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The Event-Sequence-Wise Method for Qualitative Circuit Analysis

Shigeru Toyama and Akinori Yonezawa

Department of Information Science, Tokyo Institute of Technology
Oookayama 2-12-1, Meguro-ku, Tokyo 152, J apan

ABSTRACT

To make qualitative reasoning about the dynamic behavior of a target system, simulation-based qualitative
analysis has been developed. In this approach, the analysis starts with the initial state and generates new
states one after another. A state is. determined when every variable is assigned its value. Since a qualitative
value is abstract and has less information compared with a numerical value, many variable values cannot
often be determined. In such a case, simulation proceeds by hypothesizing every possible new states. This
causes the combinatorial explosion of the system states when a complicated system such as circuits is
analyzed.

To alleviate this deficiency, we propose "Event-Sequence-wise Method” which has the following charac-
teristics:

(1) A state is determined only through known variable values.

(2) Simulation is performed for each sequence of causally connected events,

We also present a qualitative circuit simulator QCS which is based on Event-Sequence-wise Method and
explains the dynamic behavior of electronic circuis.
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("Oﬂ" (< "Vac" "0"))
("transient" = "Vac" "0"))
(lloffll (> "Vac" "0") ) )
(formula

((= "Ia" "Vac™) "on™)

((= "dIa" "dvVac")  "on")

({= "Ia"™ "0") "transient")
({(= "dIa" "dvac") "transient")
((= "Ia" "0") "off")

((= "dIa" "0") “Off"))
(vrestriction

((absorbant "dvac") "off"))
(flow

("cathode™ ™anode")))

{4832, Schmidt-triggerd BEHT B

o] §% #4584 5238 Idnode, component® = DEHEF LN &
5. ThHEDEKERIZTRY,

node: ERTHELI AR TOMAYRRXN B, 2K
LENZEREZHOBAIZ. 2O L2HBICRY
BENH B, TOXS5REHE LTI Ve, GND,
Input, Output®E™ >N % 3,

component: M THDbhBILTOEFVRRXI S,
EhEhoEFIHLTrOEBERIEEL. £FO
BRIV LEOMACEREATWA2%iET 24
B2H 5.

QCSICEIBOEEHRM 238 3 2dicid.
(explain

o] 5% H 38 32 R

ANEHRE VHEE BKEE)
LANT B, QCSERMANEROE{IZONT
AL, RICHBRBICB T2 8EROMBEETR L. &g
CHHEBICHSER OS2 BEOHBE £1T5. &
IO GyD) EMITEE S 5 WIdEEHEBICT{bb e =
BEZLERL. AWM ZOBEBANT LTS 2,



(setq schmidt-trigger
’ ((node ("nc" -qucn) ("ng" "GND")
("in" "Input™) ("out"™ "Output™)
"n1" "n2" "n3")
{component
("Q1" "npn-transistor™
("base™ "in") ("emitter" "n2") ("collector” "nl"))
("Q2" "npn-transistor"
("base™ "n3") ("emitter" "n2") ("collector” "out"))
("RC1" "resistor”™ ("#1" "nc") ("#2" "nl"))
("Rczll ”resistorll (ll*l" "ncll) ("#2" "outll))
("RB1" "resistor" ("#1" "n3") ("#2" "ng"))
("RB2" "resistor™ ("#1" "nl") ("#2" "n3"))
("RE" "resistor" ("#1" "n2") (“#2" “ng")))>)

Schmidt trigger

GND.

>{explain schmidt-trigger "yin™ "GND" "Vcc")

Explanation

Input variable is Vin changing from GND to Vcc.

Initial variable-value pairs are

IcQ2=+ I2RC2=~ I1cQ1=0 I2RC1l=-
IeQl=0 IeQ2=- I1RE=+ IbQ2=+
I2RB2=— VbeQl=- VceQl=+ IbQ1=0
VceQ2=+ I1RCl=+ V12RC1l=+ I1RC2=+
I2RBl=- V12RBl=+ V12RB2=+ I2RE=-

The circuit’s dynamic behavior is as follows.

1. onQ2 by VbeQ2=+
2. offQ1l by VbeQl=-
3. dvbeQl=+ by {dVin=+ kvl}
4. VbeQl=0 by dvbeQl=+ last_VbeQl=-
5. transientQl by VbeQl=0
6. dV12RB2=- by {dVnl=- kvl} {dI1lRB2=~ resistor-model}
7. dV12RBl=- by {dVn3=- kvl} {dI1RBl=- resistor-model}
8. dI2RBl=+ by {dI1RBl=- kcl} .
9. dV12RC2=- by {dI1lRC2=- resistor-model}
10. dI1RC2=- by {dI2RC2=+ kcl}
11. dV12RC1l=+ by {dI1RCl=+ resistor-model} {dvnl=- kvl}
12. dI1RCl=+ by {dI2RCl=- kcl} {dV12RCl=+ resistor-model}
13. dvbeQ2=- by {dvn3=- kvl}
14. dIbQl=+ by transientQl {dVbeQl=+ npn-transistor—model)
15. dI2RB2=+ by {(dI1RB2=~ kcl}
16. dI1RBl=- by {dV12RBl=- resistor-model} {dI2RB2=+ kcl}
17. dIbQ2=- by onQ2 {dVbeQ2=- npn-transistor-model})
18. dvn3=- by {dvnl=- kvl]} {dV12RBl=- kvl}
19. dIeQ2=+ by {dIeQl=- kcl} {dIcQ2=- kcl}
20. dIeQl=-— by {dIcQl=+ kcl} {dTeQ2=+ kcl})
21. dI1RB2=- by {dV12RB2=- resistor-model} {dIcQl=+ kcl}
22. dI2RC1=- by {dIcQl=+ kcl} {dI1RCl=+ kel)
23. dIcQl=+ by transientQl {dIeQl=- kcl} {dIbQl=+ npn-transistor-model}
24. dvnl=- by {dV12RCl=+ kvl} {dvn3=- kvl}
25. dI2RC2=+ by {dIcQ2=- kcl}
26. dIcQ2=- by onQ2 {dIeQ2=+ kcl} {dIbQ2=~ npn—transistor-model}
27. dvout=+ by {dV12RC2=- kvl}
28. IbQl=+ by dIbQl=+ last_TIbQ1=0
29. VbeQl=+ by dVbeQl=+ last_VbeQl=0
30. IeQl=- by dIeQl=- last_IeQl=0
31. IcQl=+ by dIcQl=+ last_IcQl=0
32. onQl by VbeQl=+
nil




