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A Performance Evaluation of Circuit Minimization Algorithms for
Mentorship Education of Informatics Gifted Secondary Students

Hyung-Bong Lee' - Ki-Hyeon Kwon™

ABSTRACT

This paper devises a performance improvement and evaluation process of circuit minimization algorithms for mentorship education
of distinguished informatics gifted secondary students. In the process, students learn that there are several alternative equivalent
circuits for a target function and recognize the necessity for formalized circuit minimization methods. Firstly, they come at the concept
of circuit minimization principle from Karnaugh Map which is a manual methodology. Secondly, they explore Quine-McCluskey
algorithm which is a computational methodology. Quine-McCluskey algorithm’s time complexity is high because it uses set operations.
To improve the performance of Quine-McCluskey algorithm, we encourage them to adopt a bit-wise data structure instead of integer
array for sets. They will eventually see that the performance achievement is about 36%. The ultimate goal of the process is to
enlarge gifted students’ interest and integrated knowledge about computer science encompassing electronic switches, logic gates, logic

circuits, programming languages, data structures and algorithms.
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Fig. 1. Concept of the Bit-wise Adder
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Table 1. Prime Implicants for Boolean Function (5)
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(3270 | i(6,7) i(6,14) i(7.15) i(89) i(810) i(812) i(9,11) i(9,13)
i(10,11) i(10,14) i(11,15) i(12,13) i(12,14) i(1315) i(14,15)

i(0.1.2.3) 1(04.8,12) 1(01.45) i(0.24,6) 1(0,1,89) i(0,2810)
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Table 4. Trend of Candidate Prime Implicants Number
A= A 1 g xg 3
A [ [ 23 [ 33 [ 4% [ 53 [ 64 [ 74 | 7
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Fig. 5. Graphic Chart for Table 4
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QM 21gE 78S Y3 F2 72 ZEAAE F 1Y
of digt FHFNEF) F3817](gm_union_set()), L3
go1x] A =23}7] (qm_is_equal()), x“(LHﬁf‘L %) 7ted
AA A A =Z8}7) (qmiis_reductable()) Fo]i, TD &g
FAME FEAE BAAA Z11510}7](td_1s_subset()) o
th ol ZIAAE WA Ui EA Ik HF A
Z2 Y3 F=E Fig. 6] Bt} o] 2o RRE T F
A O(n)o]

Aol BRI qm uniont()¥} gm_is_reductable()-<
_is_equlaO#} td_is_subsetO& O()US & 4 9lrh.

typedef struct set_array {
int e[MAX_ELEMENTS]; // array of elements
int n; // number of elements

} SET_ARR;

void qm_union(SET_ARR *d, SET_ARR *s)
{

int i;
for (i =0; i < s—>size; it+t)
d->e[d->ntt] = s—>e[s—>n + i];

)
int gm_is_equal (SET_ARR *s1, SET_ARR #s2)
{

int 1, j;
if (sl->n != s2->n) return 0; // false
for (i =05 i <sl=>n; i++) {
for (j =0; j < s2->n; j++)
if (sl=>eli] == s2->e[j]) break;
if (j >= s2->n) return 0; // false

return 1; // true

i
int gm_is_reductable(SET_ARR #s1, SET_ARR *s2)
{

int i, el, e2, mskl, msk2;
if (sl->n != s2->n) return 0; // false
el = s1->e[0], e2 = s2->e[0];
for (i =1,; mskl = msk2 = 0; 1 < sl->n; i++)
mskl |= el™sl->e[i], msk2 |= e2”s2->e[i];
if (mskl == msk2) {
el & ~mskl, e2 & ~msk2;
if (n_of_bit_withl(el ™ e2) == 1)
return 1; // true

return 0; // false

i
int td_is_subset (SET_ARR #p, SET_ARR *c)
{

int i, j;
if (p=>n <= c—>n) return 0; // flase
for (i =0; i <c—>n; ith) {
for (j =0; j <p=>n; j+t)
if (c=>eli] == p—>elj]) break;
if (j >= p—>n) return 0; // false

return 1; // true

i
int n_of_bit_withl(int m)
{

int i, cnt;

for (i = cnt = 0; i < MAX_BITS; it++, v >>= 1)
if (m & 0x01) cnttt;

return cnt;

Fig 6. Implemented C Code Using General Set Structure
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ZHA R (10, 112 1012 ot 9= HEE 000120] Atk =, FEJT #A WEFEo] EAA ¥E W
th o5 F UXEFo] %< 7h5ely] YA e ddE HE Hlal 9991 HHe yxgs Mes) TD dauelsey &
Aqelo] AAelw oflt BB AeF yux Huda o  AAL AT BsAz A%E Fig 8ol Bk w3,
2 & ztgle] HEY g2y Eoh 3 n_of bit_withl() = #HA9 718 YExgs dedel oA TD g Folre
Az Azl U AW $7 EQF WE Qoo AL A
getty gov g3 WE 457 52 s MYse
typedef struct set_bit { _ L o - =
int e, w; // first element & wild bits Aol AAl F=2 FHasle] Tgo] dr) olE& £} Table 5
int n; // number of implied elements o YE FEoA TD LxeZe oatd 7|2 E3 Dt
} SET_BIT; L
@ F oz A& Adsr AT =8 AloE & 1Y
‘{/Old qm_umon(SET_BIT *d, SET_NEW *s, 1nt W) S}Ud LH:lj_ -]_5[17]_ b:‘L:TO_‘ ®_% }1‘1%:5}];;% 7]1}\\1510_101: ?:’_l_]:}
d=>w = w, d=>n *= 2;
} while (F 1= @)
int qm_is_equal (SET_BIT #s1, SET_NEW #s2) {
{ if (n_of_minterms_with_frequencyl() > 0)
if (sl->w == s2->w & select_all_prime_implicants_of_the_minterms();
sl->e & ~sl=>w == s2->¢ & ~s2->w ) if (n_of_subset_prime_implicants() > 0)
return 1; // true remove_all_subset_prime_implicants();
return 0; // false else
' select_best_prime_implicants();
int gqm_is_reductable(SET_BIT #s1, SET_NEW #s2) '
t it w: Fig. 8. Proposed Algorithm for Essential Prime Implicants
if (sl->w == s2->w) {
w = sl->e & ~sl>w ~ s2>e & ~s2->w; Table 5. An Example for the Best Selection Procedure
if (n_of_bit_withl(w) == 1) T
) return s=>w | w; // true, return new wild 7] & 7z HArd Ar| A
sz 3k 2 | =
return 0; // flase HEd 0/2]3/4]5/6]7|8]9]7 |5
+ i024,6) .. D | o 1|V
int td_is_subset(SET_BIT #p, SET_NEW #c) 108) ... @ o 1
{ WE H= 2 x| x| x|x|x|x]|x]|x

if (p=>n >= c—>n &
(p~>e |c>e) == p—>e) return 1; // true
return 0; // false

} 4. Quine-McCluskey(QM) 22|15 M8 U T}
int Nof1[]={0,1,1,2,1,2,2,3,1,2,2,3,2,3,3,4, /+~0x0f */
1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, /+~0x1f %/ 41 AlE ub
1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, /+~0x2f %/ S EE o
2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, /+0x3f */ 1) A3 dlojg]
1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, /+~0x4f #/ i i i
2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, /+~0x5f */ g2 d" MUt el & g s ME tgE
2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, /+-0x6f */ 0)el =malo] Zomi on oltl o] o A= o
3,4,4,5,4,5,5,6,4,5,5,6,5,6,6,7, /#0x7f */}; HE 28l F5E 27l o] dPelME ol 4,5, 6
int n_of_one_mask(int m) A u) ZZoll tisle] HE AAE 655367142 HolHE
return(Nof1[m]); 18] 8}E, nol 4¢ vl EE F9E ¥sRE St

. . 2) daels 9
Fig. 7. Implemented C Code Using the Proposed ) ) .,
Bit Based Set Structure “QM"& Quine-McCluskey 7|2 ¢g]&E, “TD"= [15]
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Table 6. Stepl Performance of the 4 Algorithms(unit:s)

A= QM TD
7](n) ARR WMS ARR BMS
4 235 | 222 2,98 2.29
5 548 P487 851 547
6 18.01 ', 1161,° 29.04 15.73
Table 7. Step! Rank Frequency of the 4 Algorithms
WS el QM TD
(m | © ARR WMS _ ARR BMS
1 28712 | 4 5792501 73 22,670
A 2 22,537 76,885 462 24,999
3 14,282 725 2,084 17,759
4 5 P! 62,917 108
1 2002 [ 4 64907+ 0 1,583
5 2 46,930 GE 0 30,518
3 16,554 11 0 33,435
4 0 ... 0 65,536 0
1 0] ¢ 65530 0 2
6 2 58 ! 0 65,515
3 65,478 0 0 19
4 0 0 65,536 0
Table 8. Step? Performance of the 2 Algorithms
DEEES Time(S) Error rate(%)
=7](n) TD_ARR | TD_BMS | TD_ARR | TD_BMS
4 3.05 2.93 15 0
5 9.06 855 47 0
6 3550 30.58 14.1 0
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Table 9. A Sample Syllabus including Circuit Minimization
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