Chuwong 3: Téng hop mach 2 mic

> Téi gian dai s& Bool mach 2 mirc
» Phwong phap Quine-McCluskey
‘B" > Luat suy dién 2 mirc (Two-Level Tautology)
» Bu (complementation)
» Phuwong phap tdi gidn chinh xac (Exact Minization)
> Phwong phap tbi gian téi wu (Heuristic Minimization)

o Phuwong phap Quine-McCluskey

» Cac budrc thwe hién
— Sinh Prime Implicant
— Thanh Iap bang Prime Implicant
— Tim Essential Prime Implicant
— Tim Dominated Column
— Tim Dominating Row

— Téi wu cac Dominated Comlumn va cac
dominating Row.

— Tém tat quy trinh

'Pm.
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T6i gidn dai s6 Bool mach 2 mirc

* Two-level Boolean minimization dwoc st
dung dé tim dang téng cac tich (sum-of-
products) cho ham s6 Bool d6 la téi wu theo
maot ham chi phi cho trudc.

« 2 budc trong qua trinh tbi gian la:

— Sinh tap prime implicant
— Chon tap mot tap prime implicant téi thiéu

”

Sinh Prime Implicant
Liét ké tap cac minterm ctia ham E
(biéu dién & dang céac sb nhj phan). 0 0000 0, 8 000

» Tron cac cap minterm. Cac cap 5 0101 5 7 011 D
minterm chi khac nhau 1 bit dé tao 701 7,15 11 c
thanh 1 cube. 8 1000 8, 9 100_%

+ Tiép tuc tron cac cap cube thanh 9 1001 8,10 10 0%
mét cube méi cho dén khi khong 1o 1010 9,11 10_1x
thé tr6n tié 1 101 10,11 101_%

© ron tep. 14 1110 10,14 1_10%

» Danh dau cac cube da duoc tron 15 1111 11,15 1 _11%

. T@p cac cube khdng dwgc danh 14,15 111_x
dau la tap prime implicant cla
ham. B

+ Trong truong hop ham khong day 8,9, 10, 11 10__
du thi cac minterm sé bao gom 10,11, 14,15 11 A
trong cé tap ON-set va DC-set clia




Bang Prime Implicant

» Cac hang cua bang la AB CDE
cac minterm (& dang 0000 X
hi phan) o -
n : p 0111 X X
» Cac cbt la cac prime 1000 X X
implicant 1001 X
, X wm > ~ 1010 X X
* Danh dau “x” @ nhirng o x %
noi giao nhau gitra 110 X
hang va c6t néu cac " ox o x
prime implicant chira
cac minterm
o
I Losic syntnesis I
Dominated Columns
« Néu Khéng c6 AB CDEFGH
Essential Prime 0000 X X
implicant. 0001 X X
« Chon mot cot: gia str oot XX
|éA 0111 X X
1000 X
* Rat gon A va cac hang 1010 "
duwoc chira boi A 110 N
(hang 0 va 1) 1111 X X
™

« Co6t ma co6 hang chi chra 1
dau “X” l1a essential prime
implicant.

implicant
+ Essentical prime

biéu thire tdi gidn

» Cac prime duwgc chon: A,
B,D, E

8K
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* Vi du: E la essential prime

implicant phai cé mat trong

0000
0101
0111
1000
1001
1010
1011
1110
1111

A

xX X X X

Essential Prime Implicant

B

X X X X

* M6t cot U dwoe goi la
dominate cot V néu
cot U chira tat ca cac
hang co trong V.

* Vidu:

— Co6t B dominated (C)
— Co6t H dominated (G)

+ Chung ta c6 thé b di
cac c6t dominated
ma khéng anh hwéng
dén két qua rut gon

lwm 1
u Logic Synthesis

Dominated Columns

0101
0111
1000
1010
1110
1111

0101
0111
1000
1010
1110
1111




Dominated Columns

» Chon Cva G, do day la
cap Relatively Essential
Prime Implicant
. Chon E 0101
« Kétquaf={A, C, E, G} o1
« Vi viéc chon ngéu nhién A 1000
ban dau nén két qua 1010
khdng déan tin cay. 1110
« Can phai thuc hién viéc 111 X X
backtrack va bd A khoi
bang, tiép tuc thuwc hién
+ Mot két qua khac f = {B,
D, F, H}

xX X 0O
x lw)
m
-
®

BK

Tom tat

» Cac buéece thue hién

— Xay dwng bang prime implicant

— Xo6a nhirng cét dominated va nhirng hang dominating

— Tim hét nhirng essential prime. Bwa ching vao tap lya
chon

— Néu tap lwa chon cac prime nay lon hon hoac bang 161 gidi
tot nhat thi dirng lai.

— Chon mét prime mét cach téi wu

— Thém prime vao tap lwa chon va quay tré lai véi bang da
duwoc toi gian tlr viéc chon prime.

— Loai primQ do ra khai tap lwa chon va quay tré lai véi bang
da duoc tdi gidn nay dé thwc hién lai quy trinh.

]

Dominating Rows

* Hang i ctia bang prime implicant bEFRGC
dwoc goi la dominate mot hang | 0101
khac néu i co x tai tAt ca nhivng cot 0111 X X
ma trong d6 j dwoc danh déu x 1000
+ Ta co thé lvot bd nhivng cot 1010 X X
dominating 1110 X X
e Vidu: 1111 X X
— Hang 0111 dominate hang 0101
— Hang 1010 dominate hang 1000 ¢c b EFG
0101
1000 X
1110 X X
1111 X X
Q Logic Synthesis _

L
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Luat suy dién 2 mirc - Tautology

+ Ham f |4 tautology néu va chi néu tap ON-set cua f
la tap v tryu. Ky hiéu f =1

* f(x) =1, VxeB" < 1

* Ham f dwoc goi la monotone increasing
(decreasing) theo bién x; néu viéc chuyén x, tir 0 1én
1 1am cho f chuyén tir 0 1&én 1 ho&c gilr nguyén gia tri
(1 xudng 0 ho&c gilr nguyén)




dce
Ham Unate

* Ham f la unate theo x; néu né monotone increasing
hoac monotone decreasing theo x;
* Vidu:
— f =x,-X, +X, - X, monotone increasing theo x, va x; va
monotone decreasing theo x, - f unate
— f=x-X,+X X, , fla nonunate (binate) theo x, va x,

BK
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 dce
Ham Unate

* Dinh ly: M6t unate cover la mét tautology
néu va chi néu cover dé chira mét hang toan
x (hay _)

* Dinh ly: Cho mét cover C cua ham f. Gia st
cac hang va cot cia f dwoc sap xép nhw sau:

)

V&i T la mét khéi tat ca x (hay ). Gia st A
khong tautology thi f tautology khi va chi khi
g D latautology

e
u Logic Synthesis

dcel
Ham Unate

» Cho mét cover cia mot ham f néu mot bién x; 1a _
hoac 1 (_ hoac 0) trong tat ca cac cube clia cover
do thi f unate theo x

* Vidu:
— f =x.-X, +X,-X,, f unate v&i tat ca cac x,, x,, X3 do cover
C={10_, 01}

— f=Xx% X +X,,cocover C={110, _0_}cox,la1vao,
vi vay ma f khong unate theo x,

« Kiém tra tinh unate ctia mot ham théng qua tap
cover |a mot cach kiém tra kha dé dang.

« M6t unate cover néu f unate trén tat ca cac bién.

[ o]

8K

dcel
Ham Unate

« Hé qua: LAy U la tap cac cot unate trong mot
cover C. Sap xép C cac cot U trwde va cac
cOt B sau:

C=(U B)
Néu U khéng cé hang nao chira toan x (hay )
thi f khéng tautology

lwm 1
u Logic Synthesis




o Tautology

» Quy trinh xac dinh tinh tautology cua ham f:
Tautology(F){
T = SPECIAL_CASE(F);
if(T=-1) (T, F) = UNATE_REDUCTION(F);
if(T=-1) (T, F) = COMP_REDUCTION(F);
if(T = -1) return(T);
j = BINATE_INPUT_SELECT(F);
if(TAUTOLOGY (F,) = 0) return(T=0);
if(TAUTOLOGY (F,;) = 0) return(T=0);
Return (T =1);

}
=
D oo symnesi
 dce R
Bu
« Bu cta ham f dwoc ky hiéu l1a: f
Tox T %1,
Néu F 1a monotone increasing theo X; thi:
f=xfo+f,
Néu F Ia monotone decreasing theo x; thi:
f=xf, +f
[

| dce
Tautology
« DBinh ly: f c6 ma trén nhw hinh sau:
A D .. D
M, D A .. D
D D .. A

Vé&i D 1a mot khdi toan x. M, la mot tautology khi va chi khi cé
k,v6i1<k<P,maA,z1

N
u Logic Synthesis n
lol!-ﬂ B <
u
* Quy trinh tinh bu:
COMPLEMENT(F){
if (row of all 2’s) return(¢);
if (F is a unate cover in all variables)
return(UNATE_COMPLEMENT(F));
¢ =first cube in F;
for(i=1; i< N; i=i+1)}
if(c[i] not equal to d[i] for any cube deF) cli]=2;
}
R = UNATE_COMPLEMENT(c);
F=F,;
j = BINATE_INPUT_SELECT(F);
R =R U (x. COMPLEMENT(F,));
R =R u (x;. COMPLEMENT(F,,));
Return(R);
o~ }
u Logic Synthesis n




B vi du

* Cho ham f v&i tap
cover

* X, chtra toan 1 vi vay
maR=_0__ _

* F, duwoc thugontw F

BK
g Logic Synthesis

B vi du

* F'yox3 (Str dung cdng

thirc unate
complement)

» Suyra F'y,
« Suy ra F’ bang céach
tron F'y, va X',

'Pm.
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F’XZX’3
X, X4 Xs

0o 0

X4

Xs X4 Xs

1
1
0

0
0
0

1
0
0

B vi du

« Chon bién binate x,.
Ta co Fy,x3 Va Fyoxs
to Fy,

« Chon bién binate x.
Ta co Fy, xsxs Va
FX2.X3X’5 tu’ FX2X3

* Suy ra F'yoxs

8K
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FXZXS
X, X4 Xs

FX2X3X5
X, Xq

1

F X2X3

FX2X'3
Xi X4 Xs

FXZXSX'S
X, X,
’

X, X4 Xs

0
0

1
0

E=Recursive Complement

Operation
Theorem: f_:x-f_X+Y- f_Y
g=xf+xF
Proof: f=x-f+x-f
f.q = _
J 0}:>g:f
f+g=1
"




COMPLEMENT Operation

Algorithm COMPLEMENT (List_of _Cubes C) {

if(C contains single cube c) {
C,.. = complement_cube(c) // generate one cube per
return C,.q // literal I in ¢ with M

}

else {
x; = SELECT_VARIABLE(C)
C,= COMPLEMENT(COFACTOR(C,x)) U *x;
C,=COMPLEMENT(COFACTOR(C,x)) U x;
return OR(C,,C,)

mRecursive Complement — example
(split)

NN = T
N =N 0

a
F } F=ab+ac+a
binate °

2

Fa=1[222] [212} Fa
Fli=g 22 Gnate
TN
Fap=c [221] 222 =
[221] Fab =1
Fap= o

EERecursive Complement — termination
rules

e The cover F is void: F=1.
e F" has a row of all 2's (dc's): F=1
F=0

e F has single row with one 0 or 1 at z:
F=zr or T

e There is a column x of all 1's: F =xzF,
F=z+F,

e There is a column x of all 0's: F =zF;,

F=z+F;

If cover is positive (negative) unate at z, use
F=TF,+7F; (or F=xF,+Fy)

mRecursive Complement — example
(merge)

binate {

[

bc
12 = ah'e
51 ab'c
22

\ Fa=Fap + b By

Fa [ 1 2} = b
221
unate

Fy=4 V \)
B

224 Fap =1

O = =

Fab =2
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i Phwong phap téi gian chinh xac

« Céc han ché clia phwong phap Quine-

McCluskey:

— Viéc sinh cac prime bat nguén tr mét tap twdng
tan cac minterm trong tdp ON-set va DC-set cua
ham

— Cac minterm duoc kiém tra theo tirng c&p, hau
hét Ia khéng thé thyc hién duoc

— Phuong phap covering khéng st dung bat ky mét
bounding strategy nao.

« ESPRESSO-EXACT sinh ra tat ca cac prime
implicant cia ham (& dang sum-of-product).

d Sinh Prime Implicant

« Cap bién (r')% va (r)’,
—Cégiatrila0va 1 néubiénjtrongcuberila0
—Co giatrila 1 va 0 néu bién j trong cube ri la 1
—Cégiatrila1va1néubiénjtrongcuberila
» V&i mét bién x,, cube r' va mé rong clia ¢
duworc la disjoint theo X; Khi:

G, =(r")c]+(r');c; =0

G; z((ri)? @Xﬁ@)ﬂ

4 Sinh Prime Implicant

* M& réng (Expanding) mét cube nghia la
— Pua céc literals 0 hodc 1 & phan ngd nhap cua
mot cube [én |, hoac
— Pra literal 0 trong phan ngd xuét ctia mot cube
[én 1.
» C%la mét bién Bool ma bién j ctia cube ¢
dwoc dwa tr 0 Ién
» C, 1a mot bién Bool ma bién j ctia cube C
duwoc dwa tr 11én _

Q Logic Synthesis n
Sinh Prime Implicant
« Ri va c la disjoint néu né disjoint & mét xj nao
dé: \
H, =Uleij =1
j=
* M& réng cua c la disjoint tr R chi khi n6
disjoint v&i tat ca cac cube ri R:
R
I =(H, =1
» Suy ra: i1
RN —5 —\7Tv —
| = U((r')j +c?j((r')lj +c}j=1
i=1 j=1
”~
u Logic Synthesis —




o N O O

©

11
14
15

”

Vi du

« Cho ham f gdm céac implicant
- Tap OFF-Set R ctia f 1a R={001_, 00_1, 01_0,
110_}

0000

0101 C11+C$+C§ w = T o0 -
o — — — ~C+C,+CC, 1Al | A1A0 | (0.1 Al
000 G achecd | CIC; +C1Cy +C/CyCy
o1 o T, 000
1010 ol 40 4 ¢t l _ +C,C4C, +C,C5C,

1 2 4 0.1 1.1 0 1.1
o1 - °  * —CC,+CC;+C, +C5C,
1110 0, A0 , A1 [ b
11 G TG G

So sanh két qua voi
phuwong phap
trwoc (slide 4)

mes) {1-1-10--,01-1,-111,-000}

Logic Synthesis

lnnl

Rut gon bang Prime Implicant

* V&i c la mét cube thube F
—c¢ € E, néu Q U D - c khéng chira c.
—ceR. néuQuD-cchrac.
« Er s& ndm trong moi cover ctia ham f
* Rr sé duoc chia thanh 2 tap
— R, tap du thira toan phan (totally)
— R, tap dw thira ban phan (partially)
* V&i c la mdt cube thubc Rr
—c e R néuE, uDchuac.
—c € R néu E, U D khoéng chira c.

Logic Synthesis

Rut gon bang Prime Implicant

« Biéu dién ham f dwdi dang céac tap:
— ON-set: F
—DC-set: D
— OFF-set: R
« Goi Q: tAp cac prime implicant cho ham f can
phai tbi thiéu hoa.
» Chia Q thanh 2 tap:
— Relatively essential: E,
— Relatively redundant: R,

8K
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Rut gon bang Prime Implicant

« R,:c6 thé loai bé hoan toan
» R,: mét phan sé thudc cover i thiéu clia f
« XétH=E,UR, —c, véic e R,

lwm 1
u Logic Synthesis




s Rut gon bang Prime Implicant

* Vidu
Q={0_1_,_01_,01__,10__,_101,1_01}
> E={01__,10__}

R,={0_1_,_01_, _101,1_01}

* Ganc=0_1_€eR,

H=E UR,-c={01__,10__,_01_,_101,1_01}
Ta tinh H_ bang cach tinh H,. 5
H,.={1__,01_, 101}

>H,=H,;,={1_,0_} (la mét tautology trén x, va x,)

Cac cube twvongrngla 01__ e E,va _01_e R,

BK

= Rut gon bang Prime Implicant

* Thémcube O _1_vao Er,tacod
E.={01__,10__,0_1_}
R,={_01_,_101,1_01}

Ganc=_01_
> H.={0_,1_} (trén x, va x,)
Céac cube twong tng 0_1_va 10_ _< Erbj bd qua

'Pm.
u Logic Synthesis

# Rut gon bang Prime Implicant

* X, la mét bién binate va cac Hc twong ing vdi x, va x,’

* cube 1_Ungvoi01__ € E, > bd qua

« Thém 1 hang vao bang cac prime implicant (rng vé&i c.x,’

(001_)
- Hang nay bi chira b&icva _01_
0 1 01 101 101
001_ X X
N

u Logic Synthesis n
 dce

¥ Rut gon bang Prime Implicant

* Thém cube _01_vao E, tacéd
E.={01__,10__,0_1_,_01_}
R,={_101,1_01}

« Ganc=_101

> H,={0,1} (trénx1)
Cac cube twong trng
* 01__e E, bibd qua

+_101eR,
Thém 1 hang vao bang cac prime implicant (rng v&i c.x1
(1101)
o_1_ _01_ _101 101
001_ X X
. 1101 X X
ﬂ Logic Synthesis




Phwong phap tdi gian téi wu

* Hai loai chinh:

— Céc phwong phép t6i wu ma theo chién luoc
exact minimizer nhung khong can thiét sinh toan
bd tap cac prime implicant va giai quyét van de
covering mét cach t6i wu

— Céac phwong phap téi wu dwa trén mé rong |&p,
giam (reduction), va reshaping cac implicant trong
mot cover

BK
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T6i wu dwa trén Exact Minimization

e Vidu:

— Néu mot cube ¢ ¢6 1 tai vi tri j thi ta thiét 1ap bién C 1a 0 trong biéu

thirc | (xem slide 27).

— Néu mét cube ¢ c6 _ tai vi tri j thi ta thiét 1ap ca ¢ va c'; 1a 0 trong biéu
thire |
Cac prime implicant cta | sé twong trng véi cac prime implicant clia
ham f
Cac prime implicant cq thé dwoc sinh ma chira mét tap hop cac cube
dwoc chon mot cach toi wu trong cover clia ham f
Giai thuat covering tdi wu (ma khong quay lui) ¢é thé dwoc st dung
trong bang prime implicant sinh ra tir tap con nay cla cac prime.

T6i wu dya trén Exact Minimization

» M6t tap cac prime implicant ma chira mét
particular cube c c6 thé dwoc sinh ra st dung
mot sy thay déi don gidn ma da dwoc trinh
bay & phan trwdc (sinh prime implicant).

'Pm.
u Logic Synthesis

”
u Logic Synthesis —
TOi wu dya trén lterative Improvement
« Ba buwdc hiéu chinh co ban:

— Méi implicant dwoc rut gon vai kich thwée nhd
nhét cé thé

— Céc implicant dwoc kiém tra tirng cap dé xem liéu
no co6 thé dwoc reshape bang cach rat gon mét
cai va lam I&n cai con lai.

— V&i cac implicant dwoc 1am 1&n (dén mirc I&n nhat
clia no) thi phai bé di nhirng implicant khac ma bij
no chira.

”~
u Logic Synthesis _




e Chohamfvaf

11
1001 01 EXPAND
1101 10
01 10€——
10 o1
1010 01
010 10

11
_100 10 1001 01
100 10 1101 10

0.10 10
100 10

-~ 10_0 10
g Logic Synthesis

N
1001
1101
001
1.0
1010
0110
010
100
1000

11
01
10
10
01
01
10
10
10
10

RESHAPE

001 10
REDUCE a0 0
1010 01

11
1001
1101
0001
110
1010
0_10
100
1000

0000
1110
00_0
000
0_01
0101
101

"
"
10
10
01
1"
10
"
10

ce K- ~ .
& TOI wu dwa trén Iterative Improvement
F F

1"
10
01
01
01
11
01

MINIMIZE(F, D);
{

R = COMPLEMENT(F D)l
Do {

o= |FI;

F = REDUCE(F, D);

F = EXPAND(F, R);

F = IRREDUNDANT(F, D);
} while(|F| < ¢,);
F = MAKE_SPARSE(F, D, R);
Return(F);

=
u Logic Synthesis

i Lap t6i gian ESPRESSO

{ Toi wu dwa trén lterative Improvement

« Expand lan 2

11 11N
1001 11 101 1
1101 10 EXPAND 10 10
0001 10 01 10
110 01 > 1.0 01
1010 11 101 1
010 10 01 10
_100 11 _100 11
1000 10

8K
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degl Espresso Inputs and Outputs

f(A,B,C,D) = m(4,5,6,8,9,10,13) + d(0,7,15)

Espresso Input

id -- # inputs i4
.01 -- # outputs o1
dilbabcd -- input names ilbabcd
.obf -- output name ob f
.p10 -- number of product terms p3
0100 1 -- A'BC'D' 1-01 1
0101 1 -- A'BC'D 10-0 1
0110 1 -- A'BCD' 01-- 1
1000 1 -- AB'C'D' e

1001 1 -- AB'C'D

1010 1 -- AB'CD'

1101 1 -- ABC'D

0000 - -- A'B'C'D' don't care

0111 - -- A'BCD don't care

111 - -- ABCD don't care

.e -- end of list

Espresso Output

f=AC'D+AB'D'+A'B




Espresso: Why Iterate on Reduce, Irredundant Cover, Expand?

A A
AB | — AB | —
cD 00 01 1 10 cD 00 01 1 10
o0 | [ 1 0 0 00 1 1 0 0
01 1 1 1 1 | 01 1 1 1 1
-_— D D
1Ml o 0 1 1 1 0 0 1 1
c c
10 |1 1 1 1 10 1 1 1 1
I

Initial Set of Primes found by

Steps1 and 2 of the Espresso
Method

4 primes, irredundant cover,
but not a minimal cover!

Result of REDUCE:
Shrink primes while still
covering the ON-set

Choice of order in which
to perform shrink is important

AB  —
cON_ 00 01 11 10

Second EXPAND generates a
different set of prime implicants

Espresso Iteration (Continued)

AB

coN\L 00 01 11 10
00 | A 1 0 0 00 | 7 1 0 0
o1 | |1 1 1 1 | 01 1 1 1 1
D D
1| o 0 1 1 " 11| o 0 1 1
c c
10 |1 1 1 1 10 1 1 1 1|

IRREDUNDANT COVER found by
final step of espresso

ESPRESSO lllustrated

REDUCE
)

Only three prime implicants!

Expand

» Expand the cubes that are unlikely to be
covered by other cubes
+ Selection:
— Compute vector of column sums
— Weight: inner product of cube and vector
— Sort implicants in ascending order of weight
+ Rationale:

— Low weight correlates to having few 1s in densely
populated columns




2008

Expand Weighting Cubes
Y
w0 01 1130 01 11 10 11 | 4. Eirstdo
oq 1 11 1\ _—wz'w 11 01 10 01 per column
01 .\ 1 l"/‘ XYZ 01 01 01 11 per bit sums
__}4///,/’//x'y'z*u' 10 10 10 10
1\ »
" . sum |23 23 31 33
i L_U 2. Transpaose this \d.'_e,ct__o‘r__fJ
p——
4 rows x 8 columns EW_.-,-—"‘""F_
Yo om0 4 0+2+1%341224143+1%340%1+1%3+1+3 !::
11 01 10 01 , 2 o LrZ41v3409241v3+1%3:0%140v3+143 = L
i T a 0*2+1+340%2+1*3+0+3+1+1+1+3+1+3 |
10 10 10 10 3 1%240%3+1%2+0%341%340%1+1+3+0+3 |10 |
l L3
3. Do Matrix multiply g 4. Result = weights

2008

< ™ a

Example (2)

10 10 10
01 10 10
10 01 10
10 10 01

c
b
a

2008

”~

Example
e f=ab'c +ab’c’+abc’ +ab’c
DC-set = abc’
10 10 10
01 10 10
10 01 10
10 10 01
* Ordering:

—Vector: [313131]7
—Weights: (9, 7,7, 7)
» Select second implicant.

2008

Example (3)

* OFF-set:

01 11 01
11 01 01

« Expand 01 10 10:
-11 10 10 valid.
-11 11 10 valid.
-11 11 11 invalid.

» Update cover to:

11 11 10
10 10 01




Example (4)

1 11 10
10 10 01

* Expand 10 10 01:
—11 10 01 invalid.
—10 11 01 invalid.
—10 10 11 valid.

* Expand cover:

11 11 10
10 10 1

o Example

* Expand cover: M 1
B10 10 1
+ Select first implicant:

- Q= 01 1M1 M
1 01 11

— Supercube= 1111 11
— Cannot be reduced.

+ Select second implicant: Q'= 11 11 01
— B =B N supercube (Q'z) =10 10 01
* Reduced cover:

1 11 10
”~ 10 10 01

Q=FUD-{a}

0 a = a N supercube (Q'a)
1

= Reduce

 Sort implicants
— Heuristics: sort by descending weight
— Opposite to the heurstic sorting for expand
« Maximal reduction can be determine exactly

 Theorem:

—LetabeinFandQ=FUD-{a}
Then, the maximally reduced cube is:
a = a n supercube (Q',)

= Irredundant cover

a 10 10 11
B 1110 01

6 010111
€ 110110

c
b
a




e Irredundant cover

» Relatively essential set E'

- Implicants covering some minterms of the function
not covered by other implicants

- Important remark: we do not know all the primes!
+ Totally redundant set R

- Implicants covered by the relatively essentials
+ Partially redundant set RP

- Remaining implicants

s Example (2)
» Covering relations:
- pis covered by {a, y}.
is covered by {3, 0}.
- &5 is covered by {y, ¢}.

e Minimum cover: v U E"

= Example

o Er={a, &}
o Rt=¢j
* Re={Bv. 8

10 10 11
11 10 01

01 01 11
11 01 10




