
Appendix A 

Random Number Generator 

Each of the Source-code listing below represents an extract from the C++ implemen­

tation of various random number generator algorithms from [PTVF02] . We have 

chosen in our experiments the implementation suggested by L'Ecuyer [PTVF02] with 

Bays-Durham shuffle and added safeguard because it has the ability of providing fairly 

randomized sequence of numbers in the order of hundreds. 

Source-code 9. / / C++ extract for random number generator of Park and Miller 

#include "nr.h" 

DP ranl(int &idum){ 

canst int 1A = 16807, 1M = 214783647, 10 127773, 1R 2836, NTAB 32; 

canst int ND1V = (l+(1M-l)/NTAB); 

canst DP EPS = 3.0e-16, AM = 1.0/1M, RNM= (1.0-EPS); 

static vect_1NT iv(NTAB); 

int j, k; 

DP temp; 

if (idum <= 0 II I iy){ //Initialize. 

if (-idum <1) idum l', //Be sure ta prevent idum = O. 
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else idum = -idum; 

for (j = NTAB+7; j >=O; j--){ //Load shuffle table (after 8 warm-ups). 

k = idum/1Q ; 

idum = 1A*(idum-k*1Q)-1R*k; 

if (idum < 0) idum +=1M; 

if (j < NTAB) iv[j] = idum; 

} 

iy iv[O]; 

} 

k = idum/1Q; //Start here when not initializing. 

idum = 1A*(idum-k*1Q)-1R*k; //Compute idum = (1A*idum)%1M without 

if (idum < 0) idum += 1M; //overflow by schrage's method 

j = iy/ND1V; //Will be in the range O.. NTAB-1. 

iy=ivU]; //Output previously stored value and 

iv[j] = idum; //refill the shuffle table. 

if ((temp = AM*iy»RNMX) 

return RNMX; //Because user don't expect endpoint values 

else return temp; 

} 

Source-code 10. / / C++ extract for random n'umber generator of L 'Ecuyer with 

/ / Bays-Durham shuffle and added safegu ard 

#include "nr .h" 

DP 	 ran2(int &idum){ 


const int 1M1 2147483563, 1M2 = 2147483399; 


const int 1A1 40014, 1A2 40692, 1Q1 53668, 1Q2 = 52774; 


const int 1R1 12211, 1R2 3791, NTAB 32, 1MM1=1M1-1; 
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const int ND1V = 1+1MM1/NTAB; 


const DP EPS = 3.0e-16, RNMX = 1.0-EPS, AM 1.0/DPCIM1) ; 


static int idnum2 = 123456789, iy=O; 


static Vect_1NT iv(NTAB); 


int j, k; 


DP temp; 


if (idum <= O){ //1nitialize. 


idum = (idum ==0 ? 1: -idum); //Be sure to prevent idum = O. 


idum2 = idum; 


for (j = NTAB+7; j>=O; j--){ //Load shuffle table (after 8 warm-ups) . 


k = idum/IQ1; 


idum = 1Al*(idum-k*1Ql)-k*1Rl; 


if (idum < 0) idum +=1Ml; 


if (j < NTAB) iv[j] = idum; 


} 

iy iv[O] ; 

} 

k = idum/1Ql //Start here when not initializing. 

//Compute idum = (1Al*idum)% 1Ml without 

idum = 1Al*(idum-k*1Ql)-k*1Rl; 

if (idum < 0) idum += 1Ml; 

k = idum2/1Q2; 

//Compute idum2 = (1A2*idum)\% 1M2 likewise. 

idum2 = 1A2*(idum2-k*1Q2)-k*1R2; 

if (idum2 < 0) idum2 += 1M2; 

j = iy/ND1V; //Will be in the range O.. NTAB-l. 

/*Below idum is shuffled, idum and idum2 are 
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combined to generate output.*/ 


iy = iv[j]-idum2 


i v [j] = idum; 


if (iy < 1) iy += IMM1; 


if ((temp = AM*iy) > RNMX) 


return RNMX; //Because user don't expect endpoint values. 

else return temp; 

} 

Source-code 11. / / C++ extract for random number generator using / /Knuth 's 

suggestions 

#include <cstdlib> 


#include "nr .h" 


using namespace std; 


DP ran3(int &idum){ 


statc int inext, inextp; 


static int iff=O; 


canst int MBIG = 10000000000, MSEED=161803398,MZ=0; 


canst DP FAC = (1 . 0/MBIG); 


/* The value 56 (range ma[l .. 55])is special and 


should not be modified; see Knuth.*/ 


static Vect_INT ma(56); 


int i,ii,k,mj,mk; 


if (idum < 0 I I iff O){ //Initialization. 


iff=l ; 

/*Initialize ma[55] using the seed idum and the 

large number MSEED.*/ 
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mj=labs(MSEED-labs(idum)); 


mj \%=MBIG; 


ma[55J=mj; 


mk=l ; 


for (i=1;i<=54;i++){ 


1* 	 Now initialize the rest of the table, 

in a slightly random order, 

with numbers that are not especially random. 

ma[iiJ=mk; 


mk=mj-mk; 


if (mk < int(MZ)) mk += MBIG; 


mj=ma[iiJ; 


} 

for (k = 0; k<4,k++) 

IIWe randomize them by "warming up generator. II 

for (i=l;i<= 54; i++){ 


ma[iJ -= ma[1+(i+30)%55J; 


if (ma[iJ < int(MZ)) ma[i] += MBIG; 


} 

IIPrepare indices for our first generated number. 


inext=O; 


liThe constant 31 is special; see Knuth. 


inextp=31 ; 


idum=l; 


} 
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II Here is where we start, except on initialization. 

if (++inext == 56) 

II Increment inext and inextp, wrapping around 

inext=l ; 

if (++inextp == 56) inextp=l; 56 to 1. 


II Generate a new random number subtractively. 


mj=ma[inext]-ma[inextp] ; 


II Be sure that it is in range. 


if (mj < int int(MZ)) mj +=MBIG 


ma[inext]=mj; IIStore it, 


Iland output the derived uniform deviate. 


return mj*FAC; 


} 

 
 
 



Appendix B 

Data Collected 

The tables below depict data collected for various experiments. In the case of two­

alphabet symbols and the string recognition experiments (described in Chapter 7), 

we only provide sample data for automata of up to 500 states. The remaining part 

of the table may be obtain upon request to the author. 

For the Single symbol experiment described in Chapter 5, tables B.1 to B.6 depict 

data collected for each of the technique used namely, table-driven, switch and nested 

conditional statements, jump table, linear search and direct jump. A few number of 

values reproduced were considered as outliers since their order of magnitude appeared 

to be out of range compared to the large majority of data. Rows containing outliers 

values were simply deleted from the table. Table B.7 represents the averaged data of 

each of the last nine columns of the tables B.1, B.2, B.3, B.4, B.5 and B.6 without 

taking into account the problem size (number of accepting symbols - first column). 

For the two-alphabet symbols experiments (Chapter 7), the data was collected 

based on both table-driven and hardcoded implementation. The hardcoded data 

relied only on the jump table implementation since it was considered to be the best 

of the other hardcoded methods investigated. Table B.8 depicts the sample data (up 

to 500 states) collected for both table-driven and hardcoded implementation. 

126 

 
 
 



127 

Our String recognition experiment (Chapter 7) was based on an alphabet size of 

10 symbols. 4000 different data were items collected. Table B.9 depicts an extract of 

the first 50 rows of data collected for both table-driven and hardcoded experiments 

using searching and direct indexing. 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

93 88 88 88 88 88 88 88 88 88 
94.6 88 88 88 88 88 88 88 88 88 
96.3 88 88 88 88 88 88 88 88 88 
98.6 88 88 88 88 88 88 88 88 88 

88100.9 88 88 88 88 88 88 88 88 
105.2 88 88 88 88 88 88 88 88 88 
105.7 88 88 88 88 88 88 88 88 88 
109.5 88 88 88 88 88 88 88 88 88 
109.8 88 88 88 88 88 88 88 88 88 
110.5 88 88 88 88 88 88 88 88 88 
110.56 88 88 88 88 88 88 88 88 88 
113.2 88 88 88 88 117.2 102.6 88 117.2 88.02 
116.5 88 88 88 88 88 88 88 88 88 
117.5 88 88 88 88 120.8 104.4 120.8 88 88.01 
119 88 88 88 88 88 88 88 88 88 
119.2 88 88 88 88 88 88 88 88 88 
120 88 88 88 88 88 88 88 88 88 
120.2 88 88 88 88 88 88 88 88 88 
121.2 88 88 88 88 88 88 88 88 88 
130.2 88 123.2 105.6 88 88 88 88 123.2 88.02 
131.3 88 88 88 88 88 88 88 88 88 
136.6 88 88 88 88 88 88 88 88 88 
136.9 88 88 88 88 88 88 88 88 88 
139.1 88 88 88 88 93.2 90.6 88 93.2 88.00 
140.2 88 88 88 88 88 88 88 88 88 
146.1 88 88 88 88 88 88 88 88 88 
148.6 88 88 88 88 88 88 88 88 88 
149.8 88 88 88 88 88 88 88 88 88 
152.5 88 88 88 88 88 88 88 88 88 
153.3 88 88 88 88 88 88 88 88 88 
160.5 88 88 88 88 88 88 88 88 88 
16l.8 88 88 88 88 94.4 9l.2 88 94.4 88.00 
162.3 88 88 88 88 88 88 88 88 88 
183 88 88 88 88 88 88 88 88 88 
186.7 88 108.4 98.2 88 150.8 119.4 88 150.8 88.05 

Table B.l: The Table-driven Experiment Data 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

85 94.4 147.2 100.25 88 140 93.58 88 147.2 95.75 
90.9 93.6 122 99.62 88.8 1l0.4 93.81 88.4 124.4 96.34 
9l.8 94.8 117.2 98.79 88 116.4 94.15 88 120 96.20 
92.7 96 154.4 100.18 88 139 .6 93.54 88 154.4 96.20 
102.9 95.2 121.6 99.45 88.4 119.2 93.55 88.4 121.6 95.77 
107.3 94.8 118 98.90 88.8 115.6 93.32 88.4 118 95.06 
107.9 94.4 123.2 99.06 88.4 114.4 93.95 88 123.2 96.35 
108.7 94 117.2 98.73 88.8 114 93.78 88.4 117.2 95.63 
109.6 93.6 12l.6 97.98 88.8 118.4 92.79 88.4 124 94.25 
1l0.9 93.6 118 98.80 88.4 112.4 94.05 88 118 96.17 
111 92 124.4 98.98 88.8 123.6 92.42 88 .4 130.8 94.02 
116 95.2 12l.6 100.41 88 ll8 93.60 88 121.6 96.03 
116.8 93.2 116.8 100.15 88.4 118 94.35 88.4 119.6 96.60 
117 94.4 122.4 99.21 88.4 12l.2 94.06 88 126.8 96.06 
117.8 94.8 122.4 100.44 88 140.4 95.30 88 144.8 97.69 
123.1 9l.6 142.8 97.71 88.8 134.4 92.51 88 144 94.19 
126 95.2 144 99.74 88.4 120.8 93.67 88.4 146.4 96.30 
127.4 94.4 120.4 99.82 88.4 119.2 93.692 88 122.4 95.87 
128.1 92.4 12l.2 98.85 88 110 92.86 88 12l.2 94.60 
128.3 94.4 126.4 100.95 88 122.4 93.59 88 126.4 96.04 
129.5 9l.2 122 99.22 88.4 118 93.49 88.4 125 .2 95.44 
134.3 9l. 6 116 99.80 88.8 120 92.02 88.8 122 93.70 
134.5 94.8 126.8 99.86 88 116.8 93 .25 88 1268 95.69 
143. 6 93.6 119.6 98.24 88 116.8 92.87 88 120.4 94.82 
143.6 93.2 113.2 98.74 88.8 112.4 93.85 88.8 118.8 95.56 
145.2 92.8 123.2 99.10 88.8 114 94.09 88.4 123.6 96.04 
147.4 96.4 146 100.32 88 116.4 94.41 88 146 97.01 
148.5 92. 8 122 100.17 88 120 93.75 88 124.8 96.01 
149 95.6 13l.6 100.56 88 117 .6 94.72 88 131.6 97.32 
150.7 94.4 116 98.27 88.4 114.4 92.82 88.4 116.8 94.55 
160.56 94.67 124 100.89 88 120.89 94.09 88 126.67 96.16 
163.6 94 123.6 99.72 88.4 118.8 92.99 88.4 126.8 95.27 
179.1 92 116.8 98.21 88.8 110.4 92.60 88.8 118.8 94.28 
180.2 92 121.2 99.30 88 ll3.2 93.39 88 12l.2 95.37 
196.1 94 119.6 98.47 88 112.4 92.83 88 119.6 94.73 

Table B.2: The Switch Statements Dat.a 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

85.00 93.60 163 .60 118.73 119.60 328.40 125.37 93.60 334.80 122.32 
92.70 94.40 176.00 117.80 123.20 222.00 126.80 94.40 224.80 122.99 
98.10 94 .00 172.00 118.18 126.80 209 .60 128.77 94.00 211.20 123.34 
98.80 92.40 131.20 107.27 110.00 159.60 110.94 92.40 161.60 109.88 
103.40 93.60 166.00 120.96 124.00 197.20 129.61 93.60 200.00 125.63 
107.90 92.40 214.40 132.43 140.40 256.00 151.47 92.40 264.40 141.91 
108.10 93.60 199.20 129.22 136.40 251.60 144.05 93 .60 253.20 136.71 
108.60 89.60 221.60 129.89 146.80 271.60 150.93 89.60 272.80 137.86 
10870 91.60 201.20 128.79 137.60 298.00 143.44 91.60 298.00 136.73 
109.80 92.00 164.80 122.40 124.40 212.40 132.43 92.00 212.80 127.53 
110.60 92.00 159.20 118.89 125.60 214 .00 129.53 92.00 214.00 125.06 
110.90 91.20 202 .40 130.86 140.00 240.00 149.15 91.20 248.00 139.83 
111.90 93.20 177.60 125.34 131.60 236.40 139.19 93.20 237.60 132.01 
115.30 92.00 216.80 129.31 145 .20 258.00 147.00 92.00 260.00 138.34 
116.00 94.40 180.00 125.51 136.00 250.40 138.93 94.40 250.40 131.95 
117.00 94.40 206.40 130.83 140.40 254.80 147.81 94.40 261.20 138.94 
119.50 93.20 192.80 125.64 133.60 248.80 139.66 93.20 251.20 133.59 
122.50 92.80 208.80 135.52 148.80 276 .80 157.60 92.80 277.20 145.25 
123.10 94.80 207.60 121.54 134.40 239.60 137.08 94.80 258.80 130.33 
125.30 95.60 172.40 119.92 126.40 23800 129.98 95.60 238.00 124.88 
130.80 94.40 174.00 117.82 130.40 223.60 131.97 94.40 223.60 125.66 
137.50 93.60 217.20 132.75 152.00 275.20 153.86 93.60 275.20 142.89 
138.70 91.20 210.40 126.36 135.60 240.80 140.88 91.20 240.80 133.65 
140.00 94.40 210.80 136.24 144.80 264.40 155.73 94.40 265.60 146.73 
140.90 92.00 202 .40 130.20 140.80 264.80 147.35 92.00 265.60 139.91 
141. 90 93.20 198.00 129.58 144.00 268.80 146.82 93.20 268 .80 138.86 
143.10 93.20 195.20 129.86 138.80 245.20 145.38 93.20 246.80 136.80 
145.70 96.40 230.80 136.67 155.20 297.60 161.04 96.40 298.40 148.86 
146.80 90.40 215.20 137 .02 148.40 283.20 158.56 90.40 283.20 148.06 
150.80 92.80 215 .20 132.24 140.80 266.80 150.38 92.80 268.00 140.85 
165.50 95 .60 245.20 135.39 159.20 331.60 162.86 95.60 332.40 148.65 
165 .70 95.20 205.20 135.48 150.00 278.80 156.97 95.20 278.80 146.74 
179.60 96.00 235.60 142.47 155.20 306.80 167.10 96.00 309.20 156.38 
183.00 100.00 148.00 112.13 112.00 184.00 112.39 100.00 184.00 112.35 
181.60 95.36 220.76 139 .25 154.36 314.44 162.40 95.36 315.08 150.65 

Table B.3: the Nested Conditional Statements Data 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

3.44 6.67 216.89 13.62 4.00 216.89 16.18 4.00 216.89 14.74 
10.70 7.20 177.60 15.99 4.00 165.60 8.64 4.00 181.60 11.56 
15.40 11.20 235.60 18.12 4.00 233.20 8.87 4.00 235.60 11.49 
22.30 8.80 296.80 15.60 4.00 289.60 9.55 4.00 296.80 12.28 
31.00 6.40 218.00 16.27 4.00 200.40 8.85 4.00 220.00 11 .85 
39.70 9.60 280.40 17.26 4.00 281.60 8.46 4.00 290.00 10.84 
49.20 8.80 268.00 15.70 4.00 267.20 8.67 4.00 294.80 10.91 
54. 70 5.60 298.00 17.56 4.00 273.20 9.58 4.00 298.00 12.33 
60.50 8.80 299.60 16.92 4.00 326.00 9.59 4.00 326.00 12.48 
68.90 7.20 31 8.00 17.79 4.00 257.20 8.62 4.00 318.00 11 .61 
77.70 8.80 352.80 17.36 4.00 338.40 9.67 4.00 364.80 12.75 
83.30 10.40 300.40 18.44 4.00 296.40 9.65 4.00 316.80 12.72 
92.70 8.00 304.00 18.09 4.00 256.40 8.50 4.00 304.00 11.83 
99.20 10.40 241.60 18.47 4.00 291.60 9.50 4.00 322.40 12.52 
111.50 9.60 279.60 18.70 4.00 308.00 9.41 4.00 317.60 12.29 
119.60 7.20 393.60 19.41 4.00 424.80 10.03 4.00 434.00 13.73 
126 .60 9.60 377.20 20.55 3.60 358.80 9.43 3.60 383.20 13.66 
134.10 9.60 339.60 19.28 3.60 355.20 9.11 3.60 371.20 12.03 
144.60 7.20 4063.20 23.50 4.00 400.80 10.66 4.00 4101.60 16.95 
151.80 7.20 329 .60 20.61 4.00 404 .00 10.29 4.00 405.20 14.07 
156.60 8.00 369.60 21.34 4.00 340.40 9.78 4.00 406.80 13.41 
163 .30 9.60 391.60 22.16 4.00 380.40 11.35 4.00 39l.60 15.94 
168.30 7.20 389.20 2l.58 4.00 4018.80 10.43 4.00 4037.20 14.36 
174.90 8.80 355.20 22.89 4.00 337.60 9.78 4.00 366.80 14.43 
185.30 8.80 443.60 22.85 4.00 446.00 10.54 4.00 447.20 15.97 
194.40 9.60 312 .80 22.75 4.00 324.80 9.23 4.00 340.00 12.76 
201.00 8.80 4218.80 25.57 4.00 359.20 10.98 4.00 4224.80 17.48 
208.50 6.40 8906.00 28.69 4.00 430.80 10.39 4.00 8923.60 17.81 
214 .40 8.00 416.80 23.39 4.00 365.20 10.05 4.00 425.20 14.59 
22l.80 6.40 338.80 22.63 4.00 356.00 10.56 4.00 37l.20 15.31 
228.90 8.80 398.00 23.58 4.00 383.20 10.88 4.00 399.60 15.95 
236.30 8.00 371.20 25.82 4.00 43l.60 11.18 4.00 444.80 16.47 
245.90 8.80 365.20 23.44 4.00 364.40 10.28 4.00 375.20 14.58 
253.17 8.00 374.00 2l.74 4.00 370.67 9.28 4.00 379.33 12.63 

Table B.4: The Jump Table Data 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

3.44 2.22 52.89 8.87 2.67 24.89 4.77 2.22 52.89 7.12 
10.90 6.40 65.60 14.02 6.80 45.60 7.99 5.20 67.20 10.43 
16.40 7.60 111.60 16.04 8.40 105.60 9.81 6.00 112. 80 12.24 
25.30 8.40 248.40 22.87 15.60 238 .00 18.40 6.80 248.40 20.19 
33.40 10.80 256.00 21.86 16.00 252.00 19.12 10.00 256.00 19.68 
42.80 6.40 198.40 23.68 18.40 196.80 21.45 6.40 199.60 21.09 
51.10 9.60 404.00 27.96 21.60 405.60 28.15 9.60 405.60 27.21 
55.31 7.36 297.60 29.44 24.56 296.96 30.50 6.96 299.76 29.40 
61. 80 12.40 341.20 31.27 26.40 324.00 34.22 11.20 345.60 32.53 
71.00 8.80 388.80 30.51 26.40 392.00 32.36 8.40 392.40 31.03 
79.50 13.20 391.60 37.70 37.20 439.60 44.41 11.60 439.60 40.25 
85.90 7. 20 3192.80 36.73 34.40 3491.60 41.60 7.20 6354.40 38.83 
93.80 9.60 351.60 34.37 30.40 356. 80 39.59 9.60 357.20 36.42 
100.30 14.00 478.40 39.17 38.40 478.40 47.97 14.00 478.40 43.97 
113.00 12.40 541.60 43.74 46.00 601.20 53.69 12.00 644.00 47.92 
120.90 10.40 784.00 50.21 57.20 766.80 64.57 10.40 794.40 57.63 
127.50 12.80 686.40 46.64 52.40 746.80 59.70 12.40 762.40 53.52 
134. 80 12.80 558.80 43.23 45.60 535.60 53.12 12.80 560.40 47.45 
144.60 8.80 853.20 60.98 76.00 816. 80 83.73 8.80 926.40 70.97 
151.26 9.68 856.92 54.76 64.80 735.28 72.94 8.48 908.24 61.69 
156.60 10.00 3860.00 50.31 55.60 659.20 62.73 10.00 3860.00 56.46 
163.30 12.80 1076.00 64.22 78.00 950.00 88.43 12.80 1076.00 76 .17 
168.30 7.20 602.00 51.89 59 .60 673.20 67.24 6.40 750.40 59.12 
175.80 11.20 15007.60 70.93 69.60 708.80 77.96 11.20 15007.60 73.46 
185.30 10.40 3969.20 78.12 86.00 880.00 112.23 10.40 4100.80 94.09 
194.30 8.80 682.80 47.97 52.40 712.40 60.87 8.00 727.60 55.94 

201.70 12.80 1012.80 75.27 98.00 1105.60 107.92 12.80 1136.00 91.04 
209.30 7.60 775.20 64.55 79.60 528.00 88.78 7.60 840.40 77.07 
216.70 10.40 1088 .40 71.49 89.20 951.20 99.42 10.40 1099 .60 86.70 
224.60 8. 80 945.60 78.76 99.60 1016.40 114.83 8.80 1132.80 96.84 
23 1.20 11.60 1054.00 77.52 101.60 913.60 111.15 11.60 1148.00 94.04 
239.30 12.40 1080.40 80.81 108.00 3980.00 120.15 12.00 4022.40 99.84 
247.30 10.00 1046.40 64 .88 80.40 949.20 89.36 10.00 1046.40 79 .33 
253.75 13.50 1018.00 66.29 84.00 21755.50 99.54 13.50 21755.50 87.06 

Table B.5: The Linear Search Data 
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# 
accepting 
symbols 

Min 
valid 
trans 

Max 
valid 
trans 

Avrg 
valid 
trans 

Min 
no 
trans 

Max 
no 
trans 

Avrg 
no 
trans 

Min 
both 
cases 

Max 
both 
cases 

Avrg 
both 
cases 

3.70 12.00 39.20 20.31 12.00 35.20 16.86 12.00 44.80 18.91 
11.50 13.60 56.00 21.01 12.00 56.40 20.39 12.00 58.00 20.63 
15.15 15.36 84.00 21.03 13.60 85.24 21.14 12.00 85.40 21.04 
22.30 14.40 138.80 21.06 14.40 138.80 20.89 12.00 138.80 20.96 
31.00 16.00 193.60 21.90 14.40 194.00 21.88 12.00 194.00 21.87 
39.70 16.00 214.40 21.97 14.00 214.40 21.99 12.00 214.80 22.01 
49.20 17.60 249.60 22.25 13.20 249.60 22.28 12.00 249.60 22.29 
54.70 13.60 186.80 22.90 16.40 187.20 22.91 12.00 187.20 22.89 
60.50 14.40 189.20 23.63 13.20 282.40 23.89 12.00 282.40 23.77 
68.90 12.80 130.40 23.18 12.80 132.00 23.16 12.00 132.40 23.16 
77.70 14.00 219.20 22.69 12.80 220.00 22.97 12.00 220 .00 22.93 
83.30 14.00 156.00 22.27 12.80 157.20 22.36 12.00 157.20 22.33 
91.00 15.20 180.40 24.46 13.20 257.60 24.70 12.00 257.60 24.67 
96.90 18.00 238.80 24.72 12.80 238.00 24.83 12.00 242.00 24.80 
108.00 16.00 254.40 21.81 13.20 280.00 21.89 12.00 280.00 21.89 
117.50 15.60 276.80 24.72 14.80 23851.20 36.40 12.00 23854.00 34.71 
124.30 15.20 271.60 25.42 14.80 270.40 25.40 12.00 277.20 25.45 
130.30 18.40 27695.60 48.15 12.80 267.20 25.47 12.00 27697.20 36.19 
138.20 14.00 200.00 24.64 12.00 226.80 24.70 12.00 251.20 24.73 
148.30 13.60 253.60 25.55 15.60 27638.00 38.18 12.80 27639.20 34.84 
153.80 15.60 303.60 25 .05 14.00 295.60 25 .25 12.00 318.00 25.13 
158.80 15.20 304.40 26.06 13.20 306.00 26.23 12.00 306.00 26.21 
165.50 14.40 278 .40 26.29 12.80 284.80 26.30 12.00 285.60 26.27 
171.40 13.60 284.00 26.65 13.20 285.60 26.41 12.00 285.60 26.45 
179.14 14.56 268.80 26.82 12.92 266.16 26.80 12.00 270.56 26.81 
189.20 14.40 273.60 27.71 14.80 300.80 27.78 12.00 302.00 27.74 
197.00 16.40 282.00 27.74 12.00 296.00 27.81 12.00 298.00 27.80 
204.60 13.60 275.20 28.24 14.00 276.00 28.15 12.00 279.60 28.23 
211.50 14.00 272.80 27.70 12.40 303 .20 27.58 12.00 305.20 27.64 
218.90 14.40 29771.60 55.24 12.80 8078.40 33.74 12.00 29774.00 39.39 
227.60 16.00 329.20 26.87 13.60 305.60 26.91 12.00 331.20 26.87 
235.70 15.20 281.20 29.29 12.80 278.00 29.26 12.00 284.40 29.23 
246.40 15.20 332.00 27.99 12.80 325.60 27.78 12.80 337 .20 27.79 
253.14 15.43 4751.43 31.91 13.14 275.43 29.89 12.00 4754.86 30.76 

Table B.6: The Direct Jump Data 
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Valid Transition No transition Both cases 
Min Max Avrg Min Max Avrg Min Max Avrg 

Table-driven 88.00 89.59 88.79 88.00 91.90 89.95 88.00 92.90 88.00 
Switch Statements 93.86 124.70 99.40 88.34 119.16 93.54 88.21 126.89 95.63 
Nested Conditional 93.56 195.94 127.50 137.51 254.55 143.24 93.56 256.73 135.49 
Jump Table 8.46 322.14 19.61 3.97 321.49 9.85 3.97 341.49 13.26 
Linear Search 9.69 545.84 41.53 44.45 516.78 51.22 9.22 574.60 46.12 
Direct Jump 14.84 223.71 24.54 13.31 232.71 24.43 12.03 237.10 24.50 

Table B.7: Averaged Data collected independently to the problem size 
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Table-driven Hardcode 

# 
of 

states 

Avrg 
min 
time 

Avrg 
max 
time 

Avrg 
avrg 
time 

Avrg 
min 
time 

Avrg 
max 
time 

Avrg 
avrg 
time 

10 424 649 436 57 235 69 
20 840 987 847 112 721 150 
30 1247 1396 1254 169 2034 275 
40 1642 1864 1655 224 3670 413 
50 203 2 2249 2057 279 4033 488 
60 2465 27 17 2479 335 4842 585 
70 2865 3127 2888 390 7089 754 
80 3293 3499 3307 460 5842 772 
90 3699 401 6 37 17 536 6291 887 
100 4030 4309 4111 613 8663 1093 
110 451 2 4619 4525 667 7440 1096 
120 4929 5201 4944 760 9703 1314 
130 5324 5535 5338 855 10072 1437 
140 5753 5809 5758 929 9405 1464 
150 6139 6377 6155 1015 13007 1733 
160 6490 6793 6575 1251 11886 1897 
170 6978 7267 6994 1432 13043 2135 
180 741 8 7538 7424 1616 15137 24 38 
190 7658 8143 7797 1824 17380 2775 
200 8038 8478 82 11 2096 13985 2847 
21 0 8485 185347 17475 2253 15786 3125 
220 8975 9324 9064 2374 17676 3339 
230 9397 9651 94 17 2647 17863 3618 
240 9678 9934 9699 3063 19773 4036 
250 10238 10587 10261 3335 20361 4337 
260 10444 10685 10659 3641 20673 4648 
270 10938 11045 10953 3896 204 74 4897 
280 11 319 11760 11361 4313 22638 5387 
290 11706 11 999 11886 4706 25121 5890 
300 12089 12667 12322 5090 25033 6264 
310 12740 12986 12754 5430 124328 12658 
320 13124 13268 13150 5839 261 74 6990 
330 13559 13888 13580 6234 26281 7369 
340 13998 14215 14009 6706 202403 17768 
350 14246 14610 14279 6974 28786 8161 
360 14554 14816 14787 7386 30275 8611 
370 15114 15210 15142 7771 31341 9313 
380 15330 15601 15369 8059 29948 9192 
390 15766 16198 16009 83 19 31951 9534 
400 16104 16635 161 59 8549 34266 9863 
410 16843 17104 16858 8781 36855 10207 
420 16857 17140 17106 9025 36610 10428 
430 17299 17671 17623 9274 21 243 9898 
440 17778 18080 18060 9505 21164 10111 
45 0 18315 18548 18336 9733 23876 10456 
460 18890 18972 18896 9981 20511 10528 
470 19137 19424 19315 10198 22078 10814 
480 19650 19949 19665 10416 22415 11033 
490 19837 20254 20030 10632 24994 11 367 
500 20197 20387 20207 10849 21 277 11388 

Table B.8: Sample Data for the two-alphabet symbols Experiments 
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String Recognition using Linear Search String Recognition using Direct Index 
Table-driven Hardcode Table-driven Hardcode 

# 
of 

states 

Avrg 
min 
time 

Avrg 
m ax 
time 

Avrg 
avrg 
time 

Avrg 
min 
time 

Avrg 
max 
time 

Avrg 
avrg 
time 

Avrg 
min 
time 

Avrg 
max 
time 

Avrg 
avrg 
time 

Avrg 
min 
time 

Avrg 
max 
time 

Avrg 
avrg 
time 

10 1785 2720 1805 576 3419 636 340 659 348 91 2470 141 
20 3797 4506 3811 1283 5800 1383 698 1151 709 184 6165 308 
30 5717 6553 5734 1908 8260 2056 1049 1403 1059 282 9089 468 
40 7639 8554 7659 2539 10899 2723 1400 1856 1411 372 11895 615 
50 9580 10304 9594 3203 15339 3474 1753 2232 1764 468 13011 740 
60 11 558 12340 11574 4214 18978 4532 2109 2580 2119 64 3 16480 994 
70 13652 14429 13667 4741 23830 5154 2460 2772 2468 781 21418 1226 
80 15597 16394 15613 5550 22115 5917 28 18 3291 2829 857 21008 1296 
90 17461 18228 17476 5936 23944 6348 3169 3618 3180 931 23370 1420 
100 19519 20274 19534 6771 30223 7312 3532 3948 3541 1173 26865 1748 
110 21699 22426 217 14 7776 35837 8393 3889 4201 3897 1320 31447 1970 
120 23670 24419 23685 8941 36895 9548 4229 4464 4237 1526 35666 2699 
130 25641 26398 25656 10161 39970 10805 4484 5000 4581 2038 38148 2840 
140 27678 28262 27690 10882 1807381 47007 4934 5240 4943 2591 39015 3391 
150 29718 30468 29733 12408 48226 13188 5289 5740 5300 2786 47801 3746 
160 31680 32378 31694 12920 49600 13730 5652 6031 5660 3067 45179 3973 
170 33660 34405 33675 13911 59202 14874 5962 6327 6025 3670 51786 5174 
180 35802 366 15 35818 15496 67729 16597 6311 6852 6369 4141 58319 5281 
190 37712 38539 37730 16583 67413 17636 6704 7084 6714 4669 63788 5903 
200 39614 40471 39632 17870 73731 19130 7070 7399 7079 5274 67080 6581 
210 41519 59819 41903 19053 75763 20264 7408 7749 7417 5659 73443 7080 
220 43418 64129 43850 20158 80724 21973 7681 8101 7797 5979 77634 7481 
230 45332 46227 45350 20932 85096 22260 8116 8521 8144 6430 79685 7993 
240 47432 48286 47449 21774 143616 25614 8441 8918 8451 6913 79821 8433 
250 49297 50064 49312 23176 89264 24576 8843 9293 8855 7474 84791 9091 
260 51243 52036 51259 23627 97556 25169 9136 9658 9149 7820 91 989 9573 
270 53221 586024 63945 24741 169972 29372 9564 10136 9583 8413 100716 10296 
280 55065 56194 55088 26060 112703 27851 9845 10270 9856 8967 103267 10899 
290 57087 57924 57105 26393 111594 28186 10186 10790 10203 9306 105460 11794 
300 59172 59963 59188 29386 112494 31140 10520 11153 10543 9792 106645 11790 
310 61114 1828776 96498 30386 12001 2 32225 11042 11411 11052 10139 113321 12259 
320 63040 63860 63057 31493 117679 33253 11402 11902 11434 10400 118619 12612 
330 65059 87578 65531 30909 127564 32900 11811 12295 11869 10965 121293 13216 
340 66949 84500 67321 31462 127632 33436 12116 12796 12183 11374 126034 13754 
350 69011 70112 69034 32470 127860 34418 12546 13162 12561 11808 126155 14180 
360 70904 201363 73550 33958 146674 36286 12934 13639 12992 12101 160247 15124 
370 72907 91467 73302 35109 148358 37434 13274 13892 13292 12685 141602 15753 
380 75197 749073 88713 37630 153435 40075 13689 14572 13730 13167 142012 15803 
390 77031 207068 79680 38628 154922 41030 14090 14795 14120 13513 159357 19333 
400 79178 95878 79546 39642 158204 420600 14561 15084 14591 14096 145721 16779 
410 81149 82636 81180 39143 164597 41719 14898 15786 14935 14666 149139 17433 
420 83096 754076 97026 39278 165208 41850 15257 15984 15279 14836 156112 17717 
430 85338 86679 85366 40309 185388 46014 15758 16570 15775 15335 161386 18311 
440 87146 104880 87534 43800 166546 46333 16273 16782 16344 15673 164625 18699 
450 89338 90906 89388 42103 180878 44920 16533 17174 16579 16321 173763 19550 
460 91136 142873 92217 45832 191300 48810 17176 17558 17220 16755 186600 20252 
470 93113 94907 93149 46588 193856 49592 17512 226983 21746 17098 165980 20126 
480 95192 114015 95597 44737 195712 47820 17959 57126 18743 17354 178416 23529 
490 97083 98513 97111 45025 193362 48062 18224 18533 18232 17947 397911 26038 
500 99238 121324 99711 46985 198716 52620 18716 38069 19130 18249 191298 21780 

Table B.9: Sample Data for the String Recognition Experiment with Searching and 
Direct Indexing 
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