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Abstract 

This paper presents a novel circuit for parallel bit-level max- 
imum/niinimum selection. The selection is based on a label- 
updating scheme which sequentially scans a set of data pat- 
terns from MSB to LSB and generates corresponding labels. 
The complet? circuit realizing this scheme consists of a set of 
updating units and a global OR unit, where each updating 
unit is compased of only a few basic gat,es. Due to structure 
modularity, the developed circuit provides a very cost-effect,ivP 
hardware solution for comparing large volumes of data patterns 
as thosed required in digital and video signal processing. 

1 Introduction 

In the domain of digital and video signal processing, exhaustive searc.h 
within specified regions has to be done repeatedly in order to  find the 
maximum or minimum for decision making. Very often the searrh is 
achieved by a set of comparators implemented at both word-level 
and hit-level. This results in too much hardware overhead when 011- 

chip system integration is considered since the search procedure is 
only part of algorithm used. Moreover, comparisolt for large vo111111es 
of data patterns at word-level cannot reach high-speed requirenicw t s  

due to carry propagation effect. Therefore a cost-effective hardware 
solution which takes into a.ccount area and timing for parallel COIII-  

parison of large volumes of data is largely demanded. In this paper 
we first, present a scheme which can search the required maxiinum 
or minimum for a group of data patterns at bit level. Then a very 
cost-effective architecture and circuit is presented to see how t,o reach 
the goal. This circuit has been used in one of our .\SI(: designs for a 
VQ-based coding system [l]. 

‘PVoork supported by the National Science Council of Tawan. RO(: 

07803-1254-6/93$03.00 Q 1993 EEE 

2 The Label-Updating Scheme 

To explain how this algorithm works, we provide one example as 
shown in Figure 1. This example gives us the feeling abont how a. 
maximum or minimum can be found from an input data set. For ex- 
ample, the minimum can be obtained by comparing these bit-pat,t.erns 
from MSB to LSB. Initially all labels (Ln, n = O..N-1, where N is the 
number of data patterns) are assigned to “0”. We start from the hlSB 
and check all bit patterns. If all bit patterns are the same, i.e. either 
all “1” or “0”. all labels Ln’s remain unchanged. On the other hand, 
if some of them are different, then those labels whose bit patterns 
are “1” are assigned to “l”, indicating that they are no longer mini- 
mum candidates. FOY the rest, they remain unchanged. This implies 
that those labels with “0” are still the minimum candidat.es. This 
detection procedure is performed until the LSB is detected. Then 
the minimum can be found at those data patterns whose labels are 

“0”. 
To find the maximum, the same procedure can be applied. How- 

ever we now focus on detecting “1” instead of “0”. Thus t.he re- 
quired timing to find maximum or minimum is dependent on t,tie 
word-length of input data patterns and independent of input number 
(N). In other words, only the word-length influences the cycle-count 
for maximum/minimum search. 

datapattem S 
scan ) B  

1 0 0 0 0 0 0 0  

0 1 0 1 0 1 0 1  => minimumis00101111 
l o o  1 0  1 1 1 1 1  

~ O ” l I ’ ( i i  0 0 1  1 0 0 0 0  (a) 

label 

1 1 1 1 1 1 1 1  

1 1 1 1 1 1 1 1  

1 1 1 1 1 1 1 1  

datapattem ; scan - ; 
1109000001 

=> maximum is 10000000 
0 1 0 1 0 1 0 1  
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0 0 1 1 0 0 0 0  (h) 

Figure 1: An example demonstrates the label updating scheme. 
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Figure 2: PE-based architecture for the parallel bit-level maximunl/minimuIn selector. 

3 Circuit Design Techniques 

The label-updating scheme can be realized on a PE-based architec- 
ture as shown in Figure 2. Each PE handles single data pattern 
respectively. It requires t o  detect input bit pattern and then updates 

the label content. The big OR gate is inserted to detect if there is 
any “0” (for minimum) or “1” (maximum) pattern from the possible 
candidates. This big OR gate has N inputs. In the following. we 
describe how the complete circuit for such a PE is designed. 

From the scheme description in the previous section, it ca i  be 
found that for maximum and minimum search, they are very simi- 
lar except that different input phases (inverted and non-inverted) are 
needed to  be detected. For minimum search, “0” should be detected 
while “1” is detected for maximum search. Thus an input selector 
should be provided at  the input node. This is shown in Figure 3,  
where a control signal Se[ is used to indicate the search mode and 
in the meantime, to select the correct bit-pattern. To provide a sys- 
tematic way, we use several symbols as explained below: B stands 
for input bit pattern, E stands for enable, pe stands for each PE sta- 
tus: and Q stands for label’s content. For minimum search. we would 
like to find if there any bit pattern “0“ exists among those candi- 
dates. Thus we need to check each input bit pattern by the following 
equation: 

This implies that for minimum search, only those possible candi- 
dates whose bit patterns are “0” are needed to detect. For maximum 
search, we need to check each input bit pattern by the following equa- 
tion: 

- -- 
QB = QB = Q t B  

The equation shows that for maximunl search. only those possible 
candidates whose bit patterns are “1“ are needed to detect. These 
two equations are derived from label content Q and input, bit pattern 
B. They also imply that for minimum search Se1 should be assigned 
to “1” while “0” for maximum. 

Next we consider how to update label content. Since initially 
all labels are assigned to “0” and only those labels remaining 1111- 

changed becomes possible candidates, the updating procedure can be 
described as follows: 

for possible candidates, the content to be assigned is based on 
the input bit pattern and the enable signal obtained from the 

big OR gate. For example, during minimum search, only those 
bit patterns with “0” can survive. This implies that bit pattern 
B can be directly loaded to  Q.  However for maxinnm1 search, 
the inverse bit pattern B has to be loaded to Q to  indicate that 
only those bit pattern with ‘‘1.’ can survive. Fortunately, these 
signals are the same as those needed in equations ( I )  and (2) 
mentioned earlier. Thus the signals can he connected directly 
as those shown in Figure 3(a). 

for impossible candidates, the content remains unchanged, i.e. 
‘‘l>’. 

The other part of the circuit is the big-OR which is realized by 
a clock-mode circuit as shown in figure 3(b). During 4 input node 
at Ei  is pre-charged to high and hence the output node E remains 
at low. During 4, outputs from all PES are evaluated - to check if 
there any desired patterns exist, i.e. Q+B or Q + B.  Through this 
technique, a very high-speed circuit can be obtained. 

The complete circuit works as follows. During 6, E is assigned 
to  “0” while during 4 bit patterns are selected and passed to  the 
label updating units to  generate evaluate (pe.)  signals which are con- 
nected to the bit-OR unit so that the enable signal is produced to  
orchestrate the label content. Therefore only one-phase clock is re- 
quired. One very important feature about this circuit is the required 
maximum/minimum bit patterns can be obtained respectively right 
after ea.ch parallel bit detection. This is very useful for extension 
when large volumes of data patterns are to be searched. This cir- 
cuit has been exploited in our recent ASIC design for a VQ-based 
video encoder [I]. It does outperform than other comparator-based 
approaches i n  terms of area and timing as shown i n  Table 1 121. 
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We have finished the layout design of each PE-cell as shown in 
Figure 4. Simulation results show that a clock-rate up to  100 MHz can 
be achieved based on a 1.2 pm CMOS double-metal technology. In 
addition, very few transistor-count is needed for each PE. It should 
be mentioned here that the big-OR gate can be decomposed into 
subcells and each of which can be integrated with the PE  cells. This 
results in a very compact layout and makes the design more regular. 

4 Applications 

Two different cases are discussed here- one is to search the MAX/MIN 
from a large volume of samples (say N,) using fixed-number ( N j )  of 
input detection circuit, i.e. N, > N j .  The basic diagram is shown in 
Figure 5, where a data buffer and one PE are needed. Here the con- 
cept described in section 2 can be applied. We assume that the data 
buffer is initially set to all 1’s (for MIN selection) or 0’s (for M.4X 
selection) depending on the detection process. After the first input 
set is detected, the MAX/MIN of this set is available in the buffw. 
And this temporary value is read out to compare those samples in the 
second set so the MAX/MIN of the 1st and 2nd sets can be obtained 
at the buffer. Continuing this process for the rest sets, we c m  obtain 
the correct MAX/MIN right after WL x ( N , / N j )  cycles, where WL 
is the word length of input samples. 

The other case is block matching applications where a minimal 
distortion can be found from a set of candidates. In such applications, 
an index corresponding to one label with minimal distortion should 
be identified. Then the identified index instead of source data will be 
transmitted (see Figure 6(a)). However several candidates could have 
the minimal distortion and only one of them will be sent out. To meet 
this god,  a priority generator is added after the MAX/MIN circuit 
as shown in Figure 6(b). The priority generator is decomposed into 
2-base subcells as shown in Figure 6(c). For each subcell, only one 
output becomes active depending on the first-come-first-out strategy 
as described in the true table (see Figure 6(c)). Thus circuit design 
for this priority generator becomes regular and simple as also can 
be found in Figure 6(c ) .  Combining both MAX/MIS detection and 
priority generation circuits, only one minimal label will be identified 
and used as a decoding signal which is connected to  a storage element 
so that the corresponding index can be obtained. We have designed 
an index generator to search the MAX/MIN for 32 input saniples u td  
the corresponding layout is given in Figure 6(d). 

5 Conclusion 

We have presented a now1 scheme and circuit for parallel bit-level 
maximw/miaimum seledms. The drcalt does cost less a reaand  
also have the features of high-speed and extension capability. We are 
currently investigating the practicability of applying this circuit to  
several video coding algorithms which requires extensive block search 
operations. 
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Figure 3: (a) Circuit diagram of each P E  for the parallel bit-level 
maximum/minimum selector; (b) Pre-charge circuit diagram for t,he 
big-OR unit. 



Figure 4: Layout of the PE cell. The big-OR gate has been decom- 
posed into subcells and each of which is integrated with the PE cell. Q+, *c,% 
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E'igure 5 :  Block diagram for MAX/MIN search for a large volume of 
samples. Note that only one data buffer and one PE is rteeded. 

Table 1: Some comparison dataof 3 approaches for massive mau/niin 
selection. Note that (1) carry propagation is word-piaallcl and 
bit-parallel; (2)  carry-save is word-parallel and pipelined at bit-level. 

Overall C i r c u i t  Diagram: 
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Figure 6: Piority detector is used to select one lalwl from possible candidates so that one 
index can be obtained. (a) shows the overall block diagram and ( b )  gives the structure 
of priority and decoder. (c)  logic table and circuit for the priority generator subcell. 
(d)  layout of the index generator for MAX/MIN serarch of 32 input samples. 
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