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Abstract – In numerous practical circuit applications, including waveshaping and nonlinear function generation, waveforms are intentionally clipped. That can be achieved in many different ways using diodes, transistors and integrated circuits. In this paper (invited lesson), we are going to show how dedicated min and max circuits can be used for mentioned purpose(s). Also, we are going to show how dedicated min and max circuits can be introduced as a problem solving tool in a soft computing, AI-modeling, etc.
I. Introduction
In numerous practical circuit applications, including wave-shaping and nonlinear transfer function generation waveforms are intentionally clipped. That can be achieved in many different ways [1]. In this article we are going to show how dedicated min and max circuit can be used for such purpose. On the other hand, our intention is to show how min and max circuit applications can be diverse and versatile in the very hardware design idea [2].  Mentioned min and max circuits can be used as a problem solving tool in many technical and non-technical areas; from electronics to applied mathematics, Petri nets, soft computing and AI systems [3], [4]. 

In the beginning we will show how min and max circuits can be used in the design of clipping devices. Then, clipping devices will be used for different purposes. For example, the transfer characteristic of a clipping device can be used in modeling an AI environment (syllogisms, membership functions, etc.)[5]. More complex devices and transfer characteristics, based on clipping circuits, will be created to represent agent(s) activities in a hardware model of newspaper distribution and sell process (NDSP) [4]. 

Also, we will show how min and max circuits can be used in every day electronic practice as rectifiers, active peak detectors and transfer function generators.

A simple EWB program will be used as a support hardware model tool, but note that all circuits shown in this presentation have been designed in a real hardware and that we are using them in student laboratory exercises at Faculty of Maritime Studies.
II. Min-Max Circuits And Straight Line Generators
In general, our approach is based on two presumptions:

- amplifier can represent a straight line in a phase space as it is shown in Fig. 1. and Fig. 2. [2].
- min and max circuits can be used to generate different transfer functions 

Straight line generators can be realized in hardware environment on many different ways [4]. One model of such generator is shown in Fig. 1.
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Figure 1. Straight line generator (
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Figure 2. „Three-Way Voltage Summer“ generates straight line(s)
A variety of min and max circuits performing corresponding set operations (see Fig. 3.) can be found in literature [5], but in the most of our applications we will use our original circuits (see Fig. 4. and Fig. 5.) based on standard operational amplifiers [6].
A. Min and Max Circuits

Min and max circuits as a problem solving tool rely, on a mathematical theory of max (min) algebra [7], [8], [9], [10], and [11].
B. Min Circuit

Definition.  Assume A and B are two fuzzy subsets of X. Their intersection is a fuzzy subset D of X, denoted 
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It is common practice in the soft computing (fuzzy logic) literature to use symbol 
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as the min operator. The operation min can be written in algebraic form that is convenient for hardware implementation [4]:
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Using relation (2) we can design a min circuit in Op-Amp environment as it is shown in Fig. 4.
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Figure 3. Fuzzy set intersection or fuzzy logic AND-function
C. Max circuit

Definition.  Assume A and B are two fuzzy subsets of X. Their intersection is a fuzzy subset C of X, denoted 
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It is common practice in the soft computing (fuzzy logic) literature to use symbol
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as the max operator. The operation max can be written in algebraic form:
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Using relation (4) we can design a max circuit in OP-Amp environment as it is shown in Fig. 5.
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Figure 4. Min circuit in Op-Amp technique along with its „static“ and „dynamic“ responses to applied inputs. Note that Op-Amps (see Fig. 1.) were used to generate lines p1 and p2 to get “dynamic” response in a phase plain
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Figure 5. Min circuit in Op-Amp technique along with its „static“ and „dynamic“ responses to applied inputs. Note that EWB Op-Amps were used to generate lines p1 and p2  (“dynamic” response)
III. Min (Max) Circuit Operative Extensions
A “better” look over min (max) circuit designed Op-Amp technique gives us an opportunity to reconsider about additional facilities of that circuit; min/max function exchange can be easily established and new outputs give that circuit extra applicability (see Fig. 6.)

A. Positive and negative clipping

Clipping can be recognized as an undesirable result of overdriving an amplifier, i.e. any attempt to push an output voltage beyond the limits through which it can “swing” causes the tops and/or bottoms of a waveform to be “clipped” off. However, in numerous practical applications, including waveshaping and nonlinear function generation, waveforms are intentionally clipped [1]. Clipping as a notion can be introduced in the design of AI-algorithms [4].
Most often, the diodes along with reference batteries (voltage) are used to select for transmission a part of a waveform which lies above or below some reference voltage level. In some applications diodes are combined with operational amplifier(s) to obtain precision limiting circuits [1].
In this paper a somewhat different approach (a functional approach) to clipping actions is described. The approach is based on “standard” min and max circuits in “functional combination” with operational amplifiers that “play a geometric role” in the design of a desired transfer function [2] [3] [4].
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Figure 6. Min (max) circuit designed in Op-Amp technique can have additional features; easy switching between min and max function, difference absolute value output, etc.
Now, instead of using biased diodes, clipping can be accomplished by designing a desired transfer characteristic of a clipping device. Min and max circuits are used to combine linear transfer characteristics of operational amplifiers in a design of a nonlinear transfer characteristic of a certain clipping circuit. In that manner it is easy to design and mathematically describe a circuit transfer function of:

· positive clipping circuit

· negative clipping circuit

· positive and negative clipping circuit

· negative peak pass circuit

· positive peak pass circuit
If we take 
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 then the transfer characteristic of a positive and negative clipping device can be used to represent a fuzzy set of “departures from zero”.
B. Positive clipping

If a sinusoidal waveform is to be clipped on a certain positive level (see Fig. 7.), two straight lines (amplifiers) have to be combined in a phase plain along with min circuit function to design desired transfer function 
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In that case the transfer characteristic of the clipping device can be formally represented as:
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It is obvious (see relation (5)) that lines 
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C. Negative clipping

If a sinusoidal waveform is to be clipped on a certain negative level (see Fig. 8.), two straight lines (amplifiers) have to be combined in a phase plain along with max circuit function. Horizontal line 
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, represents a linear region of a device (unity gain region). Well specified (defined) lines (Op-Amps outputs) are applied to min and (or) max circuit inputs to achieve desired non-linear transfer characteristic.
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Figure 7. Positive clipping
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Figure 8. Negative clipping

The transfer characteristic of the clipping device can be now formally represented as:
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In this case lines
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are “inputs” of a max circuit (see relation (6)).

D. Positive and negative clipping

Positive and negative clipping device is a min-max combination (see Fig. 9.), as its transfer function G can be expressed as:
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where l represents a straight line 
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Clipping levels can be regarded as time varying variables and such conditions in a clipping device can be modeled as it is shown in Fig.10.
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Figure 9. Positive and negative clipping device
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Figure 10. Positive and negative clipping device with time dependent (modulated) clipping levels. Clipping levels can be a subject of agent negotiations what can cause their changes in a certain time frame
IV. AI Application Of A Clipping Device
Clipping devices showed before can be used in modeling so called four-part multiagent agent diagram shown in Fig.11. [4.]. Different transfer characteristics can represent different (re)actions of a wholesaler (agent) in the NDSP [4.].

Let say that the agent activities are explained by a set of rules:

If operator’s order is too high, then impose a certain limitation to operator’s current order

If operator’s order is a zero order, then according to a current publisher wish,
impose a minimal order (so called “presence”)to an agency

In this case agent activities can be modeled using a time dependent clipping device showed in Fig.9. One must know that order limitations as well as the “presence” are variable quantities, along a tourist season.

The transfer characteristic of a wholesaler (agent) can be expressed using relation (7):
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where 
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is a local operator order for a k-day. Note that wholesaler (agent), for some reasons can impose restrictions (changes) on operator’s order(s) [4].
V. Peak Pass Devices

Somehow different kind of clipping action is introduced in so called peak pass devices (see Fig.12. and Fig.13.). Instead of the positive or negative peaks being chopped off, the device follows (
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) the input when signal is above or below a certain level. The transfer characteristics show that linear operation (input signal following) occurs only when certain signal levels are reached and that the output remains constant below those levels.
If we combine a straight line generator having
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 with a battery (+EB) along with a max circuit then we are going to realize a positive peak pass device. Transfer characteristic of the device is shown in Fig. 12.

When the output of a straight line generator (
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) and a battery (−EB) are applied to the inputs of a min circuit (see Fig. 13.) a negative peak pass device will result. Input and output waveforms along with a transfer characteristic of the device are shown in Fig. 13.

I. Half And Full Wave Rectifiers
The design of a half-wave rectifier in min-max-circuit technique is quite simple (see Fig. 14.). A sinusoidal voltage 
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Figure 11. Four-part multiagent diagram; wholesaler (agent) controls order(s) on an operator [4]
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Figure 12. Positive peak pass device; 
[image: image54.wmf])

,

max(

in

B

v

E

G

+

=


[image: image55.png]m Oscilloscope

M Function Generator

e i &
Vour [ Tmebase — Trgger
o Mmoo
o Vi || Kpostion Level
) 0 o O
Qi _E Chamel & Chamel 8
Offset & 1 ViDiv. B | [vioiv 1=}
N ¥ postion ¥ postion [c.00 L]
e =V B o ©
s,





Figure 13. Negative peak pass device; 
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A full-wave rectifier in min-max-circuit technique (see Fig. 14.) can be designed in many ways (see Fig. 14 and Fig. 15.)[4]. If we use a circuit shown in Fig. 14, then the voltage on its output can be expressed by relation:
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Figure 14. A combination of a half and a full wave rectifier in min-max-circuit technique
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Figure 15. 
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A. D-operators 

By modifying the min/max clipping circuits, we can obtain a class of transfer characteristics called D-operators, i.e. “ideal diode” operators (see Fig. 16.). For switching purposes the “ideal diode” is one way switch that is open when the imposed voltage is of one polarity and closed when the polarity is opposite.
The D-operator circuit is a voltage-to-voltage min (max) circuit that would have the same response as a circuit that used an “ideal diode” as a switching element (see Fig. 16.).
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Figure 16. D-operators generator; Combing input and output menu it is possible to generate transfer characteristics of four precision rectifiers; 
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I. Min-Max Circuits As A Dedicated Problem Solving Tool
A. Solving (in)equalities

Let say that we want to find an electronic graphical solution for:

a) 
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Let us graph 
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. We will start with the plot of 
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 (see Fig. 17.).
The plot of 
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 have to be shifted to the left to make 
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, as it is shown in Fig. 18.
Now, the plot of 
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(see Fig. 19.) to get final solution, i.e. 
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In the second case (
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) we need to add one min circuit to the output of the circuit shown in Fig. 19., to get the set of solutions, i.e. numbers x whose distance to -1 is at least 3 (see Fig. 20.).
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Figure 17. Plot of 
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Figure 18. Plot of 
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Fig. 19. One can see two solutions: 
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Figure 20. Electronic solution for the inequality
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A. Trigonometry

Trigonometric identity, relating circular functions of sine and cosine, i.e. 
[image: image90.wmf]1

sin

cos

2

2

=

+

x

x

 can be interpreted in hardware min-max environment as a line having a unity length as it is shown in Fig. 21.
B. Dead zone 

In a dead zone operation (see Fig. 22.), the output is typically a linear function of the input, except for a band that is insensitive to the input. For example, input
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Figure 21. Basic trigonometric relation (identity) interpreted in min-max hardware environment; 
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Figure 22. Dead zone for where 
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C. Membership function generator

A fuzzy set may be represented by a membership function. This function gives the grade (degree) of membership within the set, of any element of the universe of discourse.

The membership function maps the elements of the universe on to numerical values in the interval [0,1]. Specially, 
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where 
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 is the membership function of the fuzzy set Z in the universe in X.

Membership function can have distinct shapes. The most popular is a „tent function“. A „tent“ function can be generated using min-max-circuit technique as it is illustrated in Fig. 23.
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Figure 23. A „tent“ function (membership function) can be expressed as  
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D. Nonlinear transfer function synthesis

Previously we showed so called four-part multiagent diagram representing NDSP [4]. The main role in that multiagent system plays a local operator. His (her) activities in that agent society can be briefly described by a simple rule base (see Fig. 24. for graphic illustration): 

Rule No.1. If a current remnant is below the lower limit 
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Rule No.2. If a current remnant is between the lower limit 
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Rule No.3. If a current remnant is over the upper limit 
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Rule No.4. If the current order has been changed, then change the current operator’s transfer characteristic (see Fig. 18.)
Operator's reaction (Rule No.1. or Rule No.3.)  is typically a linear function of the input what means that lines p+ and p− represent the reactive part of operator's transfer characteristic (OTC).

Hardware modeling starts with characteristic line generating (see Fig. 25a.). Then max and min circuits are added to synthesize OTC (see Fig. 25b.).
E. Min/max circuits as theorem provers 

Absolute value is any maping 
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 from a domain D to the real numbers R satisfying four fundamental properties among which subadditivity 
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 can be proven using Op-Amp technique (see Fig. 26.).
VI. Min & Max Circuits As Elements Of A Complex Gate (Agent Coordination Detector)

One of the major problems that arise in cooperative activity in NDSP is that of inconsistencies between local operator (agent) and inspector [4]. Wholesaler agent must establish negotiation platform once when two simultaneous, equal or unequal orders are detected in the ordering process and in the case when both expected orders are missing.
In the hardware model of NDSP, an “exclusive OR gate” based on min-max-Op-Amp technique (see Fig. 27.) can be used for that purpose. The circuit will deliver zero output voltage as indication (trigger) that two non-zero orders are present simultaneously.
In the case when 
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, the same coordination mechanism is going to be triggered again as the output of the gate 
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(see gate dynamics shown in Fig. 28.).
Note than comparators used in the design of  the “exclusive OR gate” are designed in min-max-Op-Amp technique as it is shown in Fig. 29. Three “input  lines” are combined on min-max functions platform to design a complex circuit having “standard” comparator transfer characteristic (see Fig. 29.).
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Figure 24. Two implications can be recognized in operator's activities: 
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a)“premises“(rules); control rule base 
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b)“conclusion“; transfer characteristic of an operator synthesizes existing control rule base

Figure 25. Hardware model of the control rule base is based on a single rule:

If a control rule base about distribution and sale of a newspaper exists then it is possible to transform that rule base in a nonlinear transfer characteristic of an operator 
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Figure 26. In the A-area, y-coordinates of lines p1 and p2 are of opposite signs making subtracted response (to inputs) positive;
inequality 
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Figure 27. “Exclusive OR gate” can serve as a coordination detector; if two orders 
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, from two agent are imposed simultaneously, then a kind of coordination mechanism must be established to solve the emergent problem. 
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Figure 28. Simulation of the “exclusive OR gate” dynamic response

[image: image128.png]m Oscilloscope

Expand Ground (&
Time base ——————Tgger ———————
Bge x|
P, Xpostion 000 1] | Level
v | e | BN A e |
b U || cremea Chamal s
2
¥ postion (050 T3] | ¥ posten [500 T3]
c 0|8 Aol &
J
- line
.
awine
T wmin p—
g ¥intercept R2 o
e soma Lasv 02y
Ub =k N Rz
Ubsk ——
o ) Y shia
negative yintercept positive yintercept
. . slope m





Figure 29. Min-max comparator (“m-m-komp”);  
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VII. Conclusion

In this paper (lesson) we have presented only of a part of min-max applications that have been developed in the electronic laboratory of Maritime faculty Split as it can be seen from the list below:
· original min and max circuits

· min-max clipping 

· positive clipping circuit

· negative clipping circuit

· positive and negative clipping circuit

· negative peak pass circuit

· positive peak pass circuit

· inverted positive and negative clipping circuit

· D-operators

· four-part multiagent diagram

· half wave and full wave rectifiers

· clamping circuits

· nonlinear transfer function synthesis

· membership function generator(s)
· zero crossing detector

· active peak detector

· simple sort

· complex sort

· AI algorithm(s)

· human activity hardware models

· hardware models of coordination in a multiagent society

· min-max circuits in digital environment

· min-max circuits in mathematical environment

· inequality solving tool

· theorem solving (proving) tool

· trigonometry solving tool

· phase plain partition

· small expert systems

· hardware models of syllogisms

Shown applications are marked (bold). In this presentation “painted applications” have been presented partly (“blue ones”), while “red ones” (in italic) are still waiting to be present in a future. 

In our opinion future work has to go in two directions; 

· more practical applications that can be used in electronic practice and production

· development of new AI algorithms in the field of coordination

At the very end, it is possible to conclude that min-max circuits coming out from our laboratory may have a very perspective future as a problem solving tool in a different technical areas. 
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