Chapter 6
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6.5. The function f can be expressed as
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[ = W WaW3 + W1weWs3 + Wi waws + wiwaWs
Expansion in terms of w; produces
[ =w1 (w2 +W3) + w1 (w2wW3)

The corresponding circuit is
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6.6. The function f can be expressed as
[ = W1 WaW3 + wiWeWs3 + w1 weW3 + wiwaws

Expansion in terms of wo produces
[ =W (W3) + wa(wr)
The corresponding circuit is
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Expansion in terms of wo gives

[ = W(l+wws + wiws) + we (W1 W3 + wiws)

= WWeW3 + w1Waw3 + W2 + W1w2Ws + wiwaws
Further expansion in terms of w; gives

f = Ul(w2E3 + Wows +E2) + wl(wgwg + Waws +E2)

= WjwW3 + W1 WaW3 + W1W2 + W1wWaw3 + wiWawWs + WiW2
Further expansion in terms of w3 gives
f = ws3(Wiwe + WWe + W1Wa + wiWa) + ws(wiwg + wiWs + w1Wa + W1W2)
= W1wW3 + W1W2W3 + w1W2W3 + wiwew3 + w1Waw3 + Wi1Waw3
Expansion in terms of w; gives
f = Wws +w W3+ wiws
Further expansion in terms of wo gives

f e EQ(Elﬁg) + wg(wl + w, +W1w3)

= Wi1w2 + Wi1wW2Ws + W1W2W3 + wiwWs
Further expansion in terms of w3 gives
f = E3(@1EQ + wiwe + Wiws +E1w2) + wg(wlwg +E1w2)
= W1WoW3 + WwoW3 + Wiwa W3 + W1wWows3 + WwiwawWs
Proof of Shannon’s expansion theorem

f(mhx?a 7xn) = El . f(0u$27 7xn) + Xy - f(171'2, wrn)

This theorem can be proved using perfect induction, by showing that the expression is true for every possible
value of ;. Since x; is a boolean variable, we need to look at only two cases: ;1 = 0 and z; = 1.

Setting =1 = 0 in the above expression, we have:

fO,29,.;z) = 1-f(0,22,...,2,) +0- f(1,22,....;2p)
= f(07x27"'axn)

Setting z; = 1, we have:

f(ze,yzn) = 0-f(0,22,. ...zn) +1- f(1,22,...,2p)
= f(17.’172,...,$n)

This proof can be performed for any arbitrary x; in the same manner.

Derivation using f:

[ = wfz+wf,

I = (mfﬁ—i_wfw)
- @) 67
= (w“v‘fﬁ)(m“v‘fw)





