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Summary of Facts and Subm ssi ons

0181.D

Eur opean patent application nunber 96 103 171.3
claimng a priority from 1995 generally relates to the
field of processor design and, nore specifically, to

t he execution of a relative control transfer
instruction conprising an opcode and an instruction

di spl acenent field.

In the first instance, before the exam ning division,

t he applicant sought protection for a method of, and an
apparatus for, calculating the target address of a
relative control transfer instruction, the cal culation
using a sign extended di spl acenent having D+1 bits and
the instruction address. According to the nethod the
target address was fornmed by determ ning a | ower order
and a hi gher order address portion, the | ower order
address portion by sumring a D bits, |ower order
portion of the instruction address to the sign extended
di spl acenent, and the hi gher order address portion by
ei ther increnenting, decrenenting or keeping unchanged
t he higher order portion of the instruction address,
dependi ng on the value of two control flags, the so-
called en and op flags. These control flags were forned
by the second highest order bit (op flag) and the third
hi ghest order bit (en flag) of the sum

The exam ning division rai sed an obvi ousness objection
relative to the US patent US-A-4 203 157 (docunent D1)
published in 1980. In a decision posted in witing on
16 Cctober 2001, the exam ning division refused the
application for lack of inventive step. Having regard
to docunent D1, the novel features were seen in the
sign extension of the displacenent, in adding |less bits
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to the displacenent than its Ilength, and in the use of
different control bits for the nodification of the nost
significant part of the instruction address. The
control bits op flag and en flag, however, produced the
sanme results as corresponding control bits in docunent
D1. The en flag directly corresponded to the result of
t he excl usive-OR operation carried out on the sign bit
and the carry over fromthe 8-bit addition. The
functionality of the op flag was the sane as that of
the separate use of the sign of the displacenent in
docunent Dl1. Choosing between these two alternative
control signals was a normal design option.

| V. On 17 Decenber 2001, the applicant filed a notice of
appeal against the refusal decision, including an order
for paynent of the appeal fee. A witten statenent
setting out the grounds of appeal and anended cl ai ns
were filed on 21 January 2002.

V. In oral proceedings held before the Board on 7 July
2004, the appellant filed a further amended set of
clainms, claim1l reading as follows:

"1l. A nethod of calculating a target address from an
address of a relative control transfer instruction and
a di splacenent, the address having Whits and the

di spl acenent (320) being part of the relative control
transfer instruction and having D bits, the nethod
conprising the foll ow ng sequence of steps:

(1) preconputing the Iower order bits of the target
addr ess by:

(1a) sign extending (110) the displacenment by one bit
to produce a sign extended displacenent having D+l bits;
and
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(1b) adding (112) a first set (412) of bits conprising
D1 lowest order bits of the relative control transfer
instruction address to the sign extended displ acenent
to forma sumhaving D+2 bits, the sumincluding a set
of low order bits of the target address and two fl ag
bits (en flag; op flag);

(2) storing (114) the D+1 | ower order bits of the sum
(3a) increnmenting (222) a second set (330) of bits
conprising the WD+l highest order bits of the relative
control transfer instruction address to forma prefix
of the target address having WD+1 bits if a second

hi ghest order bit (op flag) of the sumis |Iow and a
third highest order bit (en flag) of the sumis high
(3b) decrenmenting (218) the second set (330) of bits to
formthe prefix if the second highest order bit (op
flag) of the sumis high and the third hi ghest order
bit (en flag) of the sumis high

(3c) setting the prefix equal to the second set (330)
of bits if the third highest order bit (en flag) of the
sumis |low and

(4) appending (214, 220, 224) to the prefix a third set
(358) of bits conprising the D1 | owest order bits of

t he sum whi ch had been stored in step (2) to formthe
target address.”

In the oral proceedings on 7 July 2004, as well as
before in a witten comunication annexed to the
sumtmons to attend oral proceedi ngs, the Board expressed
doubts regarding inventive step of the clained
invention in the light of docunent D1. In the oral
proceedi ngs, the Board drew the appellant's attention
to the circunstance that a one bit adder whose carry
was di scarded was functionally an exclusive-OR gate and
that therefore the 8-bit ALU 28 in conbination with the
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exclusive-OR gate in docunent D1 fulfilled the claim
definition of an adder adding D+l bits conprising DI
| owest order bits of the relative control transfer
instruction address to the D+1 bits of the sign

ext ended di spl acenent.

VI, According to the appellant, the invention was novel and
inventive in the light of docunent D1, since the latter
did neither disclose a sign extension of the
di spl acenent val ue, nor the addi ng operation providing
a D+2 bit sumincluding a set of |ow order bits of the
target address and two flag bits, nor the clained
sequence of steps necessary for carrying out the
i nvention. The increnmenting and decrenenting operations
were, according to the invention, executed only in
response to the respective status of the flag bits and
did thus neither require any additional storage space
nor any superfluous and time-consum ng preconputing of
incremented or decrenented address values like in
docunent D1. The invention was thus distinguished
clearly fromthe prior art address cal culation and
achi eved consi derabl e savings in resources and

cal cul ation tinme.

VII1. The Board announced the decision on the appeal at the

end of the oral proceedings on 7 July 2004.

Reasons for the Decision

1. The appeal conplies with the requirenents of

Articles 106 to 108 and Rules 1(1) and 64 EPC and is
t hus adm ssi bl e.

0181.D
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Nevert hel ess, the appeal has to be dism ssed since the
application does not neet the requirenent of inventive
step as set out in Articles 52(1) and 56 EPC.

The requirenment of inventive step is to be examned, in
accordance with the practice and case | aw of the EPO
on the basis of the problem and sol uti on approach.

Construction of claim1l

2. The probl em and sol uti on approach used to apply the
i nventive step requirenent (see Case Law of the Boards
of Appeal of the European Patent O fice, 4th edition
2001, European Patent O fice 2002, Chapter |.D)
requires an analysis of the clainmed invention and a
conparison with the prior art on the basis of the
techni cal features and aspects of the invention for
determ ning the technical contribution provided to the
prior art. In the present case, however, the nethod
clainms rather refer to mathematical concepts |like a
nmet hod of cal culating or the steps of preconputing,
si gn extendi ng, adding, formng a sum increnenting,
etc. and define abstract data constructs |ike an "en
flag" and "op flag", a "prefix"” and a "first (second,
third) set of bits conprising DI |owest (WD+ highest)
order bits".

3. The claimwording, if construed in isolation, mght
i ndeed be understood, outside of any technical context,
as the definition of a purely abstract mathemati cal
algorithm Lack of inventive step which was the basis
for the decision in first instance is, nevertheless, a
vi abl e basis for refusing the application since the
cl aimed subject-matter also includes technical nethods
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usi ng a machi ne-code algorithmwhich is to be

i npl emented by neans of digital conponents |ike those
shown in figures 3 to 6 and described in colum 5,
lines 12 ff. of the present application.

In such digital circuits, data are encoded in
electrical signals transmtted over separate bit |ines.
In the light of the enbodi nents described in the
present application, terns |ike address, displacenent,
sum and set of bits should thus be construed as
meani ng any signal or nunber of signals encoding
information nmeeting the data definitions on a | ogical

| evel .

Ternms |i ke adding or formng a sumin the present
context have a neaning different fromnon-digital
arithnmetic. The result of the summ ng operation may
i nclude additional sign bits and bits which are not
related to the arithnetical sumat all.

Moreover, the definition of the "first set of bits”
using the expression "conprising the D1 |owest order
bits of the ... address” is normally construed to nean
that the first set of bits may be preceded by a nunber
of | eading higher order bits having any binary val ue.
The "sum of which the first set of bits is an addend
(present claim1, step (1b)) may thus have any value in
the higher order bits, in particular in the 2" and 3'¢
hi ghest order bits which formthe en and op fl ags.

Therefore, the definition of the en and op flags in
claim1, step (1b) as result bits of the summ ng
operation | eaves the bit values of these flags actually
undetermined. It is only through steps (3a) to (3c)
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that these values are inplicitly defined by the use of
these bits as condition flags. Since, however, the op
flag is not effective if the en flag is zero (low (see
al so figure 2, steps 212 to 215), any bit value of the
op flag in conbination with the en flag not equal 1
(high) neets the claimdefinitions of these contro
bits.

Finally, the second set of bits is either increnented,
decrenmented or kept unaltered to formthe prefix (steps
(3a) to (3c) of claim1), dependent on the val ues of
the en and op flags. Claiml only defines the if and
why but not the how and when the arithnetic is
performed; the claimwording defines a purely | ogical
rel ati onship between flag status and the prefix

cal cul ation. The cl ai mwordi ng hence enconpasses

enbodi ments where the high order address bits are

i ncrenented and decrenented, respectively, in advance,
in anticipation of a possible carry or borrow carried
over fromthe addi ng operation. Such an enbodi nent

i ndeed finds support in the present application,
colum 5, lines 7 - 11, indicating that "a copy of them
(the nost significant control transfer instruction
address bits) is incremented ... or decrenented".

| nventive step

0181.D

Conparing the present invention and prior art docunent
D1, a nunmber of common features energe.

Both deal with the calculation of a target address by
addi ng a di spl acenent, which is part of the relative
control transfer instruction, to the nmenory address of
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the relative control transfer instruction (see for

exanpl e docunent D1, abstract).

Step (1)

8.2

8.3

0181.D

More specifically, the two operands in docunment D1 are
a 2's-conplenent 8 bits offset value and a W= 16 bits
address word. The offset value is received fromthe
program nmenory and transmtted over an 8 bits w de data
bus 6 (DB) to an arithnmetic logic unit 28 (ALU). The
address word is byte-structured in AO-7 and A8-15
transmtted over a | ow order address bus 2 (ABL) and a
hi gh order address bus 10 (ABH), respectively (see
docunent D1, colum 4, lines 66 ff. and col um 5,

lines 1 ff. and figure 1).

The | ower order bits of the target address (bits AO-7
on ABL, see docunent D1, figure 1) are preconputed
(first clock cycle followng the high to low transition
of the clock signal F2', see docunent D1, figure 2 and
colum 4 | lines 13 ff.).

Since in docunent D1 the arithnmetic logic unit operates
on the | ower order byte of the address word and appends
the 8 bits sumto the higher order byte in formng the
target address, the lower 8 bits of the address word is
the "first set of bits conprising D1 | owest order bits
of the relative control transfer instruction"” in the
sense of present claiml (see claim1l1, steps (1b) and
(4)), which fixes the value of D to be equal 9.
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Step (1a)

8.4

I n docunent D1 (see figure 6) a buffer circuit devel ops
a control signal DB7, which encodes the sign bit of the
of fset value input to the arithnmetic logic unit ALU 28.
According to the prior art circuit and nethod of
docunent D1, control signals D76 and DEC are provided
at the output of inverter 101 (figure 6) and at the

out put of inverter 112 (figure 7), respectively, both
control signals encode the sign bit of the offset val ue
(see docunent D1, columm 9, lines 2 to 4 and lines 58
to 61).

As explained in point 4 above, the various data
constructs in present claim1 should be construed to

i ncl ude bundl es of binary signals on separate signal
lines if they nmeet the respective functional definition.
The control signals D76 and DEC together with the

bi nary signals on bus lines DBO-7 encoding the 8 -bit

of fset word are thus to considered as a "sign extended

di spl acenment” in terns of present claiml.

Step (1b)

8.5

0181.D

According to docunent D1, the adding operation is
performed in two stages: first the ALU 28 adds two 8
bits wi de operands and produces a 8 bit sum val ue pl us
a l bit carry / borrow encoded in control signal B7C
The second stage, the exclusive OR-gate 117, adds the
carry-borrow on B7C to the sign bit encoded in D76 (see
docunent D1, figures 5 and 7 and, for exanple,

colum 11, lines 33 to 37).
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Present claim 1l does not to specify any specific
features of an addi ng device or sunmng algorithm
except for the indication of the bit wdth of the sum
The adder nmay be designed by neans of discrete logic, a
m x of discrete and integrated conponents or a fully
integrated circuit.

The Board, therefore, holds that the addi ng operation
as disclosed in docunent D1, which is performed in two
separate conmponents, the ALU 28 and the excl usive-OR
117, neets step (1b) of claim1l1, except for the feature
that the bit width of the sum produced is one bit w der
than in docunent D1. In the present invention, however,
this highest order bit of the sumis not used; in the
enbodi nent of figure 4, for exanple, the corresponding
bit line 428 is shown unconnected (see al so colum 6,
lines 3 to 5 of the application).

I n docunent D1, the signals produced on the output of

t he exclusive-OR 118 and the control conductor 66 (DEC
signal) carry binary information used to select the

out put of the INCH bl ock 12 or the TEMPH register 16
onto ABH bus 10, thus in effect formng a prefix of the
target address by using the in-, decrenmented or

unal tered high order byte of the relative contro

transfer instruction address.

The control scheme in docunment Dl is essentially the
sane as defined in present claim1l and described in the
enbodi nent of figure 4. In particular, control signals
118, 66 neet all of the conditions set out for the op
and en flag values in steps (3a) to (3c) of the claim
The op flag on line 332 and the en flag on |ine 334 of
figure 4 of the present application differ fromthe
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correspondi ng values of the control signals 118, 66 in
docunent D1 only if both the en and op flag are 0, i.e.
when the displacenent is negative but the borrow to the
hi gher address portion is zero and no distinction has
to be nmade between a positive or negative displ acenent
in selecting the high order address byte. In the very
sanme situation, the control signal on the output of
excl usive-OR gate 117 is |ow and the DEC signal (on
line 66, for exanple) is high. If no carry or borrow
has been produced and no distinction relative to the
polarity of the displacenment has to be nmade however

the values of the op flag as well as of the DEC signal
are irrelevant froma technical point of view In any
case, this difference needs not be considered further
since the subject-matter of claim11l covers any val ue of
the op flag when en flag equal 0 (see step (3c)).

Step (2)

8.

7

The D-1=8 | ower order bits of the sumare stored in an
out put buffer circuitry coupled to the NDB bus 8 (see
docunent D1, colum 5, lines 43 to 48). Furthernore,

the two control signal are dynamcally stored on the
respective inputs of gates 112 and 130 (see docunent D1,
figure 7) so that D+l bits corresponding to the D1

| oner order bits of the sumand the two flag bits of

the sum are stored.

Steps (3a) - (3c)

8.

0181.D

8

I n docunent D1 a copy of the high order address bits is
i ncrenented or decrenented by neans of INCH 12, TEMPH
16 and ABH 10 (see docunent D1, figures 1, 2, and 7
with colum 9, lines 5 to 64, and colum 11, lines 2 to
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26). As indicated above steps (3a) to (3c) of claim1l
enconpasses such an enbodi nent wherein the high order
address bits are increnented or decrenented in advance,
in anticipation of a possible carry or borrow carried
over fromthe addi ng operation.

Step (4)

8.9 I n docunent D1 the high order address byte output
either fromblock TEMPH regi ster 16 or from I NCH bl ock
12 fornms the prefix to which a third set of bits, i.e.
the | ow order byte output by ALU 28 onto NDB bus 8 and
stored in the output buffer circuitry, conprising the
D-1 | owest order bits of the sumis appended.

8. 10 In summary, the nethod of present claim1l differs from
the prior art of docunment D1 only in the follow ng:

(A) According to claim1l the displacenent has one nore
bit (D bits) than the | ower order part of the target
address (D-1 bits), whereas in docunent D1 the

di spl acenent and the | ower order byte of the target
address have the sane bit wdth (D 1=8).

(B) The sum produced in the addi ng operation has D+2
bits, the (D+1)th bit apparently being a redundant
carry, whereas in docunent Dl such a redundant (D+1)th
bit is not produced at all.

8.11 These di fferences, however, do not involve an i nventive
st ep.

Choosing the bit width of the address and di spl acenment
(difference (A)) is a matter of conveni ence, dependi ng

0181.D
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on the hardware and type of processor used. The skilled
person knows that the prior art nethod of docunent D1
woul d work for any magni tude of the displacenent up to
a maxi num equal to the maxi num of the | ower address
portion, i.e. for a bit wwdth without the sign bits up
to the bit wwdth of the | ower address portion (see the

exanpl e described in docunent D1, colum 3, lines 12 ff.
and in particular the statenent in colum 4, line 66 to
colum 5, line 5).

Choosi ng t he maxi mum range of the displacenent is a

nor mal design option which, depending on the hardware,
may or may not have advantages. In the enbodi nent of
figure 4 of the present application the choice seens to
be rather disadvantageous since the D+1 bits adder 420
could have a bit wdth of one bit less if the sign bit
418 was used directly instead of the op flag 332, |ike
in docunent D1. On the other hand, starting fromthe
circuit and method of document D1, and having only a
nine bits adder avail able, for exanple, the skilled
person woul d consider it obvious to sign extend the
data at inputs A and B of ALU 28 and to discard the
superfl uous, highest bit of the sum thereby fully
anticipating the above claimfeatures, w thout having
to nodify in any other aspect the nethod of docunment DL.

Producing first in the summ ng operation a D+2 w de

val ue and then discarding the highest order bit
(difference (B)) does not solve any technical problem
but is rather an unwanted collateral effect of using
such an adder circuit, which is oversized by one bit. A
physi cal feature which does not serve any technical

pur pose, however, does not provide a technical
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contribution to the prior art which could support the
patentability of such an invention.

In summary, the clainmed invention relative to the prior
art circuit and nmethod of document D1 has the character
of a normal design option, which is considered obvious
within the real mof general technical know edge. On the
basis of claim1l, the patent application does thus not
neet the requirenents of Articles 52(1) and 56 EPC.

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

M Ki ehl S. V. Steinbrener
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