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 5 

Abstract 6 

With the advent of digital computers, several prominent problems of digital 7 

circuit design emerged. A particular class of these problems, (called Type-2 8 

problems) can be divided into two subclasses depending on whether an honest 9 

translator is possible or a sneaky translator is warranted. The case of an honest 10 

translator is simply an inverse problem of logic in which knowledge of the 11 

vectorial function ���� is utilized to produce its inverse vectorial 12 

function ����. Though an old method of solving type-2 problems was known 13 

almost half a century ago, two modern methods are now possible, namely the 14 

method of Boolean-equation solving and the method of input-domain 15 

constraining. The emergence of these two methods are due to several recent 16 

developments including new techniques for (a) suppressing unwanted variables, 17 

(b) listing all particular solutions of a ‘big’ Boolean equation, and (c) utilizing 18 

don’t-care representations. This paper exposes and illustrates these two novel 19 

methods, with a stress on comparing them together and demonstrating their 20 

superiority to (as well as agreement with) the old method. This purpose is 21 

achieved by way of three typical classical examples. The Boolean-equation-22 

solving method seems to involve certain unwarranted steps that might be 23 

possibly skipped. However, its utility can be extended beyond type-2 problems.  24 

 25 

Key words: ‘Big’ Boolean algebras, Digital circuit design, Honest and sneaky 26 

translators, Type-2 problems. 27 

 28 

1. Introduction 29 

A classical problem of digital circuit design can be described by the 30 

general layout of Fig. 1. Various variants or special cases of this 31 

layout appeared on early scholarly work on the subject, including the 32 

pioneering contributions of Ledley [1, 2], Bell [3], and Brown [4]. 33 

Figure 1 shows a combinational logic circuit C that is comprised of 34 

two subnetworks A and B, while the final output can be viewed as 35 

output ���, �� or (���, �, ��) of network B or output 	��, �� of 36 

network C. If the shaded path in Fig. 1 can be omitted, network B is 37 

called an ‘honest translator’ [4], while if it is needed (or used), this 38 

network is called a ‘sneaky translator’ [4]. Based on Fig. 1, three 39 
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‘elementary problems of digital circuit design’ are proposed [1-5], 40 

which are 41 

Type-1 problem: Given 
��� and ���, �, ��, find 	��, ��. 42 

Type-2 problem: Given 
��� and 	��, �� find ���, �� if an honest 43 

translator is possible; otherwise find ���, �, �� for a sneaky translator. 44 

Type-3 problem: Given ���, �� or ���, �, �� as well as 	��, ��, find 45 
���. 46 

The type-1 problem is solved trivially by direct substitution and does 47 

not warrant further attention. The type-2 problem is handled by 48 

Ledley [1, 2], Bell [3], Brown [4], and Rushdi [5], and will be revised 49 

further herein. The type-3 problem is treated by Ledley [1, 2] and 50 

much more recently (via modern techniques) by Rushdi and Ahmad 51 

[6]. 52 

 53 

We now address the probably intriguing question: Why should we 54 

bother revisit a problem that was really hot as back as half a century 55 

ago. The answer is that new computational methods associated with 56 

useful conceptual insight have recently been made possible through a 57 

variety of breakthrough developments made in the past few years. 58 

These include:  59 

 60 

1. The development of a method to suppress certain variables � 61 

in a parent equation ℎ��, �, �� = 1 so as to replace it by a 62 

simpler equation ���, �� = 1 that can be used to solve for � in 63 

terms of � producing the set of solutions ���, �� of the parent 64 

equation ℎ��, �, �� that are independent of � [7].  65 

2. The emergence of a novel method to list all the particular 66 

solutions of a ‘big’ Boolean equation in a very compact space, 67 

thereby allowing easy selection of a specific particular solution 68 

that enjoys certain desirable features [6, 8, 9]. 69 

3. The convenience and power of rewriting interval based 70 

conditions of the form �� ≤ � ≤ �� as a don’t-care based one 71 � =  �� ∨ ����� [11-14]. 72 
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Utilizing the aforementioned developments, this paper introduces and  73 

compares two novel techniques for handling type-2 problems of 74 

digital circuit design. These are: 75 

 76 

1. A technique using solutions of ‘big’ Boolean equations. If an 77 

honest translator is possible, we are able to handle the inverse 78 

problem of logic by using ���� to obtain ���� and hence 79 

produce 	��, �� = ������, ��. Otherwise, we produce a sneaky 80 

translator  	��, �, ��. The essence of this technique is quite 81 

similar to that used for type-3 problems in [6]. 82 

2. A technique that enhances the earlier one of input-domain 83 

constraining developed by Brown [4] by augmenting it by the 84 

don’t-care terminology by Reusch [9], Rushdi [5, 11-13], and 85 

Rushdi and Albarakati [14]. This enhancement allows easy 86 

minimization as well as the possibility of handling larger 87 

problems via the Variable-Entered Karnaugh Map (VEKM) 88 

rather than the Conventional Karnaugh Map (CKM) [5, 11-14]. 89 

Details and characteristics of the two novel techniques are clarified 90 

herein via three detailed examples. Example 1 and 2 were earlier 91 

handled by Bell [3], while Example 3 was treated by Ledley [2] and 92 

Brown [4] via the conventional old method. As we proceed, we will 93 

demonstrate advantages of our two competing novel methods 94 

compared to the conventional method. These advantages include 95 

conceptual clarity, high speed, aggregation of tasks, and better control 96 

on outcomes. Such advantages do not pertain only to pedagogical 97 

issues but might also be of significant benefit to practical digital 98 

design. This introductory section is followed by Sections 2-4 which 99 

discuss the aforementioned three design examples. Section 5 100 

concludes the paper. 101 
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 102 

 103 

Fig. 1. Layout of a general problem of digital circuit design. If the 104 

sneaky (lightly shaded) path is needed or used, the function ���. �� 105 

is replaced by ���, �, ��. 106 

 107 

 108 

 109 

2. A Small Example Circuit 110 

This example was earlier handled by Bell [3] by the long and old 111 

conventional method, and it admits the existence of an honest 112 

translator. There are two inputs for subnetwork B (outputs for 113 

subnetwork A) 114 

 115 

A

B

C

Z = Z(X)

X

Y

���, ��
���, ��
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�� =  �� ∨ ���,      (1) 116 

 117 �� =  �����,       (2) 118 

 119 

and a single desirable output for the overall network C 120 

 121 	��� =  ���  ∨ ��,      (3) 122 

 123 

and there are no side inputs � for subnetwork B. In our first novel 124 

method we obtain ���� by first solving an inverse problem of logic 125 

(i.e., using ���� to derive ����) and then obtaining ���� via  126 

 127 ���� = 	������.     (4) 128 

 129 

The information given by ���� can be formulated as a single Boolean 130 

equation of the form 131 

 132 ���, �� = ��1 ⊙ � �1 ∨ ����� ��2 ⊙ � �1����� = 1.  (5) 133 

 134 

The two-valued Boolean function ���, ��: !�" → !� is now viewed as 135 

a ‘big’ Boolean function ���� =  !�$� → !�$, where !�$ is the free 136 

Boolean algebra %!���, ���, so that the roles of �� and �� is switched 137 

from that of independent variables to that of generators of !�$ [14-138 

25]. The natural map for ���� is shown in Fig. 2. Its entries are some 139 

of the 4 atoms of !�$ = %!���, ��� which are expressed in terms of 140 

the generators �� and ��. Since these generators look like “variables” 141 

(in fact, they were originally variables), the map is called a Variable-142 

Entered-Karnaugh map (VEKM). We use the technique developed in 143 

[15-18] to construct the auxiliary function  &��, '� to be used in 144 

deriving the parametric solution of ���� = 1. These solutions are 145 

expressed in terms of a single arbitrary parameter ( ∈  !� as [6, 15, 146 

16, 20] 147 

 148 

 149 �� =  ���� ∨ ���̅�( ∨ ���̅����,    �6a� 150 

 151 �� =  �̅��̅� ∨  ���̅�( ∨ ���̅����,    �6b� 152 

 153 
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��� =  �̅��̅�  ∨ ���̅�(̅  ∨  ���̅����,   (6c) 154 

 155 

Substitution of (6b) and (6c) in (3) and (4) results in the following 156 

expression   157 

 158 ���� =  �̅��̅�  ∨  ���̅�(̅  ∨  �̅��̅� ∨  ���̅�( ∨ ���̅���� 

 159 = �̅� ∨ ���̅��,      (7) 160 

 161 

in which the parameter ( disappears. However, depending on whether 162 

we nullify or assert the don’t-care term in (7), the following two 163 

solutions are obtained for ���� 164 

 165 ���� =  �̅�,       (8a) 166 

 167 

or 168 

 169 

 170 ���� =  �̅� ∨ �̅�.     (8b) 171 

 172 

in agreement with the solution obtained in Bell [3]. 173 

 174 

 175 

 176 

 177 

 178 
 179 

 180 ���� 

���̅� ����

�̅��̅� ���̅� ��

��
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 181 

Fig. 2. The natural map for ���� in Equation (5). Each map entry is a 182 

particular minterm or atom over ���, ���. The polarity of �� is 183 

positive over ��� ∨ ����, while that of �� is positive over ����2. 184 

 185 

 186 
 187 

 188 &��, '� 

 189 

Fig. 3. The auxiliary function used to derive the parametric solutions 190 

of ���� = 1 in Section 2. 191 

 192 

 193 

 194 

Now, we employ our second novel method adapted from the input-195 

domain constraining method of Brown [4]. Our basic information 196 ���� can be cast in the equational form ℎ��, �� = 0 where ℎ��, �� =197 �̅��, �� is represented by the natural map for ℎ���: !�$� → !�$ in Fig. 198 

4. According to Brown [4], our current problem can be described by  199 

 200 /ℎ = 00 ⇒ /� = 	0,     (9) 201 

 202 

which has the interval solution 203 

 204 ℎ�	 ≤ � ≤ ℎ ∨ 	.      (10) 205 

 206 

���̅��(̅�∨ ���̅���� �����1�∨ ���̅�����̅��̅�(1)∨ ���̅���� ���̅�(()∨ ���̅���� ��

��
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We now rewrite the double-inequality (10) in the don’t-care notation 207 

[11-14] 208 

 209 � = ℎ�	 ∨ ��ℎ ∨ 	� 

 210 = ℎ�	 ∨ ��ℎ� 

 211 = �	 ∨ ���̅�.      (11) 212 

 213 

and use the maps in Figs. 2, 4, and 5 for ℎ� = �, ℎ, and 	 to construct 214 

the natural map for s in Fig. 6 according to (11). This map is 215 

simplified by noting that (11) indicates that � = � ∨ ���̅� = � ∨ ��1� 216 

when 	 = 1, and that � = ���̅� when 	 = 1. Figure 6 can immediately 217 

be used to produce an expression of � that is a function of both � and 218 �, i.e., a sneaky translator, of the form  219 

 220 ���, �� = ��11�12  ∨ �1�2� 2�1�12  ∨  ��1�3 ∨ �11�2 2�11�12  ∨  ��1�3 ∨221 �1�12���11 ∨ �12�.    (12) 222 

 223 

However, we note that none of the four atoms of %!���, ��� has a 224 

mixed assertion in the cells of the map of Fig. 6. In fact, each of 225 

atoms ���̅� and �̅��̅� is only asserted positively in this map (in cells 226 ������ and ���� for the former atom and cell ����� for the latter one), 227 

while the atom ���� is only asserted negatively (in cell �����). By 228 

contrast, the atom ���� is neiter asserted positively or negatively in 229 

the map. The lack of any mixed assertion is equivalent to the 230 

condition demanded by Brown [4] for an honest translator  i.e., one 231 

for which � is independent of � [5]. According to the VEKM 232 

“enlargement” rule [11, 26, 27], the VEKM in Fig. 6 might be read to 233 

yield any of the two solutions in (8). Alternatively, we note that, for 234 

an honest translator � is a disjunction of all positively asserted atoms 235 

and possibly any of the totally don’t-care atoms [5], i.e., � is given by 236 

 237 � = ���̅�  ∨  �̅��̅�  ∨ ������� 

 238 = �̅�  ∨ �����,      (13) 239 

 240 
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is agreement with (8). 241 

 242 

 243 

 244 

 245 

 246 ℎ��, �� = 0 
 247 

Fig. 4. The natural map for ℎ��, �� needed in the second method 248 

 in Sec. 2. 249 

 250 

 251 

 252 	��� = �14  ∨    �5    253 

�̅� ∨ �� �̅� ∨ �̅�

�� ∨ �� �̅� ∨ �� ��

��

1

1 1 ��

��
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 254 

Fig. 5. Conventional Karnaugh map for 	��� expressed by (3) in Sec. 255 

2. 256 

 257 

 258 ���, ��  = ℎ�	 ∨ ��ℎ� 

 259 

Fig. 6. Simplified natural map for ���, �� in Sec. 2. 260 

 261 

 262 

 263 

3. An Asymmetric Example Circuit 264 

This example was used by Bell [3] to demonstrate the power of his 265 

method and show how it is applied when the number of elements of  266 � differs from that of �. In the current example, these two numbers 267 

are  5 and 4, respectively, while they were 2 and 2 in the example of 268 

Section 2. Again, there is no side inputs �, and ���� is given by 269 

  270 ����� =  ��,       (14a) 271 

 272 ����� =  ����" ∨ �6�",      (14b) 273 

 274 �6��� =  ��������" ∨ ���6�  ∨  �������" ∨ �����6�,  (14c)  275 

 276 �"��� =  ���3 ∨  �4��1 ∨ ����,    (14d) 277 

 278 �9��� =  ��"����6 ∨ ����6�  ∨  ������6�",   (14e) 279 

 280 

���̅� ∨��1� ���̅� ∨ �̅��
�̅��̅� ∨��1� ���̅� ∨��1� ��

��
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and the required single output for the overall network C is 281 

 282 	��� =  ������  ∨  ��6���� ∨ �����" ∨ ���"�.   (15)  283 

 284 

 285 

The information supplied by ���� in (14) is equivalent to a single 286 

Boolean equation of the form 287 

 288 ���, �� =  ⋀ ��; ⊙ �;����9;<� = 1.   (16) 289 

 290 

The function ���, ��: !�= → !� is viewed as ����: !" → !, where 291 ! = %!���, ��, �6, �", �9� has 5 generators, 29 = 32 atoms, and  292 26� = 4,294,967,296 elements. The natural map for ���� is shown 293 

in Fig. 7. An entry in the cell � of this map is an atom of ! of the 294 

form ��@A���
 ��@B���

  �6@C���
  �"@D���

  �9@E���
. Since ����� = ��, the 295 

literal ��@A��� = ��FA  is  �� when �� = 1 and �̅� when �� = 0. For 296 

convenience, the map demonstrates the construction of �6@C���
 (as an 297 

example) by showing the loops of  �6��� in (14c), so that �6��� 298 

appears as �6 inside these loops and as �̅6 outside them. Out of the 32 299 

atoms of !, the atom �����̅6�"�̅9 has two appearances in Fig. 7, 300 

which are each appended by one of the orthonormal tags (� and (̅� in 301 

Fig. 8, for the auxiliary function, while the atom �̅��̅��̅6�̅"�̅9 has 302 

three appearances in Fig. 7, which are each ANDed with one of the 303 

orthonormal tags, (�, (̅�(6 and (̅�(̅6 in Fig. 8, where each of (�, (� 304 

and (6  ∈  !� [6, 16]. There are 11 other atoms with a single 305 

appearance in Fig. 7, which are each tagged by (1) in Fig. 8, while the 306 

remaining 19 atoms do not appear at all in Fig. 7, and must be 307 

nullified as a consistency condition and further entered don’t-care in 308 

the cells of Fig. 8. There are 2*3 = 6 particular solutions for �. Figure 309 

9 shows solutions for the � variables, their complements, and their 310 

products, culminating in a map for � = 	 where 	 is given by (15). 311 

Note that the three parameters  (�, (� and (6 disappeared from the 312 

final map for �, which makes � parametrically unique (albeit 313 

incompletely specified). The map for � in Fig. 9(G) is particularly 314 

covered by the two essential prime-implicant dotted loops �̅��" and  315 �̅��̅6 (shown solid). To complete the coverage of �, either of the 316 
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dotted non-essential loops ���̅"�̅9  or ���̅"�̅9 is needed. Hence, there 317 

are two minimal solutions of �. 318 

 319 � = �̅��" ∨ �̅��̅6 ∨ ���̅"�̅9,     (17a) 320 

 321 � = �̅��" ∨ �̅��̅6 ∨ ���̅"�̅9,     (17b) 322 

 323 

in agreement with the results of Bell [3]. 324 

 325 

Now, we consider the second method for this example. Figure 10 326 

represents the map for 	��� in (15), while Fig. 11 utilizes Fig. 7 (and 327 

its complement) together with Fig. 10 to produce a map for 	��, ��, 328 

which can be used to find a sneaky translator. However, we note that 329 

an honest translator is possible since none of the 32 atoms of 330 %!���, ��, �6, �", �9� has a mixed assertion in Fig. 11. In fact, there 331 

are 6 atoms that are asserted positively, 7 atoms that are asserted 332 

negatively, and 19 atoms asserted neither way. Hence � can be made 333 

an honest translator as a disjunction of the 6 positively asserted atoms 334 

and, possibly, any of the totally don’t-care (non-asserted) atoms. This 335 

precisely expresses � by the map in Fig. 9(G), thereby recovering our 336 

earlier results. 337 

 338 
 339 

 340 ���� 

 341 

�̅��̅��̅6�̅"�̅9 �̅��̅��̅6�̅"�9 �����6�̅"�9 �����6�̅"�̅9

�̅��̅��6�"�̅9 �̅��̅��̅6�̅"�̅9 ���̅��̅6�"�̅9 ���̅��6�"�̅9

�̅����6�"�̅9 �̅����6�̅"�9 �����̅6�"�̅9 �����̅6�"�̅9

�̅��̅��̅6�̅"�̅9 �̅��̅��6�̅"�̅9 �����6�"�9 �����̅6�"�9

��

�"

��

�6

������6

�������"

������"
�������6
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Fig. 7. The natural map for ���� in (16). Loops for �6��� are shown, 342 

inside which �6 appears and outside which �̅6 appears. 343 

 344 

 345 
 346 

 347 &��, '� 

 348 

Fig. 8. The auxiliary function used to derive the parametric solutions 349 

of ���� = 1 in Section 3. 350 
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 361 
 362 

 363 

Fig. 9. Solutions for the pertinent � variables, their complements and 364 

products in Section 3, culminating in a map for � = 	 as given by 365 

(15). 366 
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 367 
 368 

 369 	��� 

 370 

Fig. 10. Conventional Karnaugh map for 	��� expressed by (15) in Sec. 3. 371 

 372 

  373 
 374 ���, �� = 	� ∨  ���̅� 
 375 

Fig. 11. Natural map for ���, �� in Sec. 3. 376 

 377 

 378 
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4. A Circuit Example with Side Input 380 
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 381 

This example was solved earlier by Ledley [2] and Brown [4] and 382 

differs from the earlier two examples, since it has side inputs �. The 383 

example is specified by: 384 

 385 	��, �� =  ���� ∨  R�����6  ∨ R������6 ∨ ���,   (18) 386 

 387 

���� = S ����� ∨ ����6����� ∨ ����6���� ∨  ����6
T.      (19) 388 

 389 

We rewrite (19) in equational form as 390 

 391 

 ���, �� = ��� ⊙ ������ ∨ ����6����� ⊙ ������ ∨ ����6����6 ⊙392 ����� ∨  ����6�� = 1,    (20) 393 

 394 

and proceed to solve it for � in terms of �. In Figs (12a)-(12c), we 395 

draw maps of the factors in (19), and then AND them cell-wise to 396 

draw the natural map of � as a function of � over the big Boolean 397 

algebra %!���, ��, �6�. Figure 12(d) shows that four atoms of 398 %!���, ��, �6�, namely �̅��̅��̅6, �̅����̅6, �̅����6, and �̅��̅��6 appear 399 

once each, and two atoms, viz., ���̅��6, and �����̅6 appear twice 400 

each, while the remaining two atoms (�����6, and ���̅��̅6) never 401 

appear. This means that the consistency condition is   402 

 403 �����6 ∨ ���̅��̅6 = 0,       (21) 404 

 405 

and the number of particular solutions subject to that condition is 406 

(1)
4
*(2)

2
 = 4. The auxiliary function &��, '� is shown in Fig. 13 407 

where we used a parameter (� to create orthonormal tags {(�, (̅�} for 408 

the atom �����̅6, and an independent parameter   (� to create 409 

orthonormal tags {(�, (̅�} for the atom ���̅��6. From Fig. 13, we 410 

obtain the following expressions for the � variables and some of their 411 

complements 412 

 413 
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�� =  �̅��6 ∨ �����̅6(̅� ∨ ���̅��6(�  ∨ �������6 ∨ ���̅��̅6�, 414 

 (22a) 415 

 416 �� =  �̅��6 ∨ �̅��� ∨ �����̅6(�  ∨ �������6 ∨ ���̅��̅6�,  417 

 (22b) 418 

 419 �6 =  �̅��6 ∨ �����̅6(�  ∨ �������6 ∨ ���̅��̅6�,    420 

 (22c) 421 

 422 ��� =  �̅��̅��̅6 ∨ �����̅6(̅�  ∨ ���̅��6 ∨ �������6 ∨ ���̅��̅6�,423 

 (22d) 424 

 425 ��6 =  �̅��̅6 ∨ �̅��� ∨ �����̅6(̅�  ∨ �������6 ∨ ���̅��̅6�. 426 

 (22e) 427 

 428 

Finally, 	��, �� in (18) is replaced by ���, ��, using intelligent 429 

multiplication [28-34] 430 

 431 ���, �� =  �̅��6 ∨  R����̅��6 ∨  R���̅��� ∨ ���̅6�  ∨ �������6 ∨432 ���̅��̅6�.     (23) 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 

 448 

 449 
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 450 
 451 

(a) �� ⊙ ����� = �� ⊙ ������ ∨ ����6� 452 

 453 

 454 

 455 

(b) �� ⊙ ����� = �� ⊙ ������ ∨ ����6� 456 
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 458 

(c) �6 ⊙ �6��� = �6 ⊙ ����� ∨  ����6� 459 

 460 

 461 

 462 

(d) ���� 463 

Fig. 12. Gradual derivation of the natural map ���� of in Sec. 4. 464 

 465 

 466 

 467 

 468 &��, '� 
 469 

Fig. 13. The auxiliary function needed  in Sec. 4. 470 
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The function ���, �� is represented by the VEKM of Fig. 14, which 473 

can be read to yield the minimal expression (obtained earlier by 474 

Brown [4]) 475 

 476 ���, �� =  �̅��6  ∨ R��6  ∨ R���.     (24) 477 

 478 

Figure 14 can also be used to verify the non-minimal solution 479 

obtained by Ledley [2] 480 

 481 ���, �� =  �̅��6  ∨ R����̅�  ∨ R����̅6.    (25) 482 

 483 

Now, we consider the second method for this example. Figure 15 484 

represents a VEKM for 	��, �� in (18). When one utilizes Fig. 12(d) 485 

(and its complement) to produce a representation of � = 	� ∨ ���̅�, 486 

Fig. 16 is simply obtained. 487 

 488 

 489 ���, �� 

 490 

Fig. 14. A VEKM representation for ���, �� in Sec. 4. 491 

 492 
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 494 

 495 	��, �� 

 496 

Fig. 15. A VEKM representing 	��, �� in (18) of Sec. 4. 497 

 498 

 499 

 500 ���, �, �� = 	� ∨ ���̅� 

 501 

Fig. 16. A VEKM representing ���, �, �� in Sec. 4. 502 

 503 

with ���, �, �� viewed as ����: !6 → !, where 504 ! =  %!���, ��, �6, R�, R�� has 32 atoms. Again, none of these atoms 505 

(which can be viewed as the cell products of the 5-variable Karnaugh 506 

map in Fig. 17 has a mixed assertion. In fact, we are forced to enter a 507 
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single entry of 1 in 14 cells of the map in Fig. 17, to enter a unique 0 508 

entry in 10 cells of that map, and to leave 8 cells intact (presumably 509 

don’t-cares). This means that ���, �, �� can be represented by the map 510 

in Fig. 17 as ���, �� independently of  �, and it has the minimal 511 

coverage depicted by the three loops in Fig. 17 which corresponds to 512 

the expression (24). 513 

 514 

 515 

 516 

 517 ���, �� 

 518 

Fig. 17. A 5-variable Karnaugh map for admitting a representation of  519 ���, �, �� that is independent of �. 520 

 521 

 522 

5. Conclusions 523 

This paper is a part of our consolidated effort to modernize techniques 524 

for handling fundamental problems of digital circuit design. We 525 

devote this paper to handling what is called Type-2 problems, with 526 

our sister publication [6] dedicated to Type-3 problems. While our 527 
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treatment of Type-3 problems in [6] relied solely on equation-solving 528 

in big Boolean algebras, we considered herein a similar treatment for 529 

Type-2 problems, but we exposed it in comparison with another 530 

method [5] that adapts the input-domain constraining technique via 531 

utilization of variable-entered Karnaugh map (VEKMs) together with 532 

modern don’t-care notation. Our method used in [6] as well as our 533 

two methods employed herein outperform the conventional method 534 

both in speed and clarity. Our main concern herein is to decide which 535 

of our two novel competing methods in preferable. The answer seems 536 

to be a matter of personal taste convenience, and relative experience. 537 

There is definitely some similarity, interaction, and conceptual 538 

relationship between the two methods. We note that the Boolean-539 

equation-solving method produces parametric solutions that lead to 540 

several parametric solutions expressed in terms of a few parameters. 541 

However, these parameters disappeared later in the final stage of 542 

problem solving. Therefore, the Boolean-equation-solving method 543 

seems to involve certain unwarranted steps that might be possibly 544 

skipped. However, its utility is not restricted to type-2 problems, since 545 

it handles type-3 problems as well. In all the examples worked out 546 

herein, the two methods obtained exactly the same answers. These 547 

answers agreed with (or occasionally were more compact than) 548 

answers obtained conventionally. 549 
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