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3niti alpha simu1 (Rev.A)

�¡  ¢â®à¥: �«¥ªá ­¤à �­ â®«ì¥¢¨ç � ¡ àè¨­ à®¤¨«áï ¢ 1973 £®¤ã ¢ £®à®¤¥ �à®¨æª¥ �¥«ï¡¨­áª®©
®¡« áâ¨. � 1996 £®¤ã § ª®­ç¨« à ¤¨®â¥å­¨ç¥áª¨© ä ªã«ìâ¥â �à «ìáª®£® �®áã¤ àáâ¢¥­­®£®
�¥å­¨ç¥áª®£® �­¨¢¥àá¨â¥â  (¡ë¢è¨© ���) ¢ £®à®¤¥ �ª â¥à¨­¡ãà£¥ ¯® á¯¥æ¨ «ì­®áâ¨ �����
(¢ëç¨á«¨â¥«ì­ë¥ ¬ è¨­ë, ª®¬¯«¥ªáë, á¨áâ¥¬ë ¨ á¥â¨). � ­ áâ®ïé¥¥ ¢à¥¬ï ¯à®¦¨¢ ¥â ¢ ���.
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3niti alpha simu1 (Rev.A)

�àå¨â¥ªâãà  "3niti alpha"

�àå¨â¥ªâãà  ¯à®áâ®© âà®¨ç­®© ��� "3niti al-
pha", à ¡®â îé¥© ¢ á¡ « ­á¨à®¢ ­­®¬ âà®¨ç­®¬
ª®¤¥, ¡ë«  à §à ¡®â ­  ¬­®© ¢ 2004. �á­®¢­®¥
®â«¨ç¨¥ âà®¨ç­®© ��� ®â ®¡ëç­ëå ¤¢®¨ç­ëå
á®áâ®¨â ¢ â®¬, çâ® ¢ëç¨á«¥­¨ï ¢¥¤ãâáï ­¥ ­ ¤
¡¨â ¬¨ (¯à¨­¨¬ îé¨¬¨ ®¤­® ¨§ ¤¢ãå §­ ç¥­¨© -
1 ¨«¨ 0),   ­ ¤ âà¨â ¬¨ (¯à¨­¨¬ îé¨¬¨ ®¤­® ¨§
âàñå §­ ç¥­¨© { 1, 0 ¨«¨ -1). �«ï â®£® çâ®¡ë ­¥
¯ãâ âì ¡¨­ à­ë¥ §­ ç¥­¨ï á "âà¨­ à­ë¬¨", ¬ë
®¡®§­ ç¨¬ ¨å ­¥áª®«ìª® ¨­ ç¥ { N ¤«ï -1 (nega-
tive), O ¤«ï 0 (¯à®áâ® ¯®å®¦¥ ¯® ­ ¯¨á ­¨î ­ 
0), P ¤«ï +1 (positive). �§ âàñå âà¨â®¢ ¬®¦­®
á®áâ ¢¨âì âà¨ ¤ã, ª®â®à ï ¬®¦¥â ­¥áâ¨ ¢ á¥¡¥
­¥ª®¥ æ¥«®ç¨á«¥­­®¥ §­ ç¥­¨¥:

NNN -13
NNO -12
NNP -11
NON -10
NOO -9
NOP -8
NPN -7
NPO -6
NPP -5
ONN -4
ONO -3
ONP -2
OON -1
OOO 0
OOP +1
OPN +2
OPO +3
OPP +4
PNN +5
PNO +6
PNP +7
PON +8
POO +9
POP +10
PPN +11
PPO +12
PPP +13

�â®¡ë ¯®«ãç¨âì ç¨á«®¢®¥ §­ ç¥­¨¥ ¨§
á®áâ®ï­¨© âà¨â®¢ âà¨ ¤ë ¢®á¯®«ì§ã¥¬áï
áâ¥¯¥­ï¬¨ âà®©ª¨:

i = 32 × t2 + 31 × t1 + 30 × t0 = 9× t2 + 3× t1 + t0,

£¤¥ t2 { ç¨á«®¢®¥ §­ ç¥­¨¥ á ¬®£® áâ àè¥£® âà¨â 
âà¨ ¤ë, t1 { áà¥¤­¥£®, t0 { ¬« ¤è¥£®. � ¯à¨¬¥à
PPP ¯à¥¢à é ¥âáï ¢ 9× 1 + 3× 1 + 1 = 13.

� á«ãç ¥ "3niti alpha" à §¬¥à ®¤­®© ïç¥©ª¨
¯ ¬ïâ¨ (  â ª¦¥ à §¬¥à ª ¦¤®£® à¥£¨áâà )
¡ã¤¥â à ¢­ïâìáï ®¤­®© âà¨ ¤¥ (âà¨ âà¨â ).
�¤à¥á  ¢ "3niti alpha" ï¢«ïîâáï 9-âà¨â­ë¬¨
(¨«¨ á®áâ®ïé¨¬¨ ¨§ âàñå âà¨ ¤), çâ® ¯®§¢®«ï¥â
 ¤à¥á®¢ âì 19683 ïç¥©ª¨ ¯ ¬ïâ¨ (­¥ ®ç¥­ì ¬­®£®,
­® ¢¯®«­¥ ¤®áâ â®ç­® ¤«ï ç¥£®-â® ¯®«¥§­®£®).
� ¬ïâì ã ­ á ¡ã¤¥â ¨á¯®«ì§®¢ âáï ª ª ¤«ï
åà ­¥­¨ï ª®¤ , â ª ¨ ¤«ï åà ­¥­¨ï ¤ ­­ëå.

� è¨­  "3niti alpha" ¯®§¢®«ï¥â
­¥¯®áà¥¤áâ¢¥­­®  ¤à¥á®¢ âì 9 à¥£¨áâà®¢ (ç áâì
¨§ ª®â®àëå ï¢«ïîâáï «¨èì ®ª­ ¬¨ ¤«ï ¤®áâã¯ 
ª ¡®«ìè¥¬ã ª®«¨ç¥áâ¢ã à¥£¨áâà®¢). �¥£¨áâà
§ ¤ ñâáï ¤¢ã¬ï âà¨â ¬¨ ¨ ¨¬¥¥â ®¤­®¡ãª¢¥­­®¥
­ ¨¬¥­®¢ ­¨¥ (­¥ ¯ãâ ©â¥ ­ §¢ ­¨ï ­¥ª®â®àëå
à¥£¨áâà®¢ á ¡ãª¢¥­­ë¬¨ §­ ç¥­¨ï¬¨ âà¨â ):

NN -4 N ïç¥©ª¨ ¯ ¬ïâ¨ á  ¤à¥á®¬ DPn
NO -3 O ïç¥©ª  ¯ ¬ïâ¨ á  ¤à¥á®¬ DPo
NP -2 P ïç¥©ª  ¯ ¬ïâ¨ á  ¤à¥á®¬ DPp
ON -1 F à¥£¨áâà ä« £  (á¬. ­¨¦¥)
OO 0 A à¥£¨áâà  ªªã¬ã«ïâ®à 
OP +1 B ¤®¯®«­¨â¥«ì­ë© à¥£¨áâà
PN +2 L ¬« ¤è ï âà¨ ¤  â¥ªãé¥£® DP
PO +3 M áà¥¤­ïï âà¨ ¤  â¥ªãé¥£® DP
PP +4 H áâ àè ï âà¨ ¤  â¥ªãé¥£® DP

�¥£¨áâà F á®áâ®¨â ¨§ 3 âà®¨ç­ëå ä« £®¢:
�â àè¨© âà¨â: RSF (Result Sign Flag) - ä« £
§­ ª  à¥§ã«ìâ â  �à¥¤­¨© âà¨â: DPF (Data
Pointer Flag) - ä« £ ãª § â¥«ï ¤ ­­ëå �« ¤è¨©
âà¨â: BCF (Borrow Carry Flag) - ä« £ ¯¥à¥­®á -
§ ñ¬ 

� ª¦¥ áãé¥áâ¢îâ âà¨ 9-âà¨â®¢ëå à¥£¨áâà 
ãª § â¥«ï ¤ ­­ëå (data pointer = DP) - DPn,
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DPo, DPp, ¤®áâã¯­ë¥ ç¥à¥§ ¨¬¥­  à¥£¨áâà®¢
L/M/H ª®£¤  ä« £ DPF ¨¬¥¥â §­ ç¥­¨¥ N, O, P
á®®â¢¥âáâ¢¥­­®.

�¥­¥¢®© à¥£¨áâà ¯à®£à ¬¬­®£® áçñâç¨ª  (pro-
gram counter = PC) ­ ¯àï¬ãî ­¥¤®áâã¯¥­ - â®«ìª®
ç¥à¥§ ª®¬ ­¤ë ª®¯¨à®¢ ­¨ï ¬¥¦¤ã PC ¨ â¥ªãé¨¬
DP.

�®«­ë© á¯¨á®ª ª®¬ ­¤  àå¨â¥ªâãàë:
NNN (-13) SAN - á®åà ­¨âì à¥£¨áâà A ¢ N;
NNO (-12) SAO - á®åà ­¨âì à¥£¨áâà A ¢ O;
NNP (-11) SAP - á®åà ­¨âì à¥£¨áâà A ¢ P;
NON (-10) SAF - á®åà ­¨âì à¥£¨áâà A ¢ F;
NOO (-9) SPCD - á®åà ­¨âì PC ¢ â¥ªãé¥¬ DP;
NOP (-8) SAB - á®åà ­¨âì à¥£¨áâà A ¢ B;
NPN (-7) SAL - á®åà ­¨âì à¥£¨áâà A ¢ L (¬« ¤è ï
âà¨ ¤  â¥ªãé¥£® DP);
NPO (-6) SAM - á®åà ­¨âì à¥£¨áâà A ¢ M
(áà¥¤­ïï âà¨ ¤  â¥ªãé¥£® DP);
NPP (-5) SAH - á®åà ­¨âì à¥£¨áâà A ¢ H (áâ àè ï
âà¨ ¤  â¥ªãé¥£® DP);
ONN (-4) RLA - á¤¢¨­ãâì à¥£¨áâà A ¢«¥¢® ç¥à¥§
ä« £ BCF;
ONO (-3) ADD - á«®¦¨âì à¥£¨áâà A á à¥£¨áâà®¬
B ¨ ä« £®¬ BCF, á®åà ­¨âì à¥§ã«ìâ â ¢ A ¨
ä« £¥ BCF, ãáâ ­®¢¨âì ä« £ §­ ª  RSF;
ONP (-2) RRA - á¤¢¨­ãâì à¥£¨áâà A ¢¯à ¢® ç¥à¥§
ä« £ BCF;
OON (-1) LAI # - § £àã§¨âì à¥£¨áâà A ¤ ­­ë¬¨
¨§ âà¨ ¤ë ¨¤ãé¥© á«¥¤®¬;
OOO (0) ADI # - á«®¦¨âì à¥£¨áâà A á ¤ ­­ë¬¨
¨§ âà¨ ¤ë ¨¤ãé¥© á«¥¤®¬ ¨ ä« £®¬ BCF,
á®åà ­¨âì à¥§ã«ìâ â ¢ à¥£¨áâà¥ A ¨ ä« £¥ BCF,
ãáâ ­®¢¨âì ä« £ §­ ª  RSF;
OOP (1) OPA # - ¢ë¯®«­¨âì ã­ à­ãî
¯®âà¨â®¢ãî ®¯¥à æ¨î ­ ¤ à¥£¨áâà®¬ A (äã­ªæ¨ï
ãáâ ­ ¢«¨¢ ¥âáï ¤ ­­ë¬¨ ¨§ âà¨ ¤ë ¨¤ãé¥©
á«¥¤®¬), ãáâ ­®¢¨âì ä« £ §­ ª  RSF;
OPN (2) LDI # # # - § £àã§¨âì â¥ªãé¨©
à¥£¨áâà DP ¤ ­­ë¬¨ ¨§ 3 âà¨ ¤ ¨¤ãé¨å á«¥¤®¬
(áâ àè ï, áà¥¤­ïï, ¬« ¤è ï);
OPO (3) JMP # # # - ¯¥à¥¤ âì ã¯à ¢«¥­¨¥
­   ¤à¥á, ¢§ïâë© ¨§ 3 âà¨ ¤ ¨¤ãé¨å á«¥¤®¬
(áâ àè ï, áà¥¤­ïï, ¬« ¤è ï);
OPP (4) OPB # # # - ¢ë¯®«­¨âì ¡¨­ à­ãî
¯®âà¨â®¢ãî ®¯¥à æ¨î ­ ¤ à¥£¨áâà ¬¨ A ¨ B,
á®åà ­¨âì à¥§ã«ìâ â ¢ à¥£¨áâà¥ A (äã­ªæ¨ï
ãáâ ­ ¢«¨¢ ¥âáï ¤ ­­ë¬¨ ¨§ 3 âà¨ ¤ ¨¤ãé¨å
á«¥¤®¬), ãáâ ­®¢¨âì ä« £ §­ ª  RSF;
PNN (5) LAN - § £àã§¨âì à¥£¨áâà A ¨§ N;
PNO (6) LAO - § £àã§¨âì à¥£¨áâà A ¨§ O;
PNP (7) LAP - § £àã§¨âì à¥£¨áâà A ¨§ P;
PON (8) LAF - § £àã§¨âì à¥£¨áâà A ¨§ F;

POO (9) LPCD - § £àã§¨âì PC ¨§ â¥ªãé¥£® DP;
POP (10) LAB - § £àã§¨âì à¥£¨áâà A ¨§ B;
PPN (11) LAL - § £àã§¨âì à¥£¨áâà A ¨§ L
(¬« ¤è ï âà¨ ¤  â¥ªãé¥£® DP);
PPO (12) LAM - § £àã§¨âì à¥£¨áâà A ¨§ M
(áà¥¤­ïï âà¨ ¤  â¥ªãé¥£® DP);
PPP (13) LAH - § £àã§¨âì à¥£¨áâà A ¨§ H
(áâ àè ï âà¨ ¤  â¥ªãé¥£® DP).

�¯¥æ¨ «ì­® ¤«ï  àå¨â¥ªâãàë "3niti alpha" ¡ë«
à §à ¡®â ­ ç¥«®¢¥ª®-¬ è¨­­ë© ¨­â¥àä¥©á,
á®áâ®ïé¨© ¨§ «¨­¥©ª¨ âà®¨ç­ëå (ªà á­®-
§¥«ñ­ëå) á¢¥â®¤¨®¤®¢ ¨ «¨­¥©ª¨ âà®¨ç­ëå
(âàñå-¯®§¨æ¨®­­ëå) ¯¥à¥ª«îç â «¥©. �¨­¥©ª 
á¢¥â®¤¨®¤®¢ ®â®¡à ¦ ¥â á®¤¥à¦¨¬®¥ â¥­¥¢®£®
à¥£¨áâà  PC (9 á¢¥â®¤¨®¤®¢), ®¤­ã âà¨ ¤ã ¤ ­­ëå
(3 á¢¥â®¤¨®¤ ) ¨ â ª¦¥ á®¤¥à¦¨¬®¥ à¥£¨áâà  A (3
á¢¥â®¤¨®¤ ) - ¢á¥£® 15 èâãª. �®¤ á¢¥â®¤¨®¤ ¬¨
à á¯®« £ îâáï âà®¨ç­ë¥ ¯¥à¥ª«îç â¥«¨ - 9 ¤«ï
§ ¤ ­¨ï  ¤à¥á  (¯¥à¢ë¥ à¥ «¨§ æ¨¨ ¬®£ãâ ¨¬¥âì
¯ ¬ïâì,  ¤à¥áã¥¬ãî «¨èì 8 âà¨â ¬¨), 3 ¤«ï
§ ¤ ­¨ï ¢¢®¤¬ëå ¤ ­­ëå ¨ 3 ¯¥à¥ª«îç â¥«ï
ã¯à ¢«¥­¨ï (ªà ©­¨¥ á¯à ¢ ):

W/R (write/read) - ¢¢®¤-¢ë¢®¤: P (¢¥àå­¥¥
¯®«®¦¥­¨¥) - ¯® ãáâ ­®¢«¥­­®¬ã  ¤à¥áã
§ ¯¨áë¢ ¥âáï ãáâ ­®¢«¥­­ ï âà¨ ¤ , ª®â®à ï
â ª¦¥ ®â®¡à ¦ ¥âáï ­  á¢¥â®¤¨®¤ å âà¨ ¤ë
¤ ­­ëå (write); O (áà¥¤­¥¥ ¯®«®¦¥­¨¥) -
ãáâ ­®¢«¥­­ë©  ¤à¥á ¨ ãáâ ­®¢«¥­­ ï âà¨ ¤ 
¨£­®à¨àãîâáï (â.¥. ¯¥à¥ª«îç â¥«¨  ¤à¥á  ¨
¤ ­­ëå ¢ íâ®¬ à¥¦¨¬¥ ¬®¦­® ¯¥à¥ª«îç âì),  
­  á¢¥â®¤¨®¤ å âà¨ ¤ë ¤ ­­ëå ®â®¡à ¦ ¥âáï
á®¤¥à¦¨¬®¥ ïç¥©ª¨ á  ¤à¥á®¬ PC; N (­¨¦­¥¥
¯®«®¦¥­¨¥) - ãáâ ­®¢«¥­­ ï âà¨ ¤  ¨£­®à¨àã¥âáï,
  ­  á¢¥â®¤¨®¤ å âà¨ ¤ë ¤ ­­ëå ®â®¡à ¦ ¥âáï
á®¤¥à¦¨¬®¥ ïç¥©ª¨ ¯® ãáâ ­®¢«¥­­®¬ã  ¤à¥áã
(read).

I/M (interrupt/main) - ¢ë¡®à ¯à®£à ¬¬ë:
P (¢¥àå­¥¥ ¯®«®¦¥­¨¥) - ¯à¥à¢ âì à ¡®âã
®á­®¢­®© ¯à®£à ¬¬ë á®åà ­¨¢ â¥ªãé¨©  ¤à¥á
¨ § ¯ãáâ¨âì ¯®¤¯à®£à ¬¬ã ¯® ãáâ ­®¢«¥­­®¬ã
 ¤à¥áã (interrupt); O (áà¥¤­¥¥ ¯®«®¦¥­¨¥) - ­¥
¯à¥¯ïâáâ¢®¢ âì à ¡®â¥ ®á­®¢­®© ¯à®£à ¬¬ë ¨«¨
à ­¥¥ § ¯ãé¥­­®© ¯®¤¯à®£à ¬¬ë; N (­¨¦­¥¥
¯®«®¦¥­¨¥) - ¯à¥à¢ âì à ¡®âã à ­¥¥ § ¯ãé¥­­®©
¯®¤¯à®£à ¬¬ë ¨ ¢¥à­ãâáï ª ®á­®¢­®© ¯à®£à ¬¬¥
¯® á®åà ­ñ­­®¬ã  ¤à¥áã (main program).

S/G (step/go) - ¯®è £®¢ ï ®â« ¤ª  : P (¢¥àå­¥¥
¯®«®¦¥­¨¥) - ®áãé¥áâ¢¨âì ®¤¨­ è £ ¢¯¥à¥¤ (step);
O (áà¥¤­¥¥ ¯®«®¦¥­¨¥) - à¥¦¨¬ ¯ ã§ë; N (­¨¦­¥¥
¯®«®¦¥­¨¥) - ®¡ëç­ë© ¯à®£®­ ¯à®£à ¬¬ë (go).
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�« â  "3niti alpha simu1"

�¤­®¯« â­ë© âà®¨ç­ë© ª®¬¯ìîâ¥à "3niti alpha simu1" Rev.A ï¢«ï¥âáï ¯¥à¢ë¬ ¢®¯«®é¥­¨¥¬ ¢ ¦¨§­ì
 àå¨â¥ªâãàë "3niti alpha", ­¥ ï¢«ïïáì ¯à¨ íâ®¬ âà®¨ç­ë¬ ª®¬¯ìîâ¥à®¬ ¢ ¯®«­®¬ á¬ëá«¥ íâ®£® á«®¢ ,
¯®â®¬ã çâ® ¯®áâà®¥­ ®­ ­  ®á­®¢¥ ¢¯®«­¥ ¤¢®¨ç­®£® ¬¨ªà®¯à®æ¥áá®à  ä¨à¬ë Microchip PIC16F870,
à ¡®â îé¥£® ­  ç áâ®â¥ 20 ��æ. �«ï åà ­¥­¨ï âà®¨ç­ëå ¯à®£à ¬¬ ¨ âà®¨ç­ëå ¤ ­­ëå ¨á¯®«ì§ã¥âáï
¤¢®¨ç­ ï ¬¨ªà®áå¥¬  ¯ ¬ïâ¨ á ¯®á«¥¤®¢ â¥«ì­ë¬ ¤®áâã¯®¬ ä¨à¬ë Atmel AT24C32 (4K), AT24C64
(8K), AT24C128 (16K), AT24C256 (32K) ¨«¨ AT24C512 (64K).

�á«®¢­® "âà®¨ç­ë¬¨" ¢ áå¥¬¥ ¬®¦­® ­ §¢ âì âàñå-¯®§¨æ¨®­­ë¥ ¯¥à¥ª«îç â¥«¨ (á ç¥âëà¬ï
¢ë¢®¤ ¬¨), ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¢¢®¤  âà®¨ç­ëå ¤ ­­ëå, ¨ ªà á­®-§¥«ñ­ë¥ á¢¥â®¤¨®¤ë (á âà¥¬ï
¢ë¢®¤ ¬¨ ¨ ®¡é¨¬  ­®¤®¬), ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®â®¡à ¦¥­¨ï âà®¨ç­ëå ¤ ­­ëå.

� ¯« âë â ª¦¥ ¨¬¥¥âáï ¯®á«¥¤®¢ â¥«ì­ë© TTL-¯®àâ (ãà®¢­¨ 0-5�) ¤«ï ¡ã¤ãé¨å à áè¨à¥­¨©,
ª®â®àë© á ¯®¬®éìî ¢­¥è­¥£®  ¤ ¯â¥à  (­  ®á­®¢¥ ¬¨ªà®áå¥¬ë MAX232 ¨«¨  ­ «®£¨ç­®©) ¬®¦¥â
¡ëâì ¯à¥¢à éñ­ ¢ ®¡ëç­ë© COM-¯®àâ ¤«ï á¢ï§¨ á ¯¥àá®­ «ì­ë¬ ª®¬¯ìîâ¥à®¬, á ª®â®à®£® ¬®¦­®
¡ã¤¥â ¢¢®¤¨âì âà®¨ç­ë¥ ¯à®£à ¬¬ë ¡®«ìè®£® ®¡êñ¬ .

�¯¨á®ª ª®¬¯®­¥­â®¢ ¤«ï á¡®àª¨ ¯« âë ¯à¥¤áâ ¢«¥­ ¢ á«¥¤ãîé¥© â ¡«¨æ¥:

� ¨¬¥­®¢ ­¨¥ �¡®§­ ç¥­¨¥ �®«-¢® �¤¥ ªã¯¨âì �­ «®£
¯¥à¥ª«îç â¥«ì SP3T SW1. . . SW15 15 mouser.com 611-OS103012MU2QP1
à¥§¨áâ®à 10 ��¬ R4,R5,R18 3 jameco.com 691104
à¥§¨áâ®à 330 �¬ R3,R11. . . R17 8 jameco.com 690742
à¥§¨áâ®à 3.3 ��¬ R6. . . R10 5 jameco.com 690988
SIP-30 ¤«ï IC1 1 jameco.com 78642
á®ª¥â DIP-8 ¤«ï IC2 1 jameco.com 390261-2
â¥à¬¨­ « ¯¨â ­¨ï X4 1 jameco.com 152347
4-¯¨­®¢ë© à §êñ¬ X5 1 digikey.com 609-2234-ND
ª­®¯ª  S1 1 jameco.com 153251
ª®­¤¥­á â®à 22¯� C1,C2 2 jameco.com 15405 15-33 ¯�
ª®­¤¥­á â®à 20¬� C3 1 jameco.com 207811
ª®­¤¥­á â®à 10¬� C4 1 jameco.com 1946287
ª®­¤¥­á â®à 0.1¬� C5,C6 2 jameco.com 33486
à¥£ã«ïâ®à 7805 IC6 1 jameco.com 51262 �142��5
ªà¨áâ «« 20��æ Q1 1 mouser.com 815-AB-20-B2 1
ªà á­ë© á¢¥â®¤¨®¤ 5¬¬ LED1 1 mouser.com 696-SSL-LX5093HD
§¥«ñ­ë© á¢¥â®¤¨®¤ 3¬¬ LED2 1 mouser.com 604-WP7104LGD
R-G á¢¥â®¤¨®¤ (CA) LD1. . . LD15 15 mouser.com 604-WP59EGW/CA
âà ­§¨áâ®à BC557 T1. . . T5 5 mouser.com 512-BC557BTF ��3107��
¤¨®¤ 1N914 D1. . . D15 15 mouser.com 512-1N914 ��521
¬¨ªà®ª®­â. PIC16F870 IC1 1 jameco.com 246895
¯®á«¥¤.¯ ¬ïâì 24C32 IC2 1 jameco.com 200563
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�¥â®¤¨ª  á¡®àª¨ ¯« âë Rev.A

�â  ¬¥â®¤¨ª  ¯à¥¤­ §­ ç¥­  ¤«ï á¡®àª¨ ¯« âë
"3niti alpha simu1" ¨§ á ¬®© ¯¥à¢®© ¯ àâ¨¨ (â ª
­ §ë¢ ¥¬ ï "Rev.A" 03-Oct-2009) ¨ ­¥ ¬®¦¥â
¡ëâì ¯à¨¬¥­¥­  ­¨ ¤«ï ª ª¨å ¤àã£¨å ¢¥àá¨©
¯« âë. � ­­ ï ¯ àâ¨ï ¯« â ¡ë«  ¯à®¨§¢¥¤¥­ 
á ®è¨¡ª®© (­¥ ¡ë«¨ ¯à¥¤ãá¬®âà¥­ë ¤¨®¤ë ¤«ï
¯¥à¥ª«îç â¥«¥©), ¯®íâ®¬ã ¯« âë Rev.A ­ ¤®
á®¡¨à âì á¯¥æ¨ «ì­ë¬ ®¡à §®¬, ®¯¨á ­­ë¬ ­¨¦¥
(¯à¨ íâ®¬ ­¥ âà¥¡ã¥âáï ¬®¤¨ä¨ª æ¨ï ¯« âë
¨«¨ ¯à®è¨¢ª¨). �®á«¥ â ª®© á¯¥æ¨ «ì­®©
á¡®àª¨ ¯®«ãç¨¢è ïáï ª®­áâàãªæ¨ï ¡ã¤¥â
á®®â¢¥âáâ¢®¢ âì ¯à¨­æ¨¯¨ «ì­®© áå¥¬¥ ¯« âë
"3niti alpha sumu1" Rev.B (á¬. áâà ­¨æë 3 ¨ 4) -
§  ¨áª«îç¥­¨¥¬ á¯®á®¡  ¯®¤ª«îç¥­¨ï á¢¥â®¤¨®¤ ,
á¨£­ «¨§¨àãîé¥£® ®¡ ¨á¯®«ì§®¢ ­¨¨ ¢­¥è­¥©
¯ ¬ïâ¨,   â ª¦¥ ¤¦ ¬¯¥à  JP3 (®âáãâáâ¢ãîé¥£®
ã Rev.A).

�¥à¥ª«îç â¥«¨
�«ï ­ ç «  ª ¦¤ë© ¨§ 15 âàñå-¯®§¨æ¨®­­ëå
¯¥à¥ª«îç â¥«¥©1 ¤®«¦¥­ ¡ëâì ¯®¤£®â®¢«¥­
¯¥à¥¤ ãáâ ­®¢ª®© ¢ ¯« âã - ¤«ï íâ®£® ¡¥àñ¬
¯¥à¥ª«îç â¥«ì â ª, çâ®¡ë á¯à ¢  ®ª § «®áì
¡®«ìè¥ ­®¦¥ª ç¥¬ á«¥¢ :

1mouser.com 611-OS103012MU2QP1

� «¥¥ § £¨¡ ¥¬ áà¥¤­îî ­®¦ªã ª ª®à¯ãáã:

� ¯à¨¯ ¨¢ ¥¬ ¥ñ ª «¥¯¥áâªã ª®à¯ãá :

�«¥¤ã¥â áà §ã ¦¥ ã¡¥¤¨âìáï, çâ® ª®­â ªâ
¯®«ãç¨«áï ªà¥¯ª¨©. �®â®¬ã çâ® ¥á«¨ ¯®á«¥
§ ¯ ¨¢ ­¨ï ¯¥à¥ª«îç â¥«ï ¢ ¯« âã ¢ëïá­¨âáï,
çâ® ®­ ­¥ à ¡®â ¥â ¨§-§  ¯«®å®£® ª®­â ªâ  ¢
«¥¯¥áâª¥, ¯¥à¥ª«îç â¥«ì ¯à¨¤ñâáï ¢ë¯ ¨¢ âì ¨§
¯« âë, çâ® çà¥¢ â® ¥£® à §àãè¥­¨¥¬.

�¥ § ¡ë¢ ¥¬, çâ® ®áâ ¢è¨¥áï âà¨ ­®¦ª¨
¤®«¦­ë ¡ëâì § ç¨é¥­ë (¥á«¨ ­ã¦­®) ¨
§ «ã¦¥­ë:
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� «¥¥ ¢áâ ¢«ï¥¬ ª ¦¤ë© ¯¥à¥ª«îç â¥«ì â ª,
çâ®¡ë ¥£® ­®¦ª¨ â®«ìª® çãâì-çãâì ¢ë£«ï¤ë¢ «¨
¨§ ®â¢¥àáâ¨©:

�â® ¤¥« ¥âáï ¤«ï â®£®, çâ®¡ë áà¥¤­¨©
(§ £­ãâë©) ª®­â ªâ, ­¥ ª á «áï ª®­â ªâ­®©
¯«®é ¤ª¨ ¯®¤ ­¨¬ (¬®¦­® ã¢¨¤¥âì ­  ¯à®á¢¥â):

� ª¨¬ ®¡à §®¬ ¢áâ ¢«ï¥¬ ¨ ¯à¨¯ ¨¢ ¥¬ ¢ âàñå
¬¥áâ å ª ¦¤ë© ¯¥à¥ª«îç â¥«ì:

�®á«¥ íâ®£® ¬ë ¯®«ãç¨«¨ 15 ¯à¨¯ ï­­ëå
¯¥à¥ª«îç â¥«¥©:

�«¥¤ë ª ­¨ä®«¨ á® áâ®à®­ë ¯ ©ª¨ ¬®¦­®
ã¡à âì ¢ â­®© ¯ «®çª®©, ¯à®¯¨â ­­®©
¨§®¯à®¯¨«®¢ë¬ á¯¨àâ®¬.

�¥§¨áâ®àë
�¥¯¥àì ¡ã¤¥¬ ãáâ ­ ¢«¨¢ âì à¥§¨áâ®àë - ­ ¬
¯®­ ¤®¡ïâáï 3 èâãª¨ 10 ª�¬, 6 èâãª 3.3 ª�¬, 8
èâãª 330 �¬ (¢á¥ 0.25 �â):

• R1,R2 - ­¥ ãáâ ­ ¢«¨¢ îâáï ­¨ ­  Rev.A,
­¨ ­  Rev.B (®­¨ ¬®£ãâ ¯®âà¥¡®¢ âìáï
â®«ìª® ¥á«¨ ¢¥àå­ïï ¯« â  ¡ã¤¥â ®â¤¥«¥­  ®â
­¨¦­¥©);

• R3 - 330 �¬ (­  áå¥¬¥ ®¡®§­ ç¥­® ª ª 360);
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• R4,R5 - 10 ª�¬;

• R6,R7,R8,R9,R10 - 3.3 ª�¬;

• R11,R12,R13,R14,R15,R16 - 330 �¬;

• R17 - 330 �¬;

• R18 - 10 ª�¬;

• R19 - ­  ¯« â¥ Rev.A ®âáãâáâ¢ã¥â.

�à¨çñ¬ R3-R5 ãáâ ­ ¢«¨¢ îâáï £®à¨§®­â «ì­®
(¢¥àå­ïï ç áâì ¯« âë),   R6-R18 ãáâ ­ ¢«¨¢ îâáï
¢¥àâ¨ª «ì­® (­¨¦­ïï ç áâì ¯« âë).

�â ª, âà¨ à¥§¨áâ®à  ¯® 10 ª�¬ (R4,R5,R18):

�ïâì à¥§¨áâ®à®¢ ¯® 3.3 ª�¬ (R6,R7,R8,R9,R10)
ãáâ ­ ¢«¨¢ îâáï ¢ æ¥­âà¥ ¯« âë:

�¥áâì à¥§¨áâ®à®¢ ¯® 330 �¬
(R11,R12,R13,R14,R15,R16) ãáâ ­ ¢«¨¢ îâáï
á ¯à ¢®£® ªà ï ¯« âë:

�áâ ¢è¨¥áï ¤¢  à¥§¨áâ®à  ¯® 330 �¬
ãáâ ­ ¢«¨¢ îâáï á¢¥àåã ¨ á«¥¢  (R3,R17):

�¥¯¥àì ã ­ á ¢á¥ à¥§¨áâ®àë ¯à¨¯ ï­ë.

�®­­¥ªâ®àë ¨ ª­®¯ª 

�¥¯¥àì ¯¥à¥å®¤¨¬ ª á®ª¥â ¬, ª®­­¥ªâ®à ¬ ¨
ª­®¯ª¥. �¦ ¬¯¥àë JP1 ¨ JP2 ­  íâã ¯« âã ­¥
ãáâ ­ ¢«¨¢ îâáï,   JP3 ¢ Rev.A ®âáãâáâ¢ã¥â.

�¨ªà®áå¥¬ë IC1 (28 ­®£) ¨ IC2 (8 ­®£)
­ ¤® ãáâ ­®¢¨âì ¢ á®®â¢¥âáâ¢ãîé¨¥ DIP-á®ª¥âë.
� ¬ë© ¯à®áâ®© á¯®á®¡ - ®âà¥§ âì ç áâ¨ ­ã¦­®©
¤«¨­ë ®â ®¤­®àï¤­®£® ¤«¨­­®£® á®ª¥â  á è £®¬
0.1 ¤î©¬®¢:
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�®­­¥ªâ®àë ­  áå¥¬¥:

• X1,X2,X3 ¨ XP1,XP2,XP3 - ­¥
ãáâ ­ ¢«¨¢ îâáï (­ã¦­ë â®«ìª® ¥á«¨ ¢¥àå ¨
­¨§ à §¤¥«ïîâáï);

• X4 - ª®­­¥ªâ®à ¯¨â ­¨ï (­  ä®â®£à ä¨¨
á¯à ¢ );

• X5 - ª®­­¥ªâ®à ¢­¥è­¥© ¯« âë
¯®á«¥¤®¢ â¥«ì­®£® ¯®àâ  (­  ä®â®£à ä¨¨
á«¥¢ ).

�®­­¥ªâ®à ¯®á«¥¤®¢ â¥«ì­®£® ¯®àâ  ¬®¦¥â ¡ëâì
¯àï¬ë¬ ¨«¨ ã£«®¢ë¬ (ª ª ­  ä®â®£à ä¨¨):

�­®¯ª  S1, ¯à¥¤­ §­ ç¥­­ ï ¤«ï ¯¥à¥§ £àã§ª¨
(RESET) ¡¥àñâáï áâ ­¤ àâ­ ï (¡¥§ ­¥ñ áå¥¬  â®¦¥
¡ã¤¥â à ¡®â âì):

�®â â ª ¡ã¤¥â ¢ë£«ï¤¥âì ¯« â  á ¯à¨¯ ï­­ë¬¨
ª®­­¥ªâ®à ¬¨ ¨ ª­®¯ª®©:

�®­¤¥­á â®àë
�¥¯¥àì ¯à¨­¨¬ ¥¬áï §  ª®­¤¥­á â®àë:

• �1,C2 - 22 ¯� (¯® ¤ â è¨âã ¤«ï 20 ��æ
¤®«¦­® ¡ëâì ®â 15 ¤® 33);

• C3 - 20 ¬ª� ­  ­ ¯àï¦¥­¨¥ ¡®«¥¥ 25� (á«¥¢ 
®â à¥£ã«ïâ®à  ­ ¯àï¦¥­¨ï - ­  ä®â®£à ä¨¨
22 ¬ª�);

• C4 - 10 ¬ª� ­  ­ ¯àï¦¥­¨¥ 10� ¨«¨ ¢ëè¥
(á¯à ¢  ®â à¥£ã«ïâ®à  ­ ¯àï¦¥­¨ï - ¤®«¦­®
¡ëâì ¬¥­ìè¥ ç¥¬ C3);

• C5,C6 - 0.1 ¬ª� (­  ä®â®£à ä¨¨ ¯®ª § ­ë
â ­â «®¢ë¥ í«¥ªâà®«¨â¨ç¥áª¨¥ ª®­¤¥­á â®àë
­  ­ ¯àï¦¥­¨¥ 35 ¢®«ìâ).
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�­ ç «  ãáâ ­ ¢«¨¢ ¥¬ C1 ¨ C2:

�®â®¬ C3 ¨ C4 (á«¥¤¨â¥ §  ¯®«ïà­®áâìî!):

� ¤ «¥¥ C5 ¨ C6 (¥á«¨ ¢ë¡à ­ë
í«¥ªâà®«¨â¨ç¥áª¨¥ ª®­¤¥­á â®àë, â® â ª¦¥
á«¥¤¨¬ §  ¯®«ïà­®áâìî):

�¥¯¥àì ã ­ á ãáâ ­®¢«¥­ë ¢á¥ ª®­¤¥­á â®àë:

�¥£ã«ïâ®à ­ ¯àï¦¥­¨ï, ª¢ àæ
¨ á¢¥â®¤¨®¤ë ¨­¤¨ª æ¨¨

�«¥¤ãîé¨© è £ - ¯à¨¯ ¨¢ ­¨¥ à¥£ã«ïâ®à 
­ ¯àï¦¥­¨ï 5� (­  ¯« â¥ ®¡®§­ ç¥­ ª ª IC6),
ª¢ àæ¥¢®£® à¥§®­ â®à  20 ��æ (Q1) ¨ ¤¢ãå
á¢¥â®¤¨®¤®¢ - ªà á­ë© (5 ¬¬) ¨­¤¨ª â®à ¯¨â ­¨ï
LED1 ¨ §¥«ñ­ë© (3 ¬¬) ¨­¤¨ª â®à à ¡®âë
âà®¨ç­®£® ¢ëç¨á«¨â¥«ï LED2:
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�¢ àæ¥¢ë© à¥§®­ â®à ¯à¨¯ ¨¢ ¥âáï ­  á¢®ñ
¬¥áâ® ®ª®«® IC1:

�ãâì ¯à ¢¥¥ ¯à¨¯ ¨¢ ¥âáï à¥£ã«ïâ®à
­ ¯àï¦¥­¨ï 5� - íâ® 7805 ¨«¨ ¥£® à®áá¨©áª¨©
 ­ «®£ "����5" (��142��5). �ï¤®¬
¯à¨¯ ¨¢ ¥âáï ªà á­ë© á¢¥â®¤¨®¤ LED1 áâ®ç¥­­®©
áâ®à®­®© ¢¢¥àå (ª ª ­ à¨á®¢ ­® ­  ¯« â¥):

�¥«ñ­ë© á¢¥â®¤¨®¤ LED2 ¯à¨¯ ¨¢ ¥âáï àï¤®¬ á
IC2 áâ®ç¥­­®© áâ®à®­®© ¢­¨§:

�®â â ª ¤®«¦­  ¢ë£«ï¤¥âì ¯« â  ¯®á«¥ íâ®£®
è £ :
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�á«¨ ­  ¯« âã ¯« ­¨àã¥âáï ¯®¤ ¢ âì ã¦¥
áâ ¡¨«¨§¨à®¢ ­­®¥ ­ ¯àï¦¥­¨¥ 5�, â® ¬®¦­®
®¡®©â¨áì ¡¥§ à¥£ã«ïâ®à  ­ ¯àï¦¥­¨ï,   â ª¦¥
¡¥§ ª®­¤¥­á â®à  �3, ®¤­ ª® ¯¥à¢ãî ¨ âà¥âìî
(¯®á«¥¤­îî) ª®­â ªâ­ë¥ ¯«®é ¤ª¨ "IC6" ­ ¤®
á®¥¤¨­¨âì ¯à®¢®¤­¨ª®¬.

�à á­®-§¥«ñ­ë¥ á¢¥â®¤¨®¤ë

�¥¯¥àì ¯à¨áâã¯ ¥¬ ª ¯à¨¯ ¨¢ ­¨î ¤¢ãå-æ¢¥â­ëå
á¢¥â®¤¨®¤®¢ á ®¡é¨¬  ­®¤®¬2 LD1...LD15. �â®¡ë
ã¤®áâ®¢¥à¨âìáï çâ® ã ¢ á ¨¬¥­­® â®, çâ® ­ã¦­® -
¬®¦­® ¯à®¢¥áâ¨ á«¥¤ãîé¨© â¥áâ:

�¥àñ¬ ¨áâ®ç­¨ª ¯¨â ­¨ï ®ª®«® 5� (¢ ¤ ­­®¬
á«ãç ¥ 4 ¯ «ìç¨ª®¢ë¥ ¡ â à¥©ª¨ - 6�) ¨ ¯®¤ ñ¬
"+" ç¥à¥§ à¥§¨áâ®à 300 �¬ ­  áà¥¤­îî ­®¦ªã
á¢¥â®¤¨®¤ . � á¯®« £ ¥¬ á¢¥â®¤¨®¤ áª®è¥­­®©
áâ®à®­®© ¢«¥¢® - ¯à¨ íâ®¬ ¥á«¨ ¯®¤ ¢ âì "-"
­  «¥¢ãî ­®¦ªã - ¡ã¤¥â £®à¥âì ªà á­ë© á¢¥â,  
¥á«¨ ­  ¯à ¢ãî - §¥«ñ­ë©. �á«¨ ¢áñ â ª, â®
¯à¨¯ ¨¢ ¥¬ á¢¥â®¤¨®¤ áª®è¥­­®© áâ®à®­®© ¢¢¥àå
(  ¥á«¨ ­ ®¡®à®â - â® ¢­¨§):

2mouser.com 604-WP59EGW/CA

� ãáâ ­®¢«¥­­ë¬¨ á¢¥â®¤¨®¤ ¬¨ ¯« â  ¡ã¤¥â
¢ë£«ï¤¥âì â ª:

�à ­§¨áâ®àë

�¥¯¥àì ¯à¨­¨¬ ¥¬áï §  âà ­§¨áâ®àë T1...T5. �
¤ ­­®¬ á«ãç ¥ íâ® PNP-âà ­§¨áâ®àë BC557B
(¬®¦­® ¢§ïâì «î¡®©  ­ «®£¨ç­ë© - ­ ¯à¨¬¥à ¨å
à®áá¨©áª¨©  ­ «®£ ��3107��...��3107��):
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�à ­§¨áâ®àë ¯à¨¯ ¨¢ îâáï ¢ ­¨¦­¥© ç áâ¨
¯« âë «¨æ¥¢®© áâ®à®­®© ¢­¨§ (ª ª ¨ ­ à¨á®¢ ­®
­  ¯« â¥):

�« â  á ¯à¨¯ ï­­ë¬¨ âà ­§¨áâ®à ¬¨ ¤®«¦­ 
¢ë£«ï¤¥âì â ª:

�¨®¤ë
�¥¯¥àì ¯¥à¥å®¤¨¬ ª ãáâ ­®¢ª¥ ¤¨®¤®¢, ª®â®àë¥
­¥ ¡ë«¨ ¯à¥¤ãá¬®âà¥­ë ¢ Rev.A - ­  áå¥¬¥
íâ® D1...D15 (1N914 ¨«¨  ­ «®£¨ç­ë©, ­ ¯à¨¬¥à
à®áá¨©áª¨© ��521):

�¨®¤ë ­ ¤® ¯à¨¯ ïâì ¬¥¦¤ã áà¥¤­¥© ­®¦ª®©
ª ¦¤®£® ¯¥à¥ª«îç â¥«ï ¨ â¥¬ ¬¥áâ®¬ ªã¤  ®­ 
¤®«¦­  ¡ë«  ¢âëª âìáï - ¨¬¥­­® ¯®íâ®¬ã ¬ë
¢ á ¬®¬ ­ ç «¥ áà¥¤­¨¥ ­®¦ª¨ ¯¥à¥ª«îç â¥«¥©
§ £¨¡ «¨ ¨ ¯à¨¯ ¨¢ «¨ ª ¬¥â ««¨ç¥áª®¬ã ª®à¯ãáã
- çâ®¡ë § â¥¬ ¯à¨¯ ïâì ¤¨®¤ âã¤  ¦¥. �«ï
íâ®£® ­ ¤® ®âà¥§ âì ¢ë¢®¤ ¨¤ãé¨© ®â  ­®¤  ­ 
à ááâ®ï­¨¨ ¯à¨¬¥à­® 5 ¬¬ ®â ¤¨®¤ ,   á® áâ®à®­ë
ª â®¤  (â ¬ £¤¥ çñà­ ï ¯®«®áª ) ­ ¤¥âì ­  ¢ë¢®¤
à¥§¨­®¢ãî âàã¡ªã ¤«¨­®© ®ª®«® 10 ¬¬:

� «¥¥ ª ¦¤ë© ¤¨®¤ ¯à¨¯ ¨¢ ¥âáï ª®à®âª¨¬
ª®­æ®¬ ( ­®¤®¬) ª ¬¥â ««¨ç¥áª®¬ã ª®à¯ãáã á¢®¥£®
¯¥à¥ª«îç â¥«ï á® áâ®à®­ë ­¨¦­¥£® ªà ï ¯« âë
(á«¥¤¨â¥ çâ®¡ë ¤¨®¤ ®áâ ¢ «ï ­ ¤ ¯®¢¥àå­®áâìî
¯« âë):
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� «¥¥ á¢®¡®¤­ë© ¢ë¢®¤ § £¨¡ ¥¬ §  ¯« âã,
à á¯®«®¦¨¢ à¥§¨­®¢ãî âàã¡ªã ã á ¬®£® á£¨¡ .
�ëáâ ¢«ïîéãáï ç áâì ¢ë¢®¤  â ª¦¥ § £¨¡ ¥¬
¢¯à ¢® - ¢ câ®à®­ã â®© ª®­â ªâ­®© ¯«®é ¤ª¨,
ªã¤  ¤®«¦­  ¡ë«  ¢®©â¨ áà¥¤­ïï ­®¦ª 
¯¥à¥ª«îç â¥«ï (1), § â¥¬ ®âà¥§ ¥¬ «¨è­¥¥,
çâ®¡ë ®áâ ¢¨âì â®«ìª® ­¥áª®«ìª® ¬¨««¨¬¥âà®¢
á¢®¡®¤­ë¬¨ ®â à¥§¨­®¢®© âàã¡ª¨ (2), á«¥£ª 
¯®¤£¨¡ ¥¬ ª ¯« â¥, ¢áâ ¢«ï¥¬ ­¥£«ã¡®ª® ¢
®â¢¥àáâ¨¥ ª®­â ªâ­®© ¯«®é ¤ª¨ ¨ ¯à¨¯ ¨¢ ¥¬
(3):

�®¦¥ á ¬®¥ ¤¥« ¥¬ á ª ¦¤ë¬ ¤¨®¤®¬ ¨
¯¥à¥ª«îç â¥«¥¬ (¢á¥£® 15 à §):

� ­¨¦­¥© áâ®à®­ë íâ® ¤®«¦­® ¢ë£«ï¤¥âì
¯à¨¬¥à­® â ª:

�®á«¥ ¯à¨¯ ¨¢ ­¨ï ¢á¥å ¤¨®¤®¢, ­ã¦­®
¯à®§¢®­¨âì ª ¦¤ë© ¨ ã¤®áâ®¢¥à¨âìáï, çâ® â®ª
ç¥à¥§ ¤¨®¤ â¥çñâ â®«ìª® ¢ ®¤­ã áâ®à®­ã - ¥á«¨
­  ª ª®¬-â® ¨§ ¤¨®¤®¢ â®ª â¥çñâ ¢ ®¡¥ áâ®à®­ë,
§­ ç¨â áà¥¤­ïï ­®¦ª  ¢áñ â ª¨ ª®á­ã« áì á¢®¥©
ª®­â ªâ­®© ¯«®é ¤ª¨ ¨ § ª®à®â¨«  ¤¨®¤ -
¯¥à¥ª«îç â¥«ì ¯à¨¤ñâáï ¯¥à¥¯ ¨¢ âì.

�  á«¥¤ãîé¥© áâà ­¨æ¥ ¢ë ¬®¦¥â¥ ã¢¨¤¥âì
£®â®¢ãî ¯« âã á¢¥àåã ¨ á­¨§ã. � ¯à®£à ¬¬ã
¤«ï â¥áâ¨à®¢ ­¨ï ¯à ¢¨«ì­®áâ¨ á¡®àª¨ ¬®¦­®
ã¢¨¤¥âì ¢ à §¤¥«¥ �¥áâ®¢ ï ¯à®è¨¢ª  ¤«ï
¯à®¢¥àª¨ ¯« âë "3niti alpha simu1" ­  áâà ­¨æ¥
39.
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�áå®¤­ë© ª®¤ í¬ã«ïâ®à  ¤«ï PC

// Ternary.java - Alexander Shabarshin (30.10.2008-13.11.2008)
// See http://ternary.info and http://3niti.org

public class Ternary
{

public static final int N = -1;
public static final int O = 0;
public static final int P = 1;

public static final int NN = -4;
public static final int NO = -3;
public static final int NP = -2;
public static final int ON = -1;
public static final int OO = 0;
public static final int OP = 1;
public static final int PN = 2;
public static final int PO = 3;
public static final int PP = 4;

public static final int NNN = -13;
public static final int NNO = -12;
public static final int NNP = -11;
public static final int NON = -10;
public static final int NOO = -9;
public static final int NOP = -8;
public static final int NPN = -7;
public static final int NPO = -6;
public static final int NPP = -5;
public static final int ONN = -4;
public static final int ONO = -3;
public static final int ONP = -2;
public static final int OON = -1;
public static final int OOO = 0;
public static final int OOP = 1;
public static final int OPN = 2;
public static final int OPO = 3;
public static final int OPP = 4;
public static final int PNN = 5;
public static final int PNO = 6;
public static final int PNP = 7;
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public static final int PON = 8;
public static final int POO = 9;
public static final int POP = 10;
public static final int PPN = 11;
public static final int PPO = 12;
public static final int PPP = 13;

int value;

public static int fromTernary(String s)
{

int n = 0;
int k = 1;
for(int i=s.length()-1;i>=0;i--)
{

char c = s.charAt(i);
if(c!='N'&&c!='O'&&c!='P'&&c!='n'&&c!='o'&&c!='p') return 0;
if(c=='N') n-=k;
if(c=='P') n+=k;
if(c=='n') n-=k;
if(c=='p') n+=k;
k *= 3;

}
return n;

}

public static String toTernary(int num)
{

int n,m,k;
String s = null;
k = 387420489;
for(int i=0;i<=18;i++)
{

n = num/k;
num -= n*k;
m = k/2;
if(num>+m){n++;num-=k;}
if(num<-m){n--;num+=k;}
if(n!=0 && s==null) s="";
if(n==-1) s+="N";
if(n==0 && s!=null) s+="O";
if(n==1) s+="P";
k /= 3;

}
if(s==null) s="O";
return s;

}

public String toString()
{

return toTernary(value);
}

20



3niti alpha simu1 (Rev.A)

public String toString(int r)
{

String s = toTernary(value);
while(s.length() < r) s="O"+s;
return s;

}

public void set(int n)
{

value = n;
}

public int get()
{

return value;
}

public Ternary()
{

set(0);
}

public Ternary(int n)
{

set(n);
}

public Ternary(int l, int m, int h)
{

set(l+3*m+9*h);
}

public Ternary(String s)
{

set(fromTernary(s));
}

public Ternary(Ternary t)
{

set(t.get());
}

}
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// Alpha1.java - Alexander Shabarshin 28.10.2008
// version 1.5 ( see http://3niti.org )

// 14.11.2008 (v1.5) - fixed register A and data display
// 12.11.2008 (v1.4) - fixed register A display
// 11.11.2008 (v1.3) - big endian LDI and JMP
// 07.11.2008 (v1.2) - correctly implemented flag RSF
// 06.11.2008 (v1.1) - fixed saving of zero address in case of interrupt
// 05.11.2008 (v1.0) - initial version (writing to ROM is allowed)

import java.applet.*;
import java.util.*;
import java.awt.*;
import java.awt.event.*;

public class Alpha1 extends Applet implements Runnable, MouseListener
{
Thread thread = null;
int[] leds;
int[] swis;
int[] swix;
int gStep,PC;
int rsf,dpf,bcf;
Ternary A;
Ternary B;
Ternary[] ram;
Ternary[] rom;
int[] D;
public static final int MEM_SZ = 2187;
public static final int MEM_MX = 1094;

public void init()
{

setBackground(new Color(255,255,255));
leds = new int[15];
swis = new int[15];
swix = new int[15];
rom = new Ternary[MEM_SZ];
ram = new Ternary[MEM_SZ];
for(int i=0;i<MEM_SZ;i++)
{

rom[i] = new Ternary(0);
ram[i] = new Ternary(0);

}
A = new Ternary(0);
B = new Ternary(0);
D = new int[3];
addMouseListener(this);

}

public void paint(Graphics g)
{
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int i,x,y,k,w;
int dx = size().width;
int dy = size().height;
int st = dx/18;
gStep = st;
x = st/2;
for(i=0;i<15;i++)
{

y = st/2;
switch(leds[i])
{

case -1: g.setColor(new Color(0xFF,0x00,0x00)); break;
case 0: g.setColor(new Color(0xFF,0xFF,0xFF)); break;
case 1: g.setColor(new Color(0x00,0xFF,0x00)); break;

}
g.fillOval(x,y,st,st);
g.setColor(new Color(0,0,0));
g.drawOval(x,y,st,st);
y += st + st/2;
k = x + st/4;
w = st/2;
g.setColor(new Color(255,255,255));
g.fillRect(k,y,w,st);
y--;
g.setColor(new Color(0,0,0));
g.drawRect(k,y,w,st);
y++;
switch(swis[i])
{

case -1: g.fillRect(k,y+2*st/3,w,st/3); break;
case 0: g.fillRect(k,y+st/3,w,st/3); break;
case 1: g.fillRect(k,y,w,st/3); break;

}
swix[i] = k;
x += st;
if((i%3)==2) x+= st/2;

}
}

public void update(Graphics g)
{
paint(g);

}

public void run()
{
boolean fstep = false;
boolean fsave = false;
int SP = 0;
while(true)
{

/*
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int i = (int)(Math.random()*15);
if(Math.random() > 0.5)
{

leds[i]++;
if(leds[i]==2) leds[i] = -1;

}
else
{

leds[i]--;
if(leds[i]==-2) leds[i] = 1;

}
*/

String s = "";
Ternary t = new Ternary(swis[11],swis[10],swis[9]);
int aa = 0;
int k = 1;
for(int j=8;j>=0;j--)
{

aa += swis[j]*k;
k *= 3;

}
switch(swis[12])
{

case -1: s=get(aa).toString(); break;
case 0: s=get(PC).toString(); break;
case 1: set(aa,t);s=t.toString(); break;

}
k = s.length();
for(int i=0;i<3;i++)
{

if(i < 3-k) leds[9+i] = 0;
else
{

switch(s.charAt(i-3+k))
{

case 'N': leds[9+i] = -1; break;
case 'O': leds[9+i] = 0; break;
case 'P': leds[9+i] = 1; break;

}
}

}
t = new Ternary(PC);
System.out.println("PC="+PC+" ("+t+")");
s = t.toString();
k = s.length();
for(int j=0;j<9;j++)
{

if(j < 9-k) leds[j] = 0;
else
{

switch(s.charAt(j-9+k))
{
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case 'N': leds[j] = -1; break;
case 'O': leds[j] = 0; break;
case 'P': leds[j] = 1; break;

}
}

}
switch(swis[13])
{

case -1: if(fsave){
fsave=false;
PC=SP;
SP=0;
}
break;

case 1: if(!fsave){
fsave=true;
SP=PC;
PC=aa;
}
break;

}
switch(swis[14])
{

case -1: step();
break;

case 0: fstep=false;
break;

case 1: if(!fstep){
step();
fstep=true;};
break;

}
s = A.toString();
k = s.length();
for(int i=0;i<3;i++)
{

if(i < 3-k) leds[12+i] = 0;
else
{

switch(s.charAt(i-3+k))
{

case 'N': leds[12+i] = -1; break;
case 'O': leds[12+i] = 0; break;
case 'P': leds[12+i] = 1; break;

}
}

}
try {

repaint();
thread.sleep(250);

} catch(Exception e) {
System.out.println("Exception "+e);
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}
}

}

public void start()
{

if(thread==null)
{

thread = new Thread(this);
thread.start();

}
}

public void stop()
{

if(thread!=null)
{

thread.stop();
thread = null;

}
}

public void mousePressed(MouseEvent e)
{
}

public void mouseReleased(MouseEvent e)
{
}

public void mouseEntered(MouseEvent e)
{
}

public void mouseExited(MouseEvent e)
{
}

public void mouseClicked(MouseEvent e)
{

int i;
int x = e.getX();
int y = e.getY();
int st2 = gStep/2;
int y0 = gStep*2;
int y1 = y0+st2;
int y2 = y0+gStep;
if(y > y0 && y < y1)
{

for(i=0;i<15;i++)
{

if(x > swix[i] && x < swix[i]+st2)
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{
if(swis[i] < 1) swis[i]++;
break;

}
}

}
if(y > y1 && y < y2)
{

for(i=0;i<15;i++)
{

if(x > swix[i] && x < swix[i]+st2)
{

if(swis[i] > -1) swis[i]--;
break;

}
}

}
}

Ternary get(int a)
{
Ternary t;
if(a >= MEM_MX && a < MEM_MX+MEM_SZ)
{

t = ram[a-MEM_MX];
}
else if(a > -MEM_MX && a < MEM_MX)
{

t = rom[a+MEM_MX-1];
}
else
{

t = new Ternary(0);
}
System.out.println("get "+a+" -> "+t);
return t;

}

void set(int a, Ternary t)
{
System.out.println("set "+a+" <- "+t);

if(a > -MEM_MX && a < MEM_MX)
{

rom[a+MEM_MX-1] = new Ternary(t);
}

if(a >= MEM_MX && a < MEM_MX+MEM_SZ)
{

ram[a-MEM_MX] = new Ternary(t);
}

}
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Ternary getA()
{

return A;
}

void setA(Ternary t)
{

A = t;
}

Ternary getB()
{

return B;
}

void setB(Ternary t)
{

B = t;
}

Ternary getF()
{

return new Ternary(rsf*9+dpf*3+bcf);
}

void setF(Ternary t)
{

String s = t.toString();
int ibcf = s.length() - 1;
int idpf = ibcf - 1;
int irsf = idpf - 1;
if(irsf < 0) rsf = 0;
else
{

switch(s.charAt(irsf))
{

case 'N': rsf = -1; break;
case 'O': rsf = 0; break;
case 'P': rsf = 1; break;

}
}
if(idpf < 0) dpf = 0;
else
{

switch(s.charAt(idpf))
{

case 'N': dpf = -1; break;
case 'O': dpf = 0; break;
case 'P': dpf = 1; break;

}
}
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switch(s.charAt(ibcf))
{

case 'N': bcf = -1; break;
case 'O': bcf = 0; break;
case 'P': bcf = 1; break;

}
}

int getDi()
{
return D[dpf+1];

}

Ternary getD()
{
return new Ternary(getDi());

}

void setD(Ternary t)
{
D[dpf+1] = t.get();

}

void setD(int i)
{
D[dpf+1] = i;

}

void setD(int h, int m, int l)
{
setD(new Ternary(27*(27*h+m)+l));

}

Ternary getTriade(String s, int ll)
{
int il = ll - 1;
int im = il - 1;
int ih = im - 1;
int i = 0;
if(ih>=0)
{

if(s.charAt(ih)=='P') i+=9;
if(s.charAt(ih)=='N') i-=9;

}
if(im>=0)
{

if(s.charAt(im)=='P') i+=3;
if(s.charAt(im)=='N') i-=3;

}
if(il>=0)
{

if(s.charAt(il)=='P') i+=1;
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if(s.charAt(il)=='N') i-=1;
}
return new Ternary(i);

}

Ternary getL()
{

String s = getD().toString();
return getTriade(s,s.length());

}

Ternary getM()
{

String s = getD().toString();
return getTriade(s,s.length()-3);

}

Ternary getH()
{

String s = getD().toString();
return getTriade(s,s.length()-6);

}

void setL(Ternary t)
{

setD(getH().get(),getM().get(),t.get());
}

void setM(Ternary t)
{

setD(getH().get(),t.get(),getL().get());
}

void setH(Ternary t)
{

setD(t.get(),getM().get(),getL().get());
}

Ternary getN()
{

return get(D[0]);
}

void setN(Ternary t)
{

set(D[0],t);
}

Ternary getO()
{

return get(D[1]);
}

30



3niti alpha simu1 (Rev.A)

void setO(Ternary t)
{
set(D[1],t);

}

Ternary getP()
{
return get(D[2]);

}

void setP(Ternary t)
{
set(D[2],t);

}

void opa(Ternary f)
{
String s = f.toString();
int il = s.length() - 1;
int im = il - 1;
int ih = im - 1;
int i = 0;
int j = 0;
int k = 0;
if(ih>=0)
{

if(s.charAt(ih)=='P') i = 1;
if(s.charAt(ih)=='N') i = -1;

}
if(im>=0)
{

if(s.charAt(im)=='P') j = 1;
if(s.charAt(im)=='N') j = -1;

}
if(il>=0)
{

if(s.charAt(il)=='P') k = 1;
if(s.charAt(il)=='N') k = -1;

}
s = A.toString();
il = s.length() - 1;
im = il - 1;
ih = im - 1;
int r = 0;
if(ih>=0)
{

switch(s.charAt(ih))
{

case 'N': r+=9*i; break;
case 'O': r+=9*j; break;
case 'P': r+=9*k; break;
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}
}
if(im>=0)
{

switch(s.charAt(im))
{

case 'N': r+=3*i; break;
case 'O': r+=3*j; break;
case 'P': r+=3*k; break;

}
}
if(il>=0)
{

switch(s.charAt(il))
{

case 'N': r+=i; break;
case 'O': r+=j; break;
case 'P': r+=k; break;

}
}
A = new Ternary(r);

}

void opb(Ternary fn, Ternary fo, Ternary fp)
{

String s = fn.toString();
int il = s.length() - 1;
int im = il - 1;
int ih = im - 1;
int in = 0;
int jn = 0;
int kn = 0;
if(ih>=0)
{

if(s.charAt(ih)=='P') in = 1;
if(s.charAt(ih)=='N') in = -1;

}
if(im>=0)
{

if(s.charAt(im)=='P') jn = 1;
if(s.charAt(im)=='N') jn = -1;

}
if(il>=0)
{

if(s.charAt(il)=='P') kn = 1;
if(s.charAt(il)=='N') kn = -1;

}
s = fo.toString();
il = s.length() - 1;
im = il - 1;
ih = im - 1;
int io = 0;
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int jo = 0;
int ko = 0;
if(ih>=0)
{

if(s.charAt(ih)=='P') io = 1;
if(s.charAt(ih)=='N') io = -1;

}
if(im>=0)
{

if(s.charAt(im)=='P') jo = 1;
if(s.charAt(im)=='N') jo = -1;

}
if(il>=0)
{

if(s.charAt(il)=='P') ko = 1;
if(s.charAt(il)=='N') ko = -1;

}
s = fp.toString();
il = s.length() - 1;
im = il - 1;
ih = im - 1;
int ip = 0;
int jp = 0;
int kp = 0;
if(ih>=0)
{

if(s.charAt(ih)=='P') ip = 1;
if(s.charAt(ih)=='N') ip = -1;

}
if(im>=0)
{

if(s.charAt(im)=='P') jp = 1;
if(s.charAt(im)=='N') jp = -1;

}
if(il>=0)
{

if(s.charAt(il)=='P') kp = 1;
if(s.charAt(il)=='N') kp = -1;

}
String sb = B.toString();
int bl = sb.length() - 1;
int bm = bl - 1;
int bh = bm - 1;
int ib = 0;
int jb = 0;
int kb = 0;
if(bh>=0)
{

if(s.charAt(bh)=='P') ib = 1;
if(s.charAt(bh)=='N') ib = -1;

}
if(bm>=0)
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{
if(s.charAt(bm)=='P') jb = 1;
if(s.charAt(bm)=='N') jb = -1;

}
if(bl>=0)
{

if(s.charAt(bl)=='P') kb = 1;
if(s.charAt(bl)=='N') kb = -1;

}
s = A.toString();
il = s.length() - 1;
im = il - 1;
ih = im - 1;
int r = 0;
if(ih>=0)
{

switch(s.charAt(ih))
{

case 'N':
switch(ib)
{

case -1: r+=9*in; break;
case 0: r+=9*io; break;
case 1: r+=9*ip; break;

}
break;

case 'O':
switch(ib)
{

case -1: r+=9*jn; break;
case 0: r+=9*jo; break;
case 1: r+=9*jp; break;

}
break;

case 'P':
switch(ib)
{

case -1: r+=9*kn; break;
case 0: r+=9*ko; break;
case 1: r+=9*kp; break;

}
break;

}
}
if(im>=0)
{

switch(s.charAt(im))
{

case 'N':
switch(jb)
{

case -1: r+=3*in; break;
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case 0: r+=3*io; break;
case 1: r+=3*ip; break;

}
break;

case 'O':
switch(jb)
{
case -1: r+=3*jn; break;
case 0: r+=3*jo; break;
case 1: r+=3*jp; break;

}
break;

case 'P':
switch(jb)
{
case -1: r+=3*kn; break;
case 0: r+=3*ko; break;
case 1: r+=3*kp; break;

}
break;

}
}
if(il>=0)
{

switch(s.charAt(il))
{

case 'N':
switch(kb)
{
case -1: r+=in; break;
case 0: r+=io; break;
case 1: r+=ip; break;

}
break;

case 'O':
switch(kb)
{
case -1: r+=jn; break;
case 0: r+=jo; break;
case 1: r+=jp; break;

}
break;

case 'P':
switch(kb)
{
case -1: r+=kn; break;
case 0: r+=ko; break;
case 1: r+=kp; break;

}
break;

}
}

35



3niti alpha simu1 (Rev.A)

A = new Ternary(r);

}

void signA()
{

int ai = A.get();
if(ai > 0) rsf = 1;
if(ai == 0) rsf = 0;
if(ai < 0) rsf = -1;

}

int step()
{

int i,j,k,st=1;
String s;
Ternary tt, t = get(PC++);
switch(t.get())
{

case Ternary.NNN: setN(A); break; // SAN
case Ternary.NNO: setO(A); break; // SAO
case Ternary.NNP: setP(A); break; // SAP
case Ternary.NON: setF(A); break; // SAF
case Ternary.NOO: setD(PC); break; // SPCD
case Ternary.NOP: setB(A); break; // SAB
case Ternary.NPN: setL(A); break; // SAL
case Ternary.NPO: setM(A); break; // SAM
case Ternary.NPP: setH(A); break; // SAH

case Ternary.ONN: // RLA
tt = new Ternary(A.get()*3+bcf);
s = tt.toString();
i = s.length()-3;
if(i<0) bcf = 0;
else
{
switch(s.charAt(i))
{

case 'N': bcf = -1; break;
case 'O': bcf = 0; break;
case 'P': bcf = 1; break;

}
}
A = getTriade(s,i+3);
break;

case Ternary.ONO: // ADD
tt = new Ternary(A.get()+B.get()+bcf);
s = tt.toString();
i = s.length()-3;
if(i<0) bcf = 0;
else
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{
switch(s.charAt(i))
{
case 'N': bcf = -1; break;
case 'O': bcf = 0; break;
case 'P': bcf = 1; break;

}
}
A = getTriade(s,i+3);
signA();
break;

case Ternary.ONP: // RRA
j = 0;
s = A.toString();
switch(s.charAt(s.length()-1))
{

case 'N': j = -1; break;
case 'O': j = 0; break;
case 'P': j = 1; break;

}
A = new Ternary(A.get()/3+bcf*9);
bcf = j;
break;

case Ternary.OON: // LAI #
A = get(PC++);
st++;
break;

case Ternary.OOO: // ADI #
tt = get(PC++);
tt = new Ternary(A.get()+tt.get()+bcf);
s = tt.toString();
i = s.length()-3;
if(i<0) bcf = 0;
else
{

switch(s.charAt(i))
{
case 'N': bcf = -1; break;
case 'O': bcf = 0; break;
case 'P': bcf = 1; break;

}
}
A = getTriade(s,i+3);
signA();
st++;
break;

case Ternary.OOP: // OPA #
opa(get(PC++));
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signA();
st++;
break;

case Ternary.OPN: // LDI # # #
i = get(PC++).get();
j = get(PC++).get();
k = get(PC++).get();
setD(i,j,k);
st+=3;
break;

case Ternary.OPO: // JMP # # #
i = get(PC++).get();
j = get(PC++).get();
k = get(PC++).get();
PC = 27*(27*i+j)+k;
st+=3;
break;

case Ternary.OPP: // OPB # # #
Ternary tn = get(PC++);
Ternary to = get(PC++);
Ternary tp = get(PC++);
opb(tn,to,tp);
signA();
st+=3;
break;

case Ternary.PNN: A=getN(); break; // LAN
case Ternary.PNO: A=getO(); break; // LAO
case Ternary.PNP: A=getP(); break; // LAP
case Ternary.PON: A=getF(); break; // LAF
case Ternary.POO: PC=getDi(); break; // LPCD
case Ternary.POP: A=getB(); break; // LAB
case Ternary.PPN: A=getL(); break; // LAL
case Ternary.PPO: A=getM(); break; // LAM
case Ternary.PPP: A=getH(); break; // LAH

}
System.out.println("step "+t);
return st;

}

}
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:1000400064002D28F8005539F9007808AA39F8001D
:100050000310F90D780C79040800FE30FD0005301E
:10006000FE007D0885000A30F500F50B35280608EE
:10007000222087000030F500F50B3C280314FD0D0D
:06008000FE0B31282D28C3
:02400E00723D01
:00000001FF

�á«¨ ¯à¨ ¯¥à¥¬¥é¥­¨¨ ª ¦¤®£® ¯¥à¥ª«îç â¥«ï ¢¢¥àå, á®®â¢¥âáâ¢ãîé¨© á¢¥â®¤¨®¤ § £®à ¥âáï
§¥«ñ­ë¬ á¢¥â®¬,   ¯à¨ ¯¥à¥¬¥é¥­¨¨ ¢­¨§ - ªà á­ë¬, â® á¡®àª  ¯à®è«  ãá¯¥è­®. � ª¦¥ ¯®«¥§­®
¯®¯à®¡®¢ âì à §­®®¡à §­ë¥ ª®¬¡¨­ æ¨¨ ¯¥à¥ª«îç â¥«¥©, çâ®¡ë ã¡¥¤¨âìáï, çâ® ¯¥à¥ª«îç â¥«¨
¨ á¢¥â®¤¨®¤ë ­¥ á«¨èª®¬ á¨«ì­® ¢«¨ïîâ ¤àã£ ­  ¤àã£ . � â®¬ ª ª ¤®«¦¥­ ¢ë£«ï¤¥âì
¯à®æ¥áá â¥áâ¨à®¢ ­¨ï ¯« âë "3niti alpha simu1" ¬®¦­® ¯®á¬®âà¥âì ¢®â ¢ íâ®¬ ¢¨¤¥®
http://www.youtube.com/watch?v=9axwRv3koZk
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