
MANHATTAN ROUTING WITH MINIMIZED DISTANCE TO
DESTINATION POINTS Technical Field The present
invention relates generally to routing technology, and
more particularly to routing points to a center point
with minimized Manhattan distance, for example
application in integrated circuit wiring. Background
of the Invention Prior art routing schemes such as
those based on a geometric matching algorithm or a
weighted center algorithm strive to equalize a
respective delay to each of a plurality of points.
Such equalized delay is advantageous for minimizing
skew of a signal reaching each point. Fig. IA shows an
integrated circuit 102 with a plurality of points Pl,
P2, P3, and P4 to receive a common signal such as a
clock signal for example. Such points Pl, P2, P3, and
P4 indicate locations of nodes of the integrated
circuit 102 inputting the common clock signal.
Referring to Fig. IB, in the geometric matching
algorithm, a first segment 104 is drawn between two
nearest points Pl and P2, and a second segment 106 is
drawn between two nearest points P3 and P4. In
addition, a third segment 108 is drawn between the
mid-points of the segments 104 and 106. Such segments
104, 106, and 108 indicate wiring between the points
Pl, P2, P3, and P4. The common signal is tapped into a
point 110 along the third segment 108 to result in
equal delay from such a point 110 to each of the
points Pl, P2, P3, and P4. For example, if the length
of the segments 104 and 106 are equal, then the point
110 is the mid-point of the segment 108. Otherwise,
the location of the point 110 is adjusted along the
length of the segment 110 until the distance from the
point 110 along the segment 110 and one of the
segments 104 and 106 is equal for each of the points
Pl, P2, P3, and P4. As a result, if the common signal
is input at the point 110, the common signal reaches
each of the points Pl, P2, P3, and P4 with equalized
delay and thus with minimized skew. The prior art
routing schemes such as the geometric matching
algorithm or the weighted center algorithm strive to
equalize the wiring distance to the points of the
integrated circuit, but do not strive to minimize the
wiring length to the points of the integrated circuit.
However, in some integrated circuits, minimizing the
wiring length may be important. For example,
minimizing the wiring length may be important for
minimizing area, complexity, and signal delay of the
integrated circuit. Summary of the Invention
Accordingly, a plurality of points is routed to a
center point with minimized distance, according to
aspects of the present invention. 



In a general aspect of the present invention, the
points are grouped into a respective set disposed
within each of at least one quadrant having at least
one of the points. In addition, each point is
Manhattan routed to any other point having a minimum
Manhattan distance within a rectangle defined by each
point and the center point, to result in at least one
initial end point in a quadrant having at least one of
the points. In a further aspect of the present
invention, the at least one initial end point in a
quadrant is Manhattan routed together to result in a
final end point that is closest to the center point.
In one embodiment of the present invention, such steps
are performed for each quadrant for determining a
respective final end point for each quadrant having at
least one of the points. For example, such steps
areperformed in parallel tor each of the at least one
quadrant. In an additional aspect of the present
invention, each respective final end point is
Manhattan routed to the center point. In a further
embodiment of the present invention, minimized routing
distance is determined for routing together the at
least one initial end point in a quadrant and for
routing each respective final end point to the center
point. In one embodiment of the present invention, a
data processor and a memory device are used to
automate such a process of determining the routing of
the points to the center point. The present invention
may be used to particular advantage for wiring in an
integrated circuit. In that case, each of the points
is a respective node of the integrated circuit, and
the center point is a location of a signal source for
the integrated circuit. However, the present invention
may also be used for other applications desiring
routing points to a center point with minimized
distance. These and other features and advantages of
the present invention will be better understood by
considering the following detailed description of the
invention which is presented with the attached
drawings. Brief Description of the Drawings Figs. IA
and IB illustrate the geometric matching algorithm for
coupling a common signal to a plurality of points with
equalized delay, according to the prior art; Fig. 2
shows a computer system including a data processor
that performs steps for routing a plurality of points
to a center point with minimized distance, according
to an embodiment of the present invention; Fig. 3
shows a flow-chart of steps performed by the data
processor of Fig. 2, according to an embodiment of the
present invention; and Figs. 4, 5, 6, 7, 8, and 9
illustrate incremental routing of the plurality of
points with each other and finally to the center point
during steps of the flow-chart of Fig. 3, according to
an embodiment of the present invention. 



The figures referred to herein are drawn for clarity
of illustration and are not necessarily drawn to
scale. Elements having the same reference number in
Figs. 1, 2, 3, 4, 5, 6, 7, 8, and 9 refer to elements
having similar structure and function. Detailed
Description Referring to Fig. 2, a computer system 202
includes a memory device 204 and a data processor 206
for performing a routing process, according to an
embodiment of the present invention. A memory device
and a data processor in a computer system are
individually known to one of ordinary skill in the art
of electronics. According to an embodiment of the
present invention, the memory device 204 has sequences
of instructions stored thereon (in the form of a
software application for example). Such a software
application may be a CAD (computer assisted design)
routing application for example. Execution of the
sequences of instructions stored in the memory device
204 by the data processor 206 causes the data
processor 206 to perform the steps of the flow-chart
of Fig. 3 for routing a plurality of points to a
center point. Referring to Figs. 2 and 3, the data
processor 206 inputs a data file of points disposed on
a predetermined grid having a predetermined center
point (step 212 of Fig. 3). Referring to Fig. 4, the
data file may be generated from an image of an
integrated circuit 230. In that case, a plurality of
points Pl, P2, P3, P4, P5, P6,P7, P8, and P9 represent
nodes of the integrated circuit 230, and the center
point C indicates a location of a signal source to be
coupled to such nodes of the integrated circuit 230.
The grid of the integrated circuit 230 is dictated by
lay-out constraints of the integrated circuit 230. For
example, objects such as wiring in the lay-out of the
integrated circuit 230 may be constrained to be
disposed parallel to such grids of the integrated
circuit 230. A vertical line 232 and a horizontal line
234 are example grids in the image of the integrated
circuit 230. Referring to Figs. 2, 3, and 5, the data
processor 206 then determines four quadrants Ql, Q2,
Q3, and Q4 from the image of the integrated circuit
230 (step 214 of Fig. 3). Referring to Fig. 5, a
Y-axis 242 and an X-axis 244 are drawn through the
center point C. The Y-axis 242 through the center
point C is constrained to be parallel to the vertical
grid line 232, and the X-axis 244 through the center
point C is constrained to be parallel to the
horizontal grid line 234. A first quadrant Ql is to
the upper right of such Y-axis 242 and X-axis 244, and
a second quadrant Q2 is to the upper left of such
Y-axis 242 and X-axis 244. Similarly, a third quadrant
Q3 is to the lower left of such Yaxis 242 and X-axis
244, and a fourth quadrant Q4 is to the lower right of
such Y-axis 242 and X-axis 244. The data processor 206
further groups the points Pl, P2, P3, P4, P5, P6, P7,
P8, and P9 into a respective set disposed within each
of the quadrants Ql, Q2, Q3, and Q4 (step 216 of Fig.
3). Referring to Fig. 5, the point 



Pl forms a first set disposed within the first
quadrant Ql. The points P2, P3, and P4 form a second
set disposed within the second quadrant Q2. The point
P5 forms a third set disposed within the third
quadrant Q3. The points P6, P7, P8, and P9 form a
fourth set disposed within the fourth quadrant Q4. For
each quadrant having at least one of the points Pl,
P2, P3, P4, P5, P6, P7, P8, and P9, the data processor
206 Manhattan routes each point to any other point
having a minimum Manhattan distance within a rectangle
defined by each point and the center point (step 218
of Fig. 3). Any wiring on the integrated circuit 230
is constrained to be parallel to the X-axis 244 or the
Y-axis 242. Such routing parallel to the X-axis 244 or
the Yaxis 242 is referred to as "Manhattan routing".
The sum of any routing distance parallel to the X-axis
244 and/or the Y-axis 242 is referred to as "Manhattan
distance". Manhattan distance is an example of routing
distance. Manhattan routing and Manhattan distance are
individually known to one of ordinary skill in the art
of integrated circuits. Referring to Figs. 3 and 6,
for such a step 218 in Fig. 3, each of the points Pl,
P2, P3, P4, P5, P6, P7, P8, and P9 and the center
point C defines a respective rectangle as outlined
with dashed lines in Fig. 6. If any points are
disposed within the respective rectangle for a point,
that point is Manhattan routed to a nearest point
within that rectangle. In the first quadrant Q1, no
other point is within the rectangle for point P1.
Thus, just the point P1 remains as an initial end
point within the first quadrant Ql. In the second
quadrant Q2, no other point is within the rectangles
for points P2, P3, and P4. Thus, just the points P2,
P3, and P4 remain as initial end points within the
second quadrant Q2. In the third quadrant Q3, no other
point is within the rectangle for point P5. Thus, just
the point P5 remains as an initial end point within
the third quadrant Q3. In the fourth quadrant Q4,
points P6, P7, and P8 are disposed within the
rectangle for point P9. Of such points P6, P7, and P8,
point P8 has the lowest Manhattan distance from the
point P9. Thus, referring to Figs. 6 and 7, point P8
is Manhattan routed with Manhattan routing 252 to
point P9. Additionally in the fourth quadrant Q4 of
Fig. 6, the point P7 is disposed within the rectangle
for pointP8. Thus, referring to Figs. 6 and 7, point
P7 is Manhattan routed with Manhattan routing 254 to
point P8. Since points P8 and P9 are routed to at
least one other point, routing of such points P8 and
P9 to the center point C is guaranteed through routing
of the point P7 to the center point C. Thus, points P8
and P9 are no longer considered as needing routing to
the center point C. Additionally, since point P7 has
lower Manhattan distance to the center point C than
points P8 and P9, points P7 and P6 remain as initial
end points within the fourth quadrant Q4. No other
point is within the rectangles for points P6 and P7.
Thus, the points P6 and P7 remain as initial end
points within the fourth quadrant 



Q4. After determination of at least one initial end
point for each quadrant having at least one of the
points Pl, P2, P3, P4, P5, P6, P7, P8, and P9 in step
218 of Fig. 3, the data processor 206 Manhattan routes
together such at least one initial end point in each
quadrant with minimized Manhattan distance. Such
Manhattan routing of the at least one initial end
point in each quadrant results in a respective final
end point that is closest to the center point C in
each quadrant (step 220 of Fig. 3). Each of the first
and third quadrants Ql and Q3 has just one point Pl
and P5, respectively, as an initial end point. Thus,
the point P1 is a first final end point EP1 for the
first quadrant Q1, and the point P5 is a third final
end point EP3 for the third quadrant Q3. In the second
quadrant Q2, Manhattan routing between the initial end
points P2, P3, and P4 with minimized Manhattan
distance is determined along portions of rectangles of
such points P2, P3, and P4. A first routing segment
262 Manhattan routes point P2 to a second final end
point EP2, and a second routing segment 264 Manhattan
routes point P4 to the second final end point EP2. In
addition, a third routing segment 266 Manhattan routes
point P3 to the first routing segment 262. Note that
the third routing segment 266 is chosen over a fourth
routing segment 268 (shown in dashed lines in Fig. 8)
to the second routing segment 264 because the third
routing segment 266 has lower length than the fourth
routing segment 268. The second final end point EP2 is
closer to the center point C than the points P2, P3,
and P4 in the second quadrant Q2. In the fourth
quadrant Q4, Manhattan routing between the initial end
points P6 and P7 with minimized Manhattan distance is
determined along portions of rectangles for such
points P6 and P7. A fifth routing segment 272
Manhattan routes point P6 to a fourth final end point
EP4, and a sixth routing segment 274 Manhattan routes
point P7 to the fourth final end point EP4. After
determination of the respective final end points EPl,
EP2, EP3, and EP4 in the quadrants Ql, Q2, Q3, and Q4,
respectively, the data processor 206 Manhattan routes
such final end points EPl, EP2, EP3, and EP4 to the
center point C with minimized Manhattan distance (step
222 of Fig. 3). For example, the data processor 206
determines all possible Manhattan routing of the final
end points EPl, EP2, EP3, andEP4 to the center point
C. In addition, the data processor 206 determines
which Manhattan routing results in minimized Manhattan
distance. In the example of Figs. 8 and 9, a vertical
routing segment 282 (shown with a thick line in Fig.
3) is drawn along the Y-axis 242 between the
Y-components of the final end points EPl and EP3. 



Furthermore, a first horizontal routing segment 284 is
drawn from the second final end point EP2 to the
vertical routing segment 282. Similarly, a second
horizontal routing segment 286 is drawn from the first
final end point EPl to the vertical routing segment
282. Also, a third horizontal routing segment 288 is
drawn from thethird final end point EP3 to the
vertical routing segment 282. Finally, a fourth
horizontal routing segment 290 is drawn from the
fourth final end point EP4 to the vertical routing
segment 282. In this manner, each of the points Pl,
P2, P3, P4, P5, P6, P7, P8, and P9 is Manhattan routed
to the center point C with minimized Manhattan
distance. For the application of wiring in an
integrated circuit, each routing segment in Fig. 9
represents a wiring segment. Such minimized routing is
advantageous for reducing the area, complexity, and
signal delay of the integrated circuit 230. In one
embodiment of the present invention, the data
processor 206 performs steps 218 and 220 of Fig. 3 in
parallel for each of the quadrants Ql, Q2, Q3, and Q4
having at least one of the points Pl, P2, P3, P4, P5,
P6, P7, P8, and P9 for faster processing time. The
foregoing is by way of example only and is not
intended to be limiting. For example, the present
invention has been described and illustrated for
wiring in the integrated circuit 230. However, the
present invention may also be used for any other
application desiring routing points to a center point
with minimized distance. In addition, any number and
location of points illustrated and described herein is
by way of example only, and the present invention may
be used for any number and location of the points.
Furthermore, the present invention may be used for
minimizing routing distance for any subset of points
that are deemed critical in an application. The
present invention is limited only as defined in the
following claims and equivalents thereof.We claim: 1.
A method of routing a plurality of points (Pl, P2, P3,
P4, P5, P6, P7, P8, P9) to a center point (C),
comprising: A. grouping the points into a respective
set disposed within each of at least one quadrant (Ql,
Q2, Q3, Q4); and B. Manhattan routing each point to
any other point having a minimum Manhattan distance
within a rectangle defined by each point and the
center point, to result in at least one initial end
point in a quadrant having at least one of the points.
2. The method of claim 1, further comprising: C.
Manhattan routing together the at least one initial
end point to result in a final end point (EP1, EP2,
EP3, EP4) that is closest to the center point in a
quadrant having at least one of the points; and
performing steps B and C to result in a respective
final end point for each of the at least one quadrant.
3. The method of claim 2, wherein steps B and C are
performed in parallel for each of the at least one 



quadrant. 4. The method of claim 2, further
comprising: Manhattan routing each respective final
end point to the center point. 5. The method of claim
4, further comprising: determining minimized routing
distance for routing together the at least one initial
end point in each quadrant having at least one of the
points and for routing each respective final end point
to the center point, wherein each of the points is a
respective node of an integrated circuit (230), and
wherein the center point is a location of a signal
source for the integrated circuit. 6. An integrated
circuit (230), comprising: a plurality of points (Pl,
P2, P3, P4, P5, P6, P7, P8, P9) with each point being
a node of the integrated circuit; at least one
quadrant (Ql, Q2, Q3, Q4) with the points grouped into
a respective set disposed within each quadrant; and
Manhattan wiring (252, 254) between each point to any
other point having a minimum Manhattan distance within
a rectangle defined by each point and a center point
(C) to result in at least one initial end point in a
quadrant having at least one of the points. 7. The
integrated circuit of claim 6, wherein the at least
one quadrant is formed from four quadrants defined by
a predetermined grid and the center point that is
predetermined for the integrated circuit. 8. The
integrated circuit of claim 7, wherein the center
point is a location of a signal source for the
integrated circuit.9. The integrated circuit of claim
6, further comprising: Manhattan wiring between the at
least one initial end point in each quadrant having at
least one of the points to result in a respective
final end point (EPl, EP2, EP3, EP4) that is closest
to the center point. 10. The integrated circuit of
claim 9, further comprising: Manhattan wiring between
each respective final end point to the center point,
and wherein the Manhattan wiring between the at least
one initial end point in each quadrant having at least
one of the points and the Manhattan wiring between
each respective final end point to the center point
are with minimized routing distance. 


