ECE 462 Spring 2005 Homework 4 Solutions

1. 5.14
Prove ;Ixi=f(x],x2,...,x,.,...,xn)® f(xl,xz,...,f,.,...,xn) =
gji = £, %00 X, = Loy x, )® f(x,, %500, x, =0,...,%,)
x

:lixi =(x, f (X, Xy X, =1,y x, )+ % £ (X%, 00X, = 0,0, X, )

i
()?if(xl,xz,...,xi =Ly X, )+ %, (%, %, 00 x, =0,...,%, )

= (xifxi +X, X, )C_B (fifxi + xiﬁi)

The ORs can be replaced by XORs because the two parts of each function will
only be 1 at the same time when the function is vacuous in x;. If that were the case,
then the two definitions would be trivially equivalent. Thus:

=x,fx; X, fx, ® X, fx; ® x, fx; (combining equal residuals)
= (xi DX, )fxx ® (‘fi D x )ﬁ, = fx, ®x kK
= f(x, %00 X, = 10%, )@ f(x,, %, 5000, %, =0,...,%, )

2. 5.15(a)
S(x,y,2) = (x"+y)(x +z)

[, =x'(x+z)=x'z f(x,y,2) = (x+y)(x+2)

f(x,p,2) = (x"+y)(x +2) f; = (x+y)x =xy

fi=z Jy=xtz f. = x+y

f=v Y1y =DOCED  gr 14z = (19) @ (w'4)

df ldx=y®z =2V 2) gy () (i y)

~yrty'z =)+ T )+ () )
=x+xz'+xz+xz+x'z'z -

=X



yz

yz

5.15(b)

f(x,y,2)=x"y' (x+yz) =x'y'+x'y'yz = x'y

fxzo’ffzy
df ldx=0®y=7

f,=%f,=0
df ldy=%x®0=%

fz =fy9f§:fy
df 1dz =%y ® %y =0

3. 5.16(a)
f(w,x,y,2) = )" (0,4,5,7,9,10,15)
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By inspecting each of the residues, it’s observed that there are no simple disjoint
compositions for f(g(w,x,z),y), f(gw,x,y).z), f(g(w,,z),x),or
f(g(x,y,2),w).
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By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for
f(gy,z),w,x)or f(g(w,x),,2)

By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for
f(&(x,z),w,y)or f(g(w,y),x,z)

By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for
f(gw,2),x,y)or f(g(x,y),w,2)
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5.16(b)
fw,x,y,2) = (0,3,411,12]5)
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By inspecting each of the residues, it’s observed that there are no simple disjoint
compositions for f(g(w,x,z),y), f(gWw,x,y),z), f(g(w,y,z),x),0r

f(g(x,y,z),w) .
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By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for
f(gy,z),w,x)or f(g(w,x),y,2)

By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for
S (g(x,z),w,y)or f(g(w,y),x,2)

By inspecting the k-map, it’s possible to see:
No simple disjoint composition exists for



4. 5.18(a) Find all simple disjoint compositions of the form F(a,b,c,g(d,e)) for the
function f(v,w,x,y,z)= Z (0,2,3,12,14,15,17,20,21,22,23,24,25,26,27,29).
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By observation, a simple disjoint composition exists for f(w, x,v, g(y,z)) of the form
f(w,x,v,y'z)
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By observation, a simple disjoint composition exists for f(v,y,z,g(w,x)) of the form

Sy, z,wx+wx').
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fw'y'v' fw‘yv' wyv' wyv fw’yv fwyv fwy'v
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By observation, no simple disjoint composition ex1sts for f(w, y,v,g(x,z))
wy wy
00 01 11 10 00 01 11 10
feowo  [AJ1]070] Jew  [0To0T1]1]
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By observation, no simple disjoint composition exists for f(x,z,v,g(w,y)).
wz wz
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By observation, no simple disjoint composition exists for f(w,z,v, g(x,z2)).
wz wz
00 01 11 10 00 01 11 10
fewo  [1J0T07T0] Serw [T T111]
fx'yv L1 T"LO T OJ fx'yv LO TOL1T 1J
foo [0J0[11] Joo [1 ] J0]0]
fow [0J0J0J1] foo LIt 1170]

By observation, no simple disjoint composition exists for f(x,y,v,g(w,z)).



More residues to consider'
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By observatlon no 51mple dlSjOlnt compos1tion exists for f (w,x y, gv,2)).

W 'xz f WXZ WXZ WX z'

WXZ WXZ W.XZ

By observatlon no s1mple dlsjomt composmon exists for f (w,x,z g(v y)).

wyz wyz wyz wyz

By observatlon no s1mp1e d1s101nt composmon exists for f (w,y,z g(v X)).
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By observation, no 51mple disjoint composition ex1sts for f(y,z,x,g(v,w)).

=

So, two simple disjoint decompositions exist for function f: f(v, y,z,w'x + wx') and
Fw,x,v,y'z).

5. Problem 3.8(a)
f(a,b,c,d)=((a'b') c(ad) ) (a'cd"))

=(((a'b") c(ad)) +(a'cd")
=(a+b)c(a'+d")+a'cd’ 1 sets: [a,a',c],[a',b,c],[a,c,d'],[b,c,d'],[a'c,d"]
= (ac+be)(@'+d") + a'cd’ L S

=aa'c+a'bc+ acd'+bed'+a'cd'



(b)
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f(a,b,c,d)=(a+b)c(a+d")+a'cd'
fD =(ab+c+a'd)a+c+d")
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By inspection, a static one hazard exists t
<a,b,c,d>: <0010> - <1010>

—& By inspection, a static zero hazard exists i

<a,b,c,d>: <0011>-<1011>

=aa'b+abc+abd'+va'c+c+cd'+a'd+a'ed +a'd'

=aa'b+abd'+c+a'd'
(f?)? =(a+a+bXa+b+d")(c)(a'+d")

0-sets: [a, @’, b], [a, b, d’], [c], [a’, d’]
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By inspection, a static one hazard exists i
<a,b,c,d>: <0010> - <1010>

By inspection, a static zero hazard exists {
<a,b,c,d>: <0011>-<1011>



6.circuit from 3.11(a)
f =((BD)Y(((4B) AC)'(4B) C)Y
=(BD)+(AB + A+C")(A'+B")C
=BD+(AA'B+ A'+A'C'+ABB'+A'B'+B'C")C
=BD+ AA'BC+ A'C+ A'CC'+ABB'C+ B'C'C
=BD+ A'C+ ABB'C+B'CC'

)
f =(BD)+(AB+ A+C')(A'+B")C

1-sets: [B, D], [A’,C], [A,B,B’,C], [B’,C,C’]
i K9) & &

P =(B+D)(4+B)AC+AB+C)
= (B+D)(AA'C'+A'BC"+A'B'+C

= AA'BC'+A'BC'+A'BB'+BC + AA'C'D+ A'BC'D+ A'B'D+ CD

= A'BC'+A'BB'+BC + AA'C'D+ A'B'D+CD

(fP)? =(A+B + C')(A'+B + B'Y(B + C)(A + A'+C'+D)(A'+B'+D)(C + D)

O-sets: [A’,B,C’], [A’,B,B’], [B,C], [A,A”,C’,D], [A’,B”,D], [C,D]
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transitions between two zeros not
covered by a single stable zero set.

By inspection, static-zero hazards exist during transitions:

abed: <1001>-<1011>
<1110> - <1010>
<1010> - <1000>

No static-one hazards exist.



