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Day 209 Perspective
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Path Delay Minimization
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N(4)bit Adder@ 52t & P& & ET(VHDL) EX_209_21

library IEEE;
rae IEEE STD_LOGIC_ ARITH AL JoRERDC.
use . _ _ . ; A LE, =7 N
use IEEE.STD_LOGIC_UNSIGNED.ALL; ?jﬁfﬁg-ﬁ/\,naﬁb
entity ADD4 is °
port (A :in STD_LOGIC_VECTOR (3 downto 0); HAOEFA1N 5

B:in STD_LOGIC_VECTOR (3 downto 0); ADD4® FA3ZE THDERE

Y : out STD_LOGIC_VECTOR (3 downto 0); VHDL 5 R oS = .

COUT : out STD_LOGIC); Bt = 55k %‘J;%@ﬁt’—c 7|_\|:| /—- -R—G-d_
end ADD4; [ADD:]4TB > /0O, Inst

RAEEFIE , (nstance,

architecture Behavior of ADD4 is /‘ '\ = - > -

signal C1, €2, C3: std_logic; ADDA4 l =>TI b, Network T
component HA COUT AvAaLbrb *%E‘Zé;ha—cla\i-d_o

port (XY : in STD_LOGIC; LWk T,

S,C:out STD_LOGIC); - =L
end component; ’f ii;)(/)-l 2

component FA c2 ~ £ ope ~

oort (A, B, Cl : in STD_LOGIC; FA1 DiEwmiZ 1T %

SUM,CO : out STD_LOGIC); \ C1/ T LTUWWET,

end component; HAO FA@*%ﬁE(i

begin S BITTRMEE

HAO : HA port map(X =>A(0), Y=>B(0),S=>Y(0) ,C=>Cl1); =
FA1 : FA port map(A => A(1), B => B(1), Cl => C1, SUM =>Y(1) , CO=>C2); Reil LET
FA2 : FA port map(A => A(2), B =>B(2), Cl => C2, SUM =>Y(2) , CO => (3);
FA3 : FA port map(A => A(3), B => B(3), Cl => C3, SUM =>Y(3) , CO => COUT);
20eng Behavior; © Renji Mikami 2017 10
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..... /O, Instance,
entity FA is Network T

Port (A,B,Cl:in STD_LOGIC;

_[,g - co} - SUM,CO : out STD_LOGIC); RSN TUWVET,

Cl FA SUM end FA;

architecture Behavior of FA is
_ OR | NODE?1, NODE2, NODE3 : std_logic:
- component HA
FA(Full Adder) Z&55(2 port (X,Y : in STD_LOGIC:
|} JE,“:L ‘FO)B JE—C‘ S,C:out STD _LOGIC);
£35 9B HA(Half Adder) - end component;
+ 4. <
?E{f‘lﬁ"k or (& E#0)T HA1 : HA port map(X =>A, Y => B, S =>NODE7, C =>NODE2);
iali%;lc-ll:ﬂ:ngAZIi >NODEIC;;A2 HA port map(X =>NODE1, Y => CI, § => SUM, C
(2RI 2D S Bepayion - OPE2 o NODES
RIEEE CREL TN s e
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EX _209-1(1) : P384 STE-102-701 Line 32 ~ P385 STE-102-702 Line 3

o _ ZDpdflEaERTEET
e Datapaths in Digital Processor Architectures
* An analysis of the components of a simple processor puts the different classes of
digital circuits and their usage in perspective. Such a processor could be the brain
of a personal computer (PC) or the heart of a compact disc player. A typical block
diagram is shown in Figure 7.1 and is composed of a number of building blocks
that occur in one form or another in almost every digital processor.

* The datapath is the core of the processor; it is where all computations are
performed. The other blocks in the processor are support units that store either
the results produced by the datapath or help to determine what will happen in
the next cycle. A typical datapath consists of an interconnection of basic
combinational functions, such as logic (AND, OR, EXOR) or arithmetic operators
(addition, multipli- cation, comparison, shift). Intermediate results are stored in
registers. The design of the arithmetic operators is the topic of this chapter.



EX_209_21
EX_209-1(2) : P385 STE-102-702 Line 4 ~ 19 CDpdfiEAERTEFY

* The control module determines what actions happen in the processor at any given
point in time. A controller can be viewed as a finite state machine (FSM). It consists of
registers and logic, and is hence a sequential circuit. The logic can be implemented in
different ways—either as an interconnection of basic logic gates, often called random
logic, or in @ more structured fashion using programmable logic arrays (PLAs) and
Instruction memories.

* The memory module serves as centralized data storage. A broad range of different
memory classes exist. The main difference between those classes is in the way data can
be accessed, such as read-only versus read-write, sequential versus random access, or
single-ported versus multiported access. Another way of differentiating between
memories is related to their data-retention capabilities. Dynamic memory structures
must be refreshed periodically to keep their data, while static memories keep their
data aslong as the power source is turned on. Finally, memory structures such as
flash memories conserve the stored data even when the supply voltage is removed. A
single processor might combine different memory classes. For instance, random access
memory can be used to store data and read-only memory to store instructions.
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 7.3.1 The Binary Adder: Definitions COpdflFAERTEET

* The truth table of a binary full adder is given in Table 7.1. A and B are the adder
inputs, Ci is the carry input, S is the sum output, and Co is the carry output.The
Boolean expressions for S and Co are given in Eq. (7.1).

e Table 7.1 Truth table for full adder.
S = A xor B xor Ci = A notB notCi + notA B notCi + notA notB Ci + ABCi
Co = AB + BCi + ACi

It is often useful from an implementation perspective to define S and Co as functions
of some intermediate signals G (Generate), D (Delete), and P (Propagate). G=1 (D =
1) ensures that a carry bit will be generated (deleted) at Co independent of Cg, while
P = 1 guarantees that an incoming carry will propagate to Co. Expressions for these
signals can be derived from inspection of the truth table.



EX 209-2(2) : P387 STE-102-704 Line 9 ~ EX_209_21
G=AB,D=notA *notB, P=A+ B (or P=Axor B)
S and Co can be rewritten as functions of P and G (or D) COpdfEaAERTEFT
Co(G,P) = G + PCi, S(G,P) = P xor Ci

* Notice that G and P are only functions of A and B and are not dependent upon Ci. In a similar way, we
can also derive expressions for S(D,P) and Co(D,P).

* An N-bit adder can be constructed by cascading N full-adder circuits in series, connecting Co,k-1 to Cik
for k =1 to N-1, and the first carry-in Ci,o to O (Figure 7.3). This configuration is called a ripple-carry
adder since the carry bit “ripples” from one stage to the other. The delay through the circuit depends
upon the number of logic stages that must be traversed and is a function of the applied input signals.
For some input signals, no rippling effect occurs at all, while for others the carry has to ripple all the
way from the least- significant bit (Isb) to the most-significant bit (msb). The propagation delay of
such a structure (also called the critical path) is defined as the worst-case delay over all possible input
patterns.

* In the case of the ripple-carry adder, the worst-case delay happens when a carry generated at the
least significant bit position propagates all the way to the most significant bit. The delay is then
proportional to the number of bits in the input words N and is approximated by Eq. (7.4).

tadder = (N-1)tcarry + tsum (7.4)
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