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A Number  Representation  Convertor  for  Magnetic 
Bubble String  Comparators 

Conventionally,  there are four  common  ways  to represent negative  numbers,  namely,  1's-complement,  2's-complement, 
signed-magnitude, and excess-2m". Zn all these representations except the last one ( exce~s -2~") ,  I is  used as the sign bit 
to  denote negative numbers.  However, in a recently  reported magnetic bubble device, using 1 as the sign bit for negative 
numbers may  cause  problems when two numbers are compared. In this paper we dejne  a new number representation 
(called Bl's-complement), and  we propose  a  simple, read-free device for converting numbers represented in any of the 
above standard  representations to either  the excess-2""' or the Bl's-complement  representation. 

1. Introduction 
Conventionally, there  are four  common  ways to  represent 
binary negative numbers, namely,  1's-complement, 2's- 
complement, signed-magnitude, and exces~-2~- '  (see [ l ,  
pp. 28-37]. In all these representations except the  last  one 
(excess-2"-'), 1 is  used as the sign bit to  denote negative 
numbers. (See examples in Table 1.) 

However, in a recently  reported  magnetic bubble mem- 
ory  device, using 1 as the sign bit for negative  numbers 
may cause problems when two  numbers are compared. 
To  our knowledge,  the only device that  does this com- 
parison of two numbers is known as a bubble string com- 
parator (BSC) [2]. 

It  takes  two binary  numbers, A, B, represented in bits, 
as inputs  and compares them bit by bit. When the first 
unequal bit is detected,  the number with the bit 1 auto- 
matically goes to  output C, while the other goes to D [3]. 
(See Fig. 1 .) 

Clearly,  the sign bit 1 for negative numbers will give 
erroneous  results,  and  the BSC cannot  be used to com- 
pare negative numbers with such  a sign bit. 

For this reason, only  the excess-2'"' representation 
can be used as is without  problems in the BSC. 

In  this paper, we define a new number representation 
(called the Bl's-complement), and we propose a simple, 
read-free device for converting  numbers  represented in 
any of the above  standard representations  to either the 
excess-2""' or the B 1's-complement representation. By 
"read-free" we  mean the device need not know  the num- 
ber itself before doing  the  conversion.  This is important 

BSC 
C=max ( A , B )  

B D = m i n ( A , B )  

Figure 1 The  bubble  string  comparator. 

Table 1 Leftmost bit is the  sign bit. 

Number 1 's- 2's- Signed- Excess- 
value complement complement magnitude 2"" 

+ 5  0 1 0 1  0 1 0 1  0 1 0 1  1 1 0 1  
-5  1 0 1 0  1 0 1  1 1 1 0 1  0 0 1 1  
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Table 2 The different conversions performed by the GNRC. 

Given  Number  Number in Conversion  Resulting  Resulting 
number  representation  the  given string number  representation 

representation b,b,+, . . . bo 

+5 0 1 0 1  1 1 0 1  
+O 0000 1 0 0 0  
-0 1’s-complement 1 1 1 1   1 0 0 0  0 1 1 1  Bl’s-complement 
-5  1 0 1 0  0 0 1 0  

+ 5  0 1 0 1  1 0 0 0   1 1 0 1  

-5  1 1 0 1  1 1 1 1   0 0 1 0  

+ 5  0 1 0 1  1 1 0 1  
0 

excess-2”-’ with 
2’s-complement 0000 1 0 0 0  1 0 0 0  different repre- 

-5  1 0 1  1 001 1 sentation of zero 

+5 1 1 0 1   1 1 0 1  

-5  0 0 1  1 0 0 1  1 

0 signed-magnitude 0000 1 0 0 0  1 0 0 0  Bl’s-complement 

0 e x c e s ~ - 2 ~ +  0 0 0 0  0 0 0 0  0 0 0 0  exces~-2~-’  

Table 3 Leftmost bit is the sign bit. 

Number  value  1’s-complement  Bl’s-complement 

+5 0 1 0 1   1 1 0 1  
-5  1 0 1 0   0 0 1 0  

because, in the signed-magnitude representation, a dif- 
ferent sign bit requires a different conversion scheme. 
(See  Table 2.)  

2. The Bl’s-complement 
The  Bl’s-complement is defined as follows: For positive 
numbers, we will assign sign bit 1, followed  by the num- 
ber itself. For negative numbers, we will use the conven- 
tional 1’s-complement,  but change  the sign bit to 0. That 
is, we just  change  the sign bit of the conventional l’s- 
complement representation  to  its  complement.  See  Table 
3 for an  example. 

Clearly, comparison of positive  and/or negative num- 
bers will always produce  the  correct  result. 

3. Implementation of the  number  representation 
convertor 
In general, if we change  the  number  representation in one 
storage  medium, it may cause problems  in its communica- 
tion  with other  parts of the  system, which still use  the 

04 conventional representation, unless  this  change can be 

made completely transparent  outside  the storage me- 
dium. To this end, we propose  a  very  simple  device to  be 
implemented in bubble technology,  which we refer to  as 
the number representation convertor (NRC). This is es- 
sentially the “exclusive-or” logic gate  described in [4], 
but with one specific  input for  our  purposes. (See Fig. 2 . )  

Suppose  the  number N to be converted is represented 
in  bits as xRxR-l . * - xlxo, where xR is the sign bit.  This 
string of bits is fed  into the NRC (in the  order of xR,  
. . ., xJ so that  the  output will be x;.x;-, . . . x;, where xi 
is the  value of the ith bit in the new representation of N .  

Specifically, we have two strings of bubbles  as input to 
the NRC:  One is  the number X ~ X , - ~  * * * xo, another is a 
string b,, bR-l, . . ., bo (called clock bubbles), so that  the 
two  strings have  exactly  the  same length. 

If we denote  the  two bits of the strings  currently enter- 
ing the  NRC by A and B, then  the  NRC  just performs the 
exclusive-or logic function. The  output will be A 63 B. 
Specifically, 

1. If the clock bubble b, = 0, the  output  from  the NRC 
will be xi .  

2. If the clock bubble b, = 1, the  output  from  the  NRC 
will be 3,. This is achieved  physically as follows: If x, 
= 0, then b, will take its place  on  the  output path. If x, 
= 1,  then  the  two bubbles will repel  each  other and 
will go  out  on  the  two vertical paths  to  the annihila- 
tors. Consequently, we have a zero  on  the  output 
path. 
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The actual implementation of the  NRC  can be  realized 
by the exclusive-or logic gate  proposed in [4] and de- 
picted in Fig. 3. 

The exclusive-or gate works as follows. It has two in- 
coming paths A and  B, two A * B  outgoing paths, and one 
A CB B  outgoing path. When bubbles  on the incoming 
paths are in positions 1A and  IB,  one of the following 
cases  occurs: 

1. If a bubble is present  at 1A (or IB), and none is present 
at 1B (or lA),  then  at field phase  2 that bubble will 
move to position 2A (or 2B), since this  position is 
nearer  to 1A (or 1B) than 2A' (or 2B').  Thus,  such a 
bubble will travel to  the A @3 B output. 

2.  If two bubbles are simultaneously present  at 1A and 
lB,  then  the mutual  repulsive  force will drive them,  at 
field phase 2, to positions  2A'  and  2B'. Thus,  these 
two  bubbles will travel to  the two  A * B paths, and no 
bubble will travel  to  the A CB B path. 

3. If no bubble is present at either 1A or IB, then  obvi- 
ously no bubble will move to  the A * B paths or to  the 
A CB B  path. 

Now it is easy  to  see  that we can, by means of the 
NRC,  change any number representation which is in- 
adequate for  the BSC  into one which is  adequate. All we 
have to  do is to  tailor aJixed sequence b,b,-, . . . bo for 
the  actual  conversion  we  want  to realize. In  fact,  we have 
the following properties: 

a. If the given number  representation  is  the  l's-com- 
plement, then  the  NRC, fed  with the fixed sequence 

b,b,-,b,-, . . * bo = 100 . . . 0, 

will produce  the number  in the  Bl's-complement 
form. 

b. If the given number  representation  is  the 2's-com- 
plement, then  the  NRC, fed with the fixed sequence 

bRbR"lbR"P . . * bo = 100 . . . 0,  

will produce  the number in the e x ~ e s s - 2 ~ - ~  represen- 
tation,  with a different representation of zero (100 . * 
0 instead of 000 . . . 0) ,  which preserves  the right or- 
dering anyway. 

c. If the  number  representation is the  exce~s-2~- ' ,  then 
the NRC,  fed with the fixed sequence 

b,b,-,b,-, . * . bo = 000 * * . 0,  

will leave  the  number unchanged, since this  represen- 
tation  need not be  changed. All these conversions are 
read-free, since  they  depend only on the length of the 
records to be converted ( i .e. ,  fixed clock bubble  se- 
quences of appropriate length will perform the con- 
versions). 
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Figure 2 The number representation convertor (NRC). 

l A = O :   I B + 2 B  
I A = l :  1B-28'  
IB=O:  I A + 2 A  
I B =  1 :  IA+2A'  4 

A . B  

Figure 3 Implementation of the NRC in magnetic bubble tech- 
nology. 

d. If the given number  representation is the signed-mag- 
nitude, then we have  the  two following cases: 
1. If the  number N to be converted is positive, we 

have  to  feed  the NRC  with the  sequence 

bRbR-lbR"e . . . bo = 100 . . . 0 

in order to obtain  the  Bl's-complement  representa- 
tion of N .  

2. If N is negative, we have  to feed the NRC  with the 
sequence 

bRbR-,bR-, . . . bo = 11 1 . . . 1 

in order  to  obtain  the B I's-complement  representa- 
tion of N .  

Thus, although the NRC is able  to perform the first 
three conversions  easily, it has  to be slightly more  com- 
plicated in order  to perform the  last  one since it is  data- 
dependent.  In  the  next section we show how to design a 
read-free device which  performs that  conversion also. 

4. The  signed-magnitude  adaptor 
As seen in the  previous  section, when we  want  to  convert 
a number N = X,X,-~ * * . x. from  the signed-magnitude 
to  the  Bl's-complement  representation,  we  have  to pro- 
duce  two different clock  bubble  strings,  namely, 85 
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Figure 4 The  signed-magnitude  adaptor (SMA). 

Table 4 Conversions  performed by the IGNRC. 

Given number of number Conversion Resulting number 
representation to be string representation 

Sign bit 

converted 

Bl's-complement O I o o * . 1 o 1's-complement 

Bl's-complement 0 1 1 1 . . . 1  
1 

excess-2""  (with 0 
different  zero) 1 

. . . signed-magnitude 

1 0 0 . . . 0 2's-complement 

excess-2""' O o o o . . . o excess-2m-l I 

if x, = 0 ,  then b,b,-,b,-, - bo = 100 . * . 0 and 

i f x ,  = 1,  then b,b,-,b,-, * . bo = 111 . . . 1. 

To this end, we propose a device, called a signed-magni- 
tude  adaptor (SMA), through  which both  the  data string 
and the clock bubble string 11 1 . . . 1 are passed  before 
entering the  NRC.  This device uses  the static  deflector 
proposed  in [5 ,  p. 2501 to  produce,  as a function of x,, the 
desired clock  bubble string (see Fig. 4). The SMA also 
uses a duplicator (see [6 ,  p. 5 5 ] ) ,  indicated as  DUP in Fig. 
4, to  produce a copy of a  given  bit (the original goes  onto 
path A, the  copy  onto path B); a switch (see [6, p. 56]), 
indicated as  SW in Fig. 4, to drive  bubbles  onto  either  one 
of the  two different paths (C and D); a  crossing  without 
interference of two  paths (A and E) (see [6,  p. 541); and a 
merger of two  paths (C  and F)  into a single one (see [2, p. 
1 1841). 

The SMA works  as follows: The  number N = X,X,-~ 

- . x. to  be  converted  enters  on  the data-in path,  and, 
when the bit x, (the sign bit) is in DUP, a duplication sig- 

86 nal is activated, so that  the original x, proceeds  on  data 

path A and  one  copy of x, goes  onto  path B to "charge" 
the  static deflector. In the  meantime,  a sequence bRbR-, 

* bo = 11 * . . 1 is  entered  on  the clock bubble-in path. 
The leading bit b, of this sequence  is  driven by the switch 
SW onto  the  clock bubble-out path C (since this bit is 1 
and is what  we  want), and the  sequence b,-,b,-, . . . bo is 
driven  by SW onto  the path D leading to  the  static deflec- 
tor. 

Now, if the  static deflector  (which is  already charged) 
contains 0,  the  sequence bR-lbR-2 * . . bo is driven onto 
the path E leading to  an annihilator, thus leaving on  the 
clock  bubble-out path a sequence bRbR-, * . . bo = 
10 * * * 0. 

If, on  the  other  hand,  the  static deflector  contains 1, 
then the  sequence bR-lbR-2 . * . bo is  driven  onto  the 
path F, which merges with path  C, so as to form on  the 
clock  bubble-out path  the  sequence bRbR-l * bo = 
11 * * * 1. 

The following constraints among the different path 
lengths must  be observed, in order  to maintain the syn- 
chronization needed in the  NRC: 

1. The length of any  path connecting any  input with any 
output of the SMA is the  same; 

2. The length of path B is smaller than  or equal to  the 
length of path D. This is because  the  static deflector 
must  already contain  the sign bit x, when b,-, enters 
it. The equality is allowed because x, enters  the device 
one  step before bR-,. 

Obviously, these  constraints  are very easy  to realize by 
adjusting the  number of propagating elements  on  each 
path in the SMA. 

As it is  easy to see, what the SMA demands from the 
external control  is only a fixed sequence of signals, de- 
pending only on  the  data length but not on  the  data value. 
Thus, it is a read-free device. 

5. The general  number  representation  convertor 
We are now able  to perform all of the  four  conversions  we 
have mentioned so far.  Three of them can be  performed 
by  the NRC  alone;  one  needs  an SMA cascaded with an 
NRC. 

Obviously, all of the  three  conversions performed by 
the  NRC alone can  also be  performed  by the SMA and 
NRC together. In  fact, it is sufficient to drive  the desired 
clock  bubble  string  directly onto  path C in the SMA, with- 
out intervention of the static  deflector. 

So, the most general  structure  for implementing all the 
number representation conversions is depicted in Fig. 5, 
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To annihilator and is called the general  number  representation  convertor 
(GNRC). 

The different functions performed  by the  GNRC  are 
summarized  with examples in Table 2. Note  that all these 
conversions preserve  the ordering of the  zero with re- 
spect to positive and negative numbers  (in the  conversion 
from 1’s-complement to  Bl’s-complement, both plus- 
zero and  minus-zero preserve  such  an ordering). 

6. The  inverse  number  representation  convertor 
To make the  on-chip number conversion completely 
transparent  to  the  outside world, we need also to  convert 
“bubble numbers”  back  to  their  external representation 
before they are  used outside the chip. 

The  reconversions relative to  the  three conversions 
which can  be  performed by the  NRC  alone  can  also be 
performed  by the  NRC  alone, since the reconversion 
functions in these  three  cases  are identical to  the con- 
version functions. 

To  reconvert a number  from  the  Bl’s-complement rep- 
resentation  back to  the signed-magnitude representation, 
we  have  the following two  cases: 

1. If the sign bit xR of the number N to be reconverted is 
0, then  we  have  to feed  the NRC with the  sequence 
bRbR-l * bo = 11 . . . 1 in order  to  obtain the signed- 
magnitude representation of N .  

2.  If the sign bit xR of N is 1, then  we  have  to feed the 
NRC with the  sequence 

in order  to  obtain  the  Bl’s-complement representation 
of N .  

It is easy  to  see  that by simply interchanging paths E 
and F in the SMA we can  construct  the  proper  conversion 
strings to be fed  into  the NRC. We call such a  device the 
inverse signed-magnitude  adaptor (ISMA). 

Now we  are  ready  to  construct  the inverse  general 
number  representation  convertor (IGNRC), which is 
identical to  the  GNRC,  except  that  instead of containing 
the  SMA, it contains  the ISMA. 

The different conversions performed  by the  IGNRC  are 
summarized in Table 4. 

7. Chip  configuration 
In  the  conventional bubble chip design, because of their 
physical  size there  are usually only one  read  port  and  one 
write port  to  read  data from and  to  write  data  into  the 

Clock 
bubble 
generator 

I 

-out 

I 1 1 i  
Generation I 1 L Switch command 
command I t  

I L -Duplication command 
I 
L - - Deletion command 

Figure 5 The general number representation convertor 
(GNRC). 

chip. On the  other  hand, conceivably there may be  many 
bubble string comparators on the chip. Therefore, instead 
of coupling all the BSC’s with NRC’s, we need to place 
only one  IGNRC immediately  before a read port to con- 
vert  the  numbers  from the Bl’s-complement  or  excess- 
2m-’ representation  back  to  any  one of the  four conven- 
tional representations. Similarly, we  can place one 
GNRC  immediately after a write port  to  convert  the num- 
bers  from their  conventional  representations  to  either  the 
B 1’s-complement or   exces~-2~-’  representation. 
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