

as
p

ro
h

ib
it

iv
e
,

an
d

u
n

ju
s
ti

fi
e
d

w
h

en

an
e
rr

o
r

o
f

a
fe

w
p

e
rc

e
n

t
is

a
c
c
e
p

ta
b

le
.

T
h

e
te

c
h

n
iq

u
e
s

u
se

d
h

e
re

a
re

m
uc

h
m

o
re

c
o

m
p

le
x

th
a
n

b
e
n

c
h

m
a
rk

in
g

,
b

u
t

n
o

t
a
s

c
o

s
tl

y
a
s

to
ta

l
h

a
rd

w
a
re

s
im

u
la

ti
o

n
.

T
h

e
to

o
ls

a
re

g
e
n

e
ra

l
e
n

o
u

g
h

so
th

e
y

c
a
n

b
e

-
­

an
d

h
av

e
b

e
e
n

-
-

u
se

d
fo

r
o

th
e
r

s
tu

d
ie

s
w

it
h

d
i
f
f
e
r
e
~
t

o
b

je
c
ti

v
e
s
.

T
h

e
im

p
o

rt
a
n

c
e
,

h
o

w
e
v

e
r,

li
e
s

in
th

e
a
b

il
it

y
to

c
h

a
n

g
e

th
e

m
o

d
el

v
a
ri

a
b

le
s

to
r
e
f
le

c
t

p
ro

p
o

se
d

c
h

a
n

g
e
s

to
'

th
e

e
x

is
ti

n
g

h
a
rd

w
a
re

an
d

to
a
c
c
u

ra
te

ly
p

re
d

ic
t

th
e

p
e
rf

o
rm

a
n

c
e

e
ff

e
c
ts

o
f

th
o

se
c
h

a
n

g
e
s.

q
u

ic
k

ly
a
ll

o
w

i'
n

g
th

e
e
f
f
o

r
t

to
c
o

n
c
e
n

tr
a
te

o
n

,t
h

e
m

o
st

im
p

o
rt

a
n

t
fa

c
to

rs
.

T
h

e
C

PU
m

o
d

el
u

se
d

is
an

in
te

rm
e
d

ia
te

o
n

e
b

e
tw

e
e
n

fu
ll

s
im

u
la

ti
o

n
a
t

th
e

h
a
rd

w
a
re

re
g

is
te

r
le

v
e
l

an
d

a
m

a
c
h

in
e
-i

n
­

d
e
p

e
n

d
e
n

t
re

p
re

s
e
n

ta
ti

o
n

o
f

p
e
rf

o
rm

a
n

c
e
.

T
h

e
d

e
c
is

io
n

to

in
c
lu

d
e

so
m

e
fa

c
to

rs
an

d
e
x

c
lu

d
e

o
th

e
rs

w
as

b
a
se

d
o

n
an

e
s
ti

m
a
te

,
o

ft
e
n

su
p

p
o

rt
e
d

b
y

e
x

p
e
ri

m
e
n

ta
ti

o
n

,
o

f
th

e
e
ff

e
c
t

o
f

th
o

s
e

fa
c
to

rs
o

n
th

e
fi

n
a
l

r
e
s
u

lt
s
.

S
om

e
o

f
th

e
ju

s
ti

f
i­

c
a
ti

o
n

fo
r

th
e

d
e
c
is

io
n

s
a
re

p
re

s
e
n

te
d

b
e
lo

w
.

T
h

e
a
c
c
u

ra
c
y

o
f

th
e

m
o

d
el

is
su

p
p

o
rt

e
d

b
y

th
e

m
a
tc

h

b
e
tw

e
e
n

th
e

p
ro

g
ra

m
e
x

e
c
u

ti
o

n
ti

m
e

a
s

p
re

d
ic

te
d

b
y

th
e

m
o

d
el

an
d

th
e

sa
m

e
ti

m
e

m
e
a
su

re
d

b
y

th
e

o
p

e
ra

ti
n

g
sy

st
e
m

d
u

ri
n

g

a
c
tu

a
l

ru
n

s
.

P
e
rf

o
rm

a
n

c
e

e
v

a
lu

a
ti

o
n

b
y

b
e
n

c
h

m
a
rk

in
g

is

re
p

e
a
ta

b
le

o
n

ly
w

it
h

in
2-

3%
b

e
c
a
u

se
o

f
th

e
'

la
rg

e
n

u
m

b
er

o
f

u
n

c
o

n
tr

o
ll

a
b

le
v

a
ri

a
b

le
s
,

a
n

d
th

is
t
h
e
~
e
f
o
r
e

p
u

ts
an

u
p

p
e
r

b
o

u
n

d
o

n
th

e
p

re
c
is

io
n

o
f

th
e

v
a
li

d
a
ti

o
n

.

3
.1

.2
E

v
a
lu

a
ti

o
n

o
f

Im
p

o
rt

a
n

t
F

a
c
to

rs

T
h

e
d

e
v

e
lo

p
m

e
n

t
o

f
th

e
C

PU
m

o
d

el
h

a
s

b
e
e
n

g
re

a
tl

y

in
fl

u
e
n

c
e
d

b
y

th
e

id
e
a

o
f

an
e
v

o
lV

in
g

sy
st

e
m

o
f

t
o
o
l
s
~
­

d
e
v

e
lo

p
m

e
n

t
b

y
s
u

c
c
e
s
s
iv

e
re

fi
n

e
m

e
n

t.
A

c
ru

d
e

m
o

d
el

an
d

s
im

p
le

'
to

o
ls

w
e
re

f
ir

s
t

a
ss

e
m

b
le

d
an

d
b

y
s
u

c
c
e
s
s
iv

e
•

it
e
r
a
ti

o
n

n
ew

to
o

ls
,

ne
w

m
e
a
su

re
m

e
n

ts
,

an
d

a
m

o
re

re
fi

n
e
d

m
o

d
el

w
e
re

d
e
s
ig

n
e
d

.

fa
ls

e
s
ta

r
ts

an
d

th
e

T
h

is
a
p

p
ro

a
c
h

re
d

u
c
e
s

th
e

n
u

m
b

er
o

f

e
la

p
s
e
d

ti
m

e
o

f
th

e
w

h
o

le
s
tu

d
y

b
y

-
27

-

A
n

e
x

a
m

in
a
ti

o
n

o
f

p
re

v
io

u
s
ly

p
u

b
li

s
h

e
d

in
s
tr

u
c
ti

o
n

fr
e
q

u
e
n

c
ie

s
m

ig
h

t
s
u

g
g

e
s
t

th
a
t

th
e

m
o

re
fr

e
q

u
e
n

t
in

s
tr

u
c
­

ti
o

n
s

a
re

th
o

se
w

h
o

se
d

u
ra

ti
o

n
is

c
o

n
s
ta

n
t

an
d

th
e
re

fo
re

d
o

n
o

t
h

e
a
v

il
y

d
e
p

e
n

d
o

n
e
x

e
c
u

ti
o

n
v

a
ri

a
b

le
s

li
k

e
th

e
le

n
g

th
o

f

o
p

e
ra

n
d

s
.

If
th

is
w

e
re

tr
u

e
,

th
e
n

th
o

s
e

v
a
ri

a
b

le
s

c
o

u
ld

b
e

s
e
t

to
p

ro
g

ra
m

-i
n

d
e
p

e
n

d
e
n

t
v

a
lu

e
s

w
it

h
o

u
t

in
tr

o
d

u
c
in

g
a

s
ig

n
if

ic
a
n

t
e
rr

o
r

in
th

e
r
e
s
u

lt
.

T
o

te
s
t

th
is

h
y

p
o

th
e
s
is

,

th
e

p
ro

g
ra

m
w

h
ic

h
c
o

m
p

u
te

s
e
x

e
c
u

ti
o

n
ti

m
e
s

w
as

g
iv

e
n

th
re

e

s
e
ts

o
f

e
x

e
c
u

ti
o

n
v

a
ri

a
b

le
s

w
it

h
w

h
ic

h
t6

p
re

d
ic

t
p

ro
g

ra
m

-
2
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ru
n

n
in

g
ti

m
e
.

O
ne

w
as

a
p

ro
g

ra
m

m
e
r'

s
b

e
s
t

g
u

e
ss

o
f

th
e

tr
u

e

v
a
lu

e
s
,

an
d

th
e

o
th

e
r

tw
o

w
er

e
th

e
s
m

a
ll

e
s
t

an
d

la
rg

e
s
t

th
e

am
o

u
n

t
an

d
ty

p
e

o
f

in
s
tr

u
c
ti

o
n

lo
o

k
a
h

e
a
d

p
e
rf

o
rm

e
d

.
T

o

a
c
c
u

ra
te

ly
m

e
a
su

re
th

e
c
a
c
h

e
p

e
n

a
lt

y
,

th
e

tr
a
c
e

a
n

a
ly

s
is

e
x

tr
e
m

e
s

w
h

ic
h

c
o

u
ld

r
e
a
li

s
ti

c
a
ll

y
b

e
e
x

p
e
c
te

d
.

T
h

e
re

s
u

lt
s

p
ro

g
ra

m
h

a
s

a
d

e
ta

il
e
d

s
im

u
la

ti
o

n
·

o
f

th
e

c
a
c
h

e
an

d

sh
o

w
ed

th
a
t

an
in

s
tr

u
c
ti

o
n

c
o

u
ld

ju
m

p
fr

o
m

4%
to

59
%

o
f

th
e

to
ta

l
ti

m
e

d
e
p

e
n

d
in

g
~
n

th
e

v
a
lu

e
o

f
it

s
v

a
ri

a
b

le
s

w
it

h
a
ll

o
th

e
rs

re
m

a
in

in
g

th
e

sa
m

e.
T

h
is

is
an

u
n

a
c
c
e
p

ta
b

le
e
rr

o
r,

e
s
p

e
c
ia

ll
y

s
in

c
e

e
rr

o
rs

in
th

e
v

a
ri

a
b

le
s

fo
r

m
an

y
i
n
s
t
r
u
c
~

ti
o

n
s

c
o

u
ld

co
m

b
in

e
to

fo
rm

la
rg

e
s
y

s
te

m
a
ti

c
e
rr

o
rs

.
M

o
st

o
f

th
e

v
a
ri

a
b

le
s

w
h

ic
h

a
ff

e
c
t

e
x

e
c
u

ti
o

n
ti

m
e

w
er

e
th

e
re

fo
re

m
ea

su
re

d
e
x

a
c
tl

y
o

r
e
st

im
a
te

d
fr

o
m

re
la

te
d

m
e
a
su

re
m

e
n

ts
.

in
s
tr

u
c
ti

o
n

fe
tc

h
m

ec
h

an
is

m
o

f
b

o
th

m
a
c
h

in
e
s.

A
lt

h
o

u
g

h
c
a
c
h

e
m

em
or

y
m

is
s

ra
ti

o
s

a
re

kn
ow

n
to

b
e

lo
w

[M
E

R
],

i
t

is
e
a
s
il

y
sh

o
w

n
th

a
t

th
e

c
o

n
tr

ib
u

ti
o

n
o

f
th

e
ti

m
e

p
e
n

a
lt

y
fo

r
th

e
m

is
se

s
is

to
o

la
rg

e
to

b
e

n
e
g

le
c
te

d
.

If
th

e

m
is

s
ra

ti
o

is
5%

,
w

it
h

a
48

9
n

se
c

p
e
n

a
lt

y
fo

r
a

m
is

s,
1

.6

m
em

or
y

re
q

u
e
s
ts

p
e
r

in
s
tr

u
c
ti

o
n

,
an

d
an

a
v

e
ra

g
e

in
s
tr

u
c
ti

o
n

e
x

e
c
u

ti
o

n
ti

m
e

o
f

3
0

0
n

se
c

·(
re

a
s
o

n
a
b

le
v

a
lu

e
s

fo
r

th
e

3
7

9
/1

6
8

)
th

e
n

th
e

c
a
c
h

e
.m

is
se

s
re

p
re

s
e
n

t
a

13
%

in
c
re

a
s
e

in

T
he

p
re

d
ic

te
d

e
x

e
c
u

ti
o

n
ti

m
e

is
co

m
p

o
se

d
o

f
th

e
th

e
e
x

e
c
u

ti
o

n
ti

m
e
.

h
a
v

e
a
lr

e
a
d

y
ta

k
e
n

in
to

a
c
c
o

u
n

t
th

e
in

s
tr

u
c
ti

o
n

c
o

u
n

ts
an

d

m
em

or
y

m
is

se
s.

T
he

a
g

g
re

g
a
te

in
s
tr

u
c
ti

o
n

ti
m

in
g

re
s
u

lt
s

T
h

e
c
a
c
h

e
m

is
s

p
e
n

a
lt

y
d

e
p

e
n

d
s

o
n

th
e

re
fe

re
n

c
e

p
a
tt

e
rn

o
f

th
e

p
ro

g
ra

m
,

th
e

c
a
c
h

e
o

rg
a
n

iz
a
ti

o
n

,
an

d
th

e
d

a
ta

fl
o

w

b
e

fe
a
tu

re
s

m
u

st
o

rg
a
n

iz
a
ti

o
n

o
th

e
r

c
a
c
h

e
T

w
o

ti
o

n
s

w
h
i
c
~

c
a
u

se
d

th
em

,
b

u
t

ra
th

e
r

a
c
c
u

m
u

la
te

d
s
e
p

a
ra

te
ly

.

a
lw

a
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t
a

m
a
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r
d

e
g

ra
d
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o
n

o
f

th
e
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e
e
d

o
f

th
e

m
a
c
h
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e
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I
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o

m
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e
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y
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d
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c
h
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g

y
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h
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h
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m
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f
a
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te

r
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R
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R

E
N

C
E

A
N

D
C

A
C

H
E

E
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F
E

C
T
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T
h

e
c
o
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e
c
ti

o
n

d
u

e
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c
a
c
h

e
m
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s
e
s

ra
n

g
e
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m
1%
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r
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M

,
b

u
t

fr
o

m
3%

to
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%
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r
A

m
d
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l,
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d
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a
ti

n
g

th
a
t

th
e

4
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m
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su
b
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st

e
m
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a

m
a
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r
b

o
tt
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n

e
c
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r
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A
m

d
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l

m
a
c
h
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e
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n
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e
m
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o
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h
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e
c
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e
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th
e

4
7

0
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e
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f
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e
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w
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e
e
d

a
d

v
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e
o

f
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C
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h

e
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c
to

rs
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h
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h
c
o

n
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u
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th
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b
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c
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c
h

e
o

rg
a
n

iz
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A
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c
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c
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c
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e

p
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lt

y
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r
e
a
c
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1
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c
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th
e
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e
c
u
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o

n
s
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e
e
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to
e
x
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c
u
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e
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s
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u
c
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w
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o

c
a
c
h

e

m
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1
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m
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r
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A

m
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T

h
e
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s

d
u

e
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c
a
c
h

e
o
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a
n
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a
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o
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h
a
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b

e
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m
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n
a
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b
u

t
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e
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w
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e
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d
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d

v
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g
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w
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u
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h

a
v

e
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q

u
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e
d

a
c
a
c
h

e
m
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s

p
e
n

a
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f
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0
n

s
e
c
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w
h
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h

w
o

u
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n
o

t

h
a
v

e
b

e
e
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e
c
o
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o

m
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a
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y
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a
s
ib
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e
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m

e
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T
h

e
d

il
e
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m
a

o
f

A
m

d
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l
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s
u

lt
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·

fr
o

m
a

m
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m
a
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h
b

e
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e
e
n
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e

M
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m
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o
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c
h
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P
D
P
-
l
~
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A
n
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m

e
d
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im
p
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v

e
m

e
n

t
c
o

u
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b
e

o
b
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in

e
d
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c
o

m
p
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e
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w
e
re
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p
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c
e
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e
s
e
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s
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u
c
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o
n

s
b

y
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s
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r

e
q

u
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a
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n
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w
h
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e
y

a
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a
v

a
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a
b

le
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a
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h
o

u
g

h
th

is
w

o
u

ld
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q

u
ir

e
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il
o
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n

g
th

e
c
o

m
p

il
e
rs
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s
p

e
c
if
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m

o
d

e
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o
f
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e

c
o

m
p

u
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r
s
e
r
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s
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m
u
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c
c
u

r
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e
s
e

T
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e
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c
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h
s
p
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e
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a
d

d
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n

a
l

1
.1

7
%

.
F

o
r

L
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S
Y

2
,

th
e

d
e
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y
c
a
u

se
d

b
y
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s
e
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g

o
f

th
e

c
o

n
d
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n
c
o

d
e

n
e
e
d

e
d
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r

c
o

n
d
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n
a
l

b
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n
c
h

e
s

a
d

d
s

~
~
3
%
.

A
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h
o

u
g

h
th

e
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a
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w
id

e
v

a
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a
ti

o
n

s
,

th
e
s
e

w
o

rs
t

c
a
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e
x

a
m

p
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s
d

e
m

o
n
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te
th

e
o

v
e
ra

ll
g

o
o

d

d
e
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g
n

o
f

th
e

p
ip

e
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n
e
.
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1
~

P
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E
L
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E

E
FF

E
C

T
S

FO
R
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E

4
7
~

B
e
c
a
u

se
th

e
ti

m
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g
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u
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s
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r

th
e

A
m

d
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l
m

a
c
h
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e
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e

s
p

e
c
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p
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e
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n
e

v
a
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a
b
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w
e

c
a
n

a
s
s
e
s
s
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e
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e
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e
c
t

o
n
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e

e
x

e
c
u
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o

n
.

T
h

e
p

ip
e
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n
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o

p
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m
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e
d
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r

4
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y
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in
s
tr

u
c
ti

o
n

s
w

h
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h
h

a
v

e
s
in

g
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w
o

rd
o

p
e
ra

n
d

s,
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d
an

y

d
e
v

ia
ti

o
n

c
a
u

se
s

p
o

te
n

ti
a
l

c
o

n
fl
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w
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h
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b
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q
u

e
n

t

in
s
tr

u
c
ti

o
n

s
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l
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M
M

A
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In
g

e
n

e
ra

l,
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e
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e
e
d

d
e
g

ra
d

a
ti

o
n

d
u

e
to

p
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e
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n
e

c
o

n
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s
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b
e

q
u

it
e

s
m

a
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.
F

o
r

m
o

st
p

ro
g

ra
m
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e
a
c
h

o
f

th
e

v
a
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a
b

le
s

c
o

n
tr

ib
u

te
s

le
s
s

th
a
n

~
.
5
%

to
th

e
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ta
l

e
x

e
c
u

ti
o

n
ti

m
e
.

T
h

e
o

n
ly

c
a
s
e
s

o
f

a
la

rg
e
r

c
o

n
tr

ib
u

ti
o

n
a
re

w
he

n
th

e
v

a
ri

a
b

le
s

a
f
f
e
~
t

s
p

e
c
if

ic
in

s
tr

u
c
ti

o
n

s
w

h
ic

h
o

c
c
u

r

fr
e
q

u
e
n

tl
y

.
F

o
r

th
e

C
O

B
O

LG
O

jo
b

,
an

a
v

e
ra

g
e

a
d

d
it

io
n

a
l

1
.1

c
y
c
l
e
~

(3
5

.7
5

n
se

c
)

is
a
d

d
e
d

to
e
a
c
h

d
e
c
im

a
l

in
s
tr

u
c
ti

o
n

.

T
h

e
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v
e
n

p
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e
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n
e

v
a
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a
b

le
s

d
e
p

e
n

d
u

p
o

n
lo

c
a
l
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s
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u
c
ti

o
n
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q

u
e
n

c
e
s

(s
e
e

th
e

d
e
fi

n
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n

o
f

S
l
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s
e
c
ti

o
n

\
3

.1
.4

fo
r

e
x

a
m

p
le

s)
,

an
d

th
e
re

fo
re

c
a
n

n
o

t
b

e
co

m
p

u
te

d
fr

o
m

g
lo

b
a
i

a
v

e
ra

g
e
s
.

T
h

e
e
x

a
c
t

e
v

a
lu

a
ti

o
n

o
f

th
e
s
e

v
a
ri

a
b

le
s

w
o

u
ld

re
q

u
ir

e
a

c
o

m
p

le
te

an
d

co
m

p
le

x
s
im

u
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ti
o

n
o

f
th

e

p
ip

e
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n
e

a
t

th
e

ti
m

e
~
h
e

p
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g
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m
is
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a
c
e
d
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s
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o

m
p
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e

u
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e

p
a
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d
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e
q

u
e
n

c
y

d
a
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c
o
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e
c
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d
w

h
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e
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a
c
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g
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c
o

n
s
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u
c
t
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s
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u
c
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n
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q

u
e
n

c
e
s
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d

a
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g
e
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e

v
a
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a
b
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a
c
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u
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c
e
.

T
h

is
re

p
re

s
e
n

ts
a

1
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c
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c
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b
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n
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b
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s
u
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-
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-

F
o

r
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R
e
s
u
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o
f
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o
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y

p
e
s

a
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e
v
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e
n

t
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e

m
e
a
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e
n
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p
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s
e
n

te
d

'
h

e
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:
s
p

e
c
if

ic
s
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m

e
n
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a
b

o
u

t
th

e
1

6
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o
r

4
7

0

im
p
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m

e
n

ta
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o
n
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an

d
~
e
n
e
r
a
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o
b

s
e
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a
ti

o
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s
a
b

o
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e
3

7
0

a
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h
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e
c
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.

T
h
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is

p
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c
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e
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e

a
d

v
a
n
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g

e
o

f
d

o
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g
a
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u

d
y

a
t
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v

e
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b
e
c
a
u
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e
e
ff

e
c
t

o
f

a
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h
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e
c
tu
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o
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p

le
m

e
n
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o
n
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m
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e

c
le

a
r
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a

w
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a
t
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h

a
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e

o
th

e
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e
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C
o

m
p
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in

g
th

e
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o
im

p
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m
e
n

ta
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o
n

s
le

a
d

s
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th
e

g
e
n

e
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l
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p
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n
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a
t

th
e

1
6

8
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a
m

o
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b
a
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n
c
e
d

d
e
s
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n
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A
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o
f

th
e
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b
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e
m

s
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w

e
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m
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a
c
h

o
th

e
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an
d

it
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h
a
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to
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e
n
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p
a
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u
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y
,
v

u
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e
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b
le

"
c
r
it
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a
l

p
a
th

s"
to

im
p
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v

ed
p

e
rf

o
rm

a
n

c
e
.

T
h

e
4
7
~
,

o
n

th
e

o
th

e
r

h
a
n

d
,

b
e
n

e
fi
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fr
o

m
im

p
ro

v
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te
c
h

n
o

lo
g

y
b

u
t

s
u
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e
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o

m
u

n
ev
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p
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v
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t
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m

p
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th
e

1
6

8
.

T
h

e
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a
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p
a
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u
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r
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o
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d
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e
m

s
­

c
e
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a
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s
p

e
c
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l
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s
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u
c
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o
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s
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d
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e
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m
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o
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o
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a
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z
a
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o
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,
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r
e
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a
m

p
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-
-

w
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h
a
v

e
n

o
t
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a
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u

p
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p
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p
o
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n
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e
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s
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o
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m
a
c
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h

e
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s
u
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t

s
p

e
c
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a
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n
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n
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a
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c
a
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e
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s
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a
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e
ff

e
c
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e
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c
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e
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g
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n
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o
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e
r

-
9
~
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p
a
s
s

b
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u

l
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p
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c
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n
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p
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r
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c
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c
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d
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c
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s
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a
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b
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R
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R
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s
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c
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T
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c
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a
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a
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e
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a
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in
a
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o
f
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m

e
a
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e
c
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c
o

m
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e
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7
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a
n
a
l
y
s
i
~

b
y

e
x

a
m
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in

g
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o
s
e

a
s
p

e
c
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o
f
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e

th
e

X
C
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s
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u
c
ti

o
n

h
a
s

b
e
e
n

o
p
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m
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e
d
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r
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e

fu
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y

o
v
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a
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p
e
d

c
a
s
e
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an
d
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e

EX
in

s
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u
c
ti

o
n

n
o
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n

g
e
r

c
a
u

s
e
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a

c
o

m
p
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c
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c
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p
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e
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n
e

b
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a
k

.
N

o
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e
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u
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o
n
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a
n
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p
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v

e
d

v
e
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n

o
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e

1
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(
l
a
b
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l
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e

1
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)
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b
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h
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a
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r
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rr) and pop

universally

specific programs. The jump, load, push (PUSH

(POP rr) instructions,· however, appear to be

important for all programs.

There is a considerable difference between the

occurence distribution and the time distribution of opcodes

for the 8080, but not nearly as much as for the high-per­

formance 370 machines. Instructions like ihe uriconditional

subroutine call (CALL U,xxx) are more significant in

execution time than in frequency (7.2% vs. 3.8% for VGT)

because of the costly stack references to memory, but simple

instructions like LOD take less time than their frequency

would indicate (7.5% vs. 11.4%).

The static opcode distributions (Figure 18) are often

quite different from the dynamic distributions. Altho·ugh

loads and jumps still predominate, lengthy but infrequently

executed initialization code is represented by the presence

of the load-immediate instructions (LODI r,n for 8-bit data,

and LODI rr,xxx for 16-bit data) in the top 50% group. The

simple byte movement instructions are statically common, but

the dynamically important stack push and pop instructions

are not.

5.1.2 apcode Pairs

Dynamic opcode pair frequencies often clearly reveal

the dominant loop of an executing program. In TBASIC for

. example (Table 11), a string search constructed from an

-95 -
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index register increment (INC HL), a character comparison

(CMP (HL)), and a conditional jump (JMP CC,xxx) represents

9.3% of the program execution, and a slightly longer

variation . ending with the same sequencer epr esen ts an

addition 4.9%. These simple sequences that could well be

replaced by a single faster instructio~ (such as the

compare, increment and repeat (CPIR) of the Zilog Z80) are

seldom seen in the more complete 370 instruction set

statistics.

Table 11.

8080 Dynamic Opcode Pairs

Program: VGT

% Inst % Inst Ratio
Opcode #1 Opcode #1 ~1easured Expected Meas./Exp.

PUSH RR PUSH RR 3.72 0.38 9.89
ANDI n JMP CC,xxx 3.02 0.72 4.16
'JMP CC,xxx LOD R,R 2.84 2.02 l. 41
LOD R,R' ANDI n 2.84 0.66 4.31
POP RR POP RR 2.40 0.35 6.85

Program: TBASIC

% Inst % Inst Ratio
Opcode #1 Opcode #1 Measured Expected Meas./Exp.

JMP CC,xxx INC RR 6.69 1.71 3.91
cr-1p (HL) JMP CC,xxx 6.07 0.96 6.30
INC RR CMP (HL) 4.76 0.82 5.83
CMPI n RET CC 3.63 0.39 9.36
CMPI n JMP CC,xxx 3.47 l.IB 3.35
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is quite misleading. II t t urnsou t t hat 73. 1 % 0 f thosea r e

uses of the TST instruction to increment the register by 2,

and are not intended to test the addressed word at all. A

common use is "TST (SPt+" to remove a word from the stack.

The conclusion is not, therefore, that autoincrement is of

significant use for single-operand instructions, but that

there should be an instruction,which inqrements by small

numbers other than 1.

The two-operand instructions are dominated by the

MOV/MOV8 instructions, which are' used to get the effect of

Load, Store, Push, and Pop as well as the more exotic uses.

Reading from Table 18, we can reconstruct ~he following

significant special uses of MOV/MOVB:

Table 19.

Special Uses of PDPII MOV/MOVB

Use % of MOV/MOVB

Load Register (Including POP,
load immediate, and load from reg) 51.9

Stbre register (including push) 15.7

Move simple-address to simple-address 3.2

PUSH memory word 2.6

store immediate (indirect register'). 2.6

Store immediate (simple address) 2.4

Total 78.4%
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