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Abstract— Manipulation of wire sizing, buffer sizing, and 

buffer insertion are a few techniques that can be used to 

improve very large scale integration (VLSI) circuit routing. 

This paper enhances an existing approach, which is based on 

Particle Swarm Optimization (PSO) for solving routing 

problem in VLSI circuits. A two-step Binary Particle Swarm 

Optimization (BPSO) approach is proposed in this study to 

obtain the best path of wire placement with buffer insertion 

from source to sink. The best path of wire placement is found 

in the first step by the first BPSO and then the second BPSO 

finds the best location of buffer insertion along the wire. The 

fitness function used for the second BPSO is the time delay 

formulated based on the iterative RLC delay model. A case 

study is taken to measure the performance of the proposed 

model and the result obtained compared to the previous PSO 

approach for VLSI routing. 

Keywords-very large scale integrated circuit; routing 

problem; buffer insertion; interconnect; binary particle swarm 

optimization 

I. INTRODUCTION 

One of the main important criteria of the performance 
of VLSI routing is time delay. Factors that influenced 
time delay are wire sizing, buffer sizing, and buffer 
insertion. Previously, Ayub et al. [1] had proposed the use 
of PSO to find the shortest path between source and sink 
while the buffers are placed randomly along the path. 
Based on that, time delay is calculated. In their case 
study, they only consider single wire and buffer type.  

There are few disadvantages of this approach where in 
real practice; types of wire and buffer use are more than 
one. Another disadvantage is that the buffer placement is 
not optimized. Based on these disadvantages, this paper 
proposes a two-step BPSO approach for routing in VLSI 
where the shortest path of wire placement is found in the 
first step using BPSO and then BPSO will find the best 
location of buffer insertion along the wire.  

The fitness function used for the second BPSO is the 
time delay formulated based on the iterative RLC delay 
model. 

II. FITNESS FUNCTION FORMULATION 

In this paper, two fitness functions were considered: 
(a) total path and (b) time delay in picoseconds (ps). A 
path represents a number of segments from source to sink 
while time delay is an accumulative delay calculation 
from source to sink. For total segments, p  can be 

formulated as follows: 
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where, m  is a maximum number of dog-leg and ne  

represents the location of a node in grid-graph. 1x  and 

2x  are x-axis coordinates of source and sink, 

respectively. The RLC delay model [2] at any node i is 
calculated as: 
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In (5) and (6), kC refers to a capacitance component 

at any segment k. ikR  is the common resistance from 

input to node i and k, whereas  ikL  is the common 

inductance from input to the node i and k. For source to 

sink delay calculation RCiT  is the summation of 

ikR times kC , and LCiT is the summation of kC  times 

ikL . The two summations in (5) and (6) can be rewritten 

as: 
 

      k

k

TkRCi RCT     (7) 

      k

k

TkLCi LCT     (8) 

 

In (7) and (8), kR  and kL  is the resistance and 

inductance of segment k, respectively.  TkC  is total load 

capacitance seen by kR  and kL  For sink-to-source delay 

estimation, RCiT  is the summation of segment resistance 

kR  times TkC , whereas LCiT  is the summation of kL  

times TkC .  RCiT   and LCiT  have to be obtained to 

compute the delay at any node. Two models are chosen 
for wire-only and buffer-terminated interconnect as 
follows: 

 
(i) Wire-only source-to-sink interconnect delay estimation. 
 

The calculation of elements in tupple 

)',',','( LCiRCi TTlr  for the next vertex depends on the 

current segment wire parameters ),,(  
lrc  and 

elements value in tupple  ),,,( LCiRCi TTlr  of the 

previous vertex as shown in Fig. 1. 
 

(ii) Buffer-terminated source-to-sink interconnect delay 
estimation. 

 

Similar to the first model, tupple ),,,( LCiRCi TTlr    

for the next vertex depends on the current segment wire 

parameters ),,( www lrc , buffer parameters ),( bb dc , and 

tupple ),,,( LCiRCi TTlr  of the previous vertex as shown 

in Fig. 2. 

III. MODELING & BPSO ALGORITHM 

BPSO has been introduced by James Kennedy and 
Russell Eberhart to solve discrete or binary based 
optimization problem [3-4]. Applications of PSO and 
BPSO can be seen in many engineering problems, such as 

PCB routing [5], DNA sequence design [6] and job 
scheduling [7]. The flow chart of the general BPSO is 
shown in Fig. 3(a). 

The first step in implementing any BPSO is to model 
the particle position, s  to suit with the problem of 

interest. Usually,  s  represents a possible solution of the 

problem as shown in Fig. 3(b). The information of the 
problem is shared with the algorithm. Then, BPSO 
parameters are initialized based on user’s desired values. 
Particle’s velocity, v and particle’s position, s , are 

randomly assigned. Next, the proposed solution by s is 

then check to ensure it passes all the problem’s 
constraints. s that does not fit the constraint will be 

ignored while others will proceed with the s ’s fitness, 

)(sf . After that, the particle’s personal best, p , and the 

swarm’s global best, g , are updated if required. Then, v  

is updated for next iteration,  k  for each bit, d , using (9). 
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where, i  is the particle’s number. 1r , 2r , and 3r are 

random number of [0,1].  1c  and 2c  are cognitive 

parameter and social parameter, respectively. Next, s is 

updated using (10) based on the probability of the normal 
distribution. Step 1 to Step 6 is repeated until maximum 
iteration is reached. 
 
 

 
Figure 1. Wire only model 

 

 
          Figure 2. Buffer-terminated model 
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FIGURE 3. (a) BPSO algorithm, (b) BPSO modeling and (c) The proposed approach 
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The main advantage of BPSO compared to its 

predecessor, PSO, is that BPSO has a finite state of 
solutions. This will greatly reduces computation time in 
term of number of iteration required for the particle to 
convergence. It also proven that BPSO performs better in 
discrete based problem. Due to these advantages, BPSO 
has been applied for solving the routing problem in VLSI. 
The proposed model proposes the use of BPSO algorithm 
twice in designing the VLSI routing, where the first 
BPSO algorithm function is to find the shortest path 
between the source and the sink. Based on this shortest 
path, the second BPSO algorithm finds the best 
combination of wire and buffer selection and placement in 
order to obtain minimal time delay. This can be illustrated 
as Fig. 3(c). Linearly decrease inertia weight is used in the 
proposed model as shown in (11). 
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A. Implementation of BPSO  algorithm in finding the 

shortest path 

As shown in Fig. 3(c), the first BPSO is used to find 
the shortest distance between source and sink. 

Here,  Tneeees ...321 , where ne  represent the location 

of a node in grid graph;  evene  is measured from origin 

along x-axis and odde is measured from origin along y-

axis. Combination of these consecutive nodes, if 
connected together will form a complete path from source 
to sink. Note that in BPSO, each e  represented in binary 

value, as shown in (12). 
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The BPSO parameters used can be referred in Table 1. 
Fitness value of the particle can be calculated using (1). 
During updating s , there is a possibility of out of 

boundary condition where s value is larger than 

maximum grid graph size. If that happened, that particular 
particle is ignored for that iteration. The shortest path 
obtained from the simulation is then passed to the second 
BPSO for wire and buffer placement consideration. 

B. Implementation of BPSO algorithm in finding the 

best combination of wire and buffer placement 

The second BPSO is used to find the best combination of 
wire and buffer placement that minimize time delay of the 
VLSI routing. The proposed model suggests 

 Tqwwwws ...321 , where qw represents the type of 

wire with/without buffer for the respective to grid 
segment, q . For each w , 7 bits are used for the case 

study, where the first 3 bits represent the type of wire 
used, the 4

th
 bit is to indicate the use of buffer and the last 

3 bits represent the type of buffer used. Figure 4 further 
illustrates the proposed model. Note that if buffer flag is 
0, any value given by the bits represented buffer type is 
ignored. Out of boundary condition might happen if the 
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TABLE I. BPSO parameters used in this study 

Parameter Value 

Number of computations/simulations 10 

Maximum iterations 500 

Number of particles 50 

Cognitive parameter, 1c  and Social parameter, 2c   
2.00 

Inertia weight,   0.9    0.4 

 
 

 
FIGURE 4. Binary representation for buffer placement 

 

FIGURE 5. (a) Illustration of a case study and  

(b) Parameters of the case study 

 
FIGURE 6. (a) Best simulation result and (b) grid info (type of wire and 

buffer from source to sink) for 50 runs 

 
FIGURE 7. Convergence curve for the best found solution 

 

type of buffer or wire used is less than 8. In this 
algorithm, the default type of wire, usually Type 0, will 
be inserted for that grid segment if that condition 
occurred. The fitness of the particle can be calculated 
using (3) to (6). 

IV. RESULTS AND DISCUSSIONS 

Simulations are done based on a case study shown in 
Fig. 5. Figure 5(a) is the image of a VLSI circuit which 
consist of grid-graph (blue colour), location of source and 
sink (red colour), area of wire obstacle (black colour), and 
area of buffer obstacle (green colour). Parameters used for 
the case study are shown in Fig. 5(b). This case study also 
considers six types of wire and buffer, as shown in Table 
2. The program of the proposed approach has been written 
in Microsoft Visual C# 2008. The simulations are done 
using a laptop powered by Microsoft Vista OS, 1.8GHz 
Intel Core 2 Duo CPU and 2GB RAM.  

The simulation is performed 10 times with an average 
runtime of 3 minutes. The first BPSO objective is to find 
shortest path in term of number of segment occupied by 
wires. From Table 3, it can be concluded that BPSO able 
to find the shortest path of 49 segments for every run. The 
second BPSO is dependent to the first BPSO output. 
Based on the path given by the first BPSO, the second 
BPSO objective is to find the shortest time delay. The 
average of time delay was 394.62 ps, the standard 
deviation was 16.555 ps, the best result was 371.44 ps, 
and the worst result is 417.76 ps.  

Another area worth studying is the computation 
performance of the second BPSO. The least iteration 
number while global convergence is 351 iterations. The 
average iteration number while global convergence is 
439.1 iterations. The standard deviation of iteration 
number while global convergence is 52.331 iterations. 

The best found result of two steps BPSO is shown in 
Fig. 6, where Fig. 6(a) is graphically illustrated the best 
route with the best wire placement (red colour) and the 
best buffer insertion (yellow colour). The proposed 
approach successfully places the wire in such it able to 
avoid the wire obstacles, and buffer location is away from 
the buffer obstacles. In details, the segment info (the type 
of wire and buffer) of each subsequent segment is 
presented in Fig. 6(b). Note that W1 means wire type 1 
and W5B3 means wire type 2 with buffer type 3. Figure 7 
shows the convergence curve obtained for the best found.  

V. CONCLUSIONS 

This study presented a method called two-step BPSO 
in VLSI routing. The objective is to find minimum time 
delay by choosing the path and placing the buffers at the 
right location, intelligently. Result obtained from the case 
study shows that the proposed approach has a potential 
for further extension. Extension can be done by 
considering more including more objectives, such as 
power dissipation and noise. Further study can also be 
done by using other optimization techniques such as Ant 
Colony System and Paddy Field Algorithm.   
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TABLE II. Parameters for wire parameters and buffer 

Category Wire )( wz   Buffer )( bz   

Type W0 W1 W2 W3 W4 W5 B0 B1 B2 B3 B4 B5 

 )(zr  58 2.037 1.358 44.9 22.45 11.22 140 180 162 145.8 131.2 118.1 

)( pFcz  42 28.69 36.67 16.67 21.87 31.84 2 22 24.2 26.6 29.3 32.3 

)(nHlb  0.106 0.106 0.106 0.106 0.106 0.106 Not Applicable 

 )( psdb  Not Applicable 40 15 22.5 33.8 50.6 75.9 

 

TABLE III. Result obtained 

Run 
Path length  
(segments) 

Time delay  
(ps) 

Iteration number 
 while global  
convergence  
(iteration) 

1 49 397.68 489 

2 49 417.76 488 

3 49 396.16 411 

4 49 406.23 473 

5 49 401.04 360 

6 49 385.85 487 

7 49 371.80 475 

8 49 382.25 429 

9 49 371.44 428 

10 49 415.96 351 
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