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¬xÙ�Ú}þ���ßÄäÆê�!Rß[ÛUäÆ×!ÖÙ½× ë äÆê<ÛÄê�êGúDÛUäÆ×!Ö×zßÄÙ½Ú<Õ�þ ODê�ß¯Û¯â±ã½ç*ï�ê<ùÛ
ßÄÙ�Þ]ùÆã½çGÛÄÙ½ê<ÕÜÝU×zßÄùÆã�Û¨ß!ê<úf`GâT�|×zÕWéêÖÙ½ÕÆÚ�ÙÅß!ÝU×hæ�×zçGã½×zÖ�Ù½Õ ¬xÙ�Ú}þ
� þ%ÿ�ï%éhê<Õ7ÛÄÝ¨ç<ß¯ÛzåI¬xÙ�Ú���¢�ÙÅß�ÛÄäÆ×|Ö×zéhêvÖÆÙ�ÕÆÚ�ÝÄ×uß¯ùWã�Û¨ßhþ%í[äÆ×
ê ë ×hÝ¨ç ÛUÙ�ÕWÚ�éã½êé2$|ÙÅßm�����D� �-��ç ÛÓçGã½ãxßÄÙ�Þ]ùÆãÅç ÛÄÙ½ê<Õ�éê<ÝUÕÆ×zÝUßzþ
í[äÆ×�èÆÙ�ÛÑÝ¨ç ÛÄ×�ÙÅß � ¢N¢	��è ë ßDÛUê��<þ+��Zpè ë ßaÚ�Ù�æ�×hÕ�ç���¢�¢�� � �
ßÄïvß¯ÛÄ×zÞ éhã�êé2$yåf!�äÆÙÅé¨ä�Þ�×h×Û¨ßmÛUäÆ×}�
	Óè ë ßmÛUê¥�<þ ¢TZpè ë ß
ÝU×zø7ùÆÙ½ÝÄ×zÞ-×zÕ7Û[ê<úg�)O���Z��}þ
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� ÕÆê æ<×zã Þ�ùÆã�ÛÄÙ�â±ßÄïvÞ�èFê<ãG×zÕWéêÖÙ½ÕÆÚ�Þ�×ÛUäÆêÖÓÙ½ß ë ÝÄê<â
ë ê�ßÄ×zÖ6Ù�Õ6ÛUäÆÙ½ß !Ëê�Ý�$yþLÔ±ÛÏ×hÕÆä}çGÕWéh×zß|ÛÄäW× ë êvê�Ý�èÆÙ�ÛÏÝ¨ç ÛU×
êGú ë ÝÄÙ½ê<Ý�áWØv×uÖvâ±ã�×zÕÆÚGÛUä;éê�Þ ë ÝÄ×ußÄßÄÙ�ê�Õ�ç ëÆë ÝUê�ç�é¨äÆ×zß�èvï�×hÕÆâ
éêÖÙ½ÕÆÚ)Þ�ê<ÝU×�ß¯ïvÞ�èFê<ãÅßÓÙ½Õ�ÛUäÆ×mÝU×zÖùWÕWÖÆçGÕ7Û�èÆÙ�ÛUßzþ\OaçGÝ¨çGã½ã½×hã
Ö×uéêÖÙ½ÕÆÚ,ç Û�ÛÄäÆ×mÝU×zéh×hÙ½æ<×zÝÓÛÄ×hÝUÞ�Ù�Õ}çGã_ÙÅß!Þ�ç<Ù�Õ7ÛUç<Ù�ÕW×zÖkþ o Õ
ÛÄäW×]ê<ÛÄäÆ×zÝ2äWç<ÕWÖkåFÛÄäW× ë êvê<ÝÃÞ�×zÞ-ê�ÝÄï)×���éhÙ�×zÕWéï�ç<ÕWÖ,ßÄã�ê�!
ß ë ×z×zÖ�ê<ú ë ÝÄÙ½ê<ÝËæ çGÝUÙ½ç<èÆã�×hâSã½×hÕWÚGÛÄä�éhê<Þ ë ÝU×zßUß¯Ù½ê<Õmç ëÆë ÝUê�ç<é¨äW×zß
çGÝU×]ç*æ�ê<ÙÅÖ×zÖ�þ�Ô±ÛÓÙÅßpæ<×zÝÄï�ßÄùÆÙ�Û¨çGèÆã½×-ÛÄê|è}× ë ãÅç<éh×zÖ,è}×hÛ"!Ë×z×hÕ
ÛÄäW×)áÆØ×zÖvâ±ã�×zÕÆÚGÛUä+ç<ÕWÖ1æ*ç<ÝÄÙÅçGèWã�×hâSã½×hÕÆÚ<ÛÄä�éhê<Þ ë ÝU×zßUß¯Ù½ê<Õ}ß�ÛUê
ç<ézéê�Þ-Þ�êÖÆçGÛÄ×2ÛÄäÆ×!ç�Öæ çGÕ7ÛUç<Ú<×zß�ê<ú�ÛUäÆ×zßÄ×pÛ"!Ëê�Þ�×ÛUäÆêÖÆßhþ

��ñ ¡Di�kfi2¡li ó ¢mi��

#�� Z-þI�ËêGÛÄ×�åI��þYZÓç<ã�ãÅçGÕ7Ûzåaç<ÕWÖ�¬�þ�	Óê�ßUßÄ×hÕ7ÛÄÙ½ÕÆÙSå�±2´v×hÞ�Ù�â

áÆØ×uÖvâSã½×hÕWÚGÛÄäÓÞ�êGÛUÙ�ê�Õ�æ<×ué�ÛÄê�ÝBéêÖÙ½ÕÆÚ[ú¸ê�ÝE�!þ+���N` â±èWç<ßÄ×zÖ
ã½ê�!�èÆÙ�Û[Ý¨ç ÛU×2ævÙÅÖ×hê�éê�Þ ë ÝÄ×ußÄßÄÙ½ê<Õ�å ³������� ÈÆ¬Ä¹ «W²ÇD¥G«
 Á�¹z´�§���¬Ä¥u¤¨§�²¨²�³¶«7´�� æ<ê<ãSþ��Wå�ÕÆêWþ���¢Wå ëÆë þ������§�â2��� ���å
o éÛzþ�� ����� þ
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ÛU×hÝUÕ-Þ�çGÛUé¨äÆÙ½ÕÆÚpú¸ê<ÝÑçpú�ç�ßªÛL�Ãù÷FÞ�ç<ÕmÖ×zéhêvÖÆ×hÝuå ³�������
ÈÆ¬Ä¹ «W²hÇÃ¥ «��Ñ¥ «W²¨ÎÁ�§h¬ � ¼�§¨¤h·r¬U¥ «W³�¤²�� æ�ê<ãSþE���<åDÕÆê}þb��å
ëÆë þ � �*âF�=¢�`Æå ¬Æ×zè�þ(� ��� �Æþ


 `� 3 þ �Ãç�ß¯äW×hÞ�Ù½ç<Õ�åQ±���×zÞ�ê<ÝUï]×���éhÙ�×zÕ7Û[ç<ÕWÖ�äÆÙ½Ú<äâJß ë ×z×zÖ
ßÄ×zç<ÝUé¨är�Rù÷yÞ�çGÕ1éêÖÙ½ÕÆÚWå ³������� È¬Ä¹G«Æ²hÇR¥G«��Ñ¥ Á-®
Á-Î«W³�¤¨¹ ·S³�¥ «W²�� æ<ê<ãSþ§��`ÆåWÕWêWþ(�=¢Æå ëWë þ��N�N���GâT�N���¤�<å o é�Ûuþ
� ��� �Æþ


 ��!íÓþf0B×<å�çGÕ}Ö���þ	Zpã½×zßÄÕÆ×hÝuå¨± � ÕÆ×�! kW×ØÙ½èÆã�× çGÝÄâ
é¨äÆÙ�ÛÄ×ué�ÛÄùWÝÄ× ú¸ê�ÝYæ çGÝUÙÅçGèÆã½× ã�×zÕÆÚGÛUäüì ��í ÛUÝUç<Ú<×hÛÄÙ½ÕÆÚ
ßÄäWç ë ×âJç<ÖÆç ë ÛÄÙ½æ<× ÛÄÝ¨çGÕ}ßªú¸ê�ÝÄÞ)å ³ ��!�!�!"������# «}·±§h¬hÇ
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S2

S3

Sn-1 Sn

0

10

110

11...10 111...11

¬xÙ�Ú�ùÆÝÄ×���àL´ $<×�!Ë×uÖD�RùÆ÷FÞ�çGÕ)ÛUÝÄ×z×

1 1 1 0 0Sk

pi

pj
(E3)

XOR c1(a)

XOR c2
(b) XOR c3

(c)

XOR

c4

(a)

XOR c5

(b)
(E4)

(E1)

(E2)

1 0

1 1 0

Si
Sj

1 0

1 1 0

Si
Sj

1 0 0 0 0

1 1 0 0 0

Si
Sj

1 0 1 0 0

1 1 0 0 0

Si
Sj

1 0 1 0 0

1 1 0 0 0

Si
Sj

1 0 1 0 1

1 1 0 0 0

Si
Sj

1 0 1 0 1

1 1 0 0 1

Si
Sj

1 0 1 0 1

1 1 0 1 1

Si
Sj

¬�Ù½Ú<ùWÝÄ×j�à � Õ|×hØÆçGÞ ë ã½×pê<úI� âF�pÞ�ùWã�ÛUÙ�âJß¯ïvÞ]è}ê�ã�×hÕWéhêÖÙ�ÕWÚ



(D1)

(D2)

stack

(a) (b)

(c)

0

0

pi

pj

XOR
0

1

stack

1
XOR

XOR

stack

(D3)
XOR

stack

1
XOR

stack
(D5)

Si
Sj 1 1 0 1 1

1 0 1 0 1

Si
Sj 1 1 0 1 1

1 0 1 0 1

Si
Sj 1 1 0 1 1

1 0 1 0 1

Si
Sj 1 1 0 1 1

1 0 1 0 1

0
0

Si
Sj 1 1 0 1 1

1 0 1 0 1

(D4)

Si
Sj 1 1 0 1 1

1 0 1 0 1

0
0
1

0
0
1
1

Si
Sj 1 1 0 1 1

1 0 1 0 1 Sk
1 1 1 0 0

0
0
1
1
1

¬xÙ½Ú<ùÆÝU× `Æà � Õ|×hØÆçGÞ ë ã½×pê<úQ� âF�ÓÞ�ùWã�ÛUÙ�âJß¯ïvÞ]è}ê�ã�Ö×zéhêvÖÆÙ�ÕÆÚ

¬xÙ�Ú�ùÆÝU×¯�}à�í[äÆ×�éhê<Þ ë ÝU×zßUß¯Ù½ê<Õ]ÝUçGÛÄÙ½êpê<úFÖÙ�÷y×hÝUÕ�Û �Ãâ���Þ]ùÆã�ÛUÙ�â
ßÄï7Þ]è}ê�ãk×hÕWéhêÖÙ�ÕWÚ

Initial state

Encode First
Symbol

Encode Second
Symbol

Are There Enough
Redundant Bits

For Fourth
Symbol ?

Encode Third
Symbol

Encode Fourth
Symbol

Are There Enough
Redundant Bits

For Fifth
Symbol ?

Encode Fifth
Symbol

NONO

YES

YES

¬xÙ�Ú�ùÆÝÄ×j�ÆàZ¬Q´§� ê<úBÛUäÆ×j` â"�]×hÕWéhêvÖÆ×hÝRÖ×uß¯Ù½Ú<Õ

Redundant
Bits Counter Right

Shifter

Left
Shifter

3
3

3

2

2

2

3

endata

count

symbol

¬xÙ½Ú<ùÆÝU× �ÆàL´vÙ½ÕÆÚ�ã�×hâ±ßÄïvÞ�èFê<ãkÖ×zéhêÖ×hÝ

Symbol1
Decoder

Symbol2
Decoder

Symbol3
Decoder

39
Symbol4
Symbol5
Decoder

endata[8:0]

count1

count2

count3

endata[2:0]

endata[5:3]

endata[8:6]

endata[2:0]

endata[5:3]

endata[8:6]

symbol4

symbol4_act

symbol5

symbol5_act

3

3

3

3

3

symbol1
symbol2
symbol3

3

3

3 2

2

3

2

3

¬xÙ½Ú<ùÆÝU× �vàZ´é¨äÆ×zÞ�çGÛÄÙÅéÓêGú�ÛÄäÆ×j`GâT�]Ö×zéhêÖ×hÝ

¬xÙ½Ú<ùÆÝU×��Æàaì2Ù�× ë äWêGÛÄê�ê<ú�ÛUäÆ× ë ÝUê ë ê�ßÄ×zÖ�éhêÖ×zé

unit : 10-1 ns

000   111   100   110 010111100
encode

¬xÙ�Ú�ùÆÝÄ× � à�ODê7ßªÛÄâSãÅç*ï<ê�ùÛ_ß¯Ù½Þ�ùWã½çGÛÄÙ½ê<ÕmÝU×zßÄùÆã�Û�ê<ú�ÛÄäÆ×Ó×zÕWéêÖ×zÝ

000101100 000   100   100   110
decode

010011010 000   000   000   100  111

unit : 10-1 ns

decode

¬xÙ�Ú�ùÆÝÄ×���¢Wà.ODê�ß¯Û¯â±ã½ç*ï�ê<ùÛkß¯Ù½Þ�ùWã½çGÛÄÙ½ê<Õ!ÝU×zßÄùÆã�ÛBêGúÛUäÆ×ËÖ×uéêÖ×zÝ


