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An Implementation of a Ternary-valued Logic Simulator using a
Value-independent Simulator Kernel
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1-1, Asahidai, Nomishi, Ishikawa 923-1293 Japan
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Abstract In muiti-valued logic, the expression by a little number of digits can be possible. So the integration of LSI
is improved by the reduction in the number of wiring etc. Moreover, efficient processing that uses ternary-valued
logic in the encryption processing is possible. We implement ternary-valued logic simulator needed in designing
ternary-valued logical circuit. A value-independent kernel was used to improve the extendibility in implementation.
Logic that uses an arbitrary ternary-valued expression can be simulated by setting the conversion of external ex-
pression into internal expression. And a flexible extension of the simulator is possible by adding the definition of
the logic function used outside of the kernel.
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(defun simulate (test-seq result-out probe-in
interactive Zaux inst)
(setq sys—-clock 0)
(initialize-system)
(set-constant-and-awvake)
(loop
(when (> sys-clock sys-clock-end)
(return))

(get—input-signals test-seq)

(dolist (a-inst current-inst-list)
(setq inst (symbol-value a-inst})
{cond ((eq (first inst) ’'logic)

(sim-logic inst))
(t (error-report) )))

(dolist (a-inst current-inst-list)
(setq inst (symbol-value a-inst))
(unless (eq (second inst) 2)

(propagate-signal (fifth inst) ) ))

(output-result result-out interactive)

(incf sys-clock)

(swap-current-to-next—inst-1list)

)]

(defun sim~logic (inst)
(funcall (sixth inst)
(fourth inst) (fifth inst)) )
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(defun $or (inpins outpins &aux inpin flag
old-out-value out-value)
(setq flag nil)
(setq out-value 0)
(dolist (a-inpin inpins)
(setq inpin (symbol-value a-inpin))
(vhen (eq (first inpin) 1)
(setq out-value 1) (return) )
(vhen (eq (first inpin) 0)
(setq flag ’undef) ) )
(vhen (and (/= out-value 1)(eq flag ’undef))
(setq out-value 0))
(when (and (/= out-value 1)(eq flag nil))
(setq out-value -1))
(setq old-out-value
(aymbol-value (car outpins)))
(unless (eq old-out-value out-value)
(setf (first (symbol-value (car outpins)))
out-value) ))
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(defun $3or (inpins outpins &aux inpin flag
old-out-value out-value)
(setq flag mnil)
(setq out-value -1)
(dolist (a-inpin inpins)
(setq inpin (symbol-value a-inpin})
(vhen (eq (first impin) -1)
(setq flag ’undef)
(setq out-value -1)
(return) )
(when (eq (first inpin) 2)
(setq flag 'two) )
(vhen (eq (first inmpin) 1)
(setq out-value 1) ) }
(when (eq flag ’two)
(setq out-value 2) )
(wvhen (and (eq flag nil)
(/= out-value 1) )
(setq out-value 0) )
(setq old-out-value
(first (symbol-value (car outpins))))
(unless (eq old-out-value out-value)
(setf (first (symbol-value (car outpins)))
out-value) ))
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(defun conv-internal (a-ext)
(cond (({eq a-ext 1) 1)
({eq a-ext 0) -1)
((eq a-ext ’x) 0)

(t (error-report))))
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(defun conv-internal (a-ext)
(cond ((eq a-ext 0) 0)
((eq a-ext 1) 1)
((eq a-ext 2) 2)
((eq a-ext ’'x) -1)
(t (error-report))))
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(defun $add (inpins outpins Laux inpin
flag old-out-value out-value)
(setq flag nil)
(setq out-value 0)
(dolist (a-inpin inpins)
(setq inpin (symbol-value a-inpin))
(vhen (eq (first inpin) -1)
(setq flag 'undef)
(setq out-value -1)
(return) )
(setq out-value (+ out-value (first inpin)))
(when (> out-value 2)
(setq out-value (- out-value 3)) ) )
(when (eq flag ’undef)
(setq out-value -1) )
(setq old-out-value
(first (symbol-value (car outpins))))
(unless (eq old-out-value out-value)
(setf (first (symbol-value (car outpins))})
out-value) ) )
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(defun $carry (inpins outpins &aux inpin flag
old-out-value out-value state)
(setq flag nil)
(setq out-value 0)
(setq state 0)
(dolist (a-inpin inpins)
(setq inpin (symbol-value a-inpin))
(when (eq (first inpin) -1)
(setq flag ’undef)
(setq out-value -1)
(return) )}
(setq state (+ state (first inpin)))
(vhen (> state 2)
(setq out-value 1) } )
(when (eq flag ’undef)
(setq out-valne -1) )
(setq old-out-value
(first (symbol-value (car outpins))))
(unless (eq old-out-value out-value)
(setf (first (symbol-value (car outpins)))
out-value) ))
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(adder4
(i .a0)(i .a1)(i .a2)(i .a3)
(i .bOY(i .b1)(i .b2)(i .b3)
(o .y0) (o .y1)(o .y2) (o .y3) (o .co)
{c add01 ad01)
(c add01 adll)
(¢ add01 adi12)
(c add01 adi3)
(c add01 ad21)
(c addo1 ad22)
(c add01 ad23)
(c add01 ad3l)
(c add01 ad32)
(c add01 ad33)
(c car01 ca01)
(c car01 call)
(c car01 cal2)
(c car01 ca21)
(¢ car01 ca22)
(c car01 ca31)
(c car01 ca32)
(n .a0 ad01.a caOi.a)
(n .b0 ad01.b ca01.b)
(n .al adll.a call.a)
(n .bl ad11l.b call.b)
(n call.y adl12.a cal2.a)
(n adll.y adi2.b cal2.b)
(n call.y ad13.a)
(n cal2.y adi3.b)
(n .a2 ad21i.a ca2?1.a)
(n .b2 ad21.b ca2l.b)
(n adi3.y ad22.a ca22.a)
(n ad21.y ad22.b ca22.b)
(n ca21.y ad23.a)
(n ca22.y ad23.b)
(n .a3 ad31l.a ca3l.a)
(n .b3 ad31.b ca3l.b)
(n ad23.y ad32.a ca32.a)
(n ad31.y ad32.b ca32.b)
(n ca3l.y ad33.a)
(n ca32.y ad33.b)
(n adOl.y .y0)
(n adi2.y .y1)
(n ad22.y .y2)
(n ad32.y .y3)
(n ad33.y .co) )
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pinprop

(add01 $add ((.a) (.b)) ((.y)) )
(car01 $carry ((.a) (.b)) ((.y)) ) )
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(e 1000)
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aaaabbbb yyyyc
clock 01230123 01230

00000 00000000 XXXXX
00005 00000000 OXXXX
00022 00000000 00XXX
00050 00000000 000XX
00078 00000000 0000X
00089 00000000 00000
00100 11110000 00000
00109 11110000 10000
00160 11110000 11110
00200 11111111 11110
00205 11111111 21110
00222 11111111 22220
00300 11111112 22220
00322 11111112 22200
00334 11111112 22201
00400 11112222 22201
00406 11112222 02201
00422 11112222 00001
00460 11112222 01001
00475 11112222 01111
00500 22222222 01111
00509 22222222 11111
00546 22222222 12221
00600 00002222 12221
00605 00002222 22221
00616 00002222 22220
00622 00002222 22020
00633 00002222 22220
01000 00002222 22220
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