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Abstract

This paper suggests a new algorithm which minimizes the bit dimension of control memory
considering the flexibility for reprogramming in the microprogrammed digital systems,

The algorithm can not only minimize the bit dimension but also compensate the loss of
flexibility by giving a highest MOP the unique field in the process of bit minimization. Also,
programming the algorithm, that result and previous works are compared and reviewed. Then
the bit reduction and the improvement of flexibility are proved.
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V. RAM ¥ Lwsk

MOP
u-word m m my m Mg m, m; m,
1 1 0 1 0 1 ¢ 0O O
2 0O 1 06 0 1 0 0 0
3 0o 1 0 1 O 0 0 O
4 1 0 1 ¢ 0 0 0 1
5 1 0 0 0 1 ¢ 1 o0
6 1 0 0 1 0 1 0 O
7 o 1 0 0 O o0 O 1
8 0 0 0 0 1 1 0 o
9 o o0 0 0 O0 1 0 1
2%l 1. Dasgupta® ROM Model™
Fig. 1. Dasgutpa’s ROM mode] !

28 1ol 19E microword® Yeblz 13&
MOP< ueld k. Microwordol] 8% MOPo] #7E3}
o ‘172 FRela FESA ged “07R Brich

REER

InE B 1 2 3 4
W, 24 — — —
W, 9 6 3
W, 6 4 2 2
W, 6 4 4 4
W, 20 16 — -
W, 12 9 6 3
w, 2 0
W, 12 9 —

J&l 2. Dasgupta®] ROM model"™ ol o & MEEZE S
AR

Fig. 2. Computating result of weight function for
Dasgupta’s ROM model'"
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COVER YAELE

Y2 3 4 5 & 7 8 % 19
¢ 1 1 3 S 2 1 3 0 0
6 2 3 S 0 4 2 4.0 0 (a)
£ ¢ 4 5 6 ¢ 3 6 0o 0
¢ ¢ 0 o 0 0 4 o ¢ o0
o ¢ ¢ 5 & ¢ & O L 0
6 0o o ¢ 0 o 6 ¢ « ¢
SOLUTION COUVER TAKLE
£ 2 3 4 % 6 @ ¢ 10
o t 1 -5 5 4 1 5 ¢ @
o 0 4 0 & 0 4 0 0 0 (b)
[ I R T S A R - SR
[ R S Y T T S T B R
OFC 1y 13w I
OFC 1, 232 3
OF¢C 1, 33= 7
OFC 2y 1)= 4
gF 1 2y )= 5§ (c)
OFC 2y 3)= 8
OFC 3, )= o

ME= 3
81 3. (a) mE& B ESE cover table
(b) (a) o] 3§} solution cover table
{e) (b) ol 3t FF5R(L vIE
Fig. 3. (a) The cover table removed m,.
(b) The solution cover table for (a).
(¢) The encoded bit for (b),
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BE d&d
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3 et
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(EAH SR (FFRAL
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el vEw 8utt Fsgornz oA k],
25 %f78led 2+ MOP’ So| MEEme] HEMAE (2
222 277) Wb 713 2822 my& ROM modelsil
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aled #igk 3 ~Hik 95 ZiTebH 2349 BREE
dech

COVER TABLE

i 2 3 4 5 & 7 8 9 10
0t 1 3 o 2 1 S5 0 0
o 2 3 s o 4 2 o o o (a)
© 0 4 0 0 0 3 0 0 0
60 0 0 0 6 4 0 o o
¢ 6 0 0 0 0 5 0 0 0
60 0 0 9o o 0 0 o o
SOLUTION COVER TABLE
1t 2 3 4 5 & 7 8 9 10
o 1 1 35 o 4 1 5 o o (b
9 0 4 0 0 0 4 0 o0 0
0 0 ¢ 0 ¢ 0 S5 6 0 o0
o 0 0 0 0 0 o 0o o o
OF( 1, 1)= 2
OF( 1y 2)= 3
OF ¢ 1, 3= 6
oF¢ 20 1= 4 (c)
0F( 27 2= 7
OFC 2r 3+ 8
HE= 4

2l 4. (a) med B3 cover table

(b) (a) of] tH3l} solution cover table
(c) (b) ol o FFSHL w|E
a

Fig. 4. (a) The cover table removed ms.
(b) The solution cover table for (a).
(¢) The encoded bit for (b).

fmi}, {mgt, {m,, my, mgt, {m, m,, mgt (1)

(B A B (FF9%{L HRIK)

Bue®=14+1+2+2=6

@ v ERCL ZolsiA Agtermz 99 mMKE K
#5hm meo| FEAHBEBS 24 5l 0 EERER LR
B, & u]EME oleiet gk

imit, {mg}, {mg}, {m,, my;, mel, {m, m,t

ReEm-—-1+1+1+2+2=7

# el Zolsens  fikllel o wiE

1984%F 57 BTIEME $21% LIR
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dnejFol oY B#el M (13 2ok

Dasguta @] B8 cover 4 12lZ& 3 autonomy L1
gFo FHAA v ERe o2 2

Cover Y25 ;

{my, mg}, {my, mg, ms}, {m,,m,, my} (2)

e Elg=24+24+2=6

Autonomy %4 agZE ;

{mtb, {md, {met, {me}, {ms my/m,, m,}

EuEg= ¢4 +2 +1

(BHHEIK) (opset) (W] E ERH)
2% 7 cover Y 2)FS HESIH cover o
1 RS KR (2) & TS A EEE =
& A dnzEe BE (e L uEH 62
= Foll 2 weight® Z+& MOP m,, meof B
RS KBSl af¥to] Fo1eke o4 4+ Y. =

& ¢
ol

u
a ¥
[ 1

59
|

a+ n2 5 R

MOP

m m, m m m m m m m m,m,

¢ -word

1 11111100000
2 00100011100
3 1100000111 0
4 000100O0C1O001
5 00000101000

O35, Schwartz®] ROM model
Fig. 5. Schwartz’s ROM model.

S 1 2 3 4 5 6
BB
W, 6 14 — — — —
W, 16 14 12 — — —
W, 6 14 12 10 — —
W, 14 12 10 8 6 —
W, 5 5 4 3 2 1
W, 12 10 8 6 4 2
W, 3 2 2 2 1 1
W, 3 — — — — —
W, 12 10 8 6 4 4
W, 3 2 1 1 1
W.. 1 1 1 1 1

12| 6. Schwartz ROM model o w3l hniE el
GTEEER

Fig. 6. Computating result of weight function for
Schwartz’s ROM model




Microprogrammed tAg A 259 4§ otk & BIME

autonomy 4 22lF (3} HEEHH weight7l & M-
OP m,, myoll EHFHKE MEsI] nJ#ko] Fow
A autonomy ¢ rEFRr- v[EM 1A4E ] 29
T AEE % 4 Urh
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myE BrES A Jix) MOP’ Sof of § f3%L v
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COVER TAEBLE

1 2 3 4 5 & 7 8 % 10 i1
1 2 3 4 6 8 1 06 5 3 1
¢ o o 5 7 § 2 0 7 4 2
¢ 6 o o o o 4 o 9 & 3 (a)
¢ 0 o0 o o0 ¢ & O 0 8 &
¢ ¢ 6 ¢ o o 8 0 o 0 7
¢ © 9o o o o 9o 0o 0o o 8
¢ ¢ 0 ¢ &6 0o 9o 0 9o 0o %
s o o o © o ©0 o 0 0 0
S0LUTION COVER TABLE

i 2 % 4 5 & 7 B 9 10 1t
1 2 3 4 & 9 1 ¢ 9 3 1 (b)
2 0 0 o0 @& o 2 0 0o 4 2
¢ ¢ o6 ¢ o ¢ 4 6 0 & 3
6 ¢ o 0o 0o o 6 O 0 0 6
¢ ¢ ¢ ¢ o0 o & 6 o 0 9
6 o0 o o 0o o 2 0 0O o0 o

OF( 1y 1= |

OFC 2, 1= 2

DFC 3v 10= 3

OFC 4y Ly= 4

0FC Sy 13= 5

eFC S, 2= 7 ()

OGP Sr 3)=10

OFC 61 1)s &

GFC &y )= 9

oFC 6y 3r=11

HE= 8

2l 7. (a) my$ BRER cover table

(b) (a) o]] H3&t solution cover table
(¢) (b)oll Ng FFHHL W&
Fig. 7. (a) The cover table removed m,.
(b) The solution cover table for (a).
(c) The encoded bit for (b).
fmeb, {m}, {m, {mt, im}, {ms, my, myl,

{mh mg, mu>
£ oEl=-9
m< BEY Sle 28 83 o

{m}, {mi}, {my}, {mgt, {m,, my, myof, {ms, m,,

myt,  {me
B uoEK=-9
m< BrE SlE oy 99 et

COVER TARLE
1z 3 4 5 & 7 8 9 10 11
¢ 1 2 3 5 7 1 0 4 2 1
6 0 o 4 & 8 3 0 & 3 2 (a)
6 06 ¢ 0 0 0 5 0 B 5 5
o 0 9o o @ o 7 0 0 7 &
o 6 ¢ o0 o 0o 0 0 0o 0 7
o 0 o o0 0 0 O 0 o o 8
G 6 0 © ¢ 0 & 0 0 0 ©
SOLUTION COVER TABLE
2 3 4 5 & 7 8 9% 10 1l

¢ 1t 2 3 & 7 1 0 & 2 1
© 6 o 0o 0 o 3 0 o 3 2 (b)
9 6 o 6 ¢ 0 7 0 0 7 &
@ 0 0o 0o 0 0o @ 0 0o 0 7
3 0 0 o0 0 o0 o o 6 0 9

OF 1, 1)= 2

OF( 2y 1)= 3

OF( 3, 1)= 4

0F( 35 2= 7

OFC 3, 3)=10

DFC 4y 1i= 5

0FC 4y D)= (e)

0FC 45 31=11

OFC Sr 13= &

HE= 7

% 8. (a) m& BRZEEl cover table
(b) (a) o] tHE} solution cover table
{c) (bhol] THE FFHRML W] E

Fig. 8. (a) The cover table removed m,.
(b) The solution cover table for (a).
(c) The encoded bit for (b).

COVER TAERLE

{2z 3 4 5 & 7 8 9 10 11
6 6 1 2 4 6 2 0 3 1 1
o o o 3 5 7 4 o s 2 4 (a)
6 6 ©o 0 o 0 & 0 7 4 5
6o 6 o0 0 0 o O o0 0 o6 b
6 o o 0 0 0o 0 0 o 0 7
o 0o ¢ 0 06 0 0 0 0 90 0
SOLUTION COVER TAELE
1 2 3 4 5 & 7 s 10 11
r

0 o 1 2 5 & 2 o 5 1 1
S S-S S S L)
0 0 o6 0 0 6 0 0 0 & &
0 0 o6 0 0 6 o 0 6 0 o
6 6 ¢ 6 6 0 0 0 0 6 o

DFC 1y 1= 3

OFC 2y 1)= 4

OF( 2y 2)= 7

DFC 2 3)=10

pEC 3 1= 5 (c)

0FS 3y 2)= 9

DFC 3, 3)=1d

aFC 4y 1= 6

MR-~ &

{mpb, {mi}, {mg, {mg}, {m, my, me}, {ms, my, mal, 39, (a) myE BRERE cover table

{mg} (b) (a)ol] =H3} solution cover table
2 uEm=9 (c) (b) o] cHgk AFBRfL w]=
meg KREY Bl 23 103 2o Fig. 9. (a) The cover table removed m,.

meS BrEE E58 essential MCCo} fE7ESHAl 9o

B2 cover tabled} solution cover table2 [A]—3}el,

(b) The solution cover table for (a).
(¢) The encoded bit for (b).
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COVER TARLE
1 2 3 4 s & 7 8 9% 10 i1
o ¢ © 1 3 5 1 0 2 1 3
A A S - S Y
2 ¢ o6 o0 0 o 0o 0 0o ©° &
¢ o ¢ 6 &6 G ¢ o0 0 & &
OPC 1y 1= 4
OFC 1y 2)= 7
OFC 1y 3)=10
DFC 2y 1)= 5
C)Ji: 25 2= 9 (b)
0FC 2+ 3)=11
OF( 3y 1= 4
HE= S
3810, (a) myE B3 cover table
(b) (a) o] H3F FFBHL wIE
Fig. 10. (a) The cover table removed m,,
(b} The encoded bit.
{ml}. <ml}v <mz>, {m,}, {m4m7mw}, {mj, m,, mu).
{ml}
®uEM=1 9

mE KES SH8v 28] 119 2

COVER TABLE

1 2z 3 4 5 6 7 8 9 10 11
o o o o ¢ 3 1 0o 2 1 1
0 0 0 0 2 4 3 0 a4 3 2 ()
6 0 © o0 0 0 0 o o o 3
o 0o 9 © 0 0 0 0 0 0 4
o ¢ © 0o 0 0 o 0 0 0 0

OF( 1) 1= 5

OFC 1, 2)= 9

oF( 1r 3)=1t1

OF( 2y t)= 6

iz s ®

oF( 2y 3)=10

MB= 4
3N, (@) mE BREF cover table

{b) (a) o] cHE FFRUE ®IE

Fig.11. (a) The cover table removed m,

(b) The encoded bit for (a).

mS BE3 HBAT essential MCCol #TESIA &
0 v 2 cover table?} solution cover table2 [Rl—3}

.

{mg}, {m,}, {m,t, {meb, {mi}, {ms, my, mu}, {ms,
m,, myt (1)
v Em=9

meS BrEY AE & slEfUl 100]z2 wlER §]
AR F£R (1) 5 RéES Bz Iy

Cover @ 3n2F;

{my}, {ms}, {ms}, {m,,m;, my}, {ms, mgt, {mg, my,my}

R oEk=-9

Autonomy 32| ;

1984 SH BTYIHEE H20% HIN

{m}, {mg, {my}, {m}, {mg}, {m,, my, my/m,, me,my,}

By Ef~9 (vE REBEFEE~1)
Schwartz ROM modelol] tiaiA & dxneldFe &R
8} cover ¥i2lE, autonomy Ui 2|F 2} v st v
E §Adde 3 dngFel B— KBRE A%
o} cover ¢n|F ke ATfo] MAsI S S
+ Ak

N.&®& K

A B HE EE BRBRoZ #AAFIHA
W E el k3 Ao LS BAMoZ phEE
4 e MEs dnES #Wrsksdch

dAel gl A el wkel 3ol cover U neF 9
mRel ATt H%kS MHSIL =4 autonomy %
nEFeoes vE B EbE SRS Jebdc

1) Schwartz2] ROM =% =}

2) Dasguta®] ROM modelell tHa] & ol RE
3k dze]Fol HAAA cover daElF "al autonomy
du|FHE HES K Dol iy 3@ o
nE]Fe] v|E MW A F-—3 KRS 7 go
w} cover A mE|F Rk A[#MEe] HESSUC 2)q
th#l 4+ autonomy Y 1e]EF wrohs w]E #Fo] &
M 519 ot cover dnalFuoh: a[Eo] HEs
o3 = FFEEEe BE MAAZ deld kda
2|52 Ha mlolazze aal oxw Al AW #HH
A7l A9 cover dnelF 3 autonomy UdnF
B} v E Bob oS w ® Aol BAEse =3 A
wyfol o] HEBI
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