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The problem of course 1s the payee can't verify that one of the owners did not double-spend the coin. A common solution
1s to 1ntroduce a trusted central authority, or mint, that checks every transaction for double spending. After each
transaction, the coin must be returned to the mint to issue a new coin, and only coins issued directly from the mint are
trusted not to be double-spent. The problem with this solution is that the fate of the entire money system depends on the

company running the mint, with every transaction having to go through them, just like a bank
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We need a way for the payee to know that the previous owners did not sign any earlier transactions. For our purposes, the
earliest transaction 1s the one that counts, so we don't care about later attempts to double-spend. The only way to confirm
the absence of a transaction is to be aware of all transactions. In the mint based model, the mint was aware of all
transactions and decided which arrived first. To accomplish this without a trusted party, transactions must be publicly
announced, and we need a system for participants to agree on a single history of the order in which they were received.

The payee needs proof that at the time of each transaction, the majority of nodes agreed it was the first received.
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|| The solution we propose begins with a timestamp server. A timestamp server works by taking a hash of a block of items ||



to be timestamped and widely publishing the hash, such as in a newspaper or Usenet post. The timestamp proves that the
data must have existed at the time, obviously, 1n order to get into the hash. Each timestamp includes the previous

timestamp 1n its hash, forming a chain, with each additional timestamp reinforcing the ones before it.

_: Hash _: Hash -
Block Block
ltem Item Item ltem
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To implement a distributed timestamp server on a peer-to-peer basis, we will need to use a proof-of-work system similar

to Adam Back's Hashcash, rather than newspaper or Usenet posts.
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A cost-function should be efficiently verifiable, but parameterisably expensive to compute. We use the following notation

to define a cost-function.
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http://www.ibm.com/developerworks/cn/linux/l-hashcash.html
http://www.codedata.com.tw/social-coding/hashcash/

D:\Dropbox\Public\web\codedata\code\shal>gcc hashcash. ¢ —o hashcash

D:\Dropbox\Public\web\codedata\code\shal >hashcash

Current local time and date: Mon Dec 16 19:33:03 2013
msg=from:abc@gmail. com to:ccckmit@gmail.com title=hello! nonce=1397387
8

hash=00000016aa26951d1653feb15f112fe41d8ebd45

Current local time and date: Mon Dec 16 19:34:27 2013

AR BT nonce=0 BfA=I% » A E —ME 4 nonce=¥ T rykEst > TTLIME SHA-1 ffEE
(> BEFES 24bit HIRTEE » PNRAFAE T SESER % » BHLE nonce=13973878 wf LU e sk (E
75 24bit (=4*6, 6 fE+ SR 8T URTES » kR THE AR E B
00000016aa26951d1653fe515F112Fe41d8ebd45 - 5#ies 24bit FIAZEH ZnR » FrLUBE T <k
B4 | BT -

from:abc@gmail. com to:ccckmit@gmail. com title=hello! nonce=13973878

NERFTAT LARFE (ER S HIA4E R A T SHA-1 SREEHVRERIR G ) BRI 288 > BOTRA DUBEERERE T !

P M E P AHE AR SO BRI AR T EREE AT ) (proof-of-work) HYARER (D - HABEELRF I o] AR I B
SHA-256 iE 5 AVRER R BT U ACE T 5 B8

The proof-of-work involves scanning for a value that when hashed, such as with SHA-256, the hash begins with a number
of zero bits. The average work required 1s exponential in the number of zero bits required and can be verified by

executing a single hash.

EER—EFHFEEREE F 2% SR A FE W SHA EREHTT » FiiEE " ZRGEREZHEN
SHA % | SE2fE LilHy " pleAEL ) (Cost-Function) Z ZK

A T 1% SHA 353819 Cost-Function 2 1% » O ARBEAHL T —FE(IFEH CPU 445 TEISENY THEHEEGEC 2%, - BES
E 248 SHA HRRiTE O (## (b) AEsle% " %524 | (Block-Chain) AV B R EE G IFRE » DU E THA
H& | swocHhAyE A BLaRee
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3~ ER ~ FEIE ARSI 2 T8 (Block-Chain)

For our timestamp network, we implement the proof-of-work by incrementing a nonce in the block until a value 1s found
that gives the block's hash the required zero bits.

PEE TR - 1R NG RETRBE (RS - VRIS B Z RIVFTA %5 > FRIFMAEE T RAVELFr A H
il NHYRERIEE R - A AR AR ISR A S > 40T SR

Once the CPU effort has been expended to make it satisfy the proof-of-work, the block cannot be changed without
redoing the work. As later blocks are chained after it, the work to change the block would include redoing all the blocks

after it.

I aR E A E R S AU S BN - N Rk E & FRICHEET R » RETENR M AGT R AV =k TG T
T I EE ISR R G R ERY CPU B - i HAREE TG ERE ke -

BRI RGEN TR ERRR T TSR ) (VR TSR SRR T CPU —% ) 1Y
SR TR (8 TP (kS 72t - TERARRHE T - SRR - R RE X
A IR e R A A S DRBCLE R 3 ELT % -

The proof-of-work also solves the problem of determining representation in majority decision making. If the majority
were based on one-IP-address-one-vote, it could be subverted by anyone able to allocate many IPs. Proof-of-work 1is
essentially one-CPU-one-vote. The majority decision 18 represented by the longest chain, which has the greatest proof-of-
work effort invested in 1t. If a majority of CPU power is controlled by honest nodes, the honest chain will grow the fastest
and outpace any competing chains. To modify a past block, an attacker would have to redo the proof-of-work of the block
and all blocks after it and then catch up with and surpass the work of the honest nodes. We will show later that the

probability of a slower attacker catching up diminishes exponentially as subsequent blocks are added.

o it 5:1£ https/en.bitcoin.it/wiki/Nonce S {EELRFEAELET > ¥ Nonce —za#E(T T EFEAT T - FTLAELRFIFEDK
SHA-256 HREFL AT ATF & b (BRTEZAY SR EA REHGEEG » B R TR TS MER R RN T -

The "nonce" in a bitcoin block is a 32-bit (4-byte) field whose value is set so that the hash of the block will contain a run

of zeros. The rest of the fields may not be changed, as they have a defined meaning.

Any change to the block data (such as the nonce) will make the block hash completely different. Since it is believed
infeasible to predict which combination of bits will result in the right hash, many different nonce values are tried, and the
hash 1s recomputed for each value until a hash containing the required number of zero bits 1s found. As this iterative
calculation requires time and resources, the presentation of the block with the correct nonce value constitutes proof of

work.

AL L TR Block #274933 Wbt @ B E S > HrPAy hash EARSEATLE - ZHEELR
WA 2 AU A L R DA R D T Se LR I AR R 25 -

e https://blockchain.info/block-index/447551/000000000000000084b3fa58d47c178c8cd332a8896b2d228ef8dcd07ac7cof9


https://en.bitcoin.it/wiki/Nonce
https://blockchain.info/block-index/447551/000000000000000084b3fa58d47c178c8cd33aa8896b2d228ef8dcd07ac7c9f9

e ¥ 6: 7 How Bitcoin Hashing Works iZ B4 H H* - 5 —EEhf#1E T nonce AYRESZIT ¢

The nonce (rhymes with once), 1s a user editable 4 byte field to calculate the final hash. This will typically start at 0, and
for every unsuccessful hash will be incremented and hashed again. It will continue this until 2232 numbers are checked,
and 1if the last one is invalid, a message will be sent to the network saying the Merkle Root extended nonce needs to be

increased and the whole process starts again.
So how do you determine if the hash 1s valid or not? The target. The final hash needs to be less than or equal to the target.

This target 1s the "Bits" field, only it has to be padded. However, since getting such a low target (in most cases) 1S so
difficult, so most miners choose the largest target value they can compare to and check to see if the hash they got meets

the requirements and then sends it off.

R PR T

EEETEHE PRGN TR DA T SHA-256 #ER S | (Y RERES - (H2 28 TEEREE | 2 fERIR A
T TEE ?

BEFYIERS - PAEK s LR A B EIMERAVERIIEE ) (ERAR R R (e S AR - IRAVERB R A T

B EHE A —(E %5 - 5] DUBE— bRl - AERTA N RS IRV EIE AR > UEESEERE -
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AREEEE Z FH
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R AEEE

By convention, the first transaction in a block 1s a special transaction that starts a new coin owned by the creator of the
block. This adds an incentive for nodes to support the network, and provides a way to initially distribute coins into
circulation, since there 1s no central authority to issue them. The steady addition of a constant of amount of new coins is

analogous to gold miners expending resources to add gold to circulation. In our case, it is CPU time and electricity that is

expended.
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https://github.com/stiggy87/ZynqBTC/wiki/How-Bitcoin-Hashing-Works
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e Bitcoin: A Peer-to-Peer Electronic Cash System -- http:/bitcoin.org/bitcoin. pdf


http://bitcoin.org/bitcoin.pdf
https://www.facebook.com/ccckmit/posts/10152042168686893?ref%3Dnotif%26notif_t%3Dlike
https://www.facebook.com/groups/programmerMagazine/
https://blockchain.info/
http://zh.wikipedia.org/wiki/%E5%A4%A7%E6%95%99%E5%A0%82%E5%92%8C%E5%B8%82%E9%9B%86
http://bitcoin.org/bitcoin.pdf
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o Wikipedia:Cryptographic nonce

o https:/en.bitcoin.it/wiki/Nonce

e How Bitcoin Hashing Works

e Hashcash - A Denial of Service Counter-Measure (PDF), 1st August 2002

e http//www.hashcash.org/

o HHIGH : EEAEREN (LREFRaE

o 1% Python: ] hashcash T di BRIl FEA AT IR A > s Z (S X /T, David Mertz, Ph.D.
(mertz@gnosis.cx), 74 A 1, Gnosis Software, Inc.
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http://zh.wikipedia.org/wiki/%E6%AF%94%E7%89%B9%E5%B8%81
http://en.wikipedia.org/wiki/Cryptographic_nonce
https://en.bitcoin.it/wiki/Nonce
https://github.com/stiggy87/ZynqBTC/wiki/How-Bitcoin-Hashing-Works
http://www.hashcash.org/papers/hashcash.pdf
http://www.hashcash.org/
http://www.libertytimes.com.tw/2013/new/nov/20/today-int1.htm
http://www.ibm.com/developerworks/cn/linux/l-hashcash.html
http://www.linuxeden.com/html/news/20131125/145862.html
http://www.codedata.com.tw/social-coding/hashcash/
http://zh.wikipedia.org/
http://creativecommons.org/licenses/by-sa/3.0/tw/
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// Note: All variables are unsigned 32 bits and wrap modulo 2 32 when



calculating
[/ FEE: rASBERRE 32 Ao SRR, M HEHERAER 2732 HUarEK

o

// Initialize variables: FJUGAL T 7158485
hO := 0x67452301

hl := O0xEFCDAB89
h2 := 0x98BADCFE
h3 := 0x10325476
h4 := 0xC3D2E1F0

// Pre—processing: B EL
append the bit 1’ to the message CHENEA# E—1F 1)
append k bits *0’, where k is the minimum number >= 0 such that the re
sulting message

length (in bits) is congruent to 448(mod 512) (FHNBIEEEARE 448
mod 512, Riffi—4E 0)
append length of message (before pre—processing), in bits, as 64-bit b

ig-endian integer (

// Process the message in successive 512-bit chunks:
break message into 512-bit chunks
for each chunk
break chunk into sixteen 32-bit big—endian words wl[i], 0 < i <
15

// Extend the sixteen 32-bit words into eighty 32-bit words:
for 1 from 16 to 79
wli]l := (w[i-3] xor wli-8] xor wl[i—-14] xor wl[i—16]) leftrotat
e 1

// Initialize hash value for this chunk:
a := hO
b := hl




h2
h3
h4

// Main loop:
for 1 from 0 to 79

// Add
ho

:= h0 +
hl :
h2 :
h3 :
h4

if 0 < i < 19 then
f := (b and ¢c) or ((nhot b) and d)

= 0xbA827999
else if 20 < i < 39
f := b xor ¢ xor d

k := Ox6ED9EBA1
else if 40 < i < 5H9

f := (b and ¢) or (b and d) or(c and d)
0x8F1BBCDC
else if 60 < i < 79

f := b xor ¢ xor d
k := 0xCA62C1D6
temp := (a leftrotate 5) + f + e + k + wli]
= d
C

b leftrotate 30

o (@ PR
I Il

o
i

a

a = temp
this chunk’ s hash to result so far:

a
b

I
7

+ 4+ 4+ +
a o

I
=
o~

// Produce the final hash value (big—endian):




digest = hash = hO append hl append h2 append h3 append h4
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SHA1 (“The quick brown fox jumps over the lazy dog”)
161&7: 2fddelc6 Ta2d28fc ed849eel bb76e739 1b93ebl12
Base64: L9ThxnotKPzth]J7hu3bnORuT6xI=
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SHA1 (“The quick brown fox jumps over the lazy cog”)
163E7: de9f2c7f d25elb3a fad3e85a 0bd17d9b 100db4b3
Base64: 3p8stf9JeGzr60+haCIF9ImxANtLM=
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http://www.codedata.com.tw/social-coding/hashcash/
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o YRR SHAZ

o Wikipedia:SHA-1

e rfc3174: US Secure Hash Algorithm 1 (SHAT1)
o ERNBIHEIS L 2Rl

5-8 SHA-1 (Secure Hash Algorithm) JE 504
5-6 MD5 FRYALKEY
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http://www.bitecoin.com/online/2013/09/2398.html
http://zh.wikipedia.org/wiki/SHA%E5%AE%B6%E6%97%8F
http://en.wikipedia.org/wiki/SHA-1
http://www.ietf.org/rfc/rfc3174.txt
http://www.mis.csu.edu.tw/tsnien/teach_manu/f8745/f8745_html/
http://www.mis.csu.edu.tw/tsnien/teach_manu/f8745/f8745_html/chap5/chap5-8.htm
http://www.mis.csu.edu.tw/tsnien/teach_manu/f8745/f8745_html/chap5/chap5-6.htm
http://zh.wikipedia.org/
http://creativecommons.org/licenses/by-sa/3.0/tw/
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o pRfTEN ¢ EEARFEE (Bit Coin) HYZE(E T
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https://dl.dropboxusercontent.com/u/101584453/pmag/201401/htm/message1.html
https://dl.dropboxusercontent.com/u/101584453/pmag/201401/htm/message2.html
http://youtu.be/K0myd5fwbqE
http://youtu.be/2K2s6KxaiYA
http://youtu.be/OiPIpz3eUkM
http://youtu.be/Egw-EdMVZ4w
http://youtu.be/RoKXfPHF9Ek
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o 2057§% i CPU EAE(E
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// G ECE PHE I Servo

// 5l Servo Library
#tinclude <Servo.h>

// BESL—1# Servo WfF

Servo myservo;

// WFEYCE R PH%/E Analog pin 0 MK pin 1



{

{

}

int sensorlLeft = 0;

int sensorRight = 1;

void setup ()

Serial. begin (9600) ;
myservo. attach(9) ; // Servo #:fE pin 9

void loop()

int readingleft, readingRight;

// BB A ARG P A REE
readingleft = analogRead(sensorLeft) ;
readingRight = analogRead (sensorRight) ;

if (readingleft > readingRight) {
// TG E PR L& #65292 ; 5 Servo BEHF| 0 BF

myservo. write (0) ; // € Servo NEEE L
delay (15) ; // & Servo JiedH

} else {
// A HE P a#65292; #H Servo #HF] 180 JF
myservo. write (180) ; // FXE Servo JEHfAE
delay (15) : // EFF Servo JigiH

// BIH ZE A o R R B T REE
Serial. print (“left: ”); Serial.print (readinglLeft) ;
Serial. print(” right: ”); Serial.println(readingRight) ;

TEIER Y v

R1% F{HF] Arduino » BEEFTEA Serial Monitor kR LG B /245 W BECH B P B (E AV 1L
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left: 14 right: 361
left: T right: 333
left: 12 right: 353
left: 23 right: 330
left: 24 right: 363
left: 27 right: 362
left F

| *
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// B GREFHE | Servo, Version 2

// 5lH Servo Library
#include <Servo.h>

// BESL—E Servo Y

Servo myservo;

// WFENCECEFHIEELE Analog pin 0 M pin 1
int sensorlLeft = 0;

int sensorRight = 1;

void setup ()

{
Serial. begin (9600) ;
myservo. attach(9) ; // Servo #:4fE pin 9



http://youtu.be/ryYl9DeqD5w

{

void loop()

int readingleft, readingRight, difference;

// REEUA A P R CRBCRR FHL I REAE
readingleft = analogRead (sensorLeft) ;
readingRight = analogRead (sensorRight) ;

// FtHEZEME
difference = abs(readinglLeft — readingRight) ;

// B A s G R P ZE AE A R&t65292 ; 5 #E il Servo B2 90 fF
if (difference <= 100) {

myservo. write (90) ;

delay (15) ;
} else if (readingleft > readingRight) {

// T3S H T P a#65292; #5H1] Servo #HF| 0 ¥

myservo. write (0) ; // € Servo NEEE L
delay (15) : // & Servo JjekH

} else {
// AR P 65292 #5 ] Servo #HEF] 180 J¥
myservo. write (180) ; // FXE Servo JEHHfAE
delay (15) ; // EFRF Servo JigiH

// BIHS 22 A P REDG R BH T REE
Serial. print (“left: ”); Serial.print (readingLeft) ;
Serial. print(” right: ”); Serial.println(readingRight) ;

s
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C #7374 (2) - ®&* sprintf #SHF e v (T4 @ MAR)
FLE—8% > M4 T A A C 35BS 1Y sscanf BEBEIEAR TR AT > DR e > 5% 503 EE0
T
o CEESMFL (1) — (1H sscanf {5 IE#R R 2 HIHIATII8E
TEARMAS - BANG S AR sprintf & FEELEERE P EINIALEN B p o > DUERG R (E4SRERE R T~ -

sprintf #* ;&

sprintf() tHEUE C 55 AAAS= B EZTTE » HeBIRP A MR « RN E P EUE e S B HEsE - MR
2 BTN AN FHIEZ A o] (E RIS S E A = L2 -

int sprintf ( char * str, const char * format, ... );:

str: ﬁ%fﬁihﬁéﬁﬁﬁﬁﬂjﬁzﬁg
format: #% AL ) HLAS - HR

£ format T, UL % #CERE M B, HARAXEEEW T
¥ R IEHIEEVE: %[ flags] [width] [. precision] [length]lspecifier
% ARFRIEWBH LA
[flag]
—RE L
+: gy Y OE B 5

(space) : & ANl IE & 58FE, Bt = A
#:7F 8 5{ 16 H#Ef7 (o, x,X) My, s@mldEm ox {E&BHHE,
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FEFFERE (e, E, ) W, SRl NBR,,
ERFEEC (g, 6) Ky, SRflEm L NEG,, (HEmWR 0 &Hk.
0:fEFASARZ (L) % 0, TARM=H .

[width]
s/l R EE (Bl %)

[.precision]

REHEIE, /NSO 2 05 Ot 0

[length]
REF9E h, I, L

[specifier]
TIREHIA TG, WBL&ZE ¢, d, e, E, f, g G, o, s, u, x, X FHRHAMRE,

4

sprintf() BREEYFVAER printf() RIALL > HER— S8 AT & st e - & TREERANESR > KB T
PAUNER > DURES format LAY £FEET%

FEZE * printf.c

#include <stdio.h>

int main ()
{
printf (“Characters: %c %c \n”, ’a’, 65);
printf (“Decimals: %d %1d\n”, 1977, 650000L) :
printf (“Preceding with blanks: %10d \n”, 1977);
printf (“Preceding with zeros: %010d \n”, 1977);
printf (“Some different radixes: %d %x %o %#x %#o \n”, 100, 100, 10
0, 100, 100);
printf (“floats: %4.2f %+. 0e %E \n”, 3.1416, 3.1416, 3.1416);
printf ("Width trick: %*d \n”, 5, 10):
printf ("%s \n”, “A string”);

return O;




}

DL AR SR AT T

D:\cp\code>gce printf.c —o printf

D:\cp\code>printf

Characters: a A

Decimals: 1977 650000

Preceding with blanks: 1977

Preceding with zeros: 0000001977

Some different radixes: 100 64 144 0x64 0144
floats: 3.14 +3e+000 3. 141600E+000

Width trick: 10

A string

1£ CEBZE D MAACAYIERES - (BRFTLUH struct RESLLYICHIEEH » T ELL AT LUEE 5 7R AR h 2 45
PRIGEEFTOMBIE - SO - AIRBATE & T AT A45H -

typedef struct {
char *name;
char gender;
int age;
float weight, height;

} Person;

ATERA L AT AR R P sE A T4y & S B a1

Person 1list[] = {{ .name="John”, .gender="M, .age=45, .weight=59.5,
.height=167.5 },

{ .name="Mary”, .gender="F , .age=22, .weight=52.3,
.height=160.7 }};

#® % sprintf #-ZHF e i



AT LLERVEREZ 1% > BAPTRR AT DURER S A &SRy XML 20 JSON iERE Y7 epig =T » DU 2 —{E e Envi
-

222 1 stru2xml.c

#include <stdio.h>

typedef struct {
char *name:
char gender;
int age;
float weight, height;

} Person;

void person2xml (Person *p, char *xml) {

sprintf (xml, “<person name=\"%s\” gender=\"%c\”>\n <age>%d</age>\n <
weight>%. 2f</weight>\n <height>%. 2f<{/height>\n</person>\n”, p->name,
p—>gender, p—->age, p—>weight, p—>height) :
}

int main ()
{
Person 1list[] = {{ .name="John”, .gender="M, .age=45, .weight=59.5,
. height=167.5 },
{ .name="Mary”, .gender=F , .age=22, .weight=52.3,
.height=160.7 }};

char 1istXml1[1000];
int i, tail = 0;
for (i=0; i<sizeof (list)/sizeof (Person); i++) {
person2xml (&list[i], &listXml[taill):
tail = strlen(listXml);
}
printf ("<?xml version=\"1.0\” encoding=\"1S0-8859-1\"?>\n<Personlist
>\n%s</PersonList>”, listXml);




}

HITEESR

D:\Dropbox\Public\pmag\201401\code>gcc stru2xml.c —o stru2xml

D:\Dropbox\Public\pmag\201401\code>stru2xml
<?xml version="1.0" encoding="1S0-8859-1"?>
{PersonList>
{person name="John” gender="M">
{age>45</age>
<weight>59. 50</weight>
<height>167.50</height>
{/person>
{person name="Mary” gender="F">
{age>22<{/age>
<weight>52. 30</weight>
<height>160. 70</height>
<{/person>
</PersonList>

i

W

5548 ~ B2 E] sprintf FJEEE A buffer overflow HYRTEE » RIELANSR AR snprintf & 5 27 —56 » AREHIEELIR
TFHY -

W& BAEWEKERES] EHESEAGHEEA 0 BAFIIE const 84T > EREG LRI £ o INIEHAFIF _EHtE
fESATT

void person2xml (const Person *p, char *xml, int size) {

snprintf (xml, size, “<person name=\"%s\” gender=\"%c\”">\n <age>%d</a
ge>\n <weight>%. 2f</weight>\n <height>%. 2f</height>\n<{/person>\n”, p-
>name, p-rgender, p—>age, p—>weight, p—>height) :

}

char 1istXml[1000]:



int i, tail = 0;

for (i=0; i<sizeof (list)/sizeof (Person); i++) {
person2xml (&list[i], &listXml[tail], 1000-tail);
tail = strlen(listXml);

Bk Pt EGE HAE S H buffer overflow BYRTEE T -

HEZR C++ BYEFE B G cout ittt - HEEEESILEEE T 24 C ) 1Y sscanf B sprintf (L8 - FES
SN E AT T AT BT RS FEMIEE A REREET > s DS CEE
EITE S FESBERE » A BZ(HE " regular expression | 2 " object serialization | HYEAFE T o

54 <

e http//www.cplusplus.com/reference/clibrary/cstdio/sprintf/

e http://www.cplusplus.com/reference/clibrary/cstdio/sscant/

mefe N 2 A Ak BE E€F bug W7 (T'Fiﬁ
Bridan)

BEASTZFEEEA DL - BRI REAR G - #EA B R R R D o (BRSNS
AR RSB BT 280 - HAFURZZREEINEY - sta g4 ME - N BWEE s SR - B
b N EEE eSS

NEEHCEEABGEN NET AR - FEEFRY - B E A AERMERHEe T2 —EREE > (Rey
RN EREIVIRA - EEAEH bug W 2 AT RS OK )R FERVEE » (HERA SUHEEFE A 5
WRRRAVIET © DMEAEEES - HE0E NRIER - 28 PR a8 sian - A AmBsie AR B1RE ? BfiE
HYITERE - BIESE S VY - Wt B REREE BRI B s XA R — iR - ERAVEEe s &

AAERARTIEIRE > ATLARERI A RV E O ? Ba—EJ77AT LRI ELFA( Poisson) R34 51
B EEHERREAENVEREMEED > ARG orEE R o E#NI e AR R E

%02

Y ~ Powsson(X) | BLECY &1 Poisson #5531

u
P(Y =y)= %e—% y=0.123.... BLECY JEH% Poisson #5553

E(Y)=2A 2\ TR AL S R R P R A T2



http://www.cplusplus.com/reference/clibrary/cstdio/sprintf/
http://www.cplusplus.com/reference/clibrary/cstdio/sscanf/
http://zh.wikipedia.org/w/index.php?title%3D%E6%B3%8A%E6%9D%BE%E5%88%86%E4%BD%88%26oldid%3D15366159
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P (Y _ U) _ L1 B AR EE R & HIE I - A2 AR HIRAIHE LY 36.79 %
L

USRS EE R aR IR AR K P M —(E 53R > AR RIZ R adIiR it 36.79 % -
HE = R ABIIRG R 5 % - BRERAIUERSEOVEE  SBRTERATERE - WS Bk
FTAR bug HEE=K > A EMEEREA B NIEERTT - BT UEEM A S REERREEREL > &
RNB IR LI EE T -

EF 5% FAAREEIRA WAL - HEBES T

(KB " HEERFT , Bridan HY4FEE » [RICHEHE £y http://4rdp.blogspot.tw/2011/03/bug.html > FHPH S 4R 8 1% 47
UNEEWN 5

OpenNI @ 4 (it ¢ Heresy Ku )

PRERAE 2010 IR > $HERZ IR Xbox 360 BESkH - HEH 7 DA IR RS fy TAGHIRS R « Kinect » FUZLL
MHERBRAIER - ERERESS - BIfFHIC RS - AKBIR S B EREE - SR T BEEAC s E Tx
FEZ e

O N 1

A HAREHERERAVER - B2 — A EAGEREEE - FRDMEEH 2 882K 0 35 ARV ARttt E
1TH5% > WEkThHE PC tA] DUZEHS USB 282 Kinect ~ sEAUATE) -

Z1% > %% OpenKinect ( ‘B4 ) £ > AA/VEAE 7 LG IR > ERF A LAE PC _EEfFHL Kinect HYE A} ©
MBI ES > F—EEEHEER > [EZFEEH Kinect £/ 00 A PS1080 FHEEMIR ~ PrimeSense ( B4 )
Bt E 281 OpenNI T !

OpenNI @
OpenNI HY'E FF48I5EE © http://www.openni.org/ ©

OpenNI Z{#F& " Open Natural Interaction ; FV4E%S > REL LRI LAENEE R T BMGUE 2MEME L ¢ TATEERY NI X E&
FREE B PEIE ? OpenNI ¥f H #A#/E (Natural Interaction * LA fifE NI) AUEFRA S T "3E%, ~ T78, « T 5
BE | % > AR EFEILIES - EHFE ARG ABETHIHEEF T -

117 OpenNI J2A4E 2010 4F 11 HEEAT ~ A0AE 12 HEEIL 74805 » S Ay S —hi SDK - fE—Bidh @ E—{EEt
Kinect Z-0EUE TR BEHIFS 5 ~ Open Source BREHRET + fillfR 112 T IRER G - K EOEGHEHEILZ

41 > PrimeSense t B CJEH| T4 % NiTE #Y middleware (ZZ (&2 OpenSource) ~ IRt ABG HAVEHEEIIEE » 2
3% OpenNI fl Ay & 1 ZAE I TAHRHRE P S8 A i B8 ~ Se By —(EREE~ (BE 1)

ifii H A7 OpenNI $2L 7 Windows ~ Linux ~ Mac OS X EAYBHESEREE > R T x86 1 x64 #b » 15 1% ARM (Linux)
ZERERR RS - BN EAEIE Windows 6 o EITEIEFES « FERUESTE RSN AR EZE S —(EAETE
FEAVERIE T ~


http://4rdp.blogspot.tw/2011/03/bug.html
https://www.facebook.com/kheresy
http://kheresy.wordpress.com/2010/12/23/kinect/
http://openkinect.org/
http://www.primesense.com/
http://www.openni.org/

HEZRFTY OpenNI FEEZFH PrimeSense fE#ETT4HEE » AT LU B AVEERS t /2 DA PrimeSense H X AVE T A F  (Microsoft
Kinect ~ ASUS Xtion*+-) > “NEHEFAE Open Source AUMAE » BEIE DM E T DAISEE TR A4l > 2R S HE H At e
I

OpenNI = A~

H A OpenNI E&CA R EARRA T » —(EZ B0 Lx It (R4 1.5) > S—{EAIZE 2012 FREHEHY 2.x hR
(HATR 2.2) : HAT OpenNI EACZAELEE 1.x bt - FORTEVES T 2x SARIME - MEMEEIIRE ~ S
E HAEEERNER Bt e IS - ERAEE AR EEERY -

OpenNI 1

OpenNI 1.x FA FRFEME T —EAAVIESR - FEAEEER T FTAThRERIER M E © AT fEftry EE e s 1 ¢

o WU - B SOMRMRATEH
. HUEE R

o TSN - FHELH

o TS - BN - BB (WA B

RHEFEAR - > OpenNI R AR UGERGZGIVINEE @ E—PIVE4EHEEDRE > S ZSEATEENY " middleware ; ~ DA
plug-in I IRIEHLE(E © 1Ay T B RS vl DUEF ML TR S > BEZANGIEBAIURIBHERT > PrimeSense 2B /2 Feft T
—Ea] DL @AY NiTE {E & OpenNI #Y middleware > 3 OpenNI & SR HIIHEE o

— Application
Middleware
Components
(e.g. Hand —+ OpenNI
gesture — Interfaces
tracking)
Hardware
—  Device
(sensor)

A BB > 5EE OpenNI 1 HYAEIE - EkaatHV R @ BLERE & HAEEEE OpenNI /EJEH] ~ AT EEAE
middleware "EFEE(FHY » 5t ] LASERAE B T ~ R RS SRl RAYEL 77 > & H OpenNI i -

RS o EEETIERES - BEE OpenNI A5 EFEAVIEZ > WRH] T Middleware BEMAYEE - B T ZE<F OpenNI
FrEFAT/ T HE > AL middleware BYFHEEE - HAEEETZIE OpenNI IV E TR ~ RIRHLEK EERAFAIINEE - M4 AR
PAETETORE - FAEREE > EFEZ T OpenNI 1 —H2H:1% » #1022 2 A PrimeSense NiTE &1 middleware 1Y
.



TMANSRARZE A28 OpenNI 1 FVREEUEMERHYEE - A LA2%E  (OpenNI 1L.x () - B Z AT SRR
BARRPIRE 5 BEZR OpenNI 1 HYELST Heresy MEZ EAENGHEEH 1 MBEEZ LELLME 7€M OpenNI 1
HZhRE

H Al OpenNI HYE J74815 > BAFEEE OpenNI | 5SRO Nk » H RS &y
e http://www.openni.org/openni-sdk/openni-sdk-history-2/

AT 38 B RE 22 E4E T © OpenNI SDK v1.5.4.0 ~ OpenNI-Compliant Sensor Driver v5.1.2.1 ~ NiTE v1.5.2.21 » ZZ8ERYZ 22
R DA% (2012 OpenNI ¥85S Kinect 22852022 )

OpenNI 2

FEHE7A OpenNI 1 » OpenNI 2 B {7 MEIELEF 2% © OpenNI 2 EEA L2888k A E 2 85 BUE S [RGB RHIYEEHL - ifi
REMEBINI AT 3 BB AT ~ TERAEGE AT HAHTAER - OpenNI 2 A ERSEEARHE T~

e w

Application O

=

| :
=

n)

=
“ I'Tu
£

+5

Devices I,T':

T 0 S A S B — 2 Y A THYEE > OpenNI 2 B S FEEY OpenNI 2 BUSHYFAAERIEZ AR T E  #iE A
"middleware library ;  {E/Z2EFE L > 7E OpenNI 2 BYZLFEHEE > WAL " middleware library | SU{EAYE
&~ (R - FrLliE Ay MY ek =R v DAFR (L 5 2 Y TAE ©

TEERERTERET T > OpenNI A S5 & HESTT - (#H A 5 B ER4L i HIEHF > middleware library HYBH &%t 8815
HHEM AR » o DEEAEE B EEAYTHEE - HAT » OpenNI AYE 54EuE ( ##45 ) | » &2 PrimeSense #Y NiTE 2 1£
W EAEA 16 {E middleware library BJ LA R T~

it SREMEIEREL - FAR R R AR [ERY middleware library FYREE - FROMEEES H EEEREW library 19
I~ (EFTTE - EIR A EIREET RS - AR S SARES - HE BB E S LT - AR EE
OpenNI 2 HYFEAFHEAYEE - RIATA2%E  (OpenNI 2.x #2E) ERBEHEAHEE » 30 (OpenNI 2 & NiTE
2 BRFE R R BEE) 5 $1%f OpenNI 2 A PrimeSense NiTE 2 FYSEE S0 » B i —[EDE T » 2158
AREEIERFLE > EZ g e TT -

OpenNI 2 ARG [ LIERHAEE 7Y Na H H N - HEGEE
e http://www.openni.org/openni-sdk/

H Al fr A ASE OpenNi 2.2.0.30 Beta » FEA B HFRE—(EFEZE » A5 OpenNI 1 AREHERE - ifIFTREZHY
Middleware Library » AIJ 5] EAFEEEME OpenNI 48uh & &1% > 78 OpenNI HY N E AT T ©

% 4 OpenNI 1 4= OpenNI 2 425" 75

MARBE]—E% OpenNI C++ F230HE » FHEEE /32 OpenNI 1 222 OpenNI 2 BYEE » BRFEEMATE » StEEEM
include 1Y header £& ~ DLR A =CEESE HIHY namespace °

OpenNI 1 FTEEZE include 9 header F& > £ XnCppWrapper.h » [fiAEREAY R < AEE R > KA FH-EAT xn &1 namespace


http://kheresy.wordpress.com/index_of_openni_and_kinect/documents-of-openni-1-x/
http://kheresy.wordpress.com/2012/04/01/resource-of-openni-course-with-msa/
http://www.openni.org/openni-sdk/openni-sdk-history-2/
http://kheresy.wordpress.com/2012/03/15/2012_openni_env_kinect_setup/
http://www.openni.org/software/?cat_slug%3Dfile-cat1
http://kheresy.wordpress.com/index_of_openni_and_kinect/documents-of-openni-2-x/
http://kheresy.wordpress.com/2013/03/22/course-data-of-openni2-and-nite-2/
http://www.openni.org/openni-sdk/
http://www.openni.org/software/?cat_slug%3Dfile-cat1

N > OpenNI 2 BYEE » HIFZ2E include OpenNLh %21 header 1% » FTAfHEIRYI(E - RIENEAFE openni %2 {[E namespace
NH ©

Frll o HEBERIREXMEEZEA xn:— 8Y5E - B LFE OpenNI 1 FVAEZ 5 AR EE] openni::— HYEE > A L
S8 OpenNL 2 T~ MWHNANEEIEE - BREERN N H - #E5E2RER » BT OpenNI 1 Al OPenNI 2 EA |
EEEARHEN - R > A ERE > OpenNI 1 1 OpenNI 2 # SDK 2 1] DUEIRG 27850 | HEEEREY - B LME

E—&EE - S E#E7T OpenNI 1 A OpenNI 2 HYFE=FHEEHY -

A > AN FEEREY Kinect FEUMESS ~ 1M FEZE(FIRFFAZE OpenNI 1 Al OpenNI 2 HIFEZ(HYEE - &N AEESI 2 (Y
Bif% > A LR T -

¥ Microsoft Kinect g R Bt

BEZATE OpenNI —BaAAHE AV > T L EAVRIREESS 2 A Microsoft By Kinect for Xbox 360 » A4 Kinect
YA TR A R S > I F R E % 57 5% OpenNI > AT AL OpenNI #1174 Kinect Z25HYEFESS » £ 5788 E2F /N
BE—THY -

£ OpenNI 1 AR » FH 8 B 5 A HEH Kinect for Windows SDK » At BLERELEAFE Windows [ » )8 HE Y
Kinect BEENFETT LA o M EHF OpenNI 1 #Y Sensor BEENFEFEAH > T FZE ¥ PrimeSense H XV EESSHCI 1
A% H B 7% Kinect EUFERS 5 AR ZAE OpenNI 1 FYEREEH (A Kinect HEMERRAVEE - EIE LR FEHINELEHE
A OpenNI BY'E JTRRAEIZHY 55 =75 SensorKinect (GitHub ) #E4HAY - (5 2)

ME] T OpenNI 2 AYBE{E » {%#ETAY Kinect for Windows SDK 48 #8 2 T —ERISR T 5 FE B B T 8SFiiiRayFiE
FE > AL R R U Kinect for Windows SDK 2R SR Kinect 2R » 5% OpenNI 2 FJLATFHL Kinect HYE
Tk o IBREMAYETEEZ Kinect 7] DAE R E JARAVEREIFELS > AT LA o] DL F2(8 A A1y Kinect for Windows
SDK 5 {H 26 EEEEE H I T Windows Vista ARAYEERE > BT LALE OpenNI 2 BRHEH{# A Kinect 7 o (5 3)

5381 > EHAE OpenNI 2 il OpenNI 1 (s A Kinect B - ZREZARNVEEEITEZAY - Fr AR EFTR EAE R —
SEME L - 531258 OpenNI 1 71 OpenNI 2 HYsE » 2 & 75 ZoR A5 #2 Kinect Fr(f FHHVESEENERY (£2%5) &
BEAEE L - AIRE SR —E IR

ML

B AR 1% 2R A #E Y Kinect for Windows SDK » 3#5d 3% A B 1] DIAE Windows {# FH Kinect EiFEESGHZE ( &%
)~ 1B EZE T Windows PC » #EH TS B &0 Kinect for Windows JEiESS > (HEAEHE RS REL » B2EE
OpenNI 6 _ER/DHEY o

OpenNI 1 [ifil#E iV - A _EFEZ 23297 PrimeSense Z2\NHRAVIEERS 1 PrimeSense 2 Fr UG A EREFE OpenNI
INHRAYSEE BEE A # T 0 _E %) Kinect FNSZ 8% > Heresy {8 A SRS IERZ B AE EAHFCETTY Kinect FJBERVHZIERTRE
Fit DAA Sl BLEE 5 = T 1B AR I % -

$T¥ Linux 1 Mac OS X fY3E-& » HEitA A% libfreenect » A% OpenNI 2 2 H 7 #2 Kinect HYBRENFE=0E4H
HEEEEEI LA © https://github.com/piedar/OpenNI2-FreenectDriver ©

PrimeSense AT#e Ay NiTE 2& Middleware » FEZHeft TEPEE S > BT ABEZREHE - Z3VEN > F8E
HI ~ FEREHES shREr i =UEE 5 iR {5 OpenNI & Open Source HY » PrimeSense {54 B H 4722 4F1Y binary fEZE R
W EA FRT DR fEA > (ERRE REAEFERTE Z SR ER L -

[ A3k E Heresy's Space HU4EEE » [ C48HE B - http:/kheresy. wordpress.com/2013/09/30/about-openni-2013/ » FH


https://github.com/avin2/SensorKinect
http://kheresy.wordpress.com/2011/06/17/microsoft_kinect_sdk_beta/
http://kheresy.wordpress.com/2012/02/02/kinect_for_windows_release/
https://github.com/piedar/OpenNI2-FreenectDriver
http://kheresy.wordpress.com/2013/09/30/about-openni-2013/

Heresy fRHAERE4ETE A A KRS - SLPREESARER (R 40 AT
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(1) - =EF4Hp 4t o 16 o m@E NCU0s (i

7&6“3*
‘\1\ —rs\.
vw

ot
4L 3P

‘m\tT

e EIE T FfMaat 7 T —RIEE S HY 16 frooiidzdles MCUOm (MCUO-Mini) - HOZEGELEATT ¢
o BAIEENGETE (6) - —HA 5117 Verilog F2x(H5HY 16 it gs MCUO

B2 balcr gy T dEHRzs ) HEENETES - BRS5EERY R AR E & FPTEHE T MCUOm 55—
(1 52 B2 1 i B 22 MCUOs (MCUO-Simple) e

MCUO &2 4%

MCUO /&8 16 iy CPU > FrAE{Fas4lE 16 Lty » 48455 (IR, SP, LR, SW, PC, A) FE{Fes » 4 FHR |
“define A R[0O] // Bfass

“define LR R[1] // IRREE 723

“define SW  R[2] // AIRREE AT 7

“define SP R[3] // YEBET2s

“define PC  R[4] // FERGETE RS

5 LT sy DHRE BRI T

= AL
IR h;%: PSR ST T B, A BRI S &
Fes

A=R[0] | Rfges | FIZREEFETERGER - BUEMIBARVESR -

LT

LR=R[1] o PR (Gt 7 R BRI A R (B

SW-R[2] ARREET | PR CMP CEEHE SRS IRIEAE - (G2 B N BT Z 55 - 1 Rk
Fas JEQ F5< 2 G HIET Kz -

SP=R[3] il W5 > PUSH, POP {55 HE -
ﬁ%ﬁ BHIHPR ) S =

B G WA e e e e o
PC=R[4] MR EEFHE S HIALEE (R H AT T ZIWMETS S HIEC iRReirit)



https://dl.dropboxusercontent.com/u/101584453/pmag/201312/htm/article5.html

MCUO i £ 4

TR freas IR BYAT 4 (E{oT2HE< S OP » Hift 4 iIyT RAERE 16 5 < - BEEN VAR - HItE
OP=0xF tf » FM4ESEAIREAVALTTIE RIS > DUEREZHHES I LIEA - BUTE MCUO flfZEfl a5y 5e 5

fEo%R -

0 LD LD C A A =[C]

1 ST STC T [C]=A

2 ADD | ADDC | % A=A+[C]

3 SUB | SUBC | ik A=A-[C]

4 MUL | MULC | &£ A=A *[C]

5 DIV DIV C | ik A=A/[C]
fiz7t AND

6 AND | ANDC | A=A & [C]
HE
77T OR 7&#

7 OR OR C LE A=A|[C]
E_
fiz7t XOR

8 XOR | XORC | - A=A"[C]
HE

9 CMP | CMPC | [bos SW = A CMP [C] ; N=(A<[C)), Z=(A==[C])

A | JMP JMP C | Bk PC=C

B | JEQ JEQC | fHZHSHEE | if Zthen PC=C

Cc | ILT JLTC | /NAEFEkE#E | if NthenPC=C
INRECEE TR

D JLE JLE C Jiﬁ jjjrﬁ if Z or N then PC =C
HFpkEE

CALL o

E | CALL c IENYEIFES | LR=PC; PC=C
OP 5 8(ir 7T

F OP8 ﬁ%ﬁm
HYE




FO | LDI LDI B A B8 Ra=C4
Ra,C4
MOV
F2 | MOV WFELf4E) | Ra=Rb
Ra,Rb
PUSH .
F3 | PUSH R HEBIEA SP--; [SP] =Ra
a
POP
F4 | POP N H A Y L Ra=[SP]; SP++
a
F5 | SHL SHL Va2 Ra =Ra << C4
a=Ra <<
RaC4 |
F6 | SHR SHL yay A Ra =Ra >> C4
a = Ra
Ra,C4 7
ADDI \ i
F7 | ADDI HEIA Ra=Ra+C4
Ra,C4
F8 | SUBI SUBI BROEA Ra=Ra- C4
Vi, a=Ra -
RaC4 | TN
NEG
F9 | NEG S| Ra =~Ra
Ra
FA | SWI SWIC | #Bach BIOS i
N=-N, Z=-Z; fH}/*)%#H JGE, JGT, INE » [Nt i H LI5S SW KAH »
FD | NSW | NSW AREE S AH /i - " '
FIH JLE, LT, JEQ FERKHEEENE
FE | RET | RET e PC=LR
FF | IRET | IRET R E | PC=LR; I=0;

MCUO #7:% 75

FEZE * mcuOs.v

“define OP
“define C

“define SC8
“define C4

“define Ra

IR[15:12] // 1HEEEHE

IR[11:0]

IR[3:0]
IR[7:4]

/] H B AL
$signed (IR[7:0]) // HEUMAL
// R

// Ra




“define Rb  IR[3:0] // Rb

“define A R[O] // BFEAR
“define LR R[1] // INRER A4
“define SW R[2] // ARNEEEAFAR
“define SP  R[3] /) HEBE AR
“define PC  R[4] // FERETEAR
“define SWI1s]  // SRR

SW[3l  // =fTErT
m[ C] // FEGC IR

N

“define Z “SWl14]  // EEAE
“define 1
M

“define

module cpu(input clock); // CPUO-Mini HJPREXKR: cpuOmc FZH
parameter [3:0] LD=4"h0, ST=4" hl, ADD=4 h2, SUB=4" h3, MUL=4" h4, DIV=4’ h5,
AND=4" h6, OR=4" h7, XOR=4" h8, CMP=4’ h9, JMP=4" hA, JEQ=4" hB, JLT=4"hC, JLE=4
hD, JSUB=4" hE, 0OP8=4’ hF;
parameter [3:0] LDI=4"h0, MOV=4"h2, PUSH=4"h3, POP=4"h4, SHL=4"h5, S
HR=4"h6, ADDI=4"h7, SUBI=4"h8, NEG=4"h9, SWI=4"hA, NSW=4"hD, RET=4’hE,
IRET=4’ hF;
reg [15:0] IR; // 1B A
reg signed [15:0] R[0:4];
reg signed [15:0] pcO;
reg signed [15:0] m [0:4096]: // WNEFHIHEEEE 1
integer 1;
initial // ¥iEH
begin
PC = 0; // ¥ PC sALEIHLUE O
“SW = 0;
$readmemh (“mcu0s. hex”, m) ;

end

always @(posedge clock) begin // £ clock i/ 115 fo Ry filhy
IR = m[ PC]; // FRAHEEPEE: TR=m[PC], 2 {# Byte
HIECIE RS




pcO= "PC; /) BEAEEE PC 1HLE pcO H,

"PC = "PC+1; // HEEXSERL, PC RN —{E+5 Ak
case ( OP) // b, R OP HUTENME

LD: "A = "M; // LD C

ST: "M = "A; // ST C

ADD: A = A+ M; // ADD C

SUB: "A="A- "M; // SUB C

MUL: A = A * M; // MUL C

DIV: A= A/ M; // DIV C

AND: A= A& M; // AND C

OR : "A="A| M // OR C

XOR: A= A" M; // XOR C

CMP: begin N=CA < M); Z=CA=M); end // CMP C
JUP: "PC = C; // JSUB C

JEQ: if (Z) PC=C; // JEQ C

JLT: if (CN) PC= C; // JLT C

JLE: if CN || "2) "PCc="C;// JLE C

JSUB:begin 'LR = "PC; PC = C; end // JSUB C

OP8: case (IR[11:8]) // OP8: JNEIEEE
LDI: R[ Ra] = C4; // LDI C
ADDI: R[ Ral] = R[ Ra] + C4; // ADDI C
SUBI: R[ Ral = R[ Ra] - C4; // ADDI C
MOV: R[ Ral = R[ Rb]; // MOV Ra, Rb

PUSH: begin SP= SP-1; m[ SP] = R[ Ra]; end // PUSH Ra
POP: begin R[ Ra] = m[ SP]; SP=SP+1; end // POP Ra

SHL: R[ Ra] = R[ Ral] << (4; // SHL C

SHR: R[ Ral = R[ Ral] >> (4; // SHR C

SWI: $display(“SWI C8=%d A=%d”, "SC8, "A); // SWI C

NEG: R[ Ral = "R[ Ral; // NEG Ra

NSW: begin N=""N; Z="17: end // NSW (negate N
RET: "PC = "LR; // RET

IRET: begin PC = LR; I =0; end // IRET

default: $display(“op8=%d , not defined!”, IR[11:8]);




endcase
endcase
// BBl PC, IR, SW, A Z87f72%dLIftise
$display ("%4dns PC=%x IR=%x, SW=%x, A=%d SP=%x LR=%x", $stime, pcO
, IR, SW, A, 'SP, LR);

end
endmodule
module main: // HIERFE B 25
reg clock; // Wik clock 5%y
cpu mcul (clock) ; // B mcul FRIHZS
initial clock = 0; // —BUE clock REA 0
always #10 clock="clock: // ®EFg 10ns AH, BRRIERA A 20ns
initial #1000 $finish; // A% 1ERIE .
endmodule
BEFES

FEZE © mcu0s.hex

0020 // 00  RESET: LD X
2021 // 01 ADD Y
3021 // 02 SUB Y
4021 // 03 MUL Y
5021 // 04 DIV Y
7021 // 05 OR Y
6021 // 06 AND Y
8021 // 07 XOR Y
0020 // 08 LD X
F503 // 09 SHL A, 3
F603 // O0A SHR A, 3
F701 // OB ADDI 1




0023 // 0C LD  STACKEND

F230 // OD MOV SP, A

E011 // OE JSUB  MIN

0022 // OF LD Z

A010 // 10  HALT: JMP  HALT

F301 // 11  MIN: PUSH LR

0020 // 12 LD

9021 // 13 CMP

FDOO // 14 NSW

Cco18 // 15 JLT  ELSE

1022 // 16 ST Z

A019 // 17 JMP  NEXT

0021 // 18  ELSE: LD Y

1022 // 19  NEXT: ST  Z

F401 // 1A POP LR

FEOO // 1B RET

0000 // 1C

0000 // 1D

0000 // 1E

0000 // 1F

0003 // 20  X: WORD 3

0005 // 21  Y: WORD 5

0000 // 22  Z: WORD 0

007F // 23  STACKEND: WORD 127
HiFEE

D:\Dropbox\Public\web\oc\code\mcuO>iverilog —o mcuOs mcu0s. v

D:\Dropbox\Public\web\oc\code\mcuO>vvp mcuOs
WARNING: mcu0s. v:29: $readmemh (mcuOs. hex) : Not enough words in the fil
e for the

requested range [0:4096].
10ns PC=0000 IR=0020, SW=0000, A=

3 SP=xxxx LR=xxxx




30ns

50ns

70ns

90ns
110ns
130ns
150ns
170ns
190ns
210ns
230ns
250ns
270ns
290ns
310ns
330ns
350ns
370ns
390ns
410ns
430ns
450ns
470ns
490ns
510ns
530ns
550ns
570ns
590ns
610ns
630ns
650ns
670ns

PC=0001
PC=0002
PC=0003
PC=0004
PC=0005
PC=0006
PC=0007
PC=0008
PC=0009
PC=000a
PC=000b
PC=000c
PC=000d
PC=000e
PC=0011
PC=0012
PC=0013
PC=0014
PC=0015
PC=0016
PC=0017
PC=0019
PC=001a
PC=001b
PC=000f
PC=0010
PC=0010
PC=0010
PC=0010
PC=0010
PC=0010
PC=0010
PC=0010

[R=2021,
[R=3021,
[R=4021,
[R=5021,
[R=7021,
[R=6021,
[R=8021,
[R=0020,
[R=£503,
[R=£603,
[R=£701,
[R=0023,
[R=£230,
[R=e011,
[R=£301,
[R=0020,
[R=9021,
[R=£d00,
[R=c018,
[R=1022,
[R=a019,
[R=1022,
[R=f401,
[R=fe00,
[R=0022,
[R=a010,
[R=a010,
[R=a010,
[R=a010,
[R=a010,
[R=a010,
[R=a010,
[R=a010,

SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=0000,
SW=8000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,
SW=4000,

A= 8
A= 3
A= 15
A= 3
A= 7
A= 5
A= 0
A= 3
A= 24
S 3
= 4
re AT
A= 127
A= 127
A= 127
A= 3
A= 3
A= 3
A= 3
A= 3
A= 3
A= 3
A= 127
A= 127
A=

=
Il
W W W W W W w wWw w

SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=xxxx
SP=007f
SP=007f
SP=007e
SP=007e
SP=007e
SP=007e
SP=007e
SP=007e
SP=007e
SP=007e
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f
SP=007f

LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=xxxx
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f
LR=000f




690ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
710ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
730ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
750ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
770ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
790ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
810ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
830ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
850ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
870ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
890ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
910ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
930ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
950ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
970ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
990ns PC=0010 IR=a010, SW=4000, 3 SP=007f LR=000f
57
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i [Wizual Bazic 6.0] FEW 3 (Morse Code)

-Input :

Hollow, b Mame I= OxDe

di-di-di-dit dah-dah-dah di-dah-di-dit di-dah-di-dit dah-dah-dah di-dah-dah ? dsh-dah
dah-di-dah-dah ? dah-dit di-dah dah-dah dit ? di-dit di-di-dit ? dah-dah-dah-dah-dah
dah-di-di-dah dah-di-dit dit

Encryption Exit

w. [Viznal Basic 6.0] FEN2EH (Morse Code)

-Inpmt :

ABCDEFGHITELMNOPOQRE TV WEYZ0123456759

di-dah dah-di-di-dit dah-di-dah-dit dah-di-dit dit di-di-dah-dit dah-dah-dit di-di-di-dit
di-dit di-dah-dah-dah dah-di-dah di-dah-di-dit dah-dah dah-dit dah-dah-dah di-dah-dah
-dit dah-dah-di-dah di-dah-dit di-di-dit dah di-di-dah di-di-di-dah di-dah-dah dah-di-di
-dah dah-di-dah-dah dah-dah-di-dit dah-dsh-dah-dah-dah di-dah-dah-dah-dah di-di-
dah-dah-dah di-di-di-dah-dah di-di-di-di-dah di-di-di-di-dit dah-di-di-di-dit dah-dah-di

Ezit

O m 9O O W o=

- (di-dah)

(dah-di—di-dit)

(dah—-di—-dah—dit)

— . . (dah-di-dit)

(dit)

(di-di-dah-dit)

(dah—dah—dit)



http://zh.wikipedia.org/wiki/%E6%91%A9%E5%B0%94%E6%96%AF%E7%94%B5%E7%A0%81

(di-di-di-dit)

(di-dit)
- - - (di-dah-dah-dah)
- . - (dah—-di-dah)
- . . (di-dah-di-dit)
- (dah—dah)

(dah-dit)
- - — (dah—dah—-dah)
- . (di-dah-dah-dit)
- . - (dah-dah-di—dah)
- . (di-dah-dit)
. (di-di-dit)
— (dah)

- (di-di-dah)

- (di-di-di—dah)

- - (di-dah-dah)
- . . - (dah-di-di-dah)
— . - — (dah-di—-dah—dah)
- - . . (dah-dah-di-dit)

N << == =S o 3 nn ™o Yo = = & =" 49 +4 @
|

————— (dah—dah—dah—dah—dah)
- - - - (di-dah-dah-dah-dah)
- — - (di-di—-dah—-dah—dah)
- — (di-di-di-dah-dah)
, - (di-di-di-di-dah)
..... (el b= i kto)
- . . . . (dah-di-di-di-dit)
- - . . . (dah-dah-di-di-dit)
- - — . . (dah-dah-dah-di-dit)
- - - - . (dah-dah-dah-dah-dit)

©O© 0 N O Ol = W N = O

el LA Ry e

MorseCode = ”A,. -, di-dah|B, ..., dah-di-di-dit|C,-. - ., dah-di-dah-dit|



D,~..,dah-di-dit|E,.,dit|F,.. -.,di-di-dah—dit|G, - - ., dah-dah-dit|H, ..

..,di-di-di-dit|I,..,di-dit|]J,. - - -, di-dah-dah—dah|K, -. -, dah-di—dah|
L,. -..,di-dah-di-dit|M, - -, dah-dah|N, -., dah-dit |0, - - -, dah—-dah—dah | P,
. —.,di-dah-dah-dit|Q, - -. -, dah-dah-di-dah|R,. - ., di-dah-dit|S,...,di
-di-dit|T, -, dah|U,.. -, di-di-dah|V,... -, di-di-di-dah|W,. - -, di-dah—da
h|X,-.. -, dah-di-di-dah|Y, -. - -, dah-di-dah—dah|Z, - - .., dah-dah-di—dit|
0,-—-——-- , dah—-dah-dah—-dah-dah|1,. - — - -, di—-dah—dah—-dah—-dah|2,.. - - -,d
i-di-dah-dah-dah|3,... - -, di-di-di-dah-dah|4,.... -, di-di—-di—-di—dah]|5,
..... ,di-di-di-di-dit|6,-...., dah-di-di-di-dit|7,--..., dah-dah-di—di-
dit|8, - - -.., dah-dah-dah-di-dit|9, - - - - ., dah-dah-dah-dah-dit”

Dim MorseCodeData (35, 2)

Private Sub Form Load() ° #ATEFEN (B EREH)

MorseCode = “A,. -, di—dah|B, ..., dah-di-di-dit|C,-. - ., dah-di—dah-
dit|D, -.., dah-di-dit|E,.,dit|F,.. - ., di-di-dah-dit|G, - - ., dah—-dah-dit|
H,....,di-di-di-dit|I,..,di-dit|]J,. - - -, di-dah-dah—-dah|K, -. -, dah-di-
dah|L,. -..,di—-dah-di-dit|M, — -, dah—-dah|N, —., dah—-dit |0, - - -, dah-dah—da
h|P,. -.,di-dah-dah-dit|Q, - -. -, dah-dah-di-dah|R,. - ., di-dah-dit|S,..
.,di-di-dit|T, -, dah|U,.. -, di-di-dah|V,... -, di-di-di-dah|W,. - -, di—da
h-dah|X,-.. -, dah-di-di-dah|Y, -. - -, dah-di—dah-dah|Z, - - .., dah-dah—di—
dit]|0,----- , dah—dah-dah—dah-dah|1,. - — - -, di-dah—-dah-dah—-dah |2, .. - -
-, di-di-dah-dah—-dah|3,... - -, di-di-di-dah-dah|4,.... -, di-di-di-di-da
h|5,..... ,di-di-di-di-dit|6, -. ..., dah-di-di—-di-dit|7,- - ..., dah-dah—di
-di-dit|8, - - -.., dah-dah—-dah-di-dit|9, - - - - ., dah—-dah-dah—-dah—dit”

MorseDataA = Split (MorseCode, ”|”)

For i = 0 To UBound (MorseDataA)
MorseDataB = Split (MorseDataA(i), ”,”)
For J = 0 To UBound (MorseDataB)
MorseCodeData (i, J) = MorseDataB (J)




For i = 1 To Len(Textl)
If Asc(Mid(Textl, i, 1)) >= 97 And Asc Mid(Textl, i, 1)) <=1
22 Then
Inp = Chr (Asc Mid (Textl, i, 1)) - 32)

Else

Inp = Mid(Textl, i, 1)
End If

OutA = 7?7

OutB = "2

For J = 0 To 35

If Inp = MorseCodeData(J, 0) Then OutA = MorseCodeData (],
1)
If Inp = MorseCodeData(J, 0) Then OutB = MorseCodeData (],
2)
Next J
Text2 = Text2 & OutA & ” 7
Text3 = Text3 & OutB & ” ”
Next 1
End Sub

End

o [FHAHE T E - Visual Basic 6.0 FEHFZXHE (Morse Code).rar
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