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Motivation for Serial Adders and Multipliers Serial Adder: Perform serial bit-addition
» Tradeoff of silicon area and system At time i, read a, and b,. Produce s; and c,,,
performance Internal state stores c;. Carry bit ¢, is set as ¢,
— Perform process in a series of time azbs azb} ab  abo cin
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Serial Adder using D F-F
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Serial Adder using a D Flip-Flop

Logic Diagram
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Serial Adder using a D Flip-Flop
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Multiplication using Serial Addition

3XS=5 a a a
x 1 0 1 X bz b] bo
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+ 0 1 1 + azby ajbz agbs
O 1 1 11 m5 m4 m3 m2 ml mO

For m=AxB, set m(»=0
At time i, perform m(*D=m("+Ab,2!
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Register
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Counter

Modulo-n Counter

Counter (a-to-b)

Cascade Counter

Modulo Counter (m<n)

Counter of an Arbitrary Sequence

Counter
Sftor
* Program Counter Rrogvam i Nemva,
* Address Keeper: FIFO, LIFO d 5
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Modulo-n Counter
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Q(t+1)=(0,0,..,0) if CLR=1
=D_ ifLD=1and CLR=0
(Q(t)+1)mod n ifLD=0,CNT=1and CLR=0
t) ifLD=0,CNT=0and CLR=0
ifQ(t)=n-1and CNT=1
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Modulo-m Counter (m< n)
Given a mod 16 counter, construct

Counter (a-to-b)
Given a mod 16 counter, construct an a-to-b counter
(0<a<b<15)

a mod-m counter (0 < m < 16) with AND, OR, NOT gates

m=6 Q3 Q2 Qi Qo Aﬁ-to-ll Counter i | | |
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SetLD =1 when X = 1 and (Q3Q2Q1Q0)=(0{I?)1l) ie m-1 Set LD =1 when X =1 and (Q:Q2QiQo) = b (in this case, 1011)
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Counter of an Arbitrary Sequence Counter of an Arbitrary Sequence

Given a mod 8 counter, construct
a counter with sequence 01 237

Given a mod 8 counter,eonstruct
ith 56 = s .
@ counterwith sequenc 4 (?2’3 §=0 1d |2 |LD |D, |D, |D, K Mapping LD and D,
When Q=1,load D=5 10 0 0O we get
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Counter of an Arbitrary Sequence

Example: Count in sequence 0234576

LD=1D=2 When Q(t)=0
LD=1D=7 When Q(t) =5
LD =1D =6 When Q(t) =7
LD=1D=0 When Q(t)=6

Through K-map, we derive

LD =Q2Qr+Q2Qo+Q2Q1

D2=Qo
D= Q1’+Q0
Do = Q1"Qo

Cascade Counter
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TC =1 when (Q3Q2,Q1.Q0)=(1,1,1,1) and X=1

Q7 Qe+ Qs t+1) Qa t+1)) = (Q7 M Qs Qs ® Q4 ® ) + 1 mod 16
when T, =1

The circuit functions as a modulo 256 counter.

Time | [0 [1 |2 |3 |...|13[14|15]16]17|18]19
Q.. [0 [0 [0 |0 0

Teo |0 [0 |0 |0 0 0
Qso |0 [1 ]2 |3 |...[13]14[15]0

Cascade Counter

A Cascade Modulo 256 Counter

Q7,Q6Q5Q4 Q3,Q2,Q1,Qo
<-—TCQ3Q2QIQOCNT TCO TCQzQleQOCN,L_X
Clk —> Clk —>
D3D2DiDo 1D DsD;DiDo LD
D7 Ds,Ds D4 D3 D2D1.Do






System Designs

CSE 140 Lecture 16 *Introduction
Svstem Desions — Methodology and Framework
Y g *Components
/\’km“{"("w *Specification
CK Cheng *Implementation
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\eriftedtion Body By T
*  Methodology i

* Approach with success stories. 1% Cha B
* Hierarchical designs with interface between the modules n Data n-64

BSV (6 bilfens T Data ) Data

(BSV). vang - Inputs Subsystem Outputs

. ..I2ata Subsystem and_Control Subsystem

For n-bit data, each operation takes n times or more in Conditions Cpntr;)l

hardware complexity. Signals
¢ Data subsystem carries out the data operations and

transports. Control \ Control \ Control
* Control system sequences the data subsystem and itself. Inputs Subsystem Outputs

Start/Reques;\/ 4& . Done/Acknowledgement
o

3 U%Q&A .



I. Introduction: Handshaking

start

Handshaking

Data n;lzg_. Data |n=04 Data A
Inputs Outputs
Conditio:ti ¥C.°““°'
Control Ao Signals 80?:(;:;
N . ) > utpu
Inputs gtm/RequeSSubsymm Done/Acknowled A > !
gement done
Master that R t.
calls module
S X —s
e/

y —,| moduleS

start—> ——> done
5 6
Handshaking
Handshaking: Example
The master module that calls module S
controls the following signals
Req Ay rb | A. Signal start
' !

B. Signal done
C. Signals start and done
D. None of the above
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