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Îá àâòîðå
Ïàâëîâ À. Í. <antony@niisi.msk.ru>

ñîòðóäíèê ñåêòîðà Ïðîãðàììèðîâàíèÿ ÍÈÈÑÈ ÐÀÍ, ó÷àñòâóþ â
âåðèôèêàöèè ïðè ïîìîùè ÑÏÎ (ñâîáîäíîå ïðîãðàììíîå
îáåñïå÷åíèå) ðàçðàáàòûâàåìûõ â ÍÈÈÑÈ ìèêðîïðîöåññîðîâ ñ
MIPS-ïîäîáíîé ñèñòåìîé êîìàíä (AKA àðõèòåêòóðà ÊÎÌÄÈÂ).

Antony Pavlov <antonynpavlov@gmail.com>

ó÷àñòíèê íåñêîëüêèõ ïðîåêòîâ ÑÏÎ:

I linux;

I barebox (U-Boot v2);

I qemu;

I openocd;

I Zephyr-RTOS.

ñì. òàêæå
https://www.openhub.net/accounts/antonynpavlov
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Ó÷àñòâóÿ â InnovateFPGA 2018, ñòîëêíóëñÿ ñ íåîáõîäèìîñòüþ
áûñòðî ðàçðàáîòàòü ïðîñòóþ ïå÷àòíóþ ïëàòó.
Ñ òåõ ïîð ñäåëàë áîëüøå äåñÿòêà ïëàò ïðè ïîìîùè KiCad, â
ïðîöåññå ðàáîòû îáíàðóæèë, ÷òî ïðè¼ìû, èñïîëüçóåìûå ïðè
ðàçðàáîòêå ÏÎ, ìîãóò áûòü ïåðåíåñåíû â ðàçðàáîòêó
àïïàðàòíîãî îáåñïå÷åíèÿ.

I http://www.innovatefpga.com/cgi-
bin/innovate/teams2018.pl?Id=EM099

I https://github.com/open-design/bus-spider-terasic-adapter
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Ïîñòàíîâêà çàäà÷è

Ñðåäñòâî ðàçðàáîòêè ïå÷àòíûõ ïëàò íà îñíîâå open-source
êîìïîíåíòîâ (â ïåðâóþ î÷åðåäü KiCad), êîòîðîå îáåñïå÷èâàåò
ïîëüçîâàòåëÿ ïîääåðæêîé ïðè ñèíòåçå ïðèíöèïèàëüíîé ñõåìû.
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Àëüòåðíàòèâíûå ÑÀÏÐ äëÿ ïðîåêòèðîâàíèÿ ýëåêòðîííûõ
óñòðîéñòâ

Ñóùåñòâóþò êàê îòêðûòûå, òàê è êîììåð÷åñêèå (âåñüìà
íåäåø¼âûå) àëüòåðíàòèâû KiCad

I gEDA/Lepton EDA

I Altium Designer R©
I Autodesk R© EAGLETM

I Cadence R© Allegro R©/OrCAD R©
I DipTrace

I Mentor Graphics R© PADS R©/Xpedition R©
I Proteus Design Suite

Â äîðîãèõ ïëàòíûõ ÑÀÏÐ äîñòóïíû ýëåìåíòû ÈÈ, â open-source íåò.
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Ïî÷åìó KiCad?

I KiCad de facto ñàìàÿ ïîïóëÿðíàÿ open-source ÑÀÏÐ äëÿ
ïå÷àòíûõ ïëàò.
I âåä¼òñÿ àêòèâíàÿ ðàçðàáîòêà;
I ïîñòîÿííî ïîïîëíÿåòñÿ áèáëèîòåêà êîìïîíåíòîâ;
I ïîääåðæêà DigiKey;
I îòòîê ïîëüçîâàòåëåé EAGLE.

I â ñèëó ñâîåé open-source ïðèðîäû KiCad îòëè÷íî ïîäõîäèò
äëÿ ýêñïåðèìåíòîâ.
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Ïðèìåð ñèñòåìû, ñïðîåêòèðîâàííîé â KiCad

TERES-I Do-It-Yourself Free Open Source Hardware and Software
laptop with ARM64 processor.

https://www.olimex.com/Products/DIY-Laptop/

ìàòåðèíñêàÿ ïëàòà ýòîãî íîóòáóêà ðàçðàáîòàíà â KiCad:

7/31

https://www.olimex.com/Products/DIY-Laptop/


KiCad: ïðèíöèïèàëüíûå ñõåìû

I ïðèíöèïèàëüíûå ñõåìû ñîçäàþòñÿ â ãðàôè÷åñêîì
ðåäàêòîðå eeschema;

I â eeschema îòñóòñòâóþò âîçìîæíîñòè àâòîìàòèçàöèè.
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Êàê ýòî áûëî 50 ëåò íàçàä (1)

Ôðîëîâ Â. Ïå÷àòíûé ìîíòàæ â ðàäèîëþáèòåëüñêèõ êîíñòðóêöèÿõ //

Ðàäèî. 1968. �1. Ñ. 42-43.

http://archive.radio.ru/web/1968/01/042/
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Êàê ýòî áûëî 50 ëåò íàçàä (2)

DRC � Design Rule Checking
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×òî èçìåíèëîñü çà 50 ëåò?

ÎÒÂÅÒ: ÏÎ×ÒÈ ÍÈ×ÅÃÎ!
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×òî èçìåíèëîñü çà 50 ëåò? (2)

1) ðàçðàáîò÷èê ïî ïðåæíåìó ðèñóåò ñõåìû
âðó÷íóþ, òîëüêî ñ èñïîëüçîâàíèåì òåõíè÷åñêèõ
ñðåäñòâ;

2) îòñóòñòâóþò òåõíîëîãèè ÈÈ â open-source
ÑÀÏÐ äëÿ ðàçðàáîòêè ïðèíöèïèàëüíûõ ñõåì;

3) êàê èòîã, íèçêàÿ ïðîèçâîäèòåëüíîñòü òðóäà.
Ïðèìå÷àíèå: ñðåäñòâà ïðîêëàäûâàíèÿ òðàññ âñ¼-òàêè ïîÿâèëèñü.
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Ïðåäëàãàåòñÿ ðåøåíèå íà îñíîâå open-source ïî
îñíàùåíèþ ÑÀÏÐ KiCad ïîäñèñòåìîé ñ
ýëåìåíòàìè ÈÈ äëÿ èíòåëëåêòóàëèçàöèè ðàáîòû
ðàçðàáîò÷èêà ýëåêòðîíèêè.
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Äåêëàðàòèâíûé è èìïåðàòèâíûé ïîäõîäû

äåêëàðàòèâíûé ïîäõîä

Ïðîãðàììèñò îïðåäåëÿåò, ÷òî áóäåò âû÷èñëåíî.

èìïåðàòèâíûé ïîäõîä

Ïðîãðàììèñò îïðåäåëÿåò, êàê áóäåò âû÷èñëåíî òî, ÷òî íàäî
âû÷èñëèòü.

-------------------------------------------|-------------------------------------------
Äåêëàðàòèâíûé ïîäõîä | Èìïåðàòèâíûé ïîäõîä

-------------------------------------------|-------------------------------------------
|

var numbers = [1,2,3,4,5,6,7,8,9,0]; | var numbers = [1,2,3,4,5,6,7,8,9,0];
|

var odds = _.filter(numbers, (n) => | var odds = [];
{ return n % 2 === 0; }); |

| numbers.forEach(function(n) {
| if (n % 2 === 0) {
| odds.push(n);
| }
| });
|

-------------------------------------------|-------------------------------------------
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Âàæíàÿ ðîëü ëîãèêè â ÈÈ çàêëþ÷àåòñÿ â òîì, ÷òî
îíà ïðåäñòàâëÿåò èíôðàñòðóêòóðó äëÿ ðåøåíèÿ
çàäà÷è â äåêëàðàòèâíîì ñòèëå. Òàê,
÷åëîâåê-ýêñïåðò ïîäðîáíî èçëàãàåò ñâî¼ çíàíèå
ïðåäìåòíîé îáëàñòè ïðè ïîìîùè îïèñàòåëüíîé
ëîãèêè è èñïîëüçóåò ñèñòåìû ëîãè÷åñêîãî âûâîäà
äëÿ ðåøåíèÿ âû÷èñëèòåëüíûõ çàäà÷ â ýòîé
îáëàñòè.
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Îá èíäóêöèè, äåäóêöèè è àáäóêöèè(2)

Äåäóêöèÿ

Ñïîñîá ðàññóæäåíèÿ, ïðè êîòîðîì íîâîå ïîëîæåíèå âûâîäèòñÿ
ëîãè÷åñêèì ïóò¼ì îò îáùèõ ïîëîæåíèé ê ÷àñòíûì âûâîäàì.
Ïåðåõîä îò îáùèõ ïîëîæåíèé, çàêîíîâ è ò. ï. ê ÷àñòíîìó,
êîíêðåòíîìó ñëó÷àþ

Èíäóêöèÿ

Ïåðåõîä îò ÷àñòíîãî ê îáùåìó, îò åäèíè÷íîãî íàáëþäåíèÿ ê
îáîáùåíèþ, êîãäà îáùåå çàêëþ÷åíèå âûâîäèòñÿ íà îñíîâå
ìíîæåñòâà ïîñûëîê, ñôîðìèðîâàííûõ ïî íàêîïëåííîìó îïûòó.

Àáäóêöèÿ

Ïðîöåññ ëîãè÷åñêîãî âûâîäà, ðåçóëüòàòîì êîòîðîãî ÿâëÿåòñÿ
ôîðìèðîâàíèå ãèïîòåç, îáúÿñíÿþùèõ íàáëþäàåìûå ôåíîìåíû.
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Ïðèìåðû äåäóêöèè, èíäóêöèè è àáäóêöèè

äåäóêöèÿ

Ïðàâèëî: Åñëè ïàöèåíò ïðèíèìàåò ëåêàðñòâî, òî îí âûçäîðàâëèâàåò.
Èçâåñòíûé ôàêò: Ýòîò ïàöèåíò ïðèíèìàåò ëåêàðñòâî.
Ðåçóëüòàò: Ýòîò ïàöèåíò âûçäîðàâëèâàåò.

èíäóêöèÿ

Èçâåñòíûé ôàêò: Ýòîò ïàöèåíò ïðèíèìàåò ëåêàðñòâî.
Ðåçóëüòàò: Ýòîò ïàöèåíò âûçäîðàâëèâàåò.
Ïðàâèëî: Åñëè ïàöèåíò ïðèíèìàåò ëåêàðñòâî, òî îí âûçäîðàâëèâàåò.

àáäóêöèÿ

Ïðàâèëî: Åñëè ïàöèåíò ïðèíèìàåò ëåêàðñòâî, òî îí âûçäîðàâëèâàåò.
Ðåçóëüòàò: Ýòîò ïàöèåíò âûçäîðàâëèâàåò.
Ãèïîòåçà: Íàâåðíîå ýòîò ïàöèåíò ïðèíèìàåò ëåêàðñòâî.
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Àáäóêöèÿ â ðåàëüíîé æèçíè

Äâà îñíîâíûõ ïðèìåíåíèÿ àáäóêöèè: äèàãíîñòèêà è ñèíòåç â
óñëîâèÿõ íåïîëíîé èíôîðìàöèè.

Àáäóêöèÿ íàøëà øèðîêîå ïðèìåíåíèå â ÈÈ ïðè ðåøåíèè çàäà÷
äèàãíîñòèêè, ïîíèìàíèè åñòåñòâåííîãî ÿçûêà, ïëàíèðîâàíèÿ,
ïîïîëíåíèÿ è ïåðåñìîòðà çíàíèé â áàçàõ çíàíèé, â
ìóëüòèàãåíòíûõ ñèñòåìàõ.
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Ïðîëîã � ÿçûê ëîãè÷åñêîãî ïðîãðàììèðîâàíèÿ

Prolog îòëè÷àåòñÿ îò ïðèâû÷íûõ ÿçûêîâ âðîäå C, C++, Java:

I îñíîâàí íà ëîãèêå
I ïðîãðàììà íà Ïðîëîãå îïèñûâàåò íå ïðîöåäóðó ðåøåíèÿ

çàäà÷è, à ëîãè÷åñêóþ ìîäåëü ïðåäìåòíîé îáëàñòè;
I ïðîãðàììû íà Ïðîëîã êàê ïðàâèëî êîðîòêèå;

I ñèìâîëüíûå âû÷èñëåíèÿ (à íå ÷èñëîâûå!);

I øèðîêî èñïîëüçóåòñÿ â ñèñòåìàõ ÈÈ (íàïðèìåð,
áðîíèðîâàíèå àâèàáèëåòîâ).
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Ïðî Ïðîëîã è CHR

CHR � íåïîñðåäñòâåííî èñïîëíÿåìûå äåêëàðàòèâíûå
ñïåöèôèêàöèè, áèáëèîòåêà äëÿ ÿçûêà Ïðîëîã, ïîçâîëÿþùàÿ
ðåàëèçîâûâàòü ðåøàòåëè â îãðàíè÷åíèÿõ.
CHR ïîçâîëÿåò ðåàëèçîâàòü àáäóêöèþ íà Ïðîëîãå, ïåðåéòè ê
ALP (Abduction Logic Programming).
CHR ââîäèò òðè òèïà ïðàâèë:

Propagate c, c, ... c => Guard | ... c ...

äîáàâëåíèå îãðàíè÷åíèé

Simplify c, c, ... c <=> Guard | ... c ...

çàìåíà îãðàíè÷åíèé

Simpagate c, ... \ c, ... <=> Guard | ... c ...

ñîêðàùåíèå îãðàíè÷åíèé
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Ïðèìåð ðåàëèçàöèè àáäóêöèè â CHR (1)

Abduction and language processing with CHR (CHR Summer School �
September 2010), Henning Christiansen
https://dtai.cs.kuleuven.be/CHR/summerschool/slides/christiansen.pdf
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Ïðèìåð ðåàëèçàöèè àáäóêöèè â CHR (2)

:- use_module(library(chr)).

:- chr_constraint rich/1, professor/1, has/2.

professor(X), rich(X) ==> fail.

happy(X) :- rich(X).

happy(X) :- professor(X), has(X, nice_students).

/*

* ?- consult(secr_happy_professor).

* true.

*

* ?- happy(henning), professor(henning).

* professor(henning),

* professor(henning),

* has(henning, nice_students).

*

*/
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Áàçà çíàíèé è àáäóêòèâíûé âûâîä ïðèìåíèòåëüíî ê
ñõåìàì

Ïðèìåð àáäóêòèâíîãî âûâîäà äëÿ ñõåì (ñèíòåç ïî ÷àñòè÷íîé
ñïåöèôèêàöèè, ïðåäñòàâëåííîé îãðàíè÷åíèÿìè):
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Ñàìûé êîðîòêèé ñîëâåð, èëëþñòðèðóþùèé îïèñàííûé ïîäõîä

:- [library(chr)].
:- chr_constraint (@)/1.

%%%% áàçà çíàíèé
c(flashlight) :- @batt, @switch, @lamp.
c(radio) :- @batt, @radio.

@match, @batt ==> @c(flashlight) ; @c(radio).

@match, @switch ==> @c(flashlight).
@match, @lamp ==> @c(flashlight).
@match, @radio ==> @c(radio).
%%%%

@c(_) \ @match <=> true.
@X \ @X <=> true.

recognize(ComponentsGiven, CircuitCandidate) :-
@match,
call(ComponentsGiven),
find_chr_constraint(@c(CircuitCandidate)).

abduce_circuit(ComponentsGiven, AbducedCircuit) :-
recognize(ComponentsGiven, Circuit),
c(Circuit),
findall(C, find_chr_constraint(C), AbducedCircuit).
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Ñàìûé êîðîòêèé ñîëâåð: çàïðîñû (1)

Ïðèìåðû çàïðîñîâ (óêàçûâàåì êàêèå-òî êîìïîíåíòû, è
ïîëó÷àåì àáäóêöèåé ñõåìû-êàíäèäàòû):
1) áàòàðåÿ ïîäõîäèò äëÿ äâóõ ñõåì:

?- abduce_circuit((@batt), Circuit).

Circuit = [@lamp, @switch, @c(flashlight), @batt],

@lamp,

@switch,

@c(flashlight),

@batt ;

Circuit = [@radio, @c(radio), @batt],

@radio,

@c(radio),

@batt ;

false.
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Ñàìûé êîðîòêèé ñîëâåð: çàïðîñû (2)

2) ðàäèî ïîäõîäèò òîëüêî äëÿ îäíîé ñõåìû:

?- abduce_circuit((@radio), Circuit).

Circuit = [@batt, @c(radio), @radio],

@batt,

@c(radio),

@radio ;

false.

3) íåçíàêîìûé êîìïîíåíò íå ïîäõîäèò íè îäíîé ñõåìå:

?- abduce_circuit((@mcu), Circuit).

false.
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Ñàìûé êîðîòêèé ñîëâåð: çàïðîñû (3)

4) ìîæíî óêàçàòü äâà êîìïîíåíòà, îäèí èç êîòîðûõ äîïîëíèòñÿ
äî èçâåñòíîé ñõåìû:

?- abduce_circuit((@mcu, @radio), Circuit).

Circuit = [@batt, @c(radio), @radio, @mcu],

@batt,

@c(radio),

@radio,

@mcu ;

false.
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Ìóëüòèìîäàëüíûé èíòåðôåéñ ïîëüçîâàòåëÿ

Èíòåðôåéñ ïîëüçîâàòåëÿ: ìóëüòèìîäàëüíûé ââîä èíôîðìàöèè
(êîì ñòðîêà è ãðàôè÷åñêèé ðåäàêòîð ñõåì)
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Íîâûé WORKFLOW

I äîáàâëåíèå êîìïîíåíòîâ ñ ïîìîùüþ ìóëüòèìîäàëüíîãî UI

I èíòåãðàöèÿ äàííûõ îá óêàçàííûõ êîìïîíåíòàõ â ñèñòåìó
àáäóêòèâíîãî âûâîäà

I èäåíòèôèêàöèÿ ñõåì-êàíäèäàòîâ èç áàçû çíàíèé,
ïîäõîäÿùèõ ïîä ïàòòåðíû, óêàçàííûå ñ ïîìîùüþ UI

I óñòðàíåíèå ñõåì-êàíäèäàòîâ, íàðóøàþùèõ îãðàíè÷åíèÿ
öåëîñòíîñòè

I äîïîëíåíèå äîáàâëåííûõ êîìïîíåíòîâ êîìïîíåíòàìè èç
áàçû çíàíèé î ñõåìàõ

I ïîèñê ïîäõîäÿùèõ èçîáðàæåíèé êîìïîíåíòîâ â áèáëèîòåêå

I ðàçìåùåíèå èçîáðàæåíèé êîìïîíåíòîâ íà ëèñòå

I ãåíåðàöèÿ ôàéëà ïðèíöèïèàëüíîé ñõåìû eeschema
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Çàêëþ÷åíèå

I ïðåèìóùåñòâà ïî ñðàâíåíèþ ñ ïðîñòûì ðåäàêòîðîì ñõåì

I ïðåèìóùåñòâà ïî ñðàâíåíèþ ñ äðóãèìè ïîäõîäàìè:
I skidl (Python) [skidl] [skidltalk];
I jitX (jitx.com).

I ïîëó÷åíèå ÷àñòè÷íûõ ðåøåíèé, online-àëãîðèòì,
anytime-àëãîðèòì.
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I Ïàâëîâ À. Í. <antony@niisi.msk.ru>
I Antony Pavlov <antonynpavlov@gmail.com>
I https://github.com/frantony
I https://www.openhub.net/accounts/antonynpavlov
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