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10. Kukl¸mata pr�xewn - Stoiqei¸dh
 mon�da arijmhtik 
(a) Prìsjesh dÔo duadik¸n yhf�wn y1 + y2H basik  arijmhtik  pr�xh pou ektele�tai s> ènan H.U. e�naih prìsjesh 2 duadik¸n arijm¸n, pou profan¸
 edr�zetai sthnprìsjesh dÔo duadik¸n yhf�wn, pou eujÔ
 amèsw
 ja exet�sou-me me leptomèreia. Kat> arq n, ìle
 oi dunatè
 peript¸sei
 poumporoÔn na emfanistoÔn apod�dontai apì ton parak�tw p�naka 9maz� me ta ant�stoiqa exagìmen� tou
, se prokÔptonta yhf�a�jroish
 kai kratoumènou:P�naka
 9. P�naka
 �jroish
 2 duadik¸n yhf�wn

y1 y2 Yhf�o ajro�smato
 S Yhf�o kratoumènou K0 0 0 00 1 1 01 0 1 01 1 0 1 2/22



Apì ton parap�nw p�naka kaj�statai safè
 ìti to men yhf�-o �jroish
 sumperifèretai w
 to exagìmeno tou sugkrit (apotèlesma 0 ìtan ta ajroizìmena yhf�a e�nai �dia, apotèle-sma 1 ìtan e�nai diaforetik�), en¸ to yhf�o tou kratoumènousumperifèretai w
 to exagìmeno th
 di�taxh
 AND. Kat� sunè-peia h di�taxh pou ulopoie� thn �jroish 2 duadik¸n yhf�wn,apod�detai apì to parak�tw sq ma 16:Sq ma 16. Di�taxh Hmiajroist 

h de sumbolik  tou par�stash e�nai:

kai onom�zetai hmiajroist 
 (Half-adder). 3/22



(b) Afa�resh dÔo duadik¸n yhf�wn y1 − y2Me parìmoio trìpo antimetwp�zetai h per�ptwsh th
 afa�resh
2 duadik¸n yhf�wn. DhmiourgoÔme, kat> arq n, ton ant�stoiqop�naka (alhje�a
) ìlwn twn dunat¸n peript¸sewn, tou p�naka10: P�naka
 10. P�naka
 afa�resh
 2 duadik¸n yhf�wn y1 − y2

y1 y2 Yhf�o Diafor�
 D Yhf�o DaneismoÔ-Ofeilomènou O0 0 0 00 1 1 11 0 1 01 1 0 0Mia mati� ston p�naka afa�resh
 kajist� profanè
 ìti to yh-f�o diafor�
 èqei parìmoia sumperifor� ìpw
 kai to yhf�o touajro�smato
 (�ra ja apotele� thn èxodo enì
 sugkrit ), en¸to yhf�o tou Ofeilomènou apotele� thn èxodo th
 AND gia tosumpl rwma th
 eisìdou y1 kai to y2. 4/22



'Etsi, h sqhmatik  di�taxh th
 afa�resh
 2 duadik¸n yhf�wn,pou kale�tai kai hmiafairet 
 (Half-subtractor) e�nai h akìlou-jh tou sq mato
 16:Sq ma 16. Di�taxh Hmiafairet 

me thn akìloujh sumbolik  par�stash:
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(g) Prìsjesh tri¸n duadik¸n yhf�wn y1, y2 kai kH �jroish dÔo duadik¸n yhf�wn kalÔptei mìno ta yhf�a twnmon�dwn sthn per�ptwsh th
 �jroish
 2 duadik¸n arijm¸n. Giathn ìlh k�luyh th
 diadikas�a
 apaite�tai kai h di�taxh th
�jroish
 3 duadik¸n yhf�wn, twn y1 kai y2 (ta ant�stoiqa yhf�atwn dÔo prosjetèwn) kaj¸
 kai tou yhf�ou k (tou kratoumènou),pou proèkuye apì to prohgoÔmeno b ma th
 ìlh
 diadikas�a
.H mejodolog�a paramènei h �dia; dhlad  dhmiourgoÔme ton p�-naka ìlwn twn dunat¸n peript¸sewn, pou apod�detai apì tonparak�tw p�naka 11, maz� me ta ant�stoiqa apotelèsmata:P�naka
 11. P�naka
 �jroish
 3 duadik¸n yhf�wn

y1 y2 k S K0 0 0 0 00 0 1 1 00 1 0 1 00 1 1 0 11 0 0 1 01 0 1 0 11 1 0 0 11 1 1 1 1 6/22



Sth sunèqeia dhmiourgoÔme thn parak�tw di�taxh tou sq ma-to
 17, pou apod�dei thn di�taxh th
 �jroish
 twn 3 duadik¸nyhf�wn, pou kale�tai Pl rh
 Ajroist 
 (Full Adder):Sq ma 17. Di�taxh Pl rh Ajroist 

me thn akìloujh sumbolik  par�stash:
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(d) Afa�resh tri¸n duadik¸n yhf�wn y1 − y2 −OMe thn �dia logik  th
 �jroish
, up�rqei an�gkh kat� thn ulo-po�hsh th
 diadikas�a
 th
 afa�resh
 2 duadik¸n arijm¸n, nadiajètoume thn �dia diadikas�a th
 afa�resh
 3 duadik¸n yhf�-wn, gia thn k�luyh twn epìmenwn yhf�wn, twn mon�dwn. Pro
toÔto dhmiourgoÔme ton p�naka 12 ìlwn twn dunat¸n peript¸-sewn (p�naka
 alhje�a
), pou e�nai:P�naka
 12. P�naka
 afa�resh
 3 duadik¸n yhf�wn y1 − y2 −O

y1 y2 O D Of0 0 0 0 00 0 1 1 10 1 0 1 10 1 1 0 11 0 0 1 01 0 1 0 01 1 0 0 01 1 1 1 1kai sth sunèqeia dhmiourgoÔme thn parak�tw di�taxh tou sq -mato
 18 pou ulopoie� thn afa�resh twn y1− y2−O, pou onom�-zetai Pl rh
 Afairet 
 (Full Subtractor): 8/22



Sq ma 18. Pl rh
 Afairet 


me thn akìloujh sumbolik  par�stash:

(e) Ajroist 
 dÔo duadik¸n arijm¸nMe th bo jeia tou hmiajroist  kai tou pl rh ajroist  e�-nai eÔkolo plèon na sqediaste� ajroist 
 dÔo duadik¸n a-rijm¸n, pou sta epìmena ja upoteje� ìti oi duadiko� arijmo�èqoun to polÔ m ko
 enì
 byte (8 duadik¸n yhf�wn). 9/22



Kat� ta gnwst� o algìrijmo
 th
 �jroish
 sumperilamb�neièna pr¸to b ma me thn �jroish twn 2 yhf�wn twn mon�dwn(twn 2 arijm¸n) kai sth sunèqeia diadoqik  �jroish tri¸n yh-f�wn, 2 twn ant�stoiqwn yhf�wn twn 2 arijm¸n kai to tr�toto yhf�o tou kratoumènou, apì to prohgoÔmeno b ma, pou jae�nai e�te 1, e�n ìntw
 up�rqei kratoÔmeno, e�te 0, e�n den u-p�rqei. 'Etsi, loipìn o sqediasmì
 tou ajroist  ja perièqei,èna hmiajroist , gia ta yhf�a twn mon�dwn, kai èna arijm¸npl rwn ajroist¸n, gia ta upìloipa yhf�a (7 ton arijmì sthnprokeimènh per�ptwsh), opìte ja èqei thn akìloujh morf  tousq mato
 19:
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Sq ma 19. Ajroist 
 2 bytes twn a7 a6 a5 a4 a3 a2 a1 a0 kai

b7 b6 b5 b4 b3 b2 b1 b0
Profan¸
 to apotèlesma th
 �jroish
 twn duadik¸n arijm¸n

a7 a6 a5 a4 a3 a2 a1 a0 kai b7 b6 b5 b4 b3 b2 b1 b0 ja e�nai, genik�,o enneay fio
 arijmì
:
k7 σ7 σ6 σ5 σ4 σ3 σ2 σ1 σ0.
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Parat rhsh: Sto prohgoÔmeno sq ma, q�rin omoiomorf�a
 twndomik¸n ulik¸n tou ajroist , ja mporoÔsame sthn jèsh touhmiajroist  na k�noume qr sh enì
 pl rh ajroist , jètonta
sth m�a tou e�sodo p�ntote to mhdèn, opìte tìte to ìlo kÔklwmatou ajroist  ja apotele�tai mìno apì pl rei
 ajroistè
.(st) Di�taxh prosjafa�resh
 2 duadik¸n arijm¸n(Two complement Adder/Subtractor)Gia thn per�ptwsh th
 afa�resh
 2 duadik¸n arijm¸n, ant� naèqoume èna �llo kÔklwma pou ja ektele� thn afa�resh dÔo du-adik¸n arijm¸n, mporoÔme na axiopoi soume ton prohgoÔmenoajroist  gia na epitÔqoume to epijumhtì apotèlesma, epitug-q�nonta
 ètsi kai thn sqetik  oikonom�a sto kìsto
 tou su-st mato
. Pro
 toÔto a
 doÔme th diadikas�a th
 afa�resh
 meqr sh tou sumplhr¸mato
 enì
 duadikoÔ arijmoÔ w
 pro
to 2 (thn b�sh tou duadikoÔ sust mato
). 12/22



O kanìna
 th
 afa�resh
 problèpei th sumpl rwsh (anti-strof ) twn yhf�wn tou afairetèou (apì 1 g�nontai 0 kai apì0 g�nontai 1), thn �jroish tou
 me ta yhf�a tou meiwtèou kaith metafor� tou telikoÔ kratoumènou (pou diagr�fetai apìkratoÔmeno) sto �jroisma gia to telikì apotèlesma.Par�deigma: A
 p�roume 2 tetray fiou
 (half-bytes) duadikoÔ
arijmoÔ
 ton 7 (0111) kai ton 3 (0011); gia thn afa�res  tou
,pa�rnw to sumpl rwma tou 3 pou e�nai o 1100 kai ton prosjètwston meiwtèo: 0 1 1 1 (meiwtèo)1 1 0 0 (to sumpl rwma tou afairetèou)Telikì kratoÔmeno ← 1 0 0 1 1
|−−−→+10 1 0 0 →Apotèlesma th
 afa�resh
 e�nai to 4.Ta parap�nw ulopoioÔntai apì thn parak�tw di�taxh tou sq -mato
 20. 13/22



Sq ma 20. Di�taxh Prosjafa�resh
 twn

a3 a2 a1 a0

± b3 b2 b1 b0
(κ) r3 r2 r1 r0
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Gia thn katanìhsh tou sq mato
 20 ja  tan qr simo na doÔmeti sumba�nei ston p�naka alhje�a
 th
 pÔlh
 XOR, ìtan h m�ae�sodì
 th
 e�nai 0   1 (pou apotele� to s ma prosjafa�resh
).O p�naka
 e�nai XORA/B 0 10 0 11 1 0Kat� sunèpeia, ìtan mia e�sodo
, èstw h A, e�nai mhdèn (pr¸thgramm ), tìte h XOR apod�dei thn �llh e�sodo, dhlad  th B. En¸ìtan e�nai 1 (deÔterh gramm ) tìte apod�dei ta sumplhr¸mata th
eisìdou B.Epanerqìmenoi sto sq ma 20, parathroÔme ìti o arijmì
 a0 a1 a2 a3eis�getai stou
 4 pl rei
 ajroistè
 kanonik�-p�ntote- en¸ oarijmì
 b0 b1 b2 b3, e�n men to s ma prosjafa�resh
 e�nai 0,dhlad  prìsjesh e�nai h pr�xh pou ja l�bei q¸ra, tìteo arijmì
 b0 b1 b2 b3 eis�getai w
 èqei, afoÔ oi pÔle
 XORenergoÔn w
 aplo� diabibastè
 tou s mato
 B. 15/22



E�n, de, to s ma prosjafa�resh
 e�nai 1-dhlad  afa�resh e�-nai h pr�xh pou ja l�bei q¸ra- tìte ston pl rh ajroist O eis�getai to telikì kratoÔmeno, ap> arq 
, en¸ stou
 ajroi-stè
 eis�gontai ta sumplhr¸mata twn yhf�wn tou B, ìpw
problèpei o kanìna
 th
 afa�resh
. To telikì kratoÔmeno stonpl rh ajroist  3 aporr�ptetai, afoÔ èqei  dh lhfje� upìyhston pl rh ajroist  O.(z) H mon�da arijmhtik 
 (Arithmetic Unit)K�je yhfiakì
 H.U. prèpei na ektele� pr�xei
 (basik� prìsje-sh, sumpl rwsh - gia thn ulopo�hsh th
 afa�resh
 - kai meta-top�sei
 gia thn ulopo�hsh tou pollaplasiasmoÔ kai th
 dia�-resh
) kai autè
 g�nontai sthn mon�da arijmhtik 
. Gia men thnprìsjesh kai afa�resh ja epishm�noume thn par�llhlh ektèle-sh twn pr�xewn pou ulopoioÔntai se dÔo lèxei
 A kai B touupologist , pr�gma pou apod�detai apì to parak�tw sq ma 21.16/22



Sq ma 21. Par�llhlo
 Ajroist 


Gia ti
 dexiè
 kai aristerè
 metatop�sei
 e�nai eÔkolo na dia-pist¸soume ìti h men dexi� metatìpish diaire� ton arijmì di�dÔo, en¸ h arister  metatìpish ton pollalasi�zei me to 2, ì-pw
 e�nai safè
 apì ta parak�tw dÔo sq mata, ìpou h e�sodo
A jewre�tai ìti e�nai m kou
 1 byte. 17/22



(i) Dexi� Metatìpish (Right Shifting)

(ii) Arister  Metatìpish (Left Shifting)

Tèlo
, h leitourg�a th
 arijmhtik 
 mon�da
 apaite� thn parou-s�a enì
 epilogèa dedomènwn(multiplexer), pou e�nai m�a di�ta-xh sthn opo�a katal goun pollè
 grammè
 dedomènwn kai aut me kat�llhlo mhqanismì, twn gramm¸n epilog 
 (control line-

s), epitrèpei thn èxodo mi�
 kai mìno gramm 
 (dhlad  o epilogèadedomènwn e�nai o {troqonìmo
 th
 arijmhtik 
 mon�do
}).18/22



To parak�tw sq ma 22 apod�dei thn ìlh kat�stash, o de p�naka
leitourg�a
, pou up�rqei, perigr�fei thn èxodo pou apod�detaise k�je kat�stash twn gramm¸n epilog 
 x kai y (blèpe sq ma22). Sq ma 22. Epilogèa
 Dedomènwn (Multi-Plexer) 4 epilog¸n
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Met� ti
 prohgoÔmene
 diasafhn�sei
, mporoÔme na d¸soume thbasik  dom  th
 mon�da
 arijmhtik 
 AU1 tou sq mato
 23:Sq ma 23. Mon�da Arijmhtik 
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pou san kentrikì th
 stoiqe�o e�nai o par�llhlo
 ajroist 
(P.A.), en¸ oi dÔo eisodo� tou A kai B uf�stantai di�fore
epexergas�e
 me b�sh ta s mata elègqou X, Y kai Z twn dÔo

multiplexers pou up�rqoun pou ìle
 apod�dontai apì ton p�nakaleitourg�a
 (blèpe p�naka 13) th
 mon�do
 pou akolouje�:P�naka
 13. P�naka
 leitourg�a
 th
 AU1S mata Elègqou Dedomèna ApotelèsmataQ U Z KpI A B PragmatopoioÔmenh KpOPr�xh0 0 0 0 R = A + B0 0 0 1 R = A + B + 10 0 1 0 R = A−B − 10 0 1 1 R = A−B0 1 0 0 R = 2A + B0 1 0 1 R = 2A + B + 10 1 1 0 R = 2A−B − 10 1 1 1 R = 2A−B1 0 0 0 R = 1/2A + B1 0 0 1 R = 1/2A + B + 11 0 1 0 R = 1/2A−B − 11 0 1 1 R = 1/2A−B1 1 0 0 R = B1 1 0 1 R = B + 11 1 1 0 R = −B − 11 1 1 1 R = −B 21/22



Apì ton p�naka 13 e�nai safè
 ìti dekaèxi (16) diaforetikè
peript¸sei
 epexergas�a
 dedomènwn A, B kai KPI

e�nai dunatìnna dhmiourghjoÔn me ant�stoiqa apotelèsmata pou emfan�zontaisthn st lh {pragmatopoioÔmenh pr�xh}, pèran de aut¸n twndiergasi¸n h AU1 den dÔnatai na pragmatopoi sei otid pote�llo.
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