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1. ÷×ÅÄÅÎÉÅ. òÁÓÓÍÏÔÒÉÍ ÓÉÌØÎÏ Ó×ÑÚÎÕÀ ÓÅÔØ ÓÉÎÈÒÏÎÉÚÉÒÏ×ÁÎÎÙÈ ËÏÎÅÞÎÙÈ Á×ÔÏÍÁÔÏ×, ÐÏ Ò£Â-
ÒÁÍ ËÏÔÏÒÏÊ ÍÏÖÎÏ ÐÅÒÅÄÁ×ÁÔØ ÓÉÍ×ÏÌÙ ÎÅËÏÔÏÒÏÇÏ ËÏÎÅÞÎÏÇÏ ÁÌÆÁ×ÉÔÁ. ëÏÌÉÞÅÓÔ×Ï ÓÏÓÔÏÑÎÉÊ ËÁÖ-
ÄÏÇÏ Á×ÔÏÍÁÔÁ É ÒÁÚÍÅÒ ÁÌÆÁ×ÉÔÁ ÏÇÒÁÎÉÞÅÎÙ ÎÅËÏÔÏÒÙÍ ÚÁÒÁÎÅÅ ÚÁÄÁÎÎÙÍ ÍÎÏÇÏÞÌÅÎÏÍ ÏÔ ÍÁËÓÉÍÕ-
ÍÁ ÓÕÍÍÙ ÐÏÌÕÓÔÅÐÅÎÉ ÉÓÈÏÄÁ É ÚÁÈÏÄÁ ÓÒÅÄÉ ×ÓÅÈ ×ÅÒÛÉÎ É ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ËÏÌÉÞÅÓÔ×Á ×ÅÒÛÉÎ É Ò£ÂÅÒ
× ÇÒÁÆÅ. á×ÔÏÍÁÔÙ ÎÅ ÚÎÁÀÔ, ËÁËÉÅ ×ÅÒÛÉÎÙ Ñ×ÌÑÀÔÓÑ ÉÈ ÓÏÓÅÄÑÍÉ, É ÍÏÇÕÔ ÌÉÛØ ÐÅÒÅÄÁ×ÁÔØ ÉÍ
ÉÎÆÏÒÍÁÃÉÀ ÂÅÚ ÏÂÒÁÔÎÏÊ Ó×ÑÚÉ. ÷ ÔÁËÏÊ ÍÏÄÅÌÉ ÍÏÖÎÏ ÚÁ ÌÉÎÅÊÎÏÅ ÉÌÉ Ë×ÁÄÒÁÔÉÞÎÏÅ ×ÒÅÍÑ ÒÅÛÉÔØ
ÓÌÅÄÕÀÝÉÅ ÚÁÄÁÞÉ:
� ÐÅÒÅÄÁÔØ ÚÁÄÁÎÎÏÅ ÓÏÏÂÝÅÎÉÅ ×ÓÅÍ ÕÚÌÁÍ;
� ÐÏÓÔÒÏÉÔØ ÏÒÉÅÎÔÉÒÏ×ÁÎÎÏÅ ÏÓÔÏ×ÎÏÅ ÄÅÒÅ×Ï, × ËÏÔÏÒÏÍ Ò£ÂÒÁ ÉÄÕÔ Ë ËÏÒÎÀ ÉÌÉ ÏÔ ËÏÒÎÑ;
� ×ÙÐÏÌÎÉÔØ ÎÁ ÐÏÌÕÞÉ×ÛÅÍÓÑ ÄÅÒÅ×Å ÐÏÉÓË × ÇÌÕÂÉÎÕ;
� ÐÅÒÅÄÁÔØ ÓÏÏÂÝÅÎÉÅ ÏÔ ÏÄÎÏÇÏ ÕÚÌÁ Ë ÄÒÕÇÏÍÕ;
� ÓÉÎÈÒÏÎÉÚÉÒÏ×ÁÔØ ÕÚÌÙ (ÚÁÓÔÁ×ÉÔØ ÉÈ ÏÄÎÏ×ÒÅÍÅÎÎÏ ×ÙÐÏÌÎÉÔØ ÎÅËÏÔÏÒÏÅ ÄÅÊÓÔ×ÉÅ).

ðÒÉÍÅÒ ÓÅÔÉ:

ïÓÎÏ×ÎÁÑ ÐÒÏÂÌÅÍÁ ÐÒÉ ÒÅÛÅÎÉÉ ÜÔÉÈ ÚÁÄÁÞ ÓÏÓÔÏÉÔ × ÔÏÍ, ÞÔÏ Ä×Á ÕÚÌÁ × ÓÅÔÉ ÍÏÇÕÔ ÂÙÔØ ÓËÏÌØ
ÕÇÏÄÎÏ ÄÁÌÅËÉ ÄÒÕÇ ÏÔ ÄÒÕÇÁ, Á ÐÅÒÅÄÁ×ÁÔØ ÐÏ ÓÅÔÉ ÐÒÏÉÚ×ÏÌØÎÙÅ ÞÉÓÌÁ ÎÅÌØÚÑ, ÔÁË ËÁË ÒÁÚÍÅÒ
ÁÌÆÁ×ÉÔÁ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ËÏÌÉÞÅÓÔ×Á ×ÅÒÛÉÎ × ÇÒÁÆÅ, ÐÏÜÔÏÍÕ ÉÓÐÏÌØÚÏ×ÁÎÉÅ ÔÒÁÄÉÃÉÏÎÎÙÈ ÁÌÇÏÒÉÔÍÏ×
×ÒÏÄÅ ÐÏÉÓËÁ × ÇÌÕÂÉÎÕ ÓÔÁÎÏ×ÉÔÓÑ ÎÅ×ÏÚÍÏÖÎÙÍ.

ïÔÍÅÔÉÍ, ÞÔÏ ÎÁ ÐÒÁËÔÉËÅ ËÏÎÅÞÎÏÓÔØ ÞÉÓÌÁ ÓÏÓÔÏÑÎÉÊ Ñ×ÌÑÅÔÓÑ ÎÅÒÅÁÌÉÓÔÉÞÎÙÍ ÏÇÒÁÎÉÞÅÎÉÅÍ,
ÉÂÏ ÐÅÒÅÄÁÞÁ ÏÂß£ÍÁ ÄÁÎÎÙÈ, ÐÒÏÐÏÒÃÉÏÎÁÌØÎÙÈ ÐÏ Ó×ÏÅÍÕ ÒÁÚÍÅÒÕ ÌÏÇÁÒÉÆÍÕ ËÏÌÉÞÅÓÔ×Á ÕÚÌÏ×,
×ÐÏÌÎÅ ×ÏÚÍÏÖÎÁ. ðÏÜÔÏÍÕ ÄÁÎÎÁÑ ÐÒÏÇÒÁÍÍÁ ÎÅ ÉÍÅÅÔ ÐÒÁËÔÉÞÅÓËÏÇÏ ÚÎÁÞÅÎÉÑ × ÓÉÌÕ ÔÏÇÏ, ÞÔÏ ÄÌÑ
ÐÒÁËÔÉÞÅÓËÉÈ ÚÁÄÁÞ ÔÁËÏÇÏ ÒÏÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÇÏÒÁÚÄÏ ÂÏÌÅÅ ÐÒÏÓÔÙÅ ÁÌÇÏÒÉÔÍÙ.

äÁÎÎÁÑ ÐÒÏÇÒÁÍÍÁ ÒÅÁÌÉÚÕÅÔ ÜÔÉ ÁÌÇÏÒÉÔÍÙ, ÜÍÕÌÉÒÕÑ ÉÈ ÒÁÂÏÔÕ ÎÁ ×ÉÒÔÕÁÌØÎÏÊ ÍÁÛÉÎÅ. ÷ÓÅ
ÁÌÇÏÒÉÔÍÙ ×ÚÑÔÙ ÉÚ ÓÔÁÔØÉ Even, Litman, Winkler, Journal of Algorithms 24 (1997), 158{170.

2. ðÒÏÇÒÁÍÍÁ ÎÁÐÉÓÁÎÁ ÎÁ ÑÚÙËÅ CWEB, ÒÅÁÌÉÚÕÀÝÅÍ ËÏÎÃÅÐÃÉÀ ÇÒÁÍÏÔÎÏÇÏ ÐÒÏÇÒÁÍÍÉÒÏ×ÁÎÉÑ,
ËÏÔÏÒÕÀ ÐÒÅÄÌÏÖÉÌ Donald E. Knuth. ïÐÉÓÁÎÉÅ ÑÚÙËÁ ÍÏÖÎÏ ÎÁÊÔÉ × ËÎÉÇÅ Donald E. Knuth É Silvio
Levy, The CWEB System of Structured Documentation (Reading, Massachusetts: Addison-Wesley, 1993).
ðÒÏÇÒÁÍÍÁ ÎÁ ÑÚÙËÅ CWEB ÓÏÓÔÏÉÔ ÉÚ ÓÅËÃÉÊ. ëÁÖÄÁÑ ÓÅËÃÉÑ ÉÍÅÅÔ ÎÏÍÅÒ É ÓÏÓÔÏÉÔ ÉÚ ÏÐÉÓÁÎÉÑ, ÚÁ
ËÏÔÏÒÙÍ ÓÌÅÄÕÅÔ ÏÐÒÅÄÅÌÅÎÉÅ ÍÏÄÕÌÑ | ËÕÓËÁ ÐÒÏÇÒÁÍÍÙ ÎÁ ÑÚÙËÅ C, ËÏÔÏÒÙÊ ÍÏÖÅÔ ×ÎÕÔÒÉ ÓÅÂÑ
ÉÓÐÏÌØÚÏ×ÁÔØ ÄÒÕÇÉÅ ÍÏÄÕÌÉ.

éÍÅÎÁ ÍÏÄÕÌÅÊ ÚÁËÌÀÞÁÀÔÓÑ × ÕÇÌÏ×ÙÅ ÓËÏÂËÉ, ÐÅÒÅÄ ÚÁËÒÙ×ÁÀÝÅÊÓÑ ÕÇÌÏ×ÏÊ ÓËÏÂËÏÊ ÓÔÁ×ÉÔÓÑ ÎÏ-
ÍÅÒ ÓÅËÃÉÉ, × ËÏÔÏÒÙÊ ÜÔÏÔ ÍÏÄÕÌØ ×ÐÅÒ×ÙÅ ÏÐÒÅÄÅÌÑÅÔÓÑ. ïÄÉÎ É ÔÏÔ ÖÅ ÍÏÄÕÌØ ÍÏÖÅÔ ÏÐÒÅÄÅÌÑÔØÓÑ
× ÎÅÓËÏÌØËÉÈ ÓÅËÃÉÑÈ, ÐÒÉ ÜÔÏÍ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ËÕÓËÉ ÐÒÏÇÒÁÍÍ ÓÏÅÄÉÎÑÀÔÓÑ × ÏÄÉÎ. åÓÌÉ ÍÏÄÕÌØ
ÏÐÒÅÄÅÌÑÅÔÓÑ × ÐÅÒ×ÙÊ ÒÁÚ, ÔÏ ÐÏÓÌÅ ÅÇÏ ÉÍÅÎÉ ÉÄ£Ô ÚÎÁË `�', Á ÉÎÁÞÅ `+�'.
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3. ïÂÝÁÑ ÓÔÒÕËÔÕÒÁ ÐÒÏÇÒÁÍÍÙ. úÁÄÁÎÙ n ÏÄÉÎÁËÏ×ÙÈ ×ÙÞÉÓÌÉÔÅÌØÎÙÈ ÕÚÌÏ×, ËÁÖÄÙÊ ÉÚ
ËÏÔÏÒÙÈ Ñ×ÌÑÅÔÓÑ ÄÅÔÅÒÍÉÎÉÒÏ×ÁÎÎÙÍ ËÏÎÅÞÎÙÍ Á×ÔÏÍÁÔÏÍ. ôÁËÖÅ ÚÁÄÁÎÙ ËÁÎÁÌÙ Ó×ÑÚÉ, ËÏÔÏÒÙÅ
Ñ×ÌÑÀÔÓÑ ÄÕÇÁÍÉ, ÓÏÅÄÉÎÑÀÝÉÍÉ ÐÁÒÙ ÕÚÌÏ×. ëÁÎÁÌÙ Ñ×ÌÑÀÔÓÑ ÏÄÎÏÓÔÏÒÏÎÎÉÍÉ, ÐÅÒÅÄÁÞÁ ÄÁÎÎÙÈ
ÐÏ ÎÉÍ ÍÏÖÅÔ ÏÓÕÝÅÓÔ×ÌÑÔØÓÑ ÔÏÌØËÏ ÏÔ ÐÅÒ×ÏÇÏ ÕÚÌÁ ËÏ ×ÔÏÒÏÍÕ. ðÒÉ ÜÔÏÍ ÇÒÁÆ, ×ÅÒÛÉÎÙ ËÏÔÏÒÏÇÏ
| ×ÙÞÉÓÌÉÔÅÌØÎÙÅ ÕÚÌÙ, Á Ò£ÂÒÁ | ËÁÎÁÌÙ Ó×ÑÚÉ, ÄÏÌÖÅÎ ÂÙÔØ ÓÉÌØÎÏ Ó×ÑÚÎÙÍ | ÏÔ ÌÀÂÏÊ ×ÅÒÛÉÎÙ
ÍÏÖÎÏ ÐÒÏÊÔÉ Ë ÌÀÂÏÊ ÄÒÕÇÏÊ ×ÅÒÛÉÎÅ ÐÏ ÄÕÇÁÍ, ÓÏÂÌÀÄÁÑ ÏÒÉÅÎÔÁÃÉÀ ÄÕÇ. ëÁÖÄÙÊ ×ÙÞÉÓÌÉÔÅÌØÎÙÊ
ÕÚÅÌ ÉÍÅÅÔ ÎÅÓËÏÌØËÏ ×ÈÏÄÎÙÈ É ×ÙÈÏÄÎÙÈ ÐÏÒÔÏ×, ËÏÌÉÞÅÓÔ×Ï ËÏÔÏÒÙÈ ÏÇÒÁÎÉÞÅÎÏ ÚÁÒÁÎÅÅ ÚÁÄÁÎÎÙÍ
ÞÉÓÌÏÍ. ëÁÖÄÙÊ ËÁÎÁÌ Ó×ÑÚÉ ÒÅÁÌÉÚÕÅÔÓÑ ÐÕÔ£Í ÓÏÅÄÉÎÅÎÉÑ ÏÄÎÏÇÏ ÉÚ ×ÙÈÏÄÎÙÈ ÐÏÒÔÏ× ÎÁÞÁÌØÎÏÇÏ
ÕÚÌÁ Ó ÏÄÎÉÍ ÉÚ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× ËÏÎÅÞÎÏÇÏ ÕÚÌÁ. ðÒÉ ÜÔÏÍ ÏÄÉÎ É ÔÏÔ ÖÅ ÐÏÒÔ ÎÅ ÍÏÖÅÔ ÉÓÐÏÌØÚÏ×ÁÔØÓÑ
ÎÅÓËÏÌØËÉÍÉ ËÁÎÁÌÁÍÉ Ó×ÑÚÉ. ðÏÒÔÙ, Ë ËÏÔÏÒÙÍ ÎÉÞÅÇÏ ÎÅ ÐÏÄÓÏÅÄÉÎÅÎÏ, ÎÁÚÙ×ÁÀÔÓÑ Í£ÒÔ×ÙÍÉ, Á
×ÓÅ ÏÓÔÁÌØÎÙÅ ÐÏÒÔÙ ÎÁÚÙ×ÁÀÔÓÑ ÖÉ×ÙÍÉ. ëÏÎÆÉÇÕÒÁÃÉÑ ÓÅÔÉ ÏÓÔÁ£ÔÓÑ ÎÅÉÚÍÅÎÎÏÊ × ÔÅÞÅÎÉÉ ×ÓÅÇÏ
×ÒÅÍÅÎÉ ÒÁÂÏÔÙ.

ëÁÖÄÙÊ ÕÚÅÌ ÚÎÁÅÔ, ËÁËÉÅ ÉÚ ÅÇÏ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× Ñ×ÌÑÀÔÓÑ Í£ÒÔ×ÙÍÉ.
úÁ ÏÄÉÎ ÔÁËÔ ÐÏ ËÁÖÄÏÍÕ ËÁÎÁÌÕ ÍÏÖÎÏ ÐÅÒÅÄÁÔØ ÓÉÍ×ÏÌ ÉÚ ÚÁÒÁÎÅÅ ÚÁÄÁÎÎÏÇÏ ËÏÎÅÞÎÏÇÏ ÁÌÆÁ×ÉÔÁ,

ÒÁÚÍÅÒ ËÏÔÏÒÏÇÏ ÚÁ×ÉÓÉÔ ÏÔ ÏÇÒÁÎÉÞÅÎÉÑ ÎÁ ÞÉÓÌÏ ÐÏÒÔÏ×. ðÒÉ ÜÔÏÍ ÏÄÉÎ ÉÚ ÜÔÉÈ ÓÉÍ×ÏÌÏ×, ËÏÔÏÒÙÊ
ÎÁÚÙ×ÁÅÔÓÑ ÎÅÊÔÒÁÌØÎÙÍ, ÐÏÄÁ£ÔÓÑ ÎÁ ×ÈÏÄ ×ÓÅÍ Í£ÒÔ×ÙÍ ÐÏÒÔÁÍ. îÁ ËÁÖÄÏÍ ÔÁËÔÅ ×ÙÞÉÓÌÉÔÅÌØÎÙÊ
ÕÚÅÌ ÓÞÉÔÙ×ÁÅÔ ÄÁÎÎÙÅ, ËÏÔÏÒÙÅ ÐÒÉÎÑÌÉ ×ÓÅ ×ÈÏÄÎÙÅ ÐÏÒÔÙ, É, ÏÓÎÏ×Ù×ÁÑÓØ ÎÁ ÜÔÉÈ ÄÁÎÎÙÈ, ÉÚÍÅÎÑÅÔ
Ó×Ï£ ÓÏÓÔÏÑÎÉÅ É ÐÏÄÁ£Ô ÎÅËÏÔÏÒÙÊ ÎÁÂÏÒ ÓÉÍ×ÏÌÏ× ÎÁ Ó×ÏÉ ×ÙÈÏÄÎÙÅ ÐÏÒÔÙ. þÉÓÌÏ ÓÏÓÔÏÑÎÉÊ ËÁÖÄÏÇÏ
Á×ÔÏÍÁÔÁ ËÏÎÅÞÎÏ É ÚÁ×ÉÓÉÔ ÏÔ ÏÇÒÁÎÉÞÅÎÉÑ ÎÁ ÞÉÓÌÏ ÐÏÒÔÏ×. ÷ÓÅ ÕÚÌÙ ÒÁÂÏÔÁÀÔ ÏÄÎÏ×ÒÅÍÅÎÎÏ,
ÐÒÉ ÜÔÏÍ ÉÈ ÒÁÂÏÔÁ ÓÉÎÈÒÏÎÉÚÉÒÏ×ÁÎÁ ÇÌÏÂÁÌØÎÙÍ ÔÁËÔÏ×ÙÍ ÇÅÎÅÒÁÔÏÒÏÍ. úÁ ÏÄÉÎ ÔÁËÔ ×ÓÅ ÕÚÌÙ
ÐÒÉÎÉÍÁÀÔ ÄÁÎÎÙÅ, ÏÂÒÁÂÁÔÙ×ÁÀÔ ÉÈ É ÐÏÄÁÀÔ ÎÏ×ÙÅ ÄÁÎÎÙÅ ÎÁ Ó×ÏÉ ×ÙÈÏÄÎÙÅ ÐÏÒÔÙ.

ïÔÍÅÔÉÍ, ÞÔÏ ÆÕÎËÃÉÏÎÁÌØÎÏÓÔØ ÇÌÏÂÁÌØÎÏÇÏ ÔÁËÔÏ×ÏÇÏ ÇÅÎÅÒÁÔÏÒÁ ÌÅÇËÏ ÜÍÕÌÉÒÕÅÔÓÑ, ÅÓÌÉ ËÁÎÁÌÙ
ÐÏÚ×ÏÌÑÀÔ ÐÅÒÅÄÁ×ÁÔØ ÉÎÆÏÒÍÁÃÉÀ Ó ÚÁÄÅÒÖËÏÊ. äÌÑ ÜÔÏÇÏ ÎÁ ÏÞÅÒÅÄÎÏÍ ÛÁÇÅ ÕÚÅÌ ÖÄ£Ô, ÐÏËÁ
ÎÁ ËÁÖÄÙÊ ×ÈÏÄÎÏÊ ËÁÎÁÌ ÎÅ ÐÏÓÔÕÐÉÔ ÓÉÍ×ÏÌ, ÓÞÉÔÙ×ÁÅÔ ÅÇÏ, É ÏÓ×ÏÂÏÖÄÁÅÔ ËÁÎÁÌ. úÁÔÅÍ ÕÚÅÌ
ÏÂÒÁÂÁÔÙ×ÁÅÔ ÄÁÎÎÙÅ, ÐÏÓÌÅ ÜÔÏÇÏ ÎÁÞÉÎÁÅÔ ×Ù×ÏÄÉÔØ ÓÉÍ×ÏÌÙ ÎÁ ×ÙÈÏÄÎÙÅ ËÁÎÁÌÙ, ÐÒÉ ÜÔÏÍ, ÅÓÌÉ
×ÙÈÏÄÎÏÊ ËÁÎÁÌ ÚÁÎÑÔ, ÕÚÅÌ ÖÄ£Ô, ÐÏËÁ ÏÎ ÏÓ×ÏÂÏÄÉÔÓÑ.

÷ ÎÁÞÁÌÅ ËÁÖÄÙÊ Á×ÔÏÍÁÔ ÎÁÈÏÄÉÔÓÑ × ÎÅÊÔÒÁÌØÎÏÍ ÓÏÓÔÏÑÎÉÉ | ÓÏÓÔÏÑÎÉÉ, × ËÏÔÏÒÏÍ ÏÎ ÎÉÞÅÇÏ
ÎÅ ÄÅÌÁÅÔ É ÏÓÔÁ£ÔÓÑ × Î£Í ÄÏ ÔÅÈ ÐÏÒ, ÐÏËÁ ÎÁ ×ÓÅ ×ÈÏÄÙ ÐÏÓÔÕÐÁÅÔ ÎÅÊÔÒÁÌØÎÙÊ ÓÉÍ×ÏÌ. ðÒÉ ÜÔÏÍ
ÎÁ ×ÓÅ ×ÙÈÏÄÎÙÅ ÐÏÒÔÙ ÔÁËÖÅ ÐÏÄÁ£ÔÓÑ ÎÅÊÔÒÁÌØÎÙÊ ÓÉÍ×ÏÌ. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÚÁÐÕÓÔÉÔØ ËÁËÏÅ-ÔÏ
×ÙÞÉÓÌÅÎÉÅ × ÓÅÔÉ, ÓÌÅÄÕÅÔ ÐÅÒÅ×ÅÓÔÉ ÏÄÉÎ ÉÚ ÕÚÌÏ×, ËÏÔÏÒÙÊ ÎÁÚÙ×ÁÅÔÓÑ ËÏÒÎÅÍ ÉÌÉ ËÏÒÎÅ×ÙÍ ÕÚÌÏÍ,
× ÓÏÓÔÏÑÎÉÅ, ÏÔÌÉÞÎÏÅ ÏÔ ÎÅÊÔÒÁÌØÎÏÇÏ.

÷ÙÐÉÛÅÍ ËÁÒËÁÓ ÐÒÏÇÒÁÍÍÙ.
#include <vector>
#include <cstdio>
#include <cassert>

using namespace std;
hæÕÎËÃÉÉ ÒÉÓÏ×ÁÎÉÑ 79 i
hóÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 4 i
struct net f

struct arc f
int begn ; begp ; endn ; endp ;
g;
vectorharci arcs ;
vectorhnodei nodes ;
void step( )
f

for (int k = 0; k < arcs :size ( ); k++) f
arc a = arcs [k];
nodes [a:endn ]:input [a:endp ] = nodes [a:begn ]:output [a:begp ];

g
for (int k = 0; k < nodes :size ( ); k++) f
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nodes [k]:output :assign (nodes [k]:out ; symbol ( ));
nodes [k]:step( );
g

g
h÷×ÅÓÔÉ ÓÅÔØ 68 i
int root ;
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÅÔØ 70 i
hîÁÒÉÓÏ×ÁÔØ ÐÏÓÔÏÑÎÎÕÀ ÞÁÓÔØ ÓÅÔÉ 71 i
hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÓÅÔÉ 72 i
g;

4. hóÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 4 i �
typedef int port; =� ÔÉÐ ÄÁÎÎÙÈ ÄÌÑ ÎÏÍÅÒÁ ÐÏÒÔÁ �=
const int nil = �1; =� ÏÂÏÚÎÁÞÁÅÔ ÎÅÓÕÝÅÓÔ×ÕÀÝÉÊ ÐÏÒÔ ÉÌÉ ÏÔÓÕÔÓÔ×ÉÅ ÓÉÇÎÁÌÁ �=
h÷ÓÐÏÍÏÇÁÔÅÌØÎÙÅ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 6 i
struct symbol f
hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i
symbol( )
f
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31 i

g
hîÁÒÉÓÏ×ÁÔØ ÓÉÍ×ÏÌ 74 i
g;

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÀ 5.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.



4 ïâýáñ óôòõëôõòá ðòïçòáííù á×ÔÏÍÁÔÎÙÊ ÓÅÒÐÅÎÔÁÒÉÊ x5
5. hóÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 4 i +�

struct node f
typedef vectorhbooli vbool;
int in ; out ; =� ËÏÌÉÞÅÓÔ×Ï ×ÈÏÄÎÙÈ É ×ÙÈÏÄÎÙÈ ÐÏÒÔÏ× �=
vbool is alive ; =� Ñ×ÌÑÅÔÓÑ ÌÉ ÄÁÎÎÙÊ ×ÈÏÄÎÏÊ ÐÏÒÔ ÖÉ×ÙÍ? �=
bool is root ; =� Ñ×ÌÑÅÔÓÑ ÌÉ ÄÁÎÎÙÊ ÕÚÅÌ ËÏÒÎÅ×ÙÍ? �=
vectorhsymboli input ; output ; =� ÎÁ ËÁÖÄÏÍ ÔÁËÔÅ ÍÁÓÓÉ× input ÓÏÄÅÒÖÉÔ ÄÁÎÎÙÅ ×ÈÏÄÎÙÈ

ÐÏÒÔÏ×, ÍÁÓÓÉ× output ÉÎÉÃÉÁÌÉÚÉÒÏ×ÁÎ ÎÅÊÔÒÁÌØÎÙÍÉ ÓÉÍ×ÏÌÁÍÉ �=
enum f
hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7 i

g state ; =� ÔÅËÕÝÅÅ ÓÏÓÔÏÑÎÉÅ ÕÚÌÁ �=
enum r state f

neutral ; =� ÎÉÞÅÇÏ ÎÅ ÄÅÌÁÅÍ �=
hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16 i

g root state ; =� ÔÅËÕÝÅÅ ÓÏÓÔÏÑÎÉÅ ËÏÒÎÑ �=
bool start ; =� × ÍÏÍÅÎÔ ÚÁÐÕÓËÁ ÏÞÅÒÅÄÎÏÇÏ ÁÌÇÏÒÉÔÍÁ ÕÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ × true ÄÌÑ ËÏÒÎÑ �=
hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i
void init (bool Is root )
f

input :assign (in ; symbol( ));
output :assign (out ; symbol( ));
is root = Is root ;
state = transfer ;
root state = neutral ;
start = false ;
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i

g
void step( )
f

if (start ) f
start = false ;
switch (root state ) f
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13 i
g

g
hðÏÓÔÒÏÉÔØ ÃÉËÌ 46 i =� ×ÁÖÎÏ, ÞÔÏÂÙ ÜÔÏÔ ÆÒÁÇÍÅÎÔ ËÏÄÁ ÓÔÏÑÌ × ÎÁÞÁÌÅ �=
hðÅÒÅÄÁÔØ ÚÍÅÊ 17 i
hðÏÓÔÒÏÉÔØ ÄÅÒÅ×Ï 14 i
h÷ÙÐÏÌÎÉÔØ ÏÂÈÏÄ 37 i
hóÉÎÈÒÏÎÉÚÉÒÏ×ÁÔØÓÑ 64 i

g
hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÕÚÌÁ 73 i
g;
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6. úÍÅÉ. ïÓÎÏ×ÎÙÍ ÏÇÒÁÎÉÞÅÎÉÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÍÏÄÅÌÉ Ñ×ÌÑÅÔÓÑ ÏÇÒÁÎÉÞÅÎÎÁÑ ÐÁÍÑÔØ Õ ËÁÖ-
ÄÏÇÏ ÕÚÌÁ. üÔÏ ÏÇÒÁÎÉÞÅÎÉÅ ÐÒÅÏÄÏÌÅ×ÁÅÔÓÑ ÐÕÔ£Í ÉÓÐÏÌØÚÏ×ÁÎÉÑ ÚÍÅÊ | ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÅÊ ÓÉÍ×Ï-
ÌÏ×, ËÏÔÏÒÙÅ ÐÕÔÅÛÅÓÔ×ÕÀÔ ÐÏ ÓÅÔÉ ËÁË ÅÄÉÎÏÅ ÃÅÌÏÅ. ëÁÖÄÙÊ ÓÉÍ×ÏÌ Ñ×ÌÑÅÔÓÑ ÎÏÍÅÒÏÍ ÎÅËÏÔÏÒÏÇÏ
×ÙÈÏÄÎÏÇÏ ÐÏÒÔÁ. ðÅÒ×ÙÊ É ÐÏÓÌÅÄÎÉÊ ÓÉÍ×ÏÌ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ÓÎÁÂÖÅÎÙ ÓÐÅÃÉÁÌØÎÙÍÉ ÐÏÍÅÔ-
ËÁÍÉ ÄÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÍÏÖÎÏ ÂÙÌÏ ×ÙÄÅÌÉÔØ ÇÏÌÏ×Õ É È×ÏÓÔ ÚÍÅÉ ÉÚ ÏÂÝÅÇÏ ÐÏÔÏËÁ ÓÉÍ×ÏÌÏ×. úÁ
ÏÄÉÎ ÔÁËÔ ËÁÖÄÙÊ ÓÅÇÍÅÎÔ ÚÍÅÉ ÐÒÏÄ×ÉÇÁÅÔÓÑ Ë ÓÌÅÄÕÀÝÅÍÕ ÕÚÌÕ. áÌÇÏÒÉÔÍÙ ÉÓÐÏÌØÚÕÀÔ ÔÒÉ ×ÉÄÁ
ÚÍÅÊ: ÐÉÔÏÎÙ, ÇÁÄÀËÉ É ËÏÂÒÙ. ÷Ï ×ÒÅÍÑ Ó×ÏÅÇÏ ÓÕÝÅÓÔ×Ï×ÁÎÉÑ ÇÁÄÀËÉ ÐÏÓÔÏÑÎÎÏ ÒÁÓÔÕÔ, ÐÉÔÏÎÙ
ÏÓÔÁÀÔÓÑ ÎÅÉÚÍÅÎÎÙÍÉ, Á ËÏÂÒÙ ÎÅÐÒÅÒÙ×ÎÏ ÕËÏÒÁÞÉ×ÁÀÔÓÑ. úÍÅÉ ÉÓÐÏÌØÚÕÀÔÓÑ × ËÁÞÅÓÔ×Å ÓÒÅÄÓÔ×Á
ÔÒÁÎÓÐÏÒÔÉÒÏ×ËÉ ÓÏÏÂÝÅÎÉÊ ×Ï ×ÓÅÈ ÁÌÇÏÒÉÔÍÁÈ, ËÒÏÍÅ ÓÉÎÈÒÏÎÉÚÁÃÉÉ.

÷ÙÐÉÛÅÍ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ ÄÌÑ ÚÍÅÊ.
h÷ÓÐÏÍÏÇÁÔÅÌØÎÙÅ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 6 i �

struct snake =� ÓÔÒÕËÔÕÒÁ ÄÌÑ ÈÒÁÎÅÎÉÑ ÓÅÇÍÅÎÔÁ ÚÍÅÉ �=
f

port body ; =� ÏÞÅÒÅÄÎÏÊ ÓÅÇÍÅÎÔ ÔÅÌÁ ÚÍÅÉ; nil × ÓÌÕÞÁÅ ÏÔÓÕÔÓÔ×ÉÑ ÔÁËÏ×ÏÇÏ �=
bool is head ; is tail ;
snake(port Body ;bool Is head ;bool Is tail )
f

body = Body ;
is head = Is head ;
is tail = Is tail ;

g
snake( )
f

body = nil ;
is head = is tail = false ;

g
hîÁÒÉÓÏ×ÁÔØ ÓÅÇÍÅÎÔ ÚÍÅÉ 75 i
g;

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 61 É 62.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.

7. hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7 i �
transfer ; =� ÐÅÒÅÄÁ£Í ÚÍÅÊ �=

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 38, 48, É 66.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

8. hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i �
snake adder ; python ; cobra ; =� ÐÅÒÅÍÅÎÎÙÅ ÄÌÑ ÈÒÁÎÅÎÉÑ ÓÅÇÍÅÎÔÏ× ÚÍÅÊ �=

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 30, 41, 50, 54, É 67.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.
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9. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i �

enum =� ÓÏÓÔÏÑÎÉÅ ÐÅÒÅÄÁÞÉ ÄÁÎÎÏÇÏ ÔÉÐÁ ÚÍÅÉ �=
f

gap ; =� ÎÉÞÅÇÏ ÎÅ ÐÅÒÅÄÁ£Í �=
head ; =� ÐÅÒÅÄÁ£Í ÇÏÌÏ×Õ ËÏÂÒÙ �=
body ; =� ÐÅÒÅÄÁ£Í ÔÅÌÏ ÚÍÅÉ �=
tail ; =� ÐÅÒÅÄÁ£Í È×ÏÓÔ ÇÁÄÀËÉ �=
ignore =� ÉÇÎÏÒÉÒÕÅÍ ÐÉÔÏÎÁ ÉÌÉ ËÏÂÒÕ �=

g adder ; python ; cobra ;
óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 11, 19, 22, 26, 32, 56, 63, É 69.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

10. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i �
adder = python = cobra = gap ;

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 12, 20, 23, 27, 33, É 57.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
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11. ïÓÔÏ×ÎÙÅ ÄÅÒÅ×ØÑ. ðÅÒ×ÙÊ ÁÌÇÏÒÉÔÍ ÓÔÒÏÉÔ ÎÁ ÓÅÔÉ Ä×Á ×ÉÄÁ ÄÅÒÅ×ØÅ×. äÅÒÅ×Ï ÉÓÔÏËÁ
ÐÒÅÄÓÔÁ×ÌÑÅÔ ÓÏÂÏÊ ÎÁÂÏÒ Ò£ÂÅÒ, ÔÁËÏÊ, ÞÔÏ ÄÏ ÌÀÂÏÊ ×ÅÒÛÉÎÙ ÍÏÖÎÏ ÄÏÊÔÉ ÉÚ ËÏÒÎÑ ÐÏ Ò£ÂÒÁÍ
ÄÅÒÅ×Á ÒÏ×ÎÏ ÏÄÎÉÍ ÓÐÏÓÏÂÏÍ. åÓÌÉ × ÄÅÒÅ×Å ÉÓÔÏËÁ ÅÓÔØ ÒÅÂÒÏ u! v, ÔÏ ×ÅÒÛÉÎÁ u ÎÁÚÙ×ÁÅÔÓÑ ÏÔÃÏÍ
×ÅÒÛÉÎÙ v, Á ×ÅÒÛÉÎÁ v ÎÁÚÙ×ÁÅÔÓÑ ÓÙÎÏÍ ×ÅÒÛÉÎÙ u. õ ËÏÒÎÑ ÎÅÔ ÏÔÃÁ, Á Õ ÌÀÂÏÊ ÄÒÕÇÏÊ ×ÅÒÛÉÎÙ
ÅÓÔØ ÒÏ×ÎÏ ÏÄÉÎ ÏÔÅÃ. õ ËÁÖÄÏÊ ×ÅÒÛÉÎÙ ÍÏÖÅÔ ÂÙÔØ ÐÒÏÉÚ×ÏÌØÎÏÅ ÞÉÓÌÏ ÓÙÎÏ×ÅÊ. ëÏÇÄÁ ÐÏÓÔÒÏÅÎÉÅ
ÄÅÒÅ×Á ÉÓÔÏËÁ ÚÁ×ÅÒÛÅÎÏ, ËÁÖÄÁÑ ×ÅÒÛÉÎÁ ÚÎÁÅÔ, Ë ËÁËÏÍÕ ÉÚ Å£ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× ÐÏÄÓÏÅÄÉÎÅÎÏ ÒÅÂÒÏ,
ÐÒÉÈÏÄÑÝÅÅ ÏÔ Å£ ÏÔÃÁ É ËÁËÉÅ ÉÚ Å£ ×ÙÈÏÄÎÙÈ ÐÏÒÔÏ× ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ Ò£ÂÒÁÍ, ×ÅÄÕÝÉÍ Ë Å£ ÓÙÎÏ×ØÑÍ.

ïÓÔÏ×ÎÙÅ ÄÅÒÅ×ØÑ ÕÐÒÁ×ÌÑÀÔ ÐÏÔÏËÁÍÉ ÉÎÆÏÒÍÁÃÉÉ ×Ï ×ÓÅÈ ÁÌÇÏÒÉÔÍÁÈ, × ÞÁÓÔÎÏÓÔÉ, ÏÐÒÅÄÅÌÑÀÔ
ÐÕÔÉ ÓÌÅÄÏ×ÁÎÉÑ ÚÍÅÊ.

äÅÒÅ×Ï ÓÔÏËÁ ÐÏÌÕÞÁÅÔÓÑ ÉÚ ÄÅÒÅ×Á ÉÓÔÏËÁ, ÅÓÌÉ × ÏÐÒÅÄÅÌÅÎÉÉ ÐÏÓÌÅÄÎÅÇÏ ÏÂÒÁÔÉÔØ ÎÁÐÒÁ×ÌÅÎÉÑ
Ò£ÂÅÒ. ôÁËÉÍ ÏÂÒÁÚÏÍ, ÏÔ ËÁÖÄÏÊ ×ÅÒÛÉÎÙ ÍÏÖÎÏ ÐÒÏÊÔÉ ÐÏ Ò£ÂÒÁÍ ÄÅÒÅ×Á ÓÔÏËÁ ÄÏ ËÏÒÎÑ ÒÏ×ÎÏ ÏÄÎÉÍ
ÓÐÏÓÏÂÏÍ. äÌÑ ÄÅÒÅ×Á ÓÔÏËÁ ×ÍÅÓÔÏ ÔÅÒÍÉÎÏ× �ÏÔÅÃ� É �ÓÙÎ� ÂÕÄÅÍ ÉÓÐÏÌØÚÏ×ÁÔØ ÔÅÒÍÉÎÙ �ÍÁÔØ� É
�ÄÏÞØ�. ëÁÖÄÏÅ ÉÚ ÄÅÒÅ×ØÅ× ×ÎÁÞÁÌÅ ÓÏÄÅÒÖÉÔ ÔÏÌØËÏ ËÏÒÅÎØ. ðÏÓÔÅÐÅÎÎÏ Ë ËÁÖÄÏÍÕ ÉÚ ÄÅÒÅ×ØÅ×
ÐÏÄÓÏÅÄÉÎÑÀÔÓÑ ×ÅÒÛÉÎÙ, ÐÏËÁ ×ÓÅ ×ÅÒÛÉÎÙ ÎÅ ×ÏÊÄÕÔ × ÄÅÒÅ×Ï. ò£ÂÒÁ, ËÏÔÏÒÙÅ ÕÖÅ ÄÏÂÁ×ÌÅÎÙ ×
ÄÅÒÅ×Ï, ÏÓÔÁÀÔÓÑ × Î£Í ×ÓÅ ÏÓÔÁ×ÛÅÅÓÑ ×ÒÅÍÑ.

áÌÇÏÒÉÔÍ ÓÏÓÔÏÉÔ ÉÚ ÎÅÓËÏÌØËÉÈ ÏÄÎÏ×ÒÅÍÅÎÎÏ ÒÁÂÏÔÁÀÝÉÈ ÜÔÁÐÏ×. îÁ ÐÅÒ×ÏÍ ÜÔÁÐÅ ÓÔÒÏÉÔÓÑ ÄÅ-
ÒÅ×Ï ÉÓÔÏËÁ, ÎÁ ×ÔÏÒÏÍ ËÏÒÎÀ ÏÔÓÙÌÁÅÔÓÑ ×ÓÐÏÍÏÇÁÔÅÌØÎÁÑ ÉÎÆÏÒÍÁÃÉÑ, ÎÅÏÂÈÏÄÉÍÁÑ ÄÌÑ ÐÏÓÔÒÏÅÎÉÑ
ÄÅÒÅ×Á ÓÔÏËÁ, ÎÁ ÔÒÅÔØÅÍ ÜÔÁÐÅ ÐÒÏÉÓÈÏÄÉÔ ÐÏÓÔÒÏÅÎÉÅ ÄÅÒÅ×Á ÓÔÏËÁ, Á ÎÁ ÞÅÔ×£ÒÔÏÍ | ÐÒÏ×ÅÒÑÅÔÓÑ
ÇÏÔÏ×ÎÏÓÔØ ÕÚÌÏ×. üÔÁÐÙ ÂÕÄÕÔ ÏÐÉÓÁÎÙ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏ.

÷ÙÐÉÛÅÍ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ ÄÌÑ ÏÓÔÏ×ÎÙÈ ÄÅÒÅ×ØÅ×.
hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�

port father ;
=� ÐÏÒÔ, × ËÏÔÏÒÙÊ ÐÒÉÈÏÄÉÔ ÒÅÂÒÏ ÏÔ ÏÔÃÁ ÉÌÉ nil , ÅÓÌÉ ÕÚÅÌ ËÏÒÎÅ×ÏÊ ÉÌÉ ÎÅ ×ÈÏÄÉÔ × ÄÅÒÅ×Ï �=

vbool is son ; =� ×ÅÄ£Ô ÌÉ ÄÁÎÎÙÊ ÐÏÒÔ Ë ÓÙÎÕ? �=
port mother ;
vbool is daughter ;

12. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�
father = mother = nil ;
is son :assign (out ; false );
is daughter :assign (in ; false );

13. áÌÇÏÒÉÔÍ ÎÁÞÉÎÁÅÔÓÑ Ó ÔÏÇÏ, ÞÔÏ ËÏÒÎÅ×ÏÊ ÕÚÅÌ ÎÁ ËÁÖÄÏÍ ÛÁÇÅ ÒÁÓÓÙÌÁÅÔ ÏÄÎÏÓÉÍ×ÏÌØÎÙÈ
ÇÁÄÀË ÐÏ ×ÓÅÍ Ó×ÏÉÍ ×ÙÈÏÄÎÙÍ ÐÏÒÔÁÍ, ÐÒÉ ÜÔÏÍ ÅÄÉÎÓÔ×ÅÎÎÙÊ ÓÉÍ×ÏÌ ÇÁÄÀËÉ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÎÏÍÅÒÕ
ÐÏÒÔÁ, ÐÏ ËÏÔÏÒÏÍÕ ÏÎÁ ÕÐÏÌÚÌÁ ÏÔ ËÏÒÎÑ. çÁÄÀËÉ, ÐÒÉÐÏÌÚÁÀÝÉÅ × ËÏÒÎÅ×ÏÊ ÕÚÅÌ, ÉÇÎÏÒÉÒÕÀÔÓÑ,
Á ÏÓÔÁÌØÎÙÅ ÕÚÌÙ ×ÅÄÕÔ ÓÅÂÑ ÐÏ ÏÔÎÏÛÅÎÉÀ Ë ÇÁÄÀËÁÍ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ: ÅÓÌÉ ÄÁÎÎÙÊ ÕÚÅÌ ÅÝ£
ÎÅ ×ÈÏÄÉÔ × ÄÅÒÅ×Ï ÉÓÔÏËÁ, ÔÏ ÏÎ ×ËÌÀÞÁÅÔ ÓÅÂÑ × ÜÔÏ ÄÅÒÅ×Ï, ÚÁÐÏÍÉÎÁÑ ÐÒÉ ÜÔÏÍ, ÞÔÏ ÐÏÒÔ, ÞÅÒÅÚ
ËÏÔÏÒÙÊ Ë ÎÅÍÕ ÐÒÉÐÏÌÚÌÁ ÇÁÄÀËÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÒÅÂÒÕ, ÐÒÉÈÏÄÑÝÅÍÕ ÏÔ ÅÇÏ ÏÔÃÁ × ÄÅÒÅ×Å. åÓÌÉ
ÐÒÉ ÜÔÏÍ × ÕÚÅÌ ×ÐÏÌÚÌÏ ÎÅÓËÏÌØËÏ ÇÁÄÀË, ÔÏ ×ÙÂÉÒÁÅÔÓÑ ÌÀÂÁÑ ÉÚ ÎÉÈ. ðÏÓÌÅ ÐÒÉÓÏÅÄÉÎÅÎÉÑ ÕÚÌÁ
Ë ÄÅÒÅ×Õ ÁÌÇÏÒÉÔÍ ÐÏÓÔÕÐÁÅÔ ÔÁËÖÅ, ËÁË ÅÓÌÉ ÂÙ ÕÚÅÌ ÐÏÌÕÞÉÌ ÇÁÄÀËÕ, ÕÖÅ ÂÕÄÕÞÉ ×ËÌÀÞ£ÎÎÙÍÉ ×
ÄÅÒÅ×Ï. ðÏ×ÅÄÅÎÉÅ ÕÚÌÁ, ×ËÌÀÞ£ÎÎÏÇÏ × ÄÅÒÅ×Ï, ÏÐÉÓÁÎÏ ÎÉÖÅ.
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13 i �
case tree :

for (int k = 0; k < out ; k++) =� ÇÏ×ÏÒÉÍ ÓÏÓÅÄÑÍ, ÞÔÏ ÕÚÅÌ ÇÏÔÏ×, ÓÍÏÔÒÉ ÎÉÖÅ �=
output [k]:ready = true ;

break;
óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 36, 45, É 58.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
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14. hðÏÓÔÒÏÉÔØ ÄÅÒÅ×Ï 14 i �
if (root state � tree ) hïÔÏÓÌÁÔØ ×ÏÌÎÕ ÇÁÄÀË 15 i

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÀ 29.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

15. hïÔÏÓÌÁÔØ ×ÏÌÎÕ ÇÁÄÀË 15 i �
for (int k = 0; k < out ; k++) output [k]:adder = snake(k; true ; true );

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 14, 44, É 45.

16. hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16 i �
tree ; =� ÓÔÒÏÉÍ ÄÅÒÅ×Ï �=

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 39, 49, É 65.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

17. hðÅÒÅÄÁÔØ ÚÍÅÊ 17 i �
if (father � nil ^ :is root )

for (int k = 0; k < in ; k++)
if (input [k]:adder :is head ) f

father = k;
mutant = true ; =� ÓÍÏÔÒÉ ÎÉÖÅ �=
break;
g

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 18, 21, É 24.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
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18. çÁÄÀËÉ, ËÏÔÏÒÙÅ ÐÒÉÐÏÌÚÁÀÔ ÎÅ ÏÔ ÏÔÃÁ, ÉÇÎÏÒÉÒÕÀÔÓÑ. åÓÌÉ ÖÅ ÕÚÅÌ ÐÏÌÕÞÉÌ ÇÁÄÀËÕ ÏÔ Ó×ÏÅÇÏ
ÏÔÃÁ, ÔÏ ÏÎ ÎÁÞÉÎÁÅÔ ÒÅÔÒÁÎÓÌÉÒÏ×ÁÔØ ÜÔÕ ÇÁÄÀËÕ ÎÁ ×ÓÅ Ó×ÏÉ ×ÙÈÏÄÎÙÅ ÐÏÒÔÙ × ÎÅÉÚÍÅÎÎÏÍ ×ÉÄÅ, ÚÁ
ÉÓËÌÀÞÅÎÉÅÍ ÔÏÇÏ, ÞÔÏ × È×ÏÓÔ ÜÔÏÊ ÇÁÄÀËÉ ÏÎ ÄÏÂÁ×ÌÑÅÔ ÓÉÍ×ÏÌ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ ÎÏÍÅÒÕ ×ÙÈÏÄÎÏÇÏ
ÐÏÒÔÁ, ÞÅÒÅÚ ËÏÔÏÒÙÊ ÏÎ ×ÙÐÕÓÔÉÌ ÄÁÎÎÕÀ ÇÁÄÀËÕ. ðÏÓËÏÌØËÕ ÄÌÑ ×ÙÐÏÌÎÅÎÉÑ ÐÏÓÌÅÄÎÅÇÏ ÄÅÊÓÔ×ÉÑ
ÎÁÍ ÎÅÏÂÈÏÄÉÍ ÏÄÉÎ ÄÏÐÏÌÎÉÔÅÌØÎÙÊ ÔÁËÔ ×ÒÅÍÅÎÉ, ÎÅÌØÚÑ ÎÁÞÁÔØ ÏÂÒÁÂÏÔËÕ ÎÏ×ÏÊ ÇÁÄÀËÉ ÓÒÁÚÕ ÐÏÓÌÅ
ÔÏÇÏ, ËÁË ÃÅÌÉËÏÍ ÐÏÌÕÞÅÎÁ ÓÔÁÒÁÑ ÇÁÄÀËÁ, ÉÂÏ × ÐÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ ÎÁÍ ÐÒÉÛÌÏÓØ ÂÙ ÚÁÄÅÊÓÔ×Ï×ÁÔØ
ÐÁÍÑÔØ ÎÅÏÇÒÁÎÉÞÅÎÎÏÇÏ ÒÁÚÍÅÒÁ ÄÌÑ ÈÒÁÎÅÎÉÑ ÔÅÈ ÓÉÍ×ÏÌÏ× ÇÁÄÀË, ËÏÔÏÒÙÅ ÅÝ£ ÎÅ ÏÔÐÒÁ×ÌÅÎÙ ÞÅÒÅÚ
×ÙÈÏÄÎÏÊ ÐÏÒÔ. ðÏÜÔÏÍÕ, ÅÓÌÉ ÇÏÌÏ×Á ÎÏ×ÏÊ ÇÁÄÀËÉ ÐÏÌÕÞÅÎÁ ÎÁ ÓÌÅÄÕÀÝÅÍ ÔÁËÔÅ ÐÏÓÌÅ ÐÏÌÕÞÅÎÉÑ
È×ÏÓÔÁ ÓÔÁÒÏÊ ÇÁÄÀËÉ, ÎÏ×ÁÑ ÇÁÄÀËÁ ÉÇÎÏÒÉÒÕÅÔÓÑ.

ïÔÍÅÔÉÍ, ÞÔÏ ÐÏÓÔÒÏÅÎÎÏÅ ÄÅÒÅ×Ï ÉÓÔÏËÁ Ñ×ÌÑÅÔÓÑ ÄÅÒÅ×ÏÍ ÐÏÉÓËÁ × ÛÉÒÉÎÕ. ëÁÖÄÙÊ ÕÚÅÌ ÕÖÅ
ÚÎÁÅÔ Ó×ÏÅÇÏ ÏÔÃÁ, ÎÏ ÎÅ Ó×ÏÉÈ ÓÙÎÏ×ÅÊ. éÎÆÏÒÍÁÃÉÑ Ï ÓÙÎÏ×ØÑÈ ÂÕÄÅÔ ÐÏÌÕÞÅÎÁ ÐÏÚÖÅ.

äÌÑ ÐÏÓÔÒÏÅÎÉÑ ÄÅÒÅ×Á ÓÔÏËÁ ÎÁÍ ÎÅÏÂÈÏÄÉÍÏ ÚÁÄÅÊÓÔ×Ï×ÁÔØ ×ÔÏÒÏÊ ÔÉÐ ÚÍÅÊ | ÐÉÔÏÎÏ×. åÓÌÉ ÕÚÅÌ,
ËÏÔÏÒÙÊ ÅÝ£ ÎÅ ×ÈÏÄÉÔ × ÄÅÒÅ×Ï ÓÔÏËÁ, ÚÁÎÉÍÁÅÔÓÑ ÒÅÔÒÁÎÓÌÑÃÉÅÊ ÇÁÄÀËÉ, ÔÏ ÏÄÎÏ×ÒÅÍÅÎÎÏ Ó ÒÁÓÓÙÌËÏÊ
ÇÁÄÀË ÏÎ ×ÙÓÙÌÁÅÔ ÐÏ ×ÓÅÍ ÐÏÒÔÁÍ ÐÉÔÏÎÏ×, ÓÏÓÔÏÑÝÉÈ ÉÚ ÔÅÈ ÖÅ ÓÉÍ×ÏÌÏ×, ÞÔÏ É ÒÅÔÒÁÎÓÌÉÒÕÅÍÁÑ
ÇÁÄÀËÁ. ëÁÖÄÙÊ ÕÚÅÌ, ÎÅ ×ÈÏÄÑÝÉÊ × ÄÅÒÅ×Ï ÓÔÏËÁ, ÉÇÎÏÒÉÒÕÅÔ ×ÓÅÈ ×ÐÏÌÚÁÀÝÉÈ × ÎÅÇÏ ÐÉÔÏÎÏ×.
hðÅÒÅÄÁÔØ ÚÍÅÊ 17 i +�

switch (adder ) f
case tail : adder = gap ;

for (int k = 0; k < out ; k++) f
output [k]:adder = snake(k; false ; true );
if (mutate ) output [k]:python = snake(k; false ; true );

g
mutate = false ;
break;

case gap :
if (father � nil _ :input [father ]:adder :is head ) break;
if (mutant ) mutate = true ;
adder = body ;

case body : snake s = input [father ]:adder ;
if (s:is tail ) f
s:is tail = false ;
adder = tail ;

g
for (int k = 0; k < out ; k++) f

output [k]:adder = s;
if (mutate ) output [k]:python = s;

g
break;
g
if (state � search ) =� ÔÒÅÂÕÅÔÓÑ ÐÒÉ ÐÏÓÔÒÏÅÎÉÉ ÃÉËÌÁ �=
f

if (mother 6= nil ) output [mother ]:python = snake( );
if (unready � 0) f

state = transfer ;
mutant = false ;
python = cobra = gap ;
unready = nil ;

g
g
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19. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�
bool mutant ; =� ÐÒÅ×ÒÁÝÁÅÍ ÇÁÄÀË × ÐÉÔÏÎÏ×? �=
mutate ; =� ÓÏÚÄÁ£Í × ÄÁÎÎÙÊ ÍÏÍÅÎÔ ÐÉÔÏÎÁ ÉÚ ÇÁÄÀËÉ? �=

20. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�
mutant = mutate = false ;

21. ëÁÖÄÙÊ ÎÅËÏÒÎÅ×ÏÊ ÕÚÅÌ, ËÏÔÏÒÙÊ ÕÖÅ ×ÏÛ£Ì × ÄÅÒÅ×Ï ÓÔÏËÁ, ÒÅÔÒÁÎÓÌÉÒÕÅÔ ×ÐÏÌÚÁÀÝÉÈ × ÎÅÇÏ
ÐÉÔÏÎÏ× Ó×ÏÅÊ ÍÁÔÅÒÉ. åÓÌÉ ÕÚÅÌ ÕÖÅ ÐÅÒÅÄÁ£Ô ÐÉÔÏÎÁ, Á × ÜÔÏ ×ÒÅÍÑ × ÎÅÇÏ ×ÐÏÌÚÁÅÔ ÄÒÕÇÏÊ ÐÉÔÏÎ,
ÔÏ ÐÏÓÌÅÄÎÉÊ ÉÇÎÏÒÉÒÕÅÔÓÑ. ôÁËÖÅ, ÅÓÌÉ ÎÅÓËÏÌØËÏ ÐÉÔÏÎÏ× ×ÐÏÌÚÁÀÔ × ÕÚÅÌ ÏÄÎÏ×ÒÅÍÅÎÎÏ, ÔÏ ÄÌÑ
ÒÅÔÒÁÎÓÌÑÃÉÉ ×ÙÂÉÒÁÅÔÓÑ ÌÀÂÏÊ ÉÚ ÎÉÈ, Á ÏÓÔÁÌØÎÙÅ ÉÇÎÏÒÉÒÕÀÔÓÑ.
hðÅÒÅÄÁÔØ ÚÍÅÊ 17 i +�

if (python � gap ^mother 6= nil ^ output [mother ]:python :body � nil )
for (int k = 0; k < in ; k++)

if (input [k]:python :is head ) f
python = body ;
python port = k;
break;

g
if (python � body ^ (output [mother ]:python = input [python port ]:python ):is tail ) f

python = gap ;
python port = nil ;

g
22. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�

port python port ; =� ÐÏÒÔ, ÞÅÒÅÚ ËÏÔÏÒÙÊ ×ÐÏÌÚÁÅÔ ÐÉÔÏÎ �=
23. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�

python port = nil ;
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24. åÓÌÉ ËÏÒÎÅ×ÏÊ ÕÚÅÌ ÐÏÌÕÞÁÅÔ ÐÉÔÏÎÁ, ÏÎ ÔÒÁÎÓÆÏÒÍÉÒÕÅÔ ÅÇÏ × ËÏÂÒÕ. üÔÁ ËÏÂÒÁ ÐÒÏÄÅÌÁÅÔ ÔÏÔ ÖÅ
ÐÕÔØ, ÞÔÏ ËÏÇÄÁ-ÔÏ ÐÒÏÄÅÌÁÌÁ ÇÁÄÀËÁ, ÐÒÅ×ÒÁÔÉ×ÛÁÑÓÑ ÐÏÔÏÍ × ÐÉÔÏÎÁ, ËÏÔÏÒÙÊ ÄÏÐÏÌÚ ÄÏ ËÏÒÎÅ×ÏÇÏ
ÕÚÌÁ. îÁÐÒÁ×ÉÔØ ËÏÂÒÕ ÐÏ ÜÔÏÍÕ ÐÕÔÉ ÎÅÓÌÏÖÎÏ, ÔÁË ËÁË Å£ ÐÅÒ×ÙÊ ÓÉÍ×ÏÌ ÕËÁÚÙ×ÁÅÔ ÎÁ ×ÙÈÏÄÎÏÊ
ÐÏÒÔ, ÐÏ ËÏÔÏÒÏÍÕ ÏÎÁ ÄÏÌÖÎÁ ÐÏËÉÎÕÔØ ËÏÒÎÅ×ÏÊ ÕÚÅÌ, ×ÔÏÒÏÊ ÓÉÍ×ÏÌ | ÎÁ ÐÏÒÔ, ÐÏ ËÏÔÏÒÏÍÕ ÏÎÁ
ÄÏÌÖÎÁ ÐÏËÉÎÕÔØ ÓÌÅÄÕÀÝÉÊ ÕÚÅÌ, É ÔÁË ÄÁÌÅÅ. ëÏÇÄÁ ËÏÂÒÁ ÄÏÓÔÉÇÁÅÔ ÏÞÅÒÅÄÎÏÇÏ ÕÚÌÁ, ÏÔ Å£ ÇÏÌÏ×Ù
ÏÔÄÅÌÑÅÔÓÑ ÐÅÒ×ÙÊ ÓÉÍ×ÏÌ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ ÐÏÒÔÕ, ÞÅÒÅÚ ËÏÔÏÒÙÊ ÐÏÄÁ£ÔÓÑ ÏÓÔÁ×ÛÁÑÓÑ ÞÁÓÔØ ËÏÂÒÙ.

ëÁÖÄÙÊ ×ÙÈÏÄÎÏÊ ÐÏÒÔ, ÞÅÒÅÚ ËÏÔÏÒÙÊ ÐÒÏÈÏÄÉÔ ËÏÂÒÁ, ÐÏÍÅÞÁÅÔÓÑ ËÁË ÐÏÒÔ, ×ÅÄÕÝÉÊ Ë ÏÄÎÏÍÕ ÉÚ
ÓÙÎÏ×ÅÊ ÄÁÎÎÏÇÏ ÕÚÌÁ × ÄÅÒÅ×Å ÉÓÔÏËÁ. ëÁÖÄÙÊ ÎÅËÏÒÎÅ×ÏÊ ÕÚÅÌ × ËÁËÏÊ-ÔÏ ÍÏÍÅÎÔ ×ËÌÀÞÉÔÓÑ × ÄÅÒÅ×Ï
ÓÔÏËÁ, Á ËÏÂÒÁ, ÉÎÉÃÉÉÒÏ×Á×ÛÁÑ ÜÔÏ ×ËÌÀÞÅÎÉÅ, ÐÒÏÊÄ£Ô ÐÒÅÄ×ÁÒÉÔÅÌØÎÏ ÐÏ ÒÅÂÒÕ, ÓÏÅÄÉÎÑÀÝÅÍÕ ÏÔÃÁ
ÄÁÎÎÏÇÏ ÕÚÌÁ É ÓÁÍ ÕÚÅÌ, ÞÔÏ ÐÏÚ×ÏÌÑÅÔ ËÁÖÄÏÍÕ ÕÚÌÕ ÕÚÎÁÔØ ×ÓÅÈ ÅÇÏ ÓÙÎÏ×ÅÊ, × ÒÅÚÕÌØÔÁÔÅ ÞÅÇÏ ÂÕÄÅÔ
ÐÏÌÕÞÅÎÁ ×ÓÑ ÉÎÆÏÒÍÁÃÉÑ Ï ÄÅÒÅ×Å ÉÓÔÏËÁ.
hðÅÒÅÄÁÔØ ÚÍÅÊ 17 i +�

snake s;
switch (cobra ) f
case gap :

if (father 6= nil ) s = input [father ]:cobra ;
else if (is root )

for (int k = 0; k < in ; k++)
if ((s = input [k]:python ):is head ) f

python port = k;
break;

g
if (s:is head ) f
héÎÉÃÉÉÒÏ×ÁÔØ ×ÙÐÏÌÚÁÎÉÅ ËÏÂÒÙ 25 i
g
break;

case head : case body : s = is root ? input [python port ]:python : input [father ]:cobra ;
if (cobra � head ) f

cobra = body ;
s:is head = true ;

g
output [cobra port ]:cobra = s;
if (root state � cycle _ (father 6= nil ^ input [father ]:mark source )) =� ÓÍÏÔÒÉ ÎÉÖÅ �=

output [cobra port ]:mark source = true ;
if (s:is tail ) f

cobra = gap ;
if (is root ) python port = nil ;
cobra port = nil ;

g
break;
g
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25. héÎÉÃÉÉÒÏ×ÁÔØ ×ÙÐÏÌÚÁÎÉÅ ËÏÂÒÙ 25 i �
if (s:is tail ) f
hïÂÒÁÂÏÔÁÔØ ËÏÂÒÕ ÄÌÉÎÙ 1 28 i
if (is root ) python port = nil ;

g
else f

cobra port = s:body ;
cobra = head ;
is son [cobra port ] = true ;
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 24.

26. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�
port cobra port ; =� ÐÏÒÔ, ÞÅÒÅÚ ËÏÔÏÒÙÊ ×ÙÐÏÌÚÁÅÔ ËÏÂÒÁ �=

27. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�
cobra port = nil ;

28. ëÏÇÄÁ ËÏÂÒÁ ÕËÏÒÏÔÉÔÓÑ ÄÏ ÄÌÉÎÙ 1, ÏÎÁ ÐÒÉÐÏÌÚ£Ô × ÔÏÔ ÓÁÍÙÊ ÕÚÅÌ, × ËÏÔÏÒÏÍ Å£ ÐÒÅÄÛÅÓÔ-
×ÅÎÎÉÃÁ ÇÁÄÀËÁ ÐÒÅ×ÒÁÔÉÌÁÓØ × ÐÉÔÏÎÁ. ðÒÉ ÜÔÏÍ ÅÄÉÎÓÔ×ÅÎÎÙÊ ÓÉÍ×ÏÌ, ÉÚ ËÏÔÏÒÏÇÏ ÓÏÓÔÏÉÔ ËÏÂÒÁ,
ÕËÁÚÙ×ÁÅÔ ÎÁ ×ÙÈÏÄÎÏÊ ÐÏÒÔ, ËÏÔÏÒÙÊ ×ÅÄ£Ô Ë ÕÚÌÕ v ÄÅÒÅ×Á ÓÔÏËÁ. åÓÌÉ Ë ÜÔÏÍÕ ÍÏÍÅÎÔÕ ÕÚÅÌ u, ×
ËÏÔÏÒÙÊ ÐÒÉÐÏÌÚÌÁ ËÏÂÒÁ, ÕÖÅ ÐÒÉÓÏÅÄÉÎÉÌÓÑ Ë ÄÅÒÅ×Õ ÓÔÏËÁ, ÔÏ ËÏÂÒÁ ÉÇÎÏÒÉÒÕÅÔÓÑ, Á × ÐÒÏÔÉ×ÎÏÍ
ÓÌÕÞÁÅ Ë ÄÅÒÅ×Õ ÓÔÏËÁ ÄÏÂÁ×ÌÑÅÔÓÑ ÒÅÂÒÏ u ! v. äÌÑ ÜÔÏÇÏ ÕÚÅÌ u ÐÏÓÙÌÁÅÔ ÕÚÌÕ v ÓÏÏÂÝÅÎÉÅ, ÇÏ×Ï-
ÒÑÝÅÅ ÅÍÕ Ï ÔÏÍ, ÞÔÏ Õ ÎÅÇÏ ÐÏÑ×ÉÌÁÓØ ÎÏ×ÁÑ ÄÏÞËÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ×ÈÏÄÎÏÍÕ ÐÏÒÔÕ, ÉÚ ËÏÔÏÒÏÇÏ ÏÎ
ÐÏÌÕÞÉÌ ÓÏÏÂÝÅÎÉÅ.

îÁ ×ÓÅ ÏÓÔÁÌØÎÙÅ ×ÙÈÏÄÎÙÅ ÐÏÒÔÙ ÕÚÅÌ u ÐÏÓÙÌÁÅÔ ÓÐÅÃÉÁÌØÎÙÊ ÓÉÇÎÁÌ. ëÁÖÄÙÊ ÕÚÅÌ ÚÁÐÏÍÉÎÁÅÔ,
ÏÔ ËÁËÉÈ ÉÚ Ó×ÏÉÈ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× ÏÎ ÕÖÅ ÐÏÌÕÞÉÌ ÜÔÏÔ ÓÉÇÎÁÌ. åÓÌÉ ÎÁ ÏÞÅÒÅÄÎÏÍ ÔÁËÔÅ ÏËÁÚÁÌÏÓØ,
ÞÔÏ ÓÉÇÎÁÌÙ ÕÖÅ ÐÏÌÕÞÅÎÙ ÓÏ ×ÓÅÈ ÖÉ×ÙÈ ÐÏÒÔÏ×, É ÐÒÉ ÜÔÏÍ ÓÁÍ ÕÚÅÌ ×ÈÏÄÉÔ × ÄÅÒÅ×Ï ÓÔÏËÁ, ÔÏ ÔÁËÏÊ
ÖÅ ÓÉÇÎÁÌ ÐÏÓÙÌÁÅÔÓÑ ÍÁÔÅÒÉ ÕÚÌÁ. ïÔÍÅÔÉÍ, ÞÔÏ ÉÍÅÎÎÏ × ÜÔÏÍ ÍÅÓÔÅ ÁÌÇÏÒÉÔÍÁ ÉÓÐÏÌØÚÕÅÔÓÑ ÔÏÔ
ÆÁËÔ, ÞÔÏ ÎÁÍ ÉÚ×ÅÓÔÎÙ Í£ÒÔ×ÙÅ ×ÈÏÄÎÙÅ ÐÏÒÔÙ. ëÏÒÎÅ×ÏÊ ÕÚÅÌ, ×ÍÅÓÔÏ ÔÏÇÏ, ÞÔÏÂÙ ÐÏÓÙÌÁÔØ ÓÉÇÎÁÌ
Ó×ÏÅÊ ÍÁÔÅÒÉ (ËÏÔÏÒÏÊ Õ ÎÅÇÏ ÎÅÔ, ÔÁË ËÁË ÏÎ ËÒÕÇÌÙÊ ÓÉÒÏÔÁ), ÚÁ×ÅÒÛÁÅÔ ÁÌÇÏÒÉÔÍ.
hïÂÒÁÂÏÔÁÔØ ËÏÂÒÕ ÄÌÉÎÙ 1 28 i �

if (mother � nil ^ :is root ) f
mutant = false ;
output [mother = s:body ]:daughter = true ;
for (int k = 0; k < out ; k++)

if (k 6= mother ) output [k]:ready = true ;
g

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 43 É 53.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 25.

29. hðÏÓÔÒÏÉÔØ ÄÅÒÅ×Ï 14 i +�
for (int k = 0; k < in ; k++) f

if (input [k]:ready ) unready ��;
if (input [k]:daughter ) is daughter [k] = true ;
g
if (unready � 0 ^ (is root _mother 6= nil )) f

unready = nil ;
if (mother 6= nil ) output [mother ]:ready = true ;
else root state = neutral ;

g
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30. hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i +�
bool daughter ; ready ;

31. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31 i �
daughter = ready = false ;

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÉ 42, 51, É 55.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.

32. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�
int unready ; =� ËÏÌÉÞÅÓÔ×Ï ÎÅÇÏÔÏ×ÙÈ ÕÚÌÏ× �=

33. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�
h÷ÙÞÉÓÌÉÔØ ËÏÌÉÞÅÓÔ×Ï ÖÉ×ÙÈ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× 34 i

34. h÷ÙÞÉÓÌÉÔØ ËÏÌÉÞÅÓÔ×Ï ÖÉ×ÙÈ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× 34 i �
unready = 0;
for (int k = 0; k < in ; k++)

if (is alive [k]) unready ++;
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 33 É 47.

35. ôÁË ËÁË ÇÒÁÆ ÕÚÌÏ× Ñ×ÌÑÅÔÓÑ ÓÉÌØÎÏ Ó×ÑÚÎÙÍ, ÐÏ ÚÁ×ÅÒÛÅÎÉÉ ÁÌÇÏÒÉÔÍÁ ÂÕÄÕÔ ÐÏÌÎÏÓÔØÀ ÐÏ-
ÓÔÒÏÅÎÙ ÄÅÒÅ×ØÑ ÉÓÔÏËÁ É ÓÔÏËÁ. ÷ÒÅÍÑ ÒÁÂÏÔÙ ÁÌÇÏÒÉÔÍÁ Ë×ÁÄÒÁÔÉÞÎÏ ÐÏ ÞÉÓÌÕ ÕÚÌÏ×, ÔÁË ËÁË ÄÅÒÅ×Ï
ÉÓÔÏËÁ ÓÔÒÏÉÔÓÑ ÚÁ ÌÉÎÅÊÎÏÅ ×ÒÅÍÑ, Á ÒÁÚÍÅÒ ×ÒÅÍÅÎÎÙÈ ÐÒÏÍÅÖÕÔËÏ× ÍÅÖÄÕ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÙÍÉ ÐÒÉ-
ÓÏÅÄÉÎÅÎÉÑÍÉ ×ÅÒÛÉÎ Ë ÄÅÒÅ×Õ ÓÔÏËÁ ÌÉÎÅÊÎÏ ÏÇÒÁÎÉÞÅÎ ÐÏ ÞÉÓÌÕ ÕÚÌÏ×.
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36. ïÂÈÏÄ ÇÒÁÆÁ. ÷ÔÏÒÏÊ ÁÌÇÏÒÉÔÍ ×ÙÐÏÌÎÑÅÔ ÏÂÈÏÄ ÇÒÁÆÁ. ãÅÌØ ÏÂÈÏÄÁ ÓÏÓÔÏÉÔ × ÔÏÍ, ÞÔÏÂÙ
ÐÏÂÙ×ÁÔØ × ËÁÖÄÏÊ ×ÅÒÛÉÎÅ ÇÒÁÆÁ ÒÏ×ÎÏ ÏÄÉÎ ÒÁÚ. ðÒÏÃÅÓÓ ÐÏÓÅÝÅÎÉÑ ×ÅÒÛÉÎÙ ÚÁËÌÀÞÁÅÔÓÑ × ÔÏÍ,
ÞÔÏ ÏÎÁ ÐÅÒÅÈÏÄÉÔ × ÓÐÅÃÉÁÌØÎÏÅ ÓÏÓÔÏÑÎÉÅ, ×ÙÐÏÌÎÑÅÔ ÎÅËÏÔÏÒÏÅ ×ÒÅÍÑ × ÜÔÏÍ ÓÏÓÔÏÑÎÉÉ ÐÒÏÉÚ×ÏÌØÎÙÅ
ÄÅÊÓÔ×ÉÑ, Á ÚÁÔÅÍ ×ÙÈÏÄÉÔ ÉÚ ÎÅÇÏ. ÷ ËÁÖÄÙÊ ÍÏÍÅÎÔ ×ÒÅÍÅÎÉ ÎÅ ÂÏÌØÛÅ ÏÄÎÏÊ ×ÅÒÛÉÎÙ ÍÏÖÅÔ
ÎÁÈÏÄÉÔØÓÑ × ÓÐÅÃÉÁÌØÎÏÍ ÓÏÓÔÏÑÎÉÉ. îÁÛ ÁÌÇÏÒÉÔÍ ÐÏÓÅÝÁÅÔ ×ÅÒÛÉÎÙ × ÐÒÑÍÏÍ ÐÏÒÑÄËÅ ÏÂÈÏÄÁ
ÄÅÒÅ×Á ÉÓÔÏËÁ. ðÅÒ×ÙÍ ÐÏÓÅÝÁÅÔÓÑ ËÏÒÅÎØ.

ðÕÓÔØ ÐÒÏÊÄÅÎÁ ÏÞÅÒÅÄÎÁÑ ×ÅÒÛÉÎÁ, ËÁË ÕÚÎÁÔØ, ËÁËÁÑ ×ÅÒÛÉÎÁ ÄÏÌÖÎÁ ÂÙÔØ ÓÌÅÄÕÀÝÅÊ? åÓÌÉ
Õ ÔÅËÕÝÅÊ ×ÅÒÛÉÎÙ ÅÓÔØ ÓÙÎÏ×ØÑ, ÔÏ ÐÅÒ×ÙÊ ÉÚ ÎÉÈ ÓÔÁÎÏ×ÉÔÓÑ ÓÌÅÄÕÀÝÅÊ ×ÅÒÛÉÎÏÊ, Á ÔÅËÕÝÁÑ
×ÅÒÛÉÎÁ ÐÒÏÓÔÏ ÓÏÏÂÝÁÅÔ ÅÍÕ ÏÂ ÜÔÏÍ. åÓÌÉ ÖÅ Õ ÔÅËÕÝÅÊ ×ÅÒÛÉÎÙ ÎÅÔ ÓÙÎÏ×ÅÊ, ÔÏ ÔÏÇÄÁ ÓÌÅÄÕÀÝÅÊ
×ÅÒÛÉÎÏÊ ÄÏÌÖÅÎ ÓÔÁÔØ Å£ ÂÌÉÖÁÊÛÉÊ ÂÒÁÔ ÓÐÒÁ×Á, ÅÓÌÉ ÏÎ ÓÕÝÅÓÔ×ÕÅÔ. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÏÎ ÕÚÎÁÌ ÜÔÏ,
ÎÅÏÂÈÏÄÉÍÏ ÐÒÏÉÚ×ÅÓÔÉ ÏÔËÁÔ. äÌÑ ÜÔÏÇÏ ÔÅËÕÝÁÑ ×ÅÒÛÉÎÁ ÐÒÉ ÐÏÍÏÝÉ ÄÅÒÅ×Á ÓÔÏËÁ ÐÏÓÙÌÁÅÔ ËÏÒÎÀ
ÓÐÅÃÉÁÌØÎÙÊ ÓÉÇÎÁÌ, ËÏÔÏÒÙÊ ÚÁÓÔÁ×ÌÑÅÔ ËÏÒÅÎØ ×ÙÓÌÁÔØ ÏÄÎÕ ×ÏÌÎÕ ÇÁÄÀË ×ÓÅÍ Ó×ÏÉÍ ÓÙÎÏ×ØÑÍ.
ëÁÖÄÙÊ ÕÚÅÌ ÄÅÒÅ×Á ÉÓÔÏËÁ, ÐÏÌÕÞÉ× ÇÁÄÀËÕ ÏÔ Ó×ÏÅÇÏ ÏÔÃÁ, ÒÅÔÒÁÎÓÌÉÒÕÅÔ Å£ ÕÄÌÉÎ£ÎÎÕÀ ×ÅÒÓÉÀ
Ó×ÏÉÍ ÓÙÎÏ×ØÑÍ. ëÏÇÄÁ ÔÅËÕÝÁÑ ×ÅÒÛÉÎÁ ÐÏÌÕÞÉÔ ÇÁÄÀËÕ, ÏÎÁ ÔÒÁÎÓÆÏÒÍÉÒÕÅÔ Å£ × ÐÉÔÏÎÁ, ËÏÔÏÒÏÇÏ
ÏÔÐÒÁ×ÌÑÅÔ ËÏÒÎÀ ÐÒÉ ÐÏÍÏÝÉ ÄÅÒÅ×Á ÓÔÏËÁ. ëÏÒÅÎØ, ÐÏÌÕÞÉ× ÐÉÔÏÎÁ, ÔÒÁÎÓÆÏÒÍÉÒÕÅÔ ÅÇÏ × ËÏÂÒÕ,
ËÏÔÏÒÕÀ ÏÎ ÏÔÐÒÁ×ÌÑÅÔ ÐÏ ÄÅÒÅ×Õ ÉÓÔÏËÁ. ëÏÇÄÁ ËÏÂÒÁ ÕËÏÒÏÔÉÔÓÑ ÄÏ ÄÌÉÎÙ 1, ÏÎÁ ÐÒÉÐÏÌÚ£Ô × ÕÚÅÌ,
Ñ×ÌÑÀÝÉÊÓÑ ÏÔÃÏÍ ÔÅËÕÝÅÊ ×ÅÒÛÉÎÙ. üÔÏÔ ÕÚÅÌ ÓÏÏÂÝÁÅÔ ÓÌÅÄÕÀÝÅÍÕ ÂÒÁÔÕ ÐÏÓÅÝ£ÎÎÏÊ ×ÅÒÛÉÎÙ,
ÞÔÏ ÏÎ Ñ×ÌÑÅÔÓÑ ÓÌÅÄÕÀÝÅÊ ×ÅÒÛÉÎÏÊ. åÓÌÉ ÖÅ ÓÙÎÏ×ÅÊ ÂÏÌØÛÅ ÎÅ ÏÓÔÁÌÏÓØ, ÔÏ ÕÚÅÌ ×ÙÐÏÌÎÑÅÔ
×ÙÛÅÏÐÉÓÁÎÎÕÀ ÐÒÏÃÅÄÕÒÕ ÏÔËÁÔÁ. áÌÇÏÒÉÔÍ ÚÁ×ÅÒÛÁÅÔÓÑ ÐÒÉ ÐÏÐÙÔËÅ ÏÔËÁÔÁ ÉÚ ËÏÒÎÑ. ïÔÍÅÔÉÍ,
ÞÔÏ ×ÎÅÓÑ ÎÅÂÏÌØÛÉÅ ÉÚÍÅÎÅÎÉÑ, ÍÏÖÎÏ ÐÅÒÅÄÁ×ÁÔØ ÏÇÒÁÎÉÞÅÎÎÙÊ ÏÂß£Í ÉÎÆÏÒÍÁÃÉÉ ÏÔ ÔÅËÕÝÅÇÏ ÕÚÌÁ
Ë ÓÌÅÄÕÀÝÅÍÕ.
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13 i +�
case walk : state = visit ;

break;

37. h÷ÙÐÏÌÎÉÔØ ÏÂÈÏÄ 37 i �
hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌ ÏÔËÁÔÁ 44 i
if (state � backtrack ^ (output [mother ]:python = input [father ]:adder ):is tail ) state = transfer ;
if (state � visit ) f =� ÚÄÅÓØ ÍÏÖÎÏ ×ÙÐÏÌÎÉÔØ ÄÅÊÓÔ×ÉÑ ÐÏ ÐÏÓÅÝÅÎÉÀ ×ÅÒÛÉÎÙ �=

state = active ;
int k = 0;
hîÁÊÔÉ ÓÌÅÄÕÀÝÕÀ ×ÅÒÛÉÎÕ 40 i
g
if (father 6= nil ^ input [father ]:activate ) state = visit ;

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

38. hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7 i +�
visit ; =� ÐÏÓÅÝÁÅÍ ÄÁÎÎÕÀ ×ÅÒÛÉÎÕ �=
active ; =� Ñ×ÌÑÅÍÓÑ ÁËÔÉ×ÎÏÊ ×ÅÒÛÉÎÏÊ �=
backtrack ; =� ×ÙÐÏÌÎÑÅÍ ÏÔËÁÔ �=

39. hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16 i +�
walk ; =� ×ÙÐÏÌÎÑÅÍ ÏÂÈÏÄ �=
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40. hîÁÊÔÉ ÓÌÅÄÕÀÝÕÀ ×ÅÒÛÉÎÕ 40 i �
for ( ; k < out ; k++)

if (is son [k]) f
output [k]:activate = true ;
break;

g
if (k � out )

if (is root ) f
state = transfer ;
root state = neutral ;

g
else f

state = backtrack ;
output [mother ]:backtrack = true ;

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 37 É 43.

41. hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i +�
bool backtrack ; activate ;

42. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31 i +�
backtrack = activate = false ;

43. hïÂÒÁÂÏÔÁÔØ ËÏÂÒÕ ÄÌÉÎÙ 1 28 i +�
if (state � active ) f

int k = s:body + 1;
hîÁÊÔÉ ÓÌÅÄÕÀÝÕÀ ×ÅÒÛÉÎÕ 40 i
g

44. hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌ ÏÔËÁÔÁ 44 i �
for (int k = 0; k < in ; k++)

if (input [k]:backtrack ) f
if (is root ) hïÔÏÓÌÁÔØ ×ÏÌÎÕ ÇÁÄÀË 15 i
else output [mother ]:backtrack = true ;
break;

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 37.
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45. äÌÉÎÎÙÊ ÃÉËÌ. ôÒÅÔÉÊ ÁÌÇÏÒÉÔÍ ÓÔÒÏÉÔ ÃÉËÌ, ËÏÔÏÒÙÊ ÐÒÏÈÏÄÉÔ ÏÔ ÎÅËÏÔÏÒÏÊ ×ÅÒÛÉÎÙ
ÐÏ ÄÅÒÅ×Õ ÓÔÏËÁ ÄÏ ËÏÒÎÑ, ÐÏÓÌÅ ÜÔÏÇÏ ÉÄ£Ô ÐÏ ÄÅÒÅ×Õ ÉÓÔÏËÁ ÏÔ ËÏÒÎÑ ÄÏ ÄÒÕÇÏÊ ×ÅÒÛÉÎÙ, É × ËÏÎÃÅ
ÐÒÏÈÏÄÉÔ ÒÏ×ÎÏ ÐÏ ÏÄÎÏÍÕ ÒÅÂÒÕ. éÚ ×ÓÅÈ ÔÁËÉÈ ÃÉËÌÏ× ÂÕÄÅÔ ÎÁÊÄÅÎ ÔÏÔ, ËÏÔÏÒÙÊ ÉÍÅÅÔ ÍÁËÓÉÍÁÌØÎÕÀ
ÄÌÉÎÕ, Á ÅÓÌÉ ÔÁËÉÈ ÎÅÓËÏÌØËÏ | ÌÀÂÏÊ ÉÚ ÎÉÈ.

óÎÁÞÁÌÁ ËÏÒÅÎØ ÒÁÓÓÙÌÁÅÔ Ó×ÏÉÍ ÓÙÎÏ×ØÑÍ ÏÄÎÕ ×ÏÌÎÕ ÇÁÄÀË, ×ÍÅÓÔÅ Ó ËÏÔÏÒÙÍÉ ÔÁËÖÅ ÏÔÓÙÌÁÀÔÓÑ
ÉÄÅÎÔÉÞÎÙÅ ÉÍ ÐÉÔÏÎÙ. ëÁÖÄÙÊ ÕÚÅÌ, ËÏÔÏÒÙÊ ÐÏÌÕÞÉÌ ÇÁÄÀËÕ, ÒÅÔÒÁÎÓÌÉÒÕÅÔ Å£ ×ÓÅÍ Ó×ÏÉÍ ÓÙÎÏ×Ø-
ÑÍ Ó ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍÉ ÉÚÍÅÎÅÎÉÑÍÉ. îÁ ËÁÖÄÙÊ ×ÙÈÏÄÎÏÊ ÐÏÒÔ, ËÒÏÍÅ ÐÏÒÔÁ, ×ÅÄÕÝÅÇÏ Ë ÍÁÔÅÒÉ
ÕÚÌÁ, ÏÔÐÒÁ×ÌÑÅÔÓÑ ÔÁËÖÅ ÐÉÔÏÎ, ÉÄÅÎÔÉÞÎÙÊ ÐÏÌÚÕÝÅÊ ×ÍÅÓÔÅ Ó ÎÉÍ ÇÁÄÀËÅ.
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13 i +�
case cycle : hïÔÏÓÌÁÔØ ×ÏÌÎÕ ÇÁÄÀË 15 i

for (int k = 0; k < out ; k++) output [k]:python = snake(k; true ; true );
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÐÏÉÓË ÃÉËÌÁ 47 i
break;

46. hðÏÓÔÒÏÉÔØ ÃÉËÌ 46 i �
if (father 6= nil ^ input [father ]:cycle ) f
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÐÏÉÓË ÃÉËÌÁ 47 i
g

óÍÏÔÒÉ ÔÁËÖÅ ÓÅËÃÉÀ 52.
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

47. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÐÏÉÓË ÃÉËÌÁ 47 i �
state = search ;
mutant = true ;
python = cobra = ignore ;
for (int k = 0; k < out ; k++) output [k]:cycle = true ;
h÷ÙÞÉÓÌÉÔØ ËÏÌÉÞÅÓÔ×Ï ÖÉ×ÙÈ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× 34 i

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 45 É 46.

48. hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7 i +�
search ; =� ÉÝÅÍ ÃÉËÌ �=

49. hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16 i +�
cycle ; =� ÓÔÒÏÉÍ ÃÉËÌ �=

50. hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i +�
bool cycle ; =� ÔÒÅÂÕÅÔÓÑ ÌÉ ÓÔÒÏÉÔØ ÃÉËÌ? �=

51. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31 i +�
cycle = false ;
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52. ðÅÒ×ÏÅ ×ÒÅÍÑ ËÁÖÄÙÊ ÕÚÅÌ ÉÇÎÏÒÉÒÕÅÔ ÐÏÓÔÕÐÁÀÝÉÈ Ë ÎÅÍÕ ÐÉÔÏÎÏ×, ÐÏÍÅÞÁÑ ÌÉÛØ ×ÈÏÄÎÙÅ
ÐÏÒÔÙ, Ó ËÏÔÏÒÙÈ ÏÎÉ Ë ÎÅÍÕ ÐÏÓÔÕÐÉÌÉ. ëÏÇÄÁ × ÐÏÓÌÅÄÎÉÊ ÎÅÐÏÍÅÞÅÎÎÙÊ ÖÉ×ÏÊ ×ÈÏÄÎÏÊ ÐÏÒÔ
ÐÒÉÐÏÌÚÁÅÔ ÐÉÔÏÎ, ÏÎ ÒÅÔÒÁÎÓÌÉÒÕÅÔÓÑ ÍÁÔÅÒÉ ÕÚÌÁ. îÅÏÄÎÏÚÎÁÞÎÏÓÔÉ ÒÁÚÒÅÛÁÀÔÓÑ ÐÒÏÉÚ×ÏÌØÎÙÍ
ÏÂÒÁÚÏÍ.

ëÏÒÎÅ×ÏÊ ÕÚÅÌ ×ÍÅÓÔÏ ÒÅÔÒÁÎÓÌÑÃÉÉ ÐÉÔÏÎÁ Ó×ÏÅÊ ÍÁÔÅÒÉ ÐÒÅÏÂÒÁÚÕÅÔ ÅÇÏ × ËÏÂÒÕ, ËÏÔÏÒÁÑ ÐÒÏÊÄ£Ô
×ÔÏÒÕÀ ÐÏÌÏ×ÉÎÕ ÄÌÉÎÎÏÇÏ ÃÉËÌÁ. ëÏÇÄÁ ËÏÂÒÁ ÄÏÓÔÉÇÁÅÔ ÕÚÌÁ, × ËÏÔÏÒÏÍ Å£ ÐÒÅÄÛÅÓÔ×ÅÎÎÉÃÁ-ÇÁÄÀËÁ
ÐÒÅ×ÒÁÔÉÌÁÓØ × ÐÉÔÏÎÁ, ÜÔÏÔ ÕÚÅÌ ×ÙÓÙÌÁÅÔ ÐÏ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÍÕ ÐÏÒÔÕ ÓÐÅÃÉÁÌØÎÙÊ ÓÉÇÎÁÌ. üÔÏÔ
ÓÉÇÎÁÌ ÐÒÏÄÅÌÁÅÔ ÐÅÒ×ÕÀ ÞÁÓÔØ ÄÌÉÎÎÏÇÏ ÃÉËÌÁ, ÓÐÕÓËÁÑÓØ ×ÎÉÚ ÐÏ ÄÅÒÅ×Õ ÓÔÏËÁ.

ðÏ ÐÏÓÔÒÏÅÎÉÀ ÓÌÅÄÕÅÔ, ÞÔÏ ÐÏÌÕÞÉ×ÛÉÊÓÑ ÐÕÔØ ÂÕÄÅÔ ÉÍÅÔØ ÍÁËÓÉÍÁÌØÎÕÀ ÄÌÉÎÕ. ïÔÍÅÔÉÍ, ÞÔÏ
ÄÌÉÎÁ ÐÏÌÕÞÉ×ÛÅÇÏÓÑ ÐÕÔÉ ÍÅÎØÛÅ, ÞÅÍ 2n, É ÂÏÌØÛÅ, ÞÅÍ ÐÏÌÏ×ÉÎÁ ÄÌÉÎÙ ËÒÁÔÞÁÊÛÅÇÏ ÐÕÔÉ ÍÅÖÄÕ
ÌÀÂÏÊ ÐÁÒÏÊ ×ÅÒÛÉÎ. üÔÏ Ó×ÏÊÓÔ×Ï ÉÓÐÏÌØÚÕÅÔÓÑ ÐÒÉ ÓÉÎÈÒÏÎÉÚÁÃÉÉ.
hðÏÓÔÒÏÉÔØ ÃÉËÌ 46 i +�

if (state � search )
for (int k = 0; k < in ; k++)

if (input [k]:python :is head ) unready ��;
for (int k = 0; k < in ; k++)

if (input [k]:mark sink ) f
if (mother 6= nil ) output [mother ]:mark sink = true ;
else root state = neutral ;
prev = k;
break;
g

53. hïÂÒÁÂÏÔÁÔØ ËÏÂÒÕ ÄÌÉÎÙ 1 28 i +�
if (root state � cycle _ (father 6= nil ^ input [father ]:mark source )) f

next = s:body ;
output [s:body ]:mark sink = true ;

g
54. ðÏÍÅÔËÉ mark source É mark sink ÕËÁÚÙ×ÁÅÔ ÎÁ ÔÏ, ÞÔÏ ÄÁÎÎÁÑ ×ÅÒÛÉÎÁ ×ËÌÀÞÁÅÔÓÑ × ÄÌÉÎÎÙÊ
ÃÉËÌ ËÁË ÞÁÓÔØ ÐÕÔÉ × ÄÅÒÅ×Å ÉÓÔÏËÁ ÉÌÉ ÓÔÏËÁ.
hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i +�

bool mark source ; mark sink ;

55. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31 i +�
mark source = mark sink = false ;

56. äÌÑ ËÁÖÄÏÊ ×ÅÒÛÉÎÙ ÔÏÊ ÞÁÓÔÉ ÃÉËÌÁ, ËÏÔÏÒÁÑ ÉÄ£Ô ÐÏ ÄÅÒÅ×Õ ÓÔÏËÁ (× ÞÁÓÔÎÏÓÔÉ, ÄÌÑ ËÏÒ-
ÎÑ), ÎÏÍÅÒ ÐÏÒÔÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÐÒÅÄÙÄÕÝÅÊ ×ÅÒÛÉÎÅ ÃÉËÌÁ, ÈÒÁÎÉÔÓÑ × ÐÅÒÅÍÅÎÎÏÊ prev . äÌÑ
ÏÓÔÁÌØÎÙÈ ×ÅÒÛÉÎ ÜÔÁ ÐÅÒÅÍÅÎÎÁÑ ÐÒÉÎÉÍÁÅÔ ÚÎÁÞÅÎÉÅ nil . äÌÑ ×ÅÒÛÉÎÙ ÃÉËÌÁ, ÉÚ ËÏÔÏÒÏÊ ×ÙÈÏÄÉÔ
ÐÒÏÍÅÖÕÔÏÞÎÏÅ ÒÅÂÒÏ, ÎÏÍÅÒ ÐÏÒÔÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÓÌÅÄÕÀÝÅÊ ×ÅÒÛÉÎÅ ÃÉËÌÁ, ÈÒÁÎÉÔÓÑ × ÐÅÒÅ-
ÍÅÎÎÏÊ next . äÌÑ ÏÓÔÁÌØÎÙÈ ×ÅÒÛÉÎ ÜÔÁ ÐÅÒÅÍÅÎÎÁÑ ÐÒÉÎÉÍÁÅÔ ÚÎÁÞÅÎÉÅ nil .
hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�

port prev ; next ;

57. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10 i +�
prev = next = nil ;
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58. óÉÎÈÒÏÎÉÚÁÃÉÑ. þÅÔ×£ÒÔÙÊ ÁÌÇÏÒÉÔÍ ÐÏÚ×ÏÌÑÅÔ ÓÉÎÈÒÏÎÉÚÉÒÏ×ÁÔØ ÕÚÌÙ | ÏÄÎÏ×ÒÅÍÅÎÎÏ
ÐÅÒÅ×ÅÓÔÉ ÉÈ × ÓÐÅÃÉÁÌØÎÏÅ ÓÏÓÔÏÑÎÉÅ, ÔÁË, ÞÔÏÂÙ ËÁÖÄÙÊ ÕÚÅÌ ÏËÁÚÁÌÓÑ × ÜÔÏÍ ÓÏÓÔÏÑÎÉÉ × ÐÅÒ×ÙÊ
ÒÁÚ.

ðÒÅÖÄÅ ×ÓÅÇÏ ÚÁÍÅÔÉÍ, ÞÔÏ ÚÁ ÏÄÉÎ ÔÁËÔ ÏÄÉÎ ÓÉÍ×ÏÌ ÍÏÖÅÔ ÐÅÒÅÊÔÉ ÏÔ ÏÄÎÏÇÏ ÕÚÌÁ Ë ÄÒÕÇÏÍÕ. åÓÌÉ
ÚÁÓÔÁ×ÉÔØ ÕÚÌÙ ÚÁÄÅÒÖÉ×ÁÔØ ÓÉÍ×ÏÌÙ, ÔÏ ÍÏÖÎÏ ÄÏÂÉÔØÓÑ ÔÏÇÏ, ÞÔÏ ÏÄÉÎ ÓÉÍ×ÏÌ ÐÅÒÅÈÏÄÉÔ ÏÔ ÏÄÎÏÇÏ
ÕÚÌÁ Ë ÄÒÕÇÏÍÕ ÚÁ Ä×Á ÉÌÉ ÔÒÉ ÔÁËÔÁ.

óÎÁÞÁÌÁ ÏÐÉÛÅÍ ÒÅÛÅÎÉÅ ÜÔÏÊ ÚÁÄÁÞÉ ÄÌÑ ÓÌÕÞÁÑ, ËÏÇÄÁ ÇÒÁÆ Ñ×ÌÑÅÔÓÑ ÏÒÉÅÎÔÉÒÏ×ÁÎÎÙÍ ÃÉËÌÏÍ,
ÄÌÉÎÁ ËÏÔÏÒÏÇÏ | ÓÔÅÐÅÎØ 2. âÕÄÅÍ ÎÁÚÙ×ÁÔØ ÕÚÌÙ ÓÏÌÄÁÔÁÍÉ, ÚÁÄÁÞÁ ÚÁËÌÀÞÁÅÔÓÑ × ÔÏÍ, ÞÔÏÂÙ ×ÓÅ
ÓÏÌÄÁÔÙ ×ÙÓÔÒÅÌÉÌÉ ÏÄÎÏ×ÒÅÍÅÎÎÏ. ÷Ï ×ÒÅÍÑ ÒÁÂÏÔÙ ÁÌÇÏÒÉÔÍÁ ÎÅËÏÔÏÒÙÅ ÓÏÌÄÁÔÙ ÓÔÁÎÏ×ÑÔÓÑ ÇÅÎÅ-
ÒÁÌÁÍÉ. ÷ ÎÁÞÁÌÅ ÒÁÂÏÔÙ ËÏÒÎÅ×ÏÊ ÕÚÅÌ ÓÔÁÎÏ×ÉÔÓÑ ÇÅÎÅÒÁÌÏÍ. ëÏÇÄÁ ÓÏÌÄÁÔ ÓÔÁÎÏ×ÉÔÓÑ ÇÅÎÅÒÁÌÏÍ,
ÏÎ ÐÏÒÏÖÄÁÅÔ ÞÅÔÙÒÅ ÓÉÇÎÁÌÁ A, B, C, D, ËÏÔÏÒÙÅ Ä×ÉÖÕÔÓÑ ÓÏ ÓËÏÒÏÓÔÑÍÉ 1=2, 1=3, 1=6, 1=2 ÓÏÏÔ×ÅÔÓÔ-
×ÅÎÎÏ. åÓÌÉ ÓÏÌÄÁÔ ÐÏÌÕÞÁÅÔ ÓÉÇÎÁÌÙ A É C ÏÄÎÏ×ÒÅÍÅÎÎÏ, ÔÏ ÏÎ ÓÔÁÎÏ×ÉÔÓÑ ÇÅÎÅÒÁÌÏÍ. åÓÌÉ ÇÅÎÅÒÁÌ
ÐÏÌÕÞÁÅÔ ÓÉÇÎÁÌ B, ÔÏ ÏÎ ÚÁÎÏ×Ï ÐÏÒÏÖÄÁÅÔ ×ÓÅ ÞÅÔÙÒÅ ÓÉÇÎÁÌÁ. åÓÌÉ ÓÏÌÄÁÔ ÐÏÌÕÞÁÅÔ ÓÉÇÎÁÌ D, ÔÏ
ÏÎ ÅÇÏ ÉÇÎÏÒÉÒÕÅÔ, Á ÅÓÌÉ ÇÅÎÅÒÁÌ ÐÏÌÕÞÁÅÔ ÓÉÇÎÁÌ D, ÔÏ ÏÎ ÓÔÒÅÌÑÅÔ.

þÅÒÅÚ 3n ÔÁËÔÏ× Ä×Á ÐÒÏÔÉ×ÏÐÏÌÏÖÎÙÈ ÕÚÌÁ, ÏÄÉÎ ÉÚ ËÏÔÏÒÙÈ ËÏÒÎÅ×ÏÊ, ÓÔÁÎÏ×ÑÔÓÑ ÇÅÎÅÒÁÌÁÍÉ.
þÅÒÅÚ 3n=2 ÔÁËÔÏ× ÞÅÔÙÒÅ ÏÄÉÎÁËÏ×Ï ÒÁÓÐÏÌÏÖÅÎÎÙÈ ÕÚÌÁ ÓÔÁÎÏ×ÑÔÓÑ ÇÅÎÅÒÁÌÁÍÉ, É ÔÁË ÄÁÌÅÅ. þÅÒÅÚ
6n� 6 ÔÁËÔÏ× ×ÓÅ ÓÏÌÄÁÔÙ ÓÔÁÎÕÔ ÇÅÎÅÒÁÌÁÍÉ, Á ÅÝ£ ÞÅÒÅÚ ÏÄÉÎ ÔÁËÔ ×ÓÅ ÇÅÎÅÒÁÌÙ ×ÙÓÔÒÅÌÑÔ.

ôÅÐÅÒØ ÁÄÁÐÔÉÒÕÅÍ ÒÅÛÅÎÉÅ ÄÌÑ ÓÌÕÞÁÑ, ËÏÇÄÁ ÄÌÉÎÁ ÃÉËÌÁ ÎÅ Ñ×ÌÑÅÔÓÑ ÓÔÅÐÅÎØÀ 2. åÓÌÉ ÓÏÌÄÁÔ
ÐÏÌÕÞÉÌ ÓÉÇÎÁÌ A, Á ÚÁ ÔÁËÔ ÄÏ ÜÔÏÇÏ ÏÎ ÐÏÌÕÞÉÌ ÓÉÇÎÁÌ C, ÔÏ ÏÎ ÓÔÁÎÏ×ÉÔÓÑ ÇÅÎÅÒÁÌÏÍ É ÒÁÚÍÅÝÁÅÔ ÐÅ-
ÒÅÄ ÓÏÂÏÊ ÄÏÐÏÌÎÉÔÅÌØÎÏÇÏ ×ÉÒÔÕÁÌØÎÏÇÏ ÓÏÌÄÁÔÁ. ôÅÍ ÓÁÍÙÍ, ÎÁ ÏÞÅÒÅÄÎÏÍ ÜÔÁÐÅ ÁÌÇÏÒÉÔÍÁ ËÁÖÄÙÊ
ÓÅÇÍÅÎÔ ÄÅÌÉÔÓÑ ÎÁ Ä×Å ÏÄÉÎÁËÏ×ÙÅ ÞÁÓÔÉ, × ÏÄÎÏÊ ÉÚ ËÏÔÏÒÙÈ ÍÏÖÅÔ ÓÔÏÑÔØ ×ÉÒÔÕÁÌØÎÙÊ ÓÏÌÄÁÔ.

îÁËÏÎÅÃ, ÒÅÛÉÍ ÚÁÄÁÞÕ × ÏÂÝÅÍ ÓÌÕÞÁÅ. äÌÑ ÜÔÏÇÏ ÐÏÓÔÒÏÉÍ ÄÌÉÎÎÙÊ ÃÉËÌ, ÎÁ ËÏÔÏÒÏÍ ÚÁÐÕÓÔÉÍ
ÁÌÇÏÒÉÔÍ. úÁÍÅÔÉÍ, ÞÔÏ ÎÅËÏÔÏÒÙÅ ×ÅÒÛÉÎÙ ÍÏÇÕÔ ×ÈÏÄÉÔØ × ÃÉËÌ Ä×ÁÖÄÙ; ÄÌÑ ÔÁËÉÈ ×ÅÒÛÉÎ
ÎÅÏÂÈÏÄÉÍÏ ÐÒÏÄÕÂÌÉÒÏ×ÁÔØ ÓÏÌÄÁÔ. ëÒÏÍÅ ÜÔÏÇÏ, ËÁÖÄÁÑ ×ÅÒÛÉÎÁ ÇÒÁÆÁ ×ÅÄ£Ô ÓÅÂÑ ÔÁËÖÅ, ËÁË É
×ÅÒÛÉÎÙ ÃÉËÌÁ, É ÐÅÒÅÄÁ£Ô ÓÉÇÎÁÌÙ ×ÓÅÍ Ó×ÏÉÍ ÓÙÎÏ×ØÑÍ. ó×ÏÊÓÔ×Ï ÍÁËÓÉÍÁÌØÎÏÓÔÉ ÄÌÉÎÙ ÃÉËÌÁ
ÇÁÒÁÎÔÉÒÕÅÔ, ÞÔÏ ÁÌÇÏÒÉÔÍ ÒÁÂÏÔÁÅÔ ËÏÒÒÅËÔÎÏ.
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13 i +�
case synchronization : primary :primary :w[0] = 0;

primary :primary :w[2] = 0;
break;

59. hðÅÒÅÄÁÔØ ÓÉÇÎÁÌÙ 59 i �
if (�re ) �re = false ;
else

for (int k = 0; k < 4; k++) =� A = 0, B = 1, C = 2, D = 3 �=
if (s[k]) w[k] = 0;

bool v = false ; =� ÎÁÄÏ ÌÉ ÓÏÚÄÁ×ÁÔØ ×ÉÒÔÕÁÌØÎÏÇÏ ÓÏÌÄÁÔÁ? �=
hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌÙ 60 i
for (int k = 0; k < 4; k++) f
t[k] = false ;
if (w[k] 6= nil ) f
w[k]++;
if (w[k] � speed [k]) f
w[k] = nil ;
t[k] = true ;

g
g

g
return v;

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.



x60 á×ÔÏÍÁÔÎÙÊ ÓÅÒÐÅÎÔÁÒÉÊ óéîèòïîéúáãéñ 19

60. hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌÙ 60 i �
if (w[3] � 0)

if (is general ) f
w[0] = w[1] = w[2] = w[3] = nil ;
is general = false ;
�re = true ;
g
else w[3] = nil ;

if (w[0] � 0 ^ w[2] � 0) f
is general = true ;
w[1] = 0;

g
if (w[0] � 1 ^ w[2] � 3) f

is general = true ;
w[1] = 0;
v = true ;
g
if (is general ^ w[1] � 0) f
w[0] = 0;
w[1] = 0;
w[2] = 0;
w[3] = 0;

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 59.

61. h÷ÓÐÏÍÏÇÁÔÅÌØÎÙÅ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 6 i +�
struct set =� ÐÁËÅÔ ÓÉÇÎÁÌÏ× �=
f

bool data [4];
set( )
f

data [0] = data [1] = data [2] = data [3] = false ;
g
bool &operator[ ](int k)
f

return data [k];
g
hîÁÒÉÓÏ×ÁÔØ ÐÁËÅÔ ÓÉÇÎÁÌÏ× 76 i
g;
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62. ÷ÙÐÉÛÅÍ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ ÄÌÑ ÓÏÌÄÁÔ.
h÷ÓÐÏÍÏÇÁÔÅÌØÎÙÅ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 6 i +�

struct soldier f
static const int speed [4];
int w[4];
bool is general ; �re ;
soldier( )
f

for (int k = 0; k < 4; k++) w[k] = nil ;
is general = �re = false ;
g
bool pass (set s; set &t)
f
hðÅÒÅÄÁÔØ ÓÉÇÎÁÌÙ 59 i

g
hîÁÒÉÓÏ×ÁÔØ ÓÏÌÄÁÔÁ 77 i

g;
const int soldier ::speed [4] = f2; 3; 6; 2g;
struct soldier pair =� ÏÄÉÎ ÓÏÌÄÁÔ É ÎÅÏÂÑÚÁÔÅÌØÎÙÊ ×ÉÒÔÕÁÌØÎÙÊ ÓÏÌÄÁÔ �=
f

soldier primary ; secondary ; =� secondary | ÜÔÏ ×ÉÒÔÕÁÌØÎÙÊ ÓÏÌÄÁÔ �=
bool has secondary ;
set intermediate ;
soldier pair( )
f

has secondary = false ;
g
bool pass (set s; set &t)
f

if (has secondary ) f
primary :pass (intermediate ; t);
secondary :pass (s; intermediate );

g
else has secondary = primary :pass (s; t);
return primary :�re ;

g
hîÁÒÉÓÏ×ÁÔØ ÐÁÒÕ ÓÏÌÄÁÔ 78 i
g;

63. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�
soldier pair primary ; secondary ; =� secondary | ÐÁÒÁ ÓÏÌÄÁÔÏ×, ÓÔÏÑÝÁÑ ÎÁ ÞÁÓÔÉ ÃÉËÌÁ,

ÐÒÏÈÏÄÑÝÅÊ ÐÏ ÄÅÒÅ×Õ ÓÔÏËÁ, ÉÓËÌÀÞÁÑ ËÏÒÅÎØ �=
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64. hóÉÎÈÒÏÎÉÚÉÒÏ×ÁÔØÓÑ 64 i �
if (state � �re ) f

state = transfer ;
root state = neutral ;

g
set u; v;
if (is root ) f

if (prev 6= nil ) u = input [prev ]:secondary ;
else if (root state � synchronization ) u[3] = true ;

g
else if (father 6= nil ) u = input [father ]:primary ;
if (primary :pass (u; v)) state = �re ;
for (int k = 0; k < out ; k++)

if (is son [k]) output [k]:primary = v;
if (next 6= nil ) output [next ]:secondary = v;
if (prev 6= nil ^ :is root ) secondary :pass (input [prev ]:secondary ; output [mother ]:secondary );

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.

65. hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16 i +�
synchronization ; =� ÓÉÎÈÒÏÎÉÚÉÒÕÅÍÓÑ �=

66. hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7 i +�
�re ; =� ÏÇÏÎØ! �=

67. hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8 i +�
set primary ; secondary ;
=� secondary ÉÓÐÏÌØÚÕÅÔÓÑ ÄÌÑ ÐÅÒÅÄÁÞÉ ÄÁÎÎÙÈ × ÞÁÓÔÉ ÃÉËÌÁ, ÐÒÏÈÏÄÑÝÅÊ ÐÏ ÄÅÒÅ×Õ ÓÔÏËÁ �=
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68. ÷×ÏÄ É ×Ù×ÏÄ. æÁÊÌ, ÚÁÄÁÀÝÉÊ ÓÅÔØ Á×ÔÏÍÁÔÏ×, ÓÏÓÔÏÉÔ ÉÚ Ä×ÕÈ ÓÅËÃÉÊ, ÒÁÚÄÅÌ£ÎÎÙÈ ÐÕÓÔÏÊ
ÓÔÒÏËÏÊ. ëÁÖÄÁÑ ÓÔÒÏËÁ ÐÅÒ×ÏÊ ÓÅËÃÉÉ ÚÁÄÁ£Ô ÕÚÅÌ. ðÅÒ×ÙÊ ÓÉÍ×ÏÌ ÓÔÒÏËÉ | ÜÔÏ ÉÄÅÎÔÉÆÉËÁÔÏÒ
ÕÚÌÁ, ÄÁÌÅÅ ÓÌÅÄÕÀÔ Ä×Á ÞÉÓÌÁ | ÎÏÍÅÒ ÓÔÒÏËÉ É ÓÔÏÌÂÃÁ, × ËÏÔÏÒÙÈ ÂÕÄÅÔ ÉÚÏÂÒÁÖÁÔØÓÑ ÉÄÅÎÔÉÆÉ-
ËÁÔÏÒ ÕÚÌÁ, Á ÚÁÔÅÍ ÅÝ£ Ä×Á ÞÉÓÌÁ | ËÏÌÉÞÅÓÔ×Ï ×ÈÏÄÎÙÈ É ×ÙÈÏÄÎÙÈ ÐÏÒÔÏ×. ëÁÖÄÁÑ ÓÔÒÏËÁ ×ÔÏÒÏÊ
ÓÅËÃÉÉ ÚÁÄÁ£Ô ËÁÎÁÌ Ó×ÑÚÉ É ÓÏÓÔÏÉÔ ÉÚ ÏÐÉÓÁÎÉÑ ÎÁÞÁÌØÎÏÇÏ É ËÏÎÅÞÎÏÇÏ ÐÏÒÔÏ×, ÒÁÚÄÅÌ£ÎÎÙÈ ÐÒÏÂÅ-
ÌÏÍ. ïÐÉÓÁÎÉÅ ÐÏÒÔÁ ÓÏÓÔÏÉÔ ÉÚ ÉÄÅÎÔÉÆÉËÁÔÏÒÁ ÅÇÏ ÕÚÌÁ É ÅÇÏ ÎÏÍÅÒÁ ÓÒÅÄÉ ÄÒÕÇÉÈ ÐÏÒÔÏ× ÄÁÎÎÏÇÏ
ÕÚÌÁ, ÒÁÚÄÅÌ£ÎÎÙÈ ÐÒÏÂÅÌÏÍ.
h÷×ÅÓÔÉ ÓÅÔØ 68 i �

void input ( )
f

char c; e;
int d; f ;
while (isgraph (c = getchar ( ))) f

node n;
n:id = c;
scanf ("%d%d%d%d";&n:a;&n:b;&n:in ;&n:out );
n:is alive :resize (n:in );
n:input :resize (n:in );
n:output :resize (n:out );
nodes :push back (n);
while (getchar ( ) 6= '\n') ;

g
while (scanf (" %c%d %c%d";&c;&d;&e;&f) � 4) f

arc a;
for (int k = 0; k < nodes :size ( ); k++) f

if (nodes [k]:id � c) a:begn = k;
if (nodes [k]:id � e) a:endn = k;

g
a:begp = d;
a:endp = f ;
arcs :push back (a);
nodes [a:endn ]:is alive [a:endp ] = true ;

g
root = nil ;
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.

69. hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9 i +�
char id ; =� ÉÄÅÎÔÉÆÉËÁÔÏÒ �=
int a; b; =� ËÏÏÒÄÉÎÁÔÙ ÍÅÓÔÁ ÉÚÏÂÒÁÖÅÎÉÑ ÉÄÅÎÔÉÆÉËÁÔÏÒÁ �=

70. héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÅÔØ 70 i �
void init (int Root )
f

root = Root ;
for (int k = 0; k < nodes :size ( ); k++) nodes [k]:init (k � root );
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
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71. ëÁÖÄÏÍÕ ÕÚÌÕ ×ÙÄÅÌÑÅÔÓÑ ÐÒÏÓÔÒÁÎÓÔ×Ï × 18 ÓÔÏÌÂÃÏ×. þÅÔÙÒÅ ÓÔÏÌÂÃÁ ÐÏÓÅÒÅÄÉÎÅ ÓÌÕÖÁÔ
ÄÌÑ ÉÚÏÂÒÁÖÅÎÉÑ ÓÏÓÔÏÑÎÉÑ ÕÚÌÁ. ðÏ ÂÏËÁÍ ÏÔ ÜÔÉÈ ÓÔÏÌÂÃÏ× ÒÁÓÐÏÌÏÖÅÎÙ Ä×Á ÂÌÏËÁ ÐÏ ÔÒÉ ÓÔÏÌÂÃÁ,
ËÏÔÏÒÙÅ ÓÌÕÖÁÔ ÄÌÑ ÏÔÏÂÒÁÖÅÎÉÑ ÆÌÁÇÏ× ÐÏÒÔÏ×. ðÏ ËÒÁÑÍ ÒÁÓÐÏÌÏÖÅÎÙ Ä×Á ÂÌÏËÁ ÐÏ ÞÅÔÙÒÅ ÓÔÏÌÂÃÁ,
ÉÓÐÏÌØÚÕÅÍÙÅ ÄÌÑ ×Ù×ÏÄÁ ÄÁÎÎÙÈ, ÐÅÒÅÄÁ×ÁÅÍÙÈ ÐÏ ËÁÎÁÌÁÍ Ó×ÑÚÉ. óÌÅ×Á ÒÁÓÐÏÌÏÖÅÎÙ ×ÈÏÄÎÙÅ
ÐÏÒÔÙ, Á ÓÐÒÁ×Á | ×ÙÈÏÄÎÙÅ. ëÁÖÄÏÍÕ ×ÈÏÄÎÏÍÕ ÐÏÒÔÕ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÂÌÏË ÒÁÚÍÅÒÁ 2 ÎÁ 7 × Ä×ÕÈ
ÌÅ×ÙÈ ÇÒÕÐÐÁÈ ÓÔÏÌÂÃÏ×. ðÅÒ×ÁÑ ÞÁÓÔØ ÂÌÏËÁ ÓÏÄÅÒÖÉÔ ÓÉÍ×ÏÌ, ÐÏÓÔÕÐÉ×ÛÉÊ ÐÏ ×ÈÏÄÎÏÍÕ ËÁÎÁÌÕ, Á
×ÔÏÒÁÑ | ÆÌÁÇÉ, ËÁË ÏÐÉÓÁÎÏ ÎÉÖÅ.

÷ ÐÅÒ×ÏÊ ÓÔÒÏËÅ:
� ×ÐÏÌÚÁÅÔ ÌÉ ÞÅÒÅÚ ÄÁÎÎÙÊ ÐÏÒÔ ÐÉÔÏÎ;
� ÉÄÅÎÔÉÆÉËÁÔÏÒ ÕÚÌÁ, ÉÚ ËÏÔÏÒÏÇÏ ×ÙÛÅÌ ËÁÎÁÌ Ó×ÑÚÉ;
� ÎÏÍÅÒ ÐÏÒÔÁ, ÉÚ ËÏÔÏÒÏÇÏ ×ÙÛÅÌ ËÁÎÁÌ Ó×ÑÚÉ.

÷Ï ×ÔÏÒÏÊ ÓÔÒÏËÅ:
� Ñ×ÌÑÅÔÓÑ ÌÉ ÄÁÎÎÙÊ ËÁÎÁÌ ÒÅÂÒÏÍ ×ÔÏÒÏÊ ÞÁÓÔÉ ÄÌÉÎÎÏÇÏ ÃÉËÌÁ;
� ÉÄ£Ô ÌÉ ÄÁÎÎÙÊ ËÁÎÁÌ ÏÔ ÏÔÃÁ;
� ÉÄ£Ô ÌÉ ÄÁÎÎÙÊ ËÁÎÁÌ ÏÔ ÄÏÞÅÒÉ.

åÓÌÉ ×ÈÏÄÎÏÊ ÐÏÒÔ Ñ×ÌÑÅÔÓÑ Í£ÒÔ×ÙÍ, ÔÏ ×ÍÅÓÔÏ ÉÄÅÎÔÉÆÉËÁÔÏÒÁ ÕÚÌÁ É ÎÏÍÅÒÁ ÐÏÒÔÁ, ÉÚ ËÏÔÏÒÏÇÏ
×ÙÛÅÌ ËÁÎÁÌ Ó×ÑÚÉ, ÓÔÁ×ÑÔÓÑ Ä×Á ÚÎÁËÁ `-'. âÌÏË, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ ×ÙÈÏÄÎÏÍÕ ÐÏÒÔÕ ÉÚÏÂÒÁÖÁÅÔÓÑ
ÁÎÁÌÏÇÉÞÎÏ.

ïÐÉÛÅÍ ÓÏÄÅÒÖÉÍÏÅ ÃÅÎÔÒÁÌØÎÏÇÏ ÂÌÏËÁ ÓÔÏÌÂÃÏ×. óÌÅ×Á ××ÅÒÈÕ ÎÁÈÏÄÉÔÓÑ ÉÄÅÎÔÉÆÉËÁÔÏÒ ÕÚÌÁ,
ËÏÏÒÄÉÎÁÔÙ ËÏÔÏÒÏÇÏ ÚÁÄÁÎÙ ÉÚ×ÎÅ, ÄÁÌÅÅ ÉÄ£Ô ÂÕË×Á `M', ÅÓÌÉ ÐÅÒÅÍÅÎÎÁÑ mutant ÉÓÔÉÎÎÁ, ÐÏÓÌÅ ÎÅ£
×Ù×ÏÄÉÔÓÑ ÚÎÁÞÅÎÉÅ ÐÅÒÅÍÅÎÎÏÊ unready . åÓÌÉ ÐÒÏÉÓÈÏÄÉÔ ÓÉÎÈÒÏÎÉÚÁÃÉÑ, ÔÏ ÎÁ ÓÌÅÄÕÀÝÉÈ ÓÔÒÏËÁÈ
ÉÚÏÂÒÁÖÁÀÔÓÑ ÐÁÒÙ ÓÏÌÄÁÔ, ÏÔ×ÅÞÁÀÝÉÅ ÚÁ ÐÅÒÅÄÁÞÕ ÓÉÇÎÁÌÏ× ÐÏ ÄÅÒÅ×Õ ÉÓÔÏËÁ É ÓÔÏËÁ, ÐÒÉ ÜÔÏÍ
×ÔÏÒÁÑ ÐÁÒÁ ÍÏÖÅÔ ÏÔÓÕÔÓÔ×Ï×ÁÔØ. éÎÁÞÅ ÎÁ ÓÌÅÄÕÀÝÅÊ ÓÔÒÏËÅ ×Ù×ÏÄÑÔÓÑ ÐÅÒ×ÙÅ ÂÕË×Ù ÎÁÚ×ÁÎÉÊ
ÓÏÓÔÏÑÎÉÊ ÐÅÒÅÄÁÞÉ ÇÁÄÀËÉ, ÐÉÔÏÎÁ, ËÏÂÒÙ, ËÁË ÕËÁÚÁÎÏ × x9.
hîÁÒÉÓÏ×ÁÔØ ÐÏÓÔÏÑÎÎÕÀ ÞÁÓÔØ ÓÅÔÉ 71 i �

void draw ( )
f

for (int k = 0; k < nodes :size ( ); k++) f
draw char (nodes [k]:a;nodes [k]:b;nodes [k]:id ;white );
for (int l = 0; l < nodes [k]:in ; l++) f

draw char (nodes [k]:a+ 2 � l;nodes [k]:b� 2; '-';white );
draw char (nodes [k]:a+ 2 � l;nodes [k]:b� 1; '-';white );
g
for (int l = 0; l < nodes [k]:out ; l++) f

draw char (nodes [k]:a+ 2 � l;nodes [k]:b+ 4; '-';white );
draw char (nodes [k]:a+ 2 � l;nodes [k]:b+ 5; '-';white );
g

g
for (int k = 0; k < arcs :size ( ); k++) f

arc a = arcs [k];
draw char (nodes [a:begn ]:a+ a:begp � 2;nodes [a:begn ]:b+ 4;nodes [a:endn ]:id ;white );
draw char (nodes [a:begn ]:a+ a:begp � 2;nodes [a:begn ]:b+ 5; '0' + a:endp ;white );
draw char (nodes [a:endn ]:a+ a:endp � 2;nodes [a:endn ]:b� 2;nodes [a:begn ]:id ;white );
draw char (nodes [a:endn ]:a+ a:endp � 2;nodes [a:endn ]:b� 1; '0' + a:begp ;white );
g

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
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72. hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÓÅÔÉ 72 i �
void update ( )
f

int rs = nodes [root ]:root state ;
const char s[5] = f'N'; 'T'; 'W'; 'C'; 'S'g;
draw char (0; 0; s[rs ];white );
bool ds = rs � node ::synchronization ;
for (int k = 0; k < nodes :size ( ); k++) nodes [k]:draw (ds );
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.

73. hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÕÚÌÁ 73 i �
void draw (bool draw soldiers )
f

for (int k = 0; k < 8; k++) wipe (a+ k; b; 4);
draw char (a; b; id ; is root ? red : green );
const char c[6] = f'T'; 'V'; 'A'; 'B'; 'S'; 'F'g;
draw char (a; b+ 1; c[state ];white );
draw char (a; b+ 2; unready � nil ? ' ' : '0' + unready ;white );
draw char (a; b+ 3;mutant ? 'M' : ' ';white );
draw char (a+ 1; b+ 3;mutate ? 'm' : ' ';white );
if (draw soldiers ) f

primary :draw (a+ 1; b);
if (prev 6= nil ^ :is root ) secondary :draw (a+ 5; b);

g
else f

const char d[5] = f'G'; 'H'; 'B'; 'T'; 'I'g;
draw char (a+ 1; b; d[adder ];white );
draw char (a+ 1; b+ 1; d[python ];white );
draw char (a+ 1; b+ 2; d[cobra ];white );
g
for (int k = 0; k < in ; k++) f

draw char (a+ 2 � k + 1; b� 2; k � father ? 'f' : ' ';white );
draw char (a+ 2 � k + 1; b� 1; is daughter [k] ? 'd' : ' ';white );
draw char (a+ 2 � k; b� 3; k � python port ? 'p' : ' ';white );
draw char (a+ 2 � k + 1; b� 3; k � prev ? 'P' : ' ';white );
input [k]:draw (a+ 2 � k; b� 7; draw soldiers ; k � prev );

g
for (int k = 0; k < out ; k++) f

draw char (a+ 2 � k + 1; b+ 4; k � mother ? 'm' : ' ';white );
draw char (a+ 2 � k + 1; b+ 5; is son [k] ? 's' : ' ';white );
draw char (a+ 2 � k; b+ 6; k � cobra port ? 'c' : ' ';white );
draw char (a+ 2 � k + 1; b+ 6; k � next ? 'N' : ' ';white );
output [k]:draw (a+ 2 � k; b+ 7; draw soldiers ; k � next _ (k � mother ^ prev 6= nil ));
g

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
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74. ðÏÓËÏÌØËÕ × ÒÁÚÌÉÞÎÙÈ ÁÌÇÏÒÉÔÍÁÈ ÉÓÐÏÌØÚÕÀÔÓÑ ÒÁÚÌÉÞÎÙÅ ÔÉÐÙ ÓÉÍ×ÏÌÏ×, ÉÚÏÂÒÁÖÅÎÉÅ ÓÉÍ-
×ÏÌÁ ÚÁ×ÉÓÉÔ ÏÔ ×ÙÐÏÌÎÑÅÍÏÇÏ ÁÌÇÏÒÉÔÍÁ. ðÒÉ ÓÉÎÈÒÏÎÉÚÁÃÉÉ ÓÏÄÅÒÖÉÍÏÅ ÚÁÎÉÍÁÅÔ Ä×Å ÓÔÒÏËÉ, ÓÏ-
ÓÔÏÑÝÉÅ ÉÚ ÐÁËÅÔÁ ÓÉÇÎÁÌÏ×, ÐÅÒÅÄÁÎÎÏÇÏ ÐÏ ÄÅÒÅ×Õ ÉÓÔÏËÁ É ÓÔÏËÁ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. ÷ÔÏÒÏÊ ÐÁËÅÔ
ÍÏÖÅÔ ÏÔÓÕÔÓÔ×Ï×ÁÔØ. äÌÑ ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÁÌÇÏÒÉÔÍÏ× ÐÅÒ×ÁÑ ÓÔÒÏËÁ ÓÏÓÔÏÉÔ ÉÚ ÔÒ£È ÓÉÍ×ÏÌÏ×, ÉÚÏ-
ÂÒÁÖÁÀÝÉÅ ÐÅÒÅÄÁÎÎÙÊ ÓÅÇÍÅÎÔ ÇÁÄÀËÉ, ÐÉÔÏÎÁ, ËÏÂÒÙ. ÷ÔÏÒÁÑ ÓÔÒÏËÁ ÓÏÄÅÒÖÉÔ ÎÁÂÏÒ ÓÏÂÙÔÉÊ,
ÐÅÒÅÄÁÀÝÉÊÓÑ ÓÉÍ×ÏÌÏÍ. ëÁÖÄÏÍÕ ÓÏÂÙÔÉÀ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ Ó×ÏÑ ÂÕË×Á, ËÏÔÏÒÁÑ ×Ù×ÏÄÉÔÓÑ ÔÏÌØËÏ ×
ÔÏÍ ÓÌÕÞÁÅ, ÅÓÌÉ ÓÏÂÙÔÉÅ ÐÒÏÉÚÏÛÌÏ.
hîÁÒÉÓÏ×ÁÔØ ÓÉÍ×ÏÌ 74 i �

void draw (int a; int b;bool draw sets ;bool draw secondary )
f

wipe (a; b; 4);
wipe (a+ 1; b; 4);
if (draw sets ) f

primary :draw (a; b);
if (draw secondary ) secondary :draw (a+ 1; b);

g
else f

adder :draw (a; b);
python :draw (a; b+ 1);
cobra :draw (a; b+ 2);
bool f [7] = fdaughter ; ready ; backtrack ; activate ; cycle ;mark source ;mark sink g;
const char c[7] = f'D'; 'R'; 'B'; 'A'; 'C'; '0'; '1'g;
for (int k = 0; k < 7; k++)

if (f [k]) draw char (a+ 1; b++; c[k];white );
g

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.

75. óÅÇÍÅÎÔ ÚÍÅÉ ÉÚÏÂÒÁÖÁÅÔÓÑ ÎÏÍÅÒÏÍ ÐÏÒÔÁ. ðÒÉ ÜÔÏÍ ÔÅÌÏ ÚÍÅÉ ×Ù×ÏÄÉÔÓÑ ÓÔÁÎÄÁÒÔÎÙÍ Ã×ÅÔÏÍ,
ÇÏÌÏ×Á ÚÍÅÉ | ÚÅÌ£ÎÙÍ Ã×ÅÔÏÍ, È×ÏÓÔ ÚÍÅÉ | ÓÉÎÉÍ Ã×ÅÔÏÍ, Á ÏÄÎÏÓÅÇÍÅÎÔÎÁÑ ÚÍÅÑ | ËÒÁÓÎÙÍ Ã×ÅÔÏÍ.
ðÒÉ ÏÔÓÕÔÓÔ×ÉÉ ÓÅÇÍÅÎÔÁ ×Ù×ÏÄÉÔÓÑ ÓÉÍ×ÏÌ `-'.
hîÁÒÉÓÏ×ÁÔØ ÓÅÇÍÅÎÔ ÚÍÅÉ 75 i �

void draw (int a; int b)
f

const int color [2][2] = ffwhite ; blueg; fgreen ; red gg;
draw char (a; b; body � nil ? '-' : '0' + body ; color [is head ][is tail ]);
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 6.

76. ðÁËÅÔ ÓÉÇÎÁÌÏ× ÉÚÏÂÒÁÖÁÅÔÓÑ ÓÔÒÏËÏÊ ÉÚ ÞÅÔÙÒ£È ÓÉÍ×ÏÌÏ×, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÓÉÇÎÁÌÁÍ A, B,
C, D. óÉÍ×ÏÌ `-' ×Ù×ÏÄÉÔÓÑ ÐÒÉ ÏÔÓÕÔÓÔ×ÉÉ ÓÉÇÎÁÌÁ, Á ÐÒÉ ÎÁÌÉÞÉÉ ÓÉÇÎÁÌÁ ×Ù×ÏÄÉÔÓÑ ÅÇÏ ÏÂÏÚÎÁÞÅÎÉÅ.
hîÁÒÉÓÏ×ÁÔØ ÐÁËÅÔ ÓÉÇÎÁÌÏ× 76 i �

void draw (int a; int b)
f

for (int k = 0; k < 4; k++) draw char (a; b+ k; data [k] ? 'A' + k : '-';white );
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 61.
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77. óÏÓÔÏÑÎÉÅ ÓÏÌÄÁÔÁ ÉÚÏÂÒÁÖÁÅÔÓÑ ÓÔÒÏËÏÊ ÉÚ Ä×ÕÈ ÓÉÍ×ÏÌÏ×, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÓÉÇÎÁÌÁÍ B É C.
åÓÌÉ ÓÏÌÄÁÔ ÚÁÄÅÒÖÉ×ÁÅÔ ÓÉÇÎÁÌ B, ÔÏ ÎÁ ÐÅÒ×ÏÅ ÍÅÓÔÏ ×Ù×ÏÄÉÔÓÑ ÓÉÍ×ÏÌ `0', Á ÉÎÁÞÅ `-'. åÓÌÉ ÓÏÌÄÁÔ
ÚÁÄÅÒÖÉ×ÁÅÔ ÓÉÇÎÁÌ C, ÔÏ ÎÁ ×ÔÏÒÏÅ ÍÅÓÔÏ ×Ù×ÏÄÉÔÓÑ ÓÉÍ×ÏÌ `0' ÉÌÉ `1' × ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ ÓÔÁÄÉÉ
ÚÁÄÅÒÖËÉ, Á ÉÎÁÞÅ ×Ù×ÏÄÉÔÓÑ ÓÉÍ×ÏÌ `-'.
hîÁÒÉÓÏ×ÁÔØ ÓÏÌÄÁÔÁ 77 i �

void draw (int a; int b)
f

for (int k = 0; k < 4; k++)
draw char (a; b+ k;w[k] � nil ? '-' : '0' + w[k];�re ? red : is general ? green : white );

g
üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.

78. óÏÓÔÏÑÎÉÅ ÐÁÒÙ ÓÏÌÄÁÔ ÉÚÏÂÒÁÖÁÅÔÓÑ ÔÒÅÍÑ ÓÔÒÏËÁÍÉ. îÁ ÐÅÒ×ÏÊ ÓÔÒÏËÅ ×Ù×ÏÄÉÔÓÑ ×ÉÒÔÕÁÌØÎÙÊ
ÓÏÌÄÁÔ, ÎÁ ÔÒÅÔØÅÊ ÓÔÒÏËÅ | ÎÅ×ÉÒÔÕÁÌØÎÙÊ ÓÏÌÄÁÔ, Á ×Ï ×ÔÏÒÏÊ ÓÔÒÏËÅ ÓÏÄÅÒÖÉÔÓÑ ÐÁËÅÔ ÓÉÇÎÁÌÏ×,
ÐÏÓÌÁÎÎÙÊ ÎÁ ÄÁÎÎÏÍ ÔÁËÔÅ ×ÉÒÔÕÁÌØÎÙÍ ÓÏÌÄÁÔÏÍ.
hîÁÒÉÓÏ×ÁÔØ ÐÁÒÕ ÓÏÌÄÁÔ 78 i �

void draw (int a; int b)
f

primary :draw (a+ 2; b);
if (has secondary ) f

secondary :draw (a; b);
intermediate :draw (a+ 1; b);

g
else f

wipe (a; b; 4);
wipe (a+ 1; b; 4);

g
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.

79. hæÕÎËÃÉÉ ÒÉÓÏ×ÁÎÉÑ 79 i �
#include <curses.h>

const int white = 1; red = 2; green = 3; blue = 4;
void draw char (int a; int b; int c; int color )
f

move (a; b);
color set (color ; 0);
addch (c);
g
void wipe (int a; int b; int n)
f

while (n�� > 0) draw char (a; b++; ' ';white );
g

üÔÏÔ ËÏÄ ÉÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
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80. ïÓÎÏ×ÎÁÑ ÆÕÎËÃÉÑ ÐÒÏÇÒÁÍÍÙ ÏÂÒÁÂÁÔÙ×ÁÅÔ ÎÁÖÁÔÉÑ ËÌÁ×ÉÛ. ëÌÁ×ÉÛÁ `x' ÚÁ×ÅÒÛÁÅÔ ÐÒÏÇÒÁÍ-
ÍÕ. ëÌÁ×ÉÛÁ `r', ÚÁ ËÏÔÏÒÏÊ ÉÄ£Ô ÉÄÅÎÔÉÆÉËÁÔÏÒ ÕÚÌÁ, ÄÅÌÁÅÔ ÄÁÎÎÙÊ ÕÚÅÌ ËÏÒÎÅ×ÙÍ É ÉÎÉÃÉÁÌÉÚÉÒÕÅÔ
ÓÅÔØ. ëÌÁ×ÉÛÉ `t', `w', `c', `s' ÚÁÐÕÓËÁÀÔ ÁÌÇÏÒÉÔÍÙ ÐÏÓÔÒÏÅÎÉÑ ÄÅÒÅ×ØÅ×, ÏÂÈÏÄÁ, ÐÏÓÔÒÏÅÎÉÑ ÃÉËÌÁ,
ÓÉÎÈÒÏÎÉÚÁÃÉÉ. ëÌÁ×ÉÛÁ ` ' ×ÙÐÏÌÎÑÅÔ ÏÄÉÎ ÔÁËÔ.

int main ( )
f

net n;
n:input ( );
freopen ("/dev/tty"; "r"; stdin );
initscr ( );
noecho( );
cbreak ( );
curs set (0);
start color ( );
init pair (white ; COLOR_WHITE; COLOR_BLACK);
init pair (red ; COLOR_RED; COLOR_BLACK);
init pair (green ; COLOR_GREEN; COLOR_BLACK);
init pair (blue ; COLOR_BLUE; COLOR_BLACK);
n:draw ( );
while (1)

switch (intc = getch ( )) f
case 'x': endwin ( );

return 0;
case 'r': c = getch ( );

for (int k = 0; k < n:nodes :size ( ); k++)
if (n:nodes [k]:id � c) f
n:init (k);
n:update ( );
g

break;
case ' ':

if (n:root � nil ) break;
n:step( );
n:update ( );
break;

case 'f':
if (n:root � nil ) break;
while (n:nodes [n:root ]:root state 6= node ::neutral ) f
n:step( );
n:update ( );
refresh ( );

g
break;

default:
if (n:root � nil ) break;
char d[4] = f't'; 'w'; 'c'; 's'g;
node ::r state rs [4] = fnode :: tree ;node ::walk ;node ::cycle ;node ::synchronizationg;
int k;
for (k = 0; k < 4; k++)

if (d[k] � c) break;
if (k � 4) break;
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n:nodes [n:root ]:root state = rs [k];
n:nodes [n:root ]:start = true ;
n:update ( );
break;

g
g
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81. úÁËÌÀÞÅÎÉÅ. ðÏ ÁÄÒÅÓÕ http://rain.ifmo.ru/ pavlov/serp/ ÎÁÈÏÄÉÔÓÑ ÉÓÈÏÄÎÙÊ ÔÅËÓÔ, ÐÒÏ-
ÇÒÁÍÍÙ ÄÌÑ ÇÅÎÅÒÁÃÉÉ ÐÒÉÍÅÒÏ×, ÏÔËÏÍÐÉÌÉÒÏ×ÁÎÎÁÑ ÐÒÏÇÒÁÍÍÁ × ÆÏÒÍÁÔÁÈ C++, TeX, DVI, PDF É
PostScript.
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82. ðÒÅÄÍÅÔÎÙÊ ÕËÁÚÁÔÅÌØ.
a: 3, 68, 69, 71, 74, 75, 76, 77, 78, 79.
activate : 37, 40, 41, 42, 74.
active : 37, 38, 43.
addch : 79.
adder : 8, 9, 10, 15, 17, 18, 37, 73, 74.
arc: 3, 68, 71.
arcs : 3, 68, 71.
assign : 3, 5, 12.
b: 69, 74, 75, 76, 77, 78, 79.
backtrack : 37, 38, 40, 41, 42, 44, 74.
begn : 3, 68, 71.
begp : 3, 68, 71.
blue : 75, 79, 80.
Body : 6.
body : 6, 9, 18, 21, 24, 25, 28, 43, 53, 75.
c: 68, 73, 74, 79.
cbreak : 80.
cobra : 8, 9, 10, 18, 24, 25, 47, 73, 74.
cobra port : 24, 25, 26, 27, 73.
color : 75, 79.
COLOR_BLACK: 80.
COLOR_BLUE: 80.
COLOR_GREEN: 80.
COLOR_RED: 80.
color set : 79.
COLOR_WHITE: 80.
curs set : 80.
cycle : 24, 45, 46, 47, 49, 50, 51, 53, 74, 80.
d: 68, 73, 80.
data : 61, 76.
daughter : 28, 29, 30, 31, 74.
draw : 71, 72, 73, 74, 75, 76, 77, 78, 80.
draw char : 71, 72, 73, 74, 75, 76, 77, 79.
draw secondary : 74.
draw sets : 74.
draw soldiers : 73.
ds : 72.
e: 68.
endn : 3, 68, 71.
endp : 3, 68, 71.
endwin : 80.
f : 68, 74.
false : 5, 6, 12, 18, 20, 28, 31, 42, 51, 55, 59,

60, 61, 62.
father : 11, 12, 17, 18, 24, 37, 46, 53, 64, 73.
�re : 59, 60, 62, 64, 66, 77.
freopen : 80.
gap : 9, 10, 18, 21, 24.
getch : 80.
getchar : 68.
green : 73, 75, 77, 79, 80.

has secondary : 62, 78.
head : 9, 24, 25.
id : 68, 69, 71, 73, 80.
ignore : 9, 47.
in : 5, 12, 17, 21, 24, 29, 34, 44, 52, 68, 71, 73.
init : 5, 70, 80.
init pair : 80.
initscr : 80.
input : 3, 5, 17, 18, 21, 24, 29, 37, 44, 46, 52,

53, 64, 68, 73, 80.
intermediate : 62, 78.
is alive : 5, 34, 68.
is daughter : 11, 12, 29, 73.
is general : 60, 62, 77.
is head : 6, 17, 18, 21, 24, 52, 75.
Is head : 6.
is root : 5, 17, 24, 25, 28, 29, 40, 44, 64, 73.
Is root : 5.
is son : 11, 12, 25, 40, 64, 73.
is tail : 6, 18, 21, 24, 25, 37, 75.
Is tail : 6.
isgraph : 68.
k: 3, 13, 15, 17, 18, 21, 24, 28, 29, 34, 37, 43,

44, 45, 47, 52, 59, 61, 62, 64, 68, 70, 71, 72,
73, 74, 76, 77, 80.

l: 71.
main : 80.
mark sink : 52, 53, 54, 55, 74.
mark source : 24, 53, 54, 55, 74.
mother : 11, 12, 18, 21, 28, 29, 37, 40, 44,

52, 64, 73.
move : 79.
mutant : 17, 18, 19, 20, 28, 47, 71, 73.
mutate : 18, 19, 20, 73.
n: 68, 79, 80.
net: 3, 80.
neutral : 5, 29, 40, 52, 64, 80.
next : 53, 56, 57, 64, 73.
nil : 4, 6, 11, 12, 17, 18, 21, 23, 24, 25, 27, 28,

29, 37, 46, 52, 53, 56, 57, 59, 60, 62, 64,
68, 73, 75, 77, 80.

node: 3, 5, 68, 72, 80.
nodes : 3, 68, 70, 71, 72, 80.
noecho : 80.
out : 3, 5, 12, 13, 15, 18, 28, 40, 45, 47, 64,

68, 71, 73.
output : 3, 5, 13, 15, 18, 21, 24, 28, 29, 37, 40,

44, 45, 47, 52, 53, 64, 68, 73.
pass : 62, 64.
port: 4, 6, 11, 22, 26, 56.
prev : 52, 56, 57, 64, 73.
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primary : 58, 62, 63, 64, 67, 73, 74, 78.
push back : 68.
python : 8, 9, 10, 18, 21, 24, 37, 45, 47, 52, 73, 74.
python port : 21, 22, 23, 24, 25, 73.
r state: 5, 80.
ready : 13, 28, 29, 30, 31, 74.
red : 73, 75, 77, 79, 80.
refresh : 80.
resize : 68.
root : 3, 68, 70, 72, 80.
Root : 70.
root state : 5, 14, 24, 29, 40, 52, 53, 64, 72, 80.
rs : 72, 80.
s: 18, 24, 62, 72.
scanf : 68.
search : 18, 47, 48, 52.
secondary : 62, 63, 64, 67, 73, 74, 78.
set: 61, 62, 64, 67.
size : 3, 68, 70, 71, 72, 80.
snake: 6, 8, 15, 18, 24, 45.
soldier: 62.
soldier pair: 62, 63.
speed : 59, 62.
start : 5, 80.
start color : 80.
state : 5, 18, 36, 37, 40, 43, 47, 52, 64, 73.
std: 3.
stdin : 80.
step : 3, 5, 80.
symbol: 3, 4, 5.
synchronization : 58, 64, 65, 72, 80.
t: 62.
tail : 9, 18.
transfer : 5, 7, 18, 37, 40, 64.
tree : 13, 14, 16, 80.
true : 5, 13, 15, 17, 18, 24, 25, 28, 29, 40, 44, 45,

47, 52, 53, 59, 60, 64, 68, 80.
u: 64.
unready : 18, 29, 32, 34, 52, 71, 73.
update : 72, 80.
v: 59, 64.
vbool: 5, 11.
vector: 3, 5.
visit : 36, 37, 38.
w: 62.
walk : 36, 39, 80.
white : 71, 72, 73, 74, 75, 76, 77, 79, 80.
wipe : 73, 74, 78, 79.
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hæÕÎËÃÉÉ ÒÉÓÏ×ÁÎÉÑ 79 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÐÏÉÓË ÃÉËÌÁ 47 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 45 É 46.
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÅÔØ 70 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÓÉÍ×ÏÌ 31, 42, 51, 55 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.
héÎÉÃÉÁÌÉÚÉÒÏ×ÁÔØ ÕÚÅÌ 10, 12, 20, 23, 27, 33, 57 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
héÎÉÃÉÉÒÏ×ÁÔØ ×ÙÐÏÌÚÁÎÉÅ ËÏÂÒÙ 25 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 24.
hîÁÊÔÉ ÓÌÅÄÕÀÝÕÀ ×ÅÒÛÉÎÕ 40 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 37 É 43.
hîÁÒÉÓÏ×ÁÔØ ÐÁËÅÔ ÓÉÇÎÁÌÏ× 76 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 61.
hîÁÒÉÓÏ×ÁÔØ ÐÁÒÕ ÓÏÌÄÁÔ 78 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.
hîÁÒÉÓÏ×ÁÔØ ÐÏÓÔÏÑÎÎÕÀ ÞÁÓÔØ ÓÅÔÉ 71 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
hîÁÒÉÓÏ×ÁÔØ ÓÅÇÍÅÎÔ ÚÍÅÉ 75 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 6.
hîÁÒÉÓÏ×ÁÔØ ÓÉÍ×ÏÌ 74 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.
hîÁÒÉÓÏ×ÁÔØ ÓÏÌÄÁÔÁ 77 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.
hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÓÅÔÉ 72 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
hïÂÎÏ×ÉÔØ ÉÚÏÂÒÁÖÅÎÉÅ ÕÚÌÁ 73 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hïÂÒÁÂÏÔÁÔØ ËÏÂÒÕ ÄÌÉÎÙ 1 28, 43, 53 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 25.
hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌÙ 60 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 59.
hïÂÒÁÂÏÔÁÔØ ÓÉÇÎÁÌ ÏÔËÁÔÁ 44 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 37.
hïÔÏÓÌÁÔØ ×ÏÌÎÕ ÇÁÄÀË 15 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 14, 44, É 45.
hðÅÒÅÄÁÔØ ÓÉÇÎÁÌÙ 59 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 62.
hðÅÒÅÄÁÔØ ÚÍÅÊ 17, 18, 21, 24 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hðÅÒÅÍÅÎÎÙÅ ÓÉÍ×ÏÌÁ 8, 30, 41, 50, 54, 67 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.
hðÅÒÅÍÅÎÎÙÅ ÕÚÌÁ 9, 11, 19, 22, 26, 32, 56, 63, 69 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hðÏÓÔÒÏÉÔØ ÃÉËÌ 46, 52 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hðÏÓÔÒÏÉÔØ ÄÅÒÅ×Ï 14, 29 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hóÉÎÈÒÏÎÉÚÉÒÏ×ÁÔØÓÑ 64 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hóÏÓÔÏÑÎÉÑ ËÏÒÎÑ 16, 39, 49, 65 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hóÏÓÔÏÑÎÉÑ ÕÚÌÁ 7, 38, 48, 66 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
hóÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 4, 5 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
h÷ÓÐÏÍÏÇÁÔÅÌØÎÙÅ ÓÔÒÕËÔÕÒÙ ÄÁÎÎÙÈ 6, 61, 62 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 4.
h÷×ÅÓÔÉ ÓÅÔØ 68 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 3.
h÷ÙÐÏÌÎÉÔØ ÏÂÈÏÄ 37 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.
h÷ÙÞÉÓÌÉÔØ ËÏÌÉÞÅÓÔ×Ï ÖÉ×ÙÈ ×ÈÏÄÎÙÈ ÐÏÒÔÏ× 34 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÑÈ 33 É 47.
húÁÐÕÓÔÉÔØ ÁÌÇÏÒÉÔÍ 13, 36, 45, 58 i éÓÐÏÌØÚÕÅÔÓÑ × ÓÅËÃÉÉ 5.



á×ÔÏÍÁÔÎÙÊ ÓÅÒÐÅÎÔÁÒÉÊ

óÅËÃÉÑ óÔÒÁÎÉÃÁ
÷×ÅÄÅÎÉÅ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1
ïÂÝÁÑ ÓÔÒÕËÔÕÒÁ ÐÒÏÇÒÁÍÍÙ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2
úÍÅÉ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 5
ïÓÔÏ×ÎÙÅ ÄÅÒÅ×ØÑ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 7
ïÂÈÏÄ ÇÒÁÆÁ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 14
äÌÉÎÎÙÊ ÃÉËÌ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 16
óÉÎÈÒÏÎÉÚÁÃÉÑ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 18
÷×ÏÄ É ×Ù×ÏÄ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 22
úÁËÌÀÞÅÎÉÅ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 29
ðÒÅÄÍÅÔÎÙÊ ÕËÁÚÁÔÅÌØ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 30


