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&6(�����,QWURGXFWLRQ�WR�'LJLWDO�'HVLJQ

q &RXUVH�VWDII
½ /DUU\�$UQVWHLQ�����

q &RXUVH�ZHE
½ ZZZ�FV�ZDVKLQJWRQ�HGX�HGXFDWLRQ�FRXUVHV�������DX�

q 7KLV�ZHHN��,QWURGXFWLRQ
½ .H\ZRUGV�³GLJLWDO´�DQG�³GHVLJQ´
½ ([DPSOHV�DQG�EDVLFV

q &RQWHQW�DQG�*UDGLQJ
½ :HHNO\�KRPHZRUNV� ����
½ &ODVV�SDUWLFLSDWLRQ� ����
½ 0LGWHUP� ����
½ )LQDO��FRPSUHKHQVLYH�� ����

q 6RIWZDUH��'HVLJQ:RUNV
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:KDW�LV�'LJLWDO"�

Analog
Amplifier

Key Design Issue:
Frequency response 

Analog 
Signal
Input

Analog 
Signal
Output

Strengths
Compact, and Error Tolerant 
One wire can carry a Symphony

Weaknesses
“Lossy”-- Subject to distortion, 
good for media, not computation

What isn’t Digital ? Analog

Examples:
•Bullhorn
•Noise Filter
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:KDW·V�'LJLWDO

Digital
Amplifier

Key issues:
Switching Speed
and Delay

binary

Ternary

Input signal 
“regarded” as 

Digital

Output
signal is 

restored or
“quantized”

Weaknesses
•Inefficient 
•Rely on parallelism to get things done
•(Sega Dreamcast is a 128 Bit Machine)
•Error intolerant

Strengths
•Lossless --Only loss is quantization. 
•Great for computation!
•Highly reproducible and shrinkable
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7KH�'LJLWDO�*DWH��(OHFWURQLF�

Make
Decision and

Restore strength

• Value of output determined by values of inputs
• The output strength (voltage or current) must be high enough 
to activate several similar devices.

Digital Logic Gate

Allows complex computation with no degradation of information

inputs output
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$Q�([DPSOH��7KH�&026�,QYHUWHU

pMOS
Transistor

nMOS
Transistor

MOS Transistors
The resistance of the “channel” is 
determined by the voltage of the 
gate. 

A positive voltage on the input 
reduces the resistance of the 
nMOS channel, and increases the 
resistance of the pMOS channel. 

Key properties:
Very small input current (leakage 
only), very high “gain” amplifier

A Z

nMOS + pMOS = CMOS

A Z = not(A)

Weak input → Strong Output
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%DVLF�8QLWV�RI�'LJLWDO�&RPSXWDWLRQ�LQ�&026

A Z = not(A and B)
Z = not(A) or not(B)

B
Z

A

B

the NAND gate A Z = not(A or B)
Z = not(A) and not(B)

B
Z

A

B

the NOR gate

A Z = not(A)

the NOT gate

Z
A

B

true

false
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2WKHU�IRUPV�RI�GLJLWDO�KDUGZDUH

q )LUVW�'LJLWDO�6\VWHP��0ROHFXODU�6WUXFWXUH�VXFK�DV�'1$

q %HDGV��� WKH�DEDFXV��a����%&�

q 0HFKDQLVPV��� WKH�SRVLWLRQ�RI�D�JHDU�RU�VKDIW������¶V��� %DEEDJH ����¶V�

q (OHFWURPHFKDQLVPV �� UHOD\V��=XVH ����¶V�

q (OHFWULFDO�&XUUHQWV��7XEHV��%LSRODU�7UDQVLVWRUV�����¶V�����¶V�

q 9ROWDJHV��&026�����¶V�SUHVHQW�

q )LEHU�2SWLFV��� /LJKW�RU�/LJKW�RII

q '\QDPLF�5$0��� &KDUJHG�RU�'LVFKDUJHG�FDSDFLWRU��RQ�026�JDWH�

q 1RQYRODWLOH�PHPRU\��HUDVDEOH���� 7UDSSHG�HOHFWURQV�RU�QR�WUDSSHG�HOHFWURQV

q 3URJUDPPDEOH�520��� )XVHV

q %XEEOH�PHPRU\��� 3UHVHQFH�RU�DEVHQFH�RI�D�PDJQHWLF�EXEEOH

q 0DJQHWLF�GLVN��� 'LUHFWLRQ�RI�PDJQHWLF�IOX[

q &RPSDFW�GLVF��� WKH�3UHVHQFH�RU�DEVHQFH�RI�D�SLW
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:KDW�LV�GHVLJQ��FRQW·G�"

q :KDW�LV�HQJLQHHULQJ�GHVLJQ"

q :KDW�LV�ORJLF�GHVLJQ"
½ &RQVWUDLQWV� 
)XQFWLRQ��&RVW��3HUIRUPDQFH��3RZHU��6HUYLFDELOLW\��6DIHW\��3URMHFW�
6FKHGXOH��HWF�

½ 'DWDEDVH� 
6FKHPDWLF��/D\RXW��$OJRULWKP��0HFKDQLFDO�'UDZLQJ��� ZKDWHYHU�WKH�QH[W�
SHUVRQ�LQ�OLQH�QHHGV��PIJ¶U��WHFKQLFLDQ��

½ $QDO\VLV� 6
LPXODWH LW��&RVW�LW�RXW��7RWDO�XS�WKH�SRZHU��%XLOG�D�SURWRW\SH��3URYH�WKDW�LW�
ZRUNV��IRUPDO�RU�RWKHUZLVH�

½ 6\QWKHVLV� 0DNLQJ�HQJLQHHULQJ�GHFLVLRQV�EDVHG�RQ�DYDLODEOH�LQIRUPDWLRQ�
LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH���/RWV�RI�FUHDWLYLW\�

Synthesis Analysis

constraints

design database
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:KDW�FDQ�JR�ZURQJ"

Inefficiency due to:
• lack of automation
• lack of design re-use

Synthesis Analysis

constraints

design database

Iteration due to:
• inexperience (expertise intensive)
• sub-optimal tool performance

Failure due to:
• Unreasonable constraints
• Limited access to the design space
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:KDW�ZH�ZLOO�OHDUQ�LQ����

The Primordial Soup -- True, False, One, Zero 
(Binary Number Systems)

The Cambrian -- Combination Logic

The Jurrasic -- Math Hardware

The Tertiary -- Sequential Logic  

The Modern Era -- Computers

The Future?  

This is the watershed course for 
understanding how all computers work. 

And…
Lots of practical stuff
including design tools, hardware 
technologies, etc.
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$SSOLFDWLRQV�RI�ORJLF�GHVLJQ

q &RQYHQWLRQDO�FRPSXWHU�GHVLJQ
½ &38V��EXVVHV��SHULSKHUDOV

q 1HWZRUNLQJ�DQG�FRPPXQLFDWLRQV
½ SKRQHV��PRGHPV��URXWHUV

q (PEHGGHG�SURGXFWV
½ LQ�FDUV��WR\V��DSSOLDQFHV��HQWHUWDLQPHQW�GHYLFHV

q 6FLHQWLILF�HTXLSPHQW
½ WHVWLQJ��VHQVLQJ��UHSRUWLQJ

q 7KH�ZRUOG�RI�FRPSXWLQJ�LV�PXFK�PXFK�ELJJHU�WKDQ�MXVW�3&V�
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&6(������FRQFHSWV�VNLOOV�DELOLWLHV

q 8QGHUVWDQGLQJ�WKH�EDVLFV�RI�ORJLF�GHVLJQ��FRQFHSWV�

q 8QGHUVWDQGLQJ�VRXQG�GHVLJQ�PHWKRGRORJLHV��FRQFHSWV�

q 0RGHUQ�VSHFLILFDWLRQ�PHWKRGV��FRQFHSWV�

q )DPLOLDULW\�ZLWK�D�IXOO�VHW�RI�&$'�WRROV��VNLOOV�

q $SSUHFLDWLRQ�IRU�WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV��DELOLWLHV�
LQ�KDUGZDUH�DQG�VRIWZDUH�GHVLJQ

1HZ�DELOLW\��8QGHUVWDQG�WKH�EDVLF�WRROV�DQG�WHFKQLTXHV�IRU�GHVLJQLQJ�
GLJLWDO�V\VWHPV��LQFOXGLQJ�VSHFLDO�SXUSRVH�KDUGZDUH�DQG�JHQHUDO�SXUSRVH�
FRPSXWHUV��XVLQJ�D�YDULHW\�RI�LPSOHPHQWDWLRQ�WHFKQRORJLHV�VXFK�DV�/6,�
DQG�SURJUDPPDEOH�ORJLF
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&RPSXWDWLRQ��DEVWUDFW�YV��LPSOHPHQWDWLRQ

q 8S�WR�QRZ��FRPSXWDWLRQ�KDV�EHHQ�D�PHQWDO�H[HUFLVH��SDSHU��SURJUDPV�

q 7KLV�FODVV�LV�DERXW�SK\VLFDOO\�LPSOHPHQWLQJ�FRPSXWDWLRQ�XVLQJ�SK\VLFDO�
GHYLFHV�WKDW�XVH�YROWDJHV�WR�UHSUHVHQW�ORJLFDO�YDOXHVGHDOLQJ ZLWK�FRQVWUDLQWV

q %DVLF�XQLWV�RI�FRPSXWDWLRQ�DUH�
½ UHSUHVHQWDWLRQ� �������´��RU�7UXH�)DOVH
½ DVVLJQPHQW� [�� ��\
½ GDWD�RSHUDWLRQV� [���\�± �
½ FRQWURO��

VHTXHQWLDO�VWDWHPHQWV�� $��%��&
FRQGLWLRQDOV� LI���[�  �����WKHQ���\
ORRSV� IRU���L� �����L�  �����L���
SURFHGXUHV� $��SURF�������%�

q :H�ZLOO�VWXG\�KRZ�HDFK�RI�WKHVH�DUH�LPSOHPHQWHG�LQ�KDUGZDUH�DQG�
FRPSRVHG�LQWR�FRPSXWDWLRQDO�VWUXFWXUHV
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6\VWHP�&RPSRQHQWV

q /RJLF�DQG�6WRUDJH

q 3RZHU�VXSSO\

q +HDW�UHPRYDO

q 'LJLWL]DWLRQ�DQG�,�2

Power

Mgt

Inputs
Camera and Mic
Keboard and Mouse
Motion Detector
Physical Properties (V,T,P,…)
Location, Orientation
etc.

Logic & 
Storage

Outputs
Displays and Indicators
Speakers
Actuators (Valves, Motors, ...)
etc.

D/A

A/D
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VFRSH�RI�&6(����

5HSUHVHQWDWLRQ�RI�GLJLWDO�GHVLJQV

q 3K\VLFDO�GHYLFHV��WUDQVLVWRUV���UHOD\V�

q 6ZLWFKHV

q 7UXWK�WDEOHV

q %RROHDQ�DOJHEUD

q *DWHV

q :DYHIRUPV

q )LQLWH�VWDWH�EHKDYLRU

q 5HJLVWHU�WUDQVIHU�EHKDYLRU

q &RQFXUUHQW�DEVWUDFW�VSHFLILFDWLRQV
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LQSXWV RXWSXWVV\VWHP

&RPELQDWLRQDO�YV��VHTXHQWLDO�GLJLWDO�FLUFXLWV

q $�VLPSOH�PRGHO�RI�D�GLJLWDO�V\VWHP�LV�D�XQLW�ZLWK�LQSXWV�DQG�RXWSXWV�

q &RPELQDWLRQDO�PHDQV��PHPRU\�OHVV�
½ D�GLJLWDO�FLUFXLW�LV�FRPELQDWLRQDO�LI�LWV�RXWSXW�YDOXHV
RQO\�GHSHQG�RQ�LWV�LQSXW�YDOXHV

½ $�JLYHQ�LQSXW�ZLOO�DOVR�KDYH�WKH�VDPH�VWHDG\�VWDWH�RXWSXW��QR�PDWWHU�
ZKDW�KDV�FRPH�EHIRUH

A
B + Sum

Carry
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HDV\�WR�LPSOHPHQW
ZLWK�&026�WUDQVLVWRUV
�WKH�VZLWFKHV�ZH�KDYH
DYDLODEOH�DQG�XVH�PRVW�

&RPELQDWLRQDO�ORJLF�V\PEROV

q &RPPRQ�FRPELQDWLRQDO�ORJLF�V\VWHPV�KDYH�VWDQGDUG�V\PEROV�FDOOHG
ORJLF�JDWHV

½ %XIIHU��127

½ $1'��1$1'

½ 25��125
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6HTXHQWLDO�ORJLF

q 6HTXHQWLDO�V\VWHPV
½ H[KLELW�EHKDYLRUV��RXWSXW�YDOXHV��WKDW�GHSHQG�QRW�RQO\�
RQ�WKH�FXUUHQW�LQSXW�YDOXHV��EXW�DOVR�RQ�SUHYLRXV��VHTXHQFH�RI��LQSXW�YDOXHV

q ,Q�UHDOLW\��DOO�UHDO�FLUFXLWV�DUH�VHTXHQWLDO
½ EHFDXVH�WKH�RXWSXWV�GR�QRW�FKDQJH�LQVWDQWDQHRXVO\�DIWHU�DQ�LQSXW FKDQJH
ZK\�QRW��DQG�ZK\�LV�LW�WKHQ�VHTXHQWLDO"

q $�IXQGDPHQWDO�DEVWUDFWLRQ�RI�GLJLWDO�GHVLJQ�LV�WR�UHDVRQ��PRVWO\��DERXW�
VWHDG\�VWDWH�EHKDYLRUV
½ ORRN�DW�WKH�RXWSXWV�RQO\�DIWHU�VXIILFLHQW�WLPH�KDV�HODSVHG�IRU�WKH�V\VWHP
WR�PDNH�LWV�UHTXLUHG�FKDQJHV�DQG�VHWWOH�GRZQ

ReqA
ReqB

“Mutex”
Access

Controller

GrantA
GrantB

Output depends on who got there first -- sequence!
Problem:  How to guarantee GrantA&GrantB == 0
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2QH�DW�D�7LPH«6\QFKURQRXV�6HTXHQWLDO

q ,JQRUH�FKDQJHV�RQ�LQSXWV�H[FHSW�GXULQJ�D�VSHFLILF�WLPH�ZLQGRZ
½ 6SHFLDO�VLJQDO��� WKH�FORFN�GHWHUPLQHV�ZKHQ�WR�FRQVLGHU�QHZ�LQSXWV

q ,VRODWH�³PHPRU\´�IURP�³ORJLF´�
½ GXULQJ�D�FORFN�WUDQVLWLRQ��FRPSXWH�QHZ�VWDWH�DQG�RXWSXWV�XVLQJ�LQSXWV�
DQG�ROG�VWDWH��

½ $VVXPH�LQSXWV�DQG�VWDWH�DUH�VWDEOH�GXULQJ�WKH�FORFN�WUDQVLWLRQ

8 bit counterclock

output

Memory
(State)

Logic

inputs

ouputsclock



CSE 370 - Fall 1999 - Introduction - 20

B

A
C

Clock

6XPPDU\

q &RPELQDWLRQDO�
½ LQSXW�$��%
½ ZDLW�IRU�FORFN�HGJH
½ REVHUYH�&
½ ZDLW�IRU�DQRWKHU�FORFN�HGJH
½ REVHUYH�&�DJDLQ��ZLOO�VWD\�WKH�VDPH

q 6HTXHQWLDO�
½ LQSXW�$��%
½ ZDLW�IRU�FORFN�HGJH
½ REVHUYH�&
½ ZDLW�IRU�DQRWKHU�FORFN�HGJH
½ REVHUYH�&�DJDLQ��PD\�EH�GLIIHUHQW
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$EVWUDFWLRQV�DQG�6LPSOLILFDWLRQV

q +RZ�ZH�PDNH�OLIH�HDV\�IRU�RXUVHOYHV
½ 4XDQWL]DWLRQ DQG�$PSOLILFDWLRQ��� /RVVOHVV�SURSDJDWLRQ�RI�GDWD�LQ�
H[FKDQJH�IRU�ORZ�EDQGZLGWK

½ *HQHUDOO\�VWLFN�WR�ELQDU\�UHSUHVQWDWLRQ
½ %DVLF�ORJLF�JDWHV�DV�EXLOGLQJ�EORFNV�LQ�H[FKDQJH�IRU�FRPSOH[�WUDQVLVWRU�
QHWZRUNV��GHQVLW\�

½ &OHDUO\�GHILQHG�VWDWH�WUDQVLWLRQV�RQ�FORFN�HGJHV��$VVXPH�LQSXWV�VWDEOH�
GXULQJ�FORFN�WUDQVLVWLRQV��

q 7RROV�IRU�PDQDJLQJ�FRPSOH[LW\�WKDW�ZH�ZLOO�VHH
½ 7UXWK�WDEOHV�DQG�%RROHDQ�DOJHEUD�WR�UHSUHVHQW�FRPELQDWLRQDO�ORJLF
½ %LQDU\�DULWKPHWLF�WR�PDQLSXODWH�JURXSV�RI�VLJQDOV
½ 6WDWH�GLDJUDPV�WR�UHSUHVHQW�VHTXHQWLDO�ORJLF
½ +DUGZDUH�GHVFULSWLRQ�ODQJXDJHV�WR�UHSUHVHQW�GLJLWDO�ORJLF
½ :DYHIRUPV�WR�UHSUHVHQW�WHPSRUDO�EHKDYLRU
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$Q�H[DPSOH

q &DOHQGDU�VXEV\VWHP��QXPEHU�RI�GD\V�LQ�D�PRQWK��WR�FRQWURO�ZDWFK�GLVSOD\�
½ XVHG�LQ�FRQWUROOLQJ�WKH�GLVSOD\�RI�D�ZULVW�ZDWFK�/&'�VFUHHQ

½ LQSXWV��PRQWK��OHDS�\HDU�IODJ
½ RXWSXWV��QXPEHU�RI�GD\V
½ 1R�QHHG�WR�UHPHPEHU�SUHYLRXV�HQWULHV�RU�UHVXOWV�WR�JLYH�FRUUHFW�RXWSXW
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,PSOHPHQWDWLRQ�LQ�VRIWZDUH

integer number_of_days ( month, leap_year_flag) {

switch (month) {

case 1: return (31);

case 2: if (leap_year_flag == 1) then return (29) 
else return (28);

case 3: return (31);

...

case 12: return (31);

default: return (0);

}

}

Clue: Return value is unrelated to previous result call
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OHDSPRQWK

�� �� �� ��PRQWK OHDS �� �� �� ��
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���
���� ± � � � �
���� ± � � � �
���± ± � � � �
���� ± � � � �

,PSOHPHQWDWLRQ�DV�D�FRPELQDWLRQDO�V\VWHP

q (QFRGLQJ�
½ KRZ�PDQ\�ELWV�IRU�HDFK�LQSXW�RXWSXW"
½ ELQDU\�QXPEHU�IRU�PRQWK
½ IRXU�ZLUHV�IRU�������������DQG���

q %HKDYLRU�
½ FRPELQDWLRQDO
½ WUXWK�WDEOH
VSHFLILFDWLRQ
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V\PERO�
IRU�DQG

V\PERO�
IRU�RU V\PERO�

IRU�QRW

&RPELQDWLRQDO�H[DPSOH��FRQW·G�

q 7UXWK�WDEOH�WR�ORJLF
½ ��� ���ZKHQ�PRQWK �����DQG�OHDS �
½ ��� �P�
�P�
�P��P�
�OHDS


½ ��� ���ZKHQ�PRQWK �����RU�PRQWK �����RU�����PRQWK ����
½ ��� ��P�
�P�
�P�
�P������P�
�P�
�P��P����������P��P��P�
�P�
�
½ ��� �FDQ�ZH�VLPSOLI\�PRUH"

PRQWK OHDS �� �� �� ��
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���
���� ± � � � �
���� ± ± ± ± ±
���± ± ± ± ± ±
���� ± ± ± ± ±

IHE

�� �� �� ��

Example of “multilevel logic”
speed v. cost, paralle v. serial
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$QRWKHU�H[DPSOH

q 'RRU�FRPELQDWLRQ�ORFN�
½ (QWHU�WKUHH�YDOXHV��LI�WKH\�PDWFK�WKH�FRPELQDWLRQ�WKHQ�WKH�GRRU�RSHQV��
½ LQSXWV��YDOXHV�9���9���9�
½ RXWSXWV��GRRU�RSHQ�FORVH

q 8QVSHFLILHG
½ :KDW�KDSSHQV�LI�ZURQJ�FRPELQDWLRQ�LV�HQWHUHG"�
½ +RZ�GR�ZH�NQRZ�ZKHQ�D�QHZ�FRPELQDWLRQ�LV�VWDUWLQJ"
½ $UH�9��9��RQ�GLIIHUHQW�VHWV�RI�ZLUHV�RU�DUH�WKH�VHTXHQFHG�RQ�WKH�VDPH�
VHW�RI�ZLUHV"�,I�VHTXHQFHG�KRZ�GR�ZH�NQRZ�ZKHQ�D�QHZ�QXPEHU�KDV�
EHHQ�HQWHUHG"

½ +RZ�GRHV�LW�JHW�ORFNHG�DJDLQ�DIWHU�EHLQJ�RSHQHG"
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5HILQHPHQW�RI�6SHFLILFDWLRQ

q $OO�YDOXHV�FRPH�LQ�RQ�D�VLQJOH�VHW�RI�ZLUHV��

6R�LWV�VHTXHQWLDO�VR�ZH�QHHG�D�FORFN�WR�FRQWURO�WKH�
VHTXHQFH�

q $Q\�RWKHU�SUREOHPV"�

<HV��� PLJKW�QRW�JHW�QHZ�YDOXH�HYHU\�FORFN�F\FOH�± QHHG�
DQRWKHU�LQSXW�1(:�± ZH�FRXOG�XVH�QHZ�IRU�FORFN��EXW�
XVXDOO\�ZDQW�RXU�VXEV\VWHP�WR�EH�LQ�V\QFK�ZLWK�RWKHU�
VXE�V\VWHPV�VR�ZH�GRQ¶W�KDYH�XVHU�SURYLGHG�FORFNV�

q +RZ�WR�KDQGOH�ZURQJ�FRPELQDWLRQ�DQG�UHORFNLQJ"�

$GG�D�UHVHW�LQSXW

UHVHW
9

RSHQ�FORVHG

QHZ

FORFN

4
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)LUVW
>FORVHG@

�QG
>FORVHG@

6WDUW
>FORVHG@

&� 9
	�QHZ

&� 9
	�QHZ

&� 9
	�QHZ

&�� 9
	�QHZ &�� 9

	�QHZ
&�� 9
	�QHZ

(55
>FORVHG@

UHVHW

QRW�QHZQRW�QHZQRW�QHZ

6� 6� 6� 23(1

(55

�UG
>RSHQ@

6HTXHQWLDO�H[DPSOH��FRQW·G���DEVWUDFW�FRQWURO

q )LQLWH�VWDWH�GLDJUDP
½ VWDWHV����VWDWHV��6���6���6���2SHQ��(UU

� UHSUHVHQWV�V\QFKURQL]DWLRQ�SRLQWV�LQ�H[HFXWLRQ�RI�PDFKLQH
� HDFK�VWDWH�KDV�RXWSXWV

½ WUDQVLWLRQV����IURP�VWDWH�WR�VWDWH����VHOI�WUDQVLWLRQV����JOREDO
� FKDQJHV�RI�VWDWH�RFFXU�ZKHQ�FORFN�VD\V�LW¶V�RN
� EDVHG�RQ�YDOXH�RI�LQSXWV�DQG�SUHYLRXV�VWDWH

½ LQSXWV��UHVHW��QHZ��9
½ RXWSXW��RSHQ�FORVHG
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reset

open/closed

new

C1 C2 C3

comparator

value

equal

multiplexer

controller

mux 
control

clock

6HTXHQWLDO�H[DPSOH�LPSOHPHQWDWLRQ

q ,QWHUQDO�VWUXFWXUH��'DWDSDWK�DQG�&RQWURO
½ GDWD�SDWK��FRPELQDWLRQDO�ORJLF�IRU�PXOWL�ELW�QXPEHUV�

� VWRULQJ�DQG�RSHUDWLQJ�RQ�Q�ELW�QXPEHUV
½ FRQWURO

� GHFLGH�ZKDW�WR�GR�QH[W�EDVHG�RQ�GDWDSDWK UHVXOWV��VWDWH��DQG�LQSXWV

datapath
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,PSOHPHQWLQJ�WKH�&RQWUROOHU

FORVHG

FORVHG
PX[ &�UHVHW HTXDO

	�QHZ

QRW�HTXDO
	�QHZ

QRW�HTXDO
	�QHZ

QRW�HTXDO
	�QHZ

QRW�QHZQRW�QHZQRW�QHZ

6� 6� 6� 23(1

(55

FORVHG
PX[ &� HTXDO

	�QHZ

FORVHG
PX[ &� HTXDO

	�QHZ

RSHQ

UHVHW QHZ HTXDO VWDWH VWDWH PX[ RSHQ�FORVHG
� ± ± ± 6� &� FORVHG
� � ± 6� 6� &� FORVHG
� � � 6� (55 ± FORVHG

� � � 6� 6� &� FORVHG
���
� � � 6� 23(1 ± RSHQ
���

QH[W

q )LQLWH�VWDWH�PDFKLQH
½ UHILQH�VWDWH�GLDJUDP�WR�LQFOXGH�LQWHUQDO�VWUXFWXUH

½ JHQHUDWH�VWDWH�WDEOH��PXFK�OLNH�D�WUXWK�WDEOH�
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'HVLJQ�RI�&RQWUROOHU

UHVHW QHZ HTXDO VWDWH VWDWH PX[ RSHQ�FORVHG
� ± ± ± ���� ��� �
� � ± ���� ���� ��� �
� � � ���� ���� ± �
� � � ���� ���� ��� �
���
� � � ���� ���� ± �
���

QH[W JRRG�FKRLFH�RI�HQFRGLQJ�

PX[ LV�LGHQWLFDO�WR�
ODVW���ELWV�RI�VWDWH

RSHQ�FORVHG�LV
LGHQWLFDO�WR�ILUVW�ELW
RI�VWDWH

q (QFRGH�VWDWH�WDEOH
½ VWDWH�FDQ�EH��6���6���6���23(1��RU�(55

� QHHGV�DW�OHDVW���ELWV�WR�HQFRGH�������������������������
� DQG�DV�PDQ\�DV�������������������������������������
� FKRRVH���ELWV������������������������������

½ RXWSXW PX[ FDQ�EH��&���&���RU�&�
� QHHGV���WR���ELWV�WR�HQFRGH
� FKRRVH���ELWV���������������

½ RXWSXW�RSHQ�FORVHG�FDQ�EH��RSHQ�RU�FORVHG
� QHHGV���RU���ELWV�WR�HQFRGH
� FKRRVH���ELWV������
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,PSOHPHQWDWLRQ�RI�&RQWUROOHU�Z��'DWDSDWK

UHVHW

RSHQ�FORVHG

QHZ HTXDO

PX[�
FRQWURO

FORFN

FRPE��ORJLF

VWDWH

q ,PSOHPHQWDWLRQ�RI�WKH�FRQWUROOHU

C1 C2 C3

comparator

value

equal

multiplexer

datapath

MUX 
CONTROL 
STABLE

EQUAL
STABLE

NEXT STATE
STABLE

VSHFLDO�FLUFXLW�HOHPHQW���FDOOHG�D�
UHJLVWHU��IRU�VWRULQJ�LQSXWV�RQ�
FORFN�WUDQVLWLRQ
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V\VWHP

GDWD�SDWK FRQWURO

VWDWH
PHPRU\

FRPELQDWLRQDO
ORJLF

PXOWLSOH[HU &RPSDUDWRU�
�PDWK�

GDWD
PHPRU\

PHPRU\ ORJLF

VZLWFKLQJ
QHWZRUNV�

�*DWHV�DQG�:LUHV�

'HVLJQ�KLHUDUFK\
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6XPPDU\

q 7KDW�ZDV�ZKDW�WKH�HQWLUH�FRXUVH�LV�DERXW��$OPRVW�
½ FRQYHUWLQJ�VROXWLRQV�WR�SUREOHPV�LQWR�FRPELQDWLRQDO�DQG�VHTXHQWLDO�
QHWZRUNV�HIIHFWLYHO\�RUJDQL]LQJ�WKH�GHVLJQ�KLHUDUFKLFDOO\

½ GRLQJ�VR�ZLWK�D�PRGHUQ�VHW�RI�GHVLJQ�WRROV�WKDW�OHWV�XV�KDQGOH�ODUJH�
GHVLJQV�HIIHFWLYHO\

½ WDNLQJ�DGYDQWDJH�RI�RSWLPL]DWLRQ�RSSRUWXQLWLHV

q /HDUQ�ZKHUH�VRIWZDUH�DQG�KDUGZDUH�FRPH�WRJHWKHU
½ +RZ�GRHV�D�VRIWZDUH�SURJUDP�JHW�H[HFXWHG�RQ�D�GLJLWDO�KDUGZDUH�
V\VWHP"



CSE 370 - Fall 1999 - Introduction - 35

:KDW�LV�KDSSHQLQJ�QRZ�LQ�GLJLWDO�GHVLJQ"

q %LJ�FKDQJH�LQ�WKH�ZD\�LQGXVWU\�GRHV�KDUGZDUH�GHVLJQ�RYHU�ODVW�IHZ�\HDUV
½ ODUJHU�DQG�ODUJHU�GHVLJQV
½ VKRUWHU�DQG�VKRUWHU�WLPH�WR�PDUNHW
½ FKHDSHU�DQG�FKHDSHU�SURGXFWV

q 6FDOH
½ SHUYDVLYH�XVH�RI�FRPSXWHU�DLGHG�GHVLJQ�WRROV�RYHU�KDQG�PHWKRGV
½ PXOWLSOH�OHYHOV�RI�GHVLJQ�UHSUHVHQWDWLRQ

q 7LPH�
½ HPSKDVLV�RQ�DEVWUDFW�GHVLJQ�UHSUHVHQWDWLRQV
½ SURJUDPPDEOH�UDWKHU�WKDQ�IL[HG�IXQFWLRQ�FRPSRQHQWV
½ DXWRPDWLF�V\QWKHVLV�WHFKQLTXHV
½ LPSRUWDQFH�RI�VRXQG�GHVLJQ�PHWKRGRORJLHV

q &RVW
½ KLJKHU�OHYHOV�RI�LQWHJUDWLRQ
½ XVH�RI�VLPXODWLRQ�WR�GHEXJ�GHVLJQV
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6RPH�%DVLFV��/HFWXUH�2YHUYLHZ

q 7RGD\
½ 7KH�EDVLFV��(OHFWURQLFV��ELQDU\�QXPEHUV��EDVH�FRQYHUVLRQ
½ 1XPEHU�V\VWHPV

� �¶V�FRPSOHPHQW�QXPEHUV
½ &RPELQDWLRQDO�ORJLF

� /RJLF�IXQFWLRQV�DQG�WUXWK�WDEOHV
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7KH�EDVLFV→ ELQDU\�QXPEHUV

q %LQDU\��EDVH����1XPEHU�5HSUHVHQWDWLRQ
½ ORZ�9�→ �
½ KL�9�→ �

q %DVH�FRQYHUVLRQ��ELQDU\��RFWDO��GHFLPDO��KH[DGHFLPDO�
½ 3RVLWLRQDO�QXPEHU�V\VWHP

� ���� ��[����[����[��  ����
� ���� ��[����[����[��  �����
� ����� ��[�����[�����[���  ������

½ &RQYHUVLRQ�EHWZHHQ�ELQDU\�RFWDO�KH[
� %LQDU\��������������
� 2FWDO��������_�����_�����_���� �����
� +H[�����������_������_����� �)���

q $GGLWLRQ�DQG�VXEWUDFWLRQ�DUH�WULYLDO��EXW�ZRUWK�SUDFWLFLQJ
½ 6HH�.DW]��DSSHQGL[�$



CSE 370 - Fall 1999 - Introduction - 38

1XPEHU�V\VWHPV

q +RZ�GR�ZH�ZULWH�QHJDWLYH�ELQDU\�QXPEHUV"

q +LVWRULFDOO\��7KUHH�DSSURDFKHV
½ 6LJQ�DQG�PDJQLWXGH
½ 2QH¶V�FRPSOHPHQW
½ 7ZR¶V�FRPSOHPHQW

q 7ZR¶V�FRPSOHPHQW�PDNHV�DGGLWLRQ�DQG�VXEWUDFWLRQ�HDV\
½ 8VHG�DOPRVW�XQLYHUVDOO\�LQ�SUHVHQW�GD\�V\VWHPV

q )UDFWLRQDO�1XPEHUV

q )ORDWLQJ�3RLQW�5HSUHVHQDWLRQV
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6LJQ�PDJQLWXGH�5HSUHVHQWDWLRQ

q 7KH�PRVW�VLJQLILFDQW�ELW��PVE��LV�WKH�VLJQ�GLJLW
½ ��≡ SRVLWLYH
½ � ≡ QHJDWLYH

q 7KH�UHPDLQLQJ�ELWV�DUH�WKH�QXPEHU¶V�PDJQLWXGH

q %HQHILW��HDV\�WR�SHUIRUP�QHJDWLRQ��MXVW�IOLS�06%

q 3UREOHP����7ZR�UHSUHVHQWDWLRQV�IRU�]HUR
½ �� ������DQG�DOVR ±�� �����

q 3UREOHP����$ULWKPHWLF�LV�FXPEHUVRPH
1001

+   0011
≠ 1100

Instead, must change order and 
perform substraction

011
- 001
=   0010
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2QH·V�FRPSOHPHQW

q 1HJDWLYH�QXPEHU��%LWZLVH�FRPSOHPHQW�RI�SRVLWLYH�QXPEHU
½ �����≡ ���
½ ���� ≡ ±���

q $OPRVW�VROYHV�WKH�DULWKPHWLF�SUREOHP

q 5HPDLQLQJ�SUREOHP��0XVW�FRPSHQVDWH�IRU�WZR�]HURV
½ $GG��RU�VXEWUDFW��FDUU\�ZKHQ��06%�FDUU\�	�RSSRVLWH�VLJQ�
½ 2YHUIORZ�ZKHQ��06%�FDUU\�	�VDPH�VLJQ�

000
001

011
010

100
101
110

111
0

1

2

3-3
-2

-1

-0
110    (-1)

+   010 (+2)
≠ 000
+       1
=       1

Compensate

Overflow
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7ZR·V�FRPSOHPHQW

q 1HJDWLYH�QXPEHU��%LWZLVH�FRPSOHPHQW�SOXV�RQH
½ �����≡ ���
½ ���� ≡ ±���

q 6KLIW�WKH��¶V�FRPSOHPHQW�QXPEHU�ZKHHO�WR�HOLPLQDWH���

q PVE LV�VWLOO�WKH�VLJQ�GLJLW
½ ��≡ SRVLWLYH
½ � ≡ QHJDWLYH

q 1R�QHHG�WR�FRPSHQVDWH�IRU�
���

000
001

011
010

100
101
110

111
0

1

2

3-4
-3

-2

-1

Overflow
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7ZRV�FRPSOHPHQW��FRQ·W�

q &RPSOHPHQWLQJ�D�FRPSOHPHQW�UHVWRUHV�WKH�RULJLQDO�QXPEHU

q $ULWKPHWLF�LV�HDV\
½ :H�LJQRUH�WKH�FDUU\

� 6DPH�DV�D�IXOO�URWDWLRQ�DURXQG�WKH�ZKHHO
½ 6XEWUDFWLRQ� QHJDWLRQ�DQG�DGGLWLRQ

� (DV\�WR�LPSOHPHQW�LQ�KDUGZDUH

111    (-1)
+   010 (+2)
=   001
(ignore carry)

000
001

011
010

100
101
110

111
0

1

2

3-4
-3

-2

-1
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:KHUH�DUH�ZH�QRZ"

The Primordial Soup -- True, False, One, Zero 
(Binary Number Systems)

The Cambrian -- Combination Logic 

The Jurrasic -- Math Hardware  

The Tertiary -- Sequential Logic  

The Modern Era -- Computers

The Future?  


