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[l TABLE 7-1
Basic Symbols for Register Transfers
Symbol Description Examples
Letters Denotes a register AR, R2,DR, IR
(and numerals)
Parentheses Denotes a part of a register R2(1), R2(7:0), AR(L)
Arrow Denotes transfer of data R1«<R2
Comma Separates simultaneous transfers R1+R2,R2«R1

Square brackets Specifies an address for memory

DR« M[AR]
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L1 TABLE 7-2

Textbook RTL, VHDL, and Verilog Symbols for Register Transfers
Operation Text RTL VHDL Verilog
Combinational assignment = <= (concurrent) assign = (nonblocking)
Register transfer — <= (concurrent) <= (nonblocking)
Addition + + +
Subtraction - - K
Bitwise AND N and &
Bitwise OR v or |
Bitwise XOR S Xor N
Bitwise NOT — (overline) not ~
Shift left (logical) sl sl <<
Shift right (logical) Sr srl >>
Vectors/registers A(3:0) A(3 down to 0) A[3:0]
Concatenation | & {,}
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[J TABLE 7-3
Arithmetic Microoperations

Symbolic
designation Description

RO+ R1+R2 Contents of R1 plus R2 transferred to RO

R2«R2 Complement of the contents of R2 (1’s complement)
R2«R2+1 2’s complement of the contents of R2

RO« R1+R2+1 R1 plus 2’s complement of R2 transferred to RO (subtraction)
R1+<R1+1 Increment the contents of R1 (count up)

R1+<R1-1 Decrement the contents of R1 (count down)
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L] TABLE 7-4
Logic Microoperations
Symbolic
designation Description
RO «R1 Logical bitwise NOT (1’s complement)
RO« R1A R2 Logical bitwise AND (clears bits)
RO« R1 v R2 Logical bitwise OR (sets bits)
RO «R1® R2 Logical bitwise XOR (complements bits)
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[1 TABLE 7-5
Examples of Shifts

Eight-bit examples

Symbolic After shift:
Type designation Source R2 Destination R1
shift left Rl sl R2 10011110 00111100
shift right Rl<sr R2 11100101 01110010
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1 TABLE 7-6
Function Table for the Register of Figure 7-10
Shift Load Operation
0 0 No change
0 1 oad parallel data

1 X Shift down from Qg to Q3
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1 TABLE 7-7

Function Table for the Register of Figure 7-7

Mode control

Register
S So Operation
0 0 No change
0 1 Shift down
1 0 Shift up
1 1 Parallel load
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] TABLE 7-8

Counting Sequence of Binary Counter
Upward Counting Sequence Downward Counting Seaence
Q3 Q> Q1 Qo Q3 Q2 Q1 Qo

PP R RPRPRPPRPPRO0OO0OO0OO0OOOCOO
P PP P O0OO0OO0O0ORRPRREPEFPROOOO
PP OORPFPROORRFPROOREL OO
P OFRPORFRPRORFRPROFRORPRORORO
OO0OO0OO0OO0O0OO0OORRPRRERPRREREREEREREPR
OCO0OO0OORRPRRPRFRPROOOORERERER
OCOFRPRRFRPOORRFRPROORRFROOLRE
OFRPROFRORFRPROFROFRPRORFROROLPR
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1 TABLE 7-9
State Table and Flip-Flop Inputs for BCD Counter
Presern State Next State Output
Dl =

Dg= Dg= Dy= Qt+l)

Qs Qs Qr Q Qg(t+1) Qu(t+1) Qo(t+1) Y
0 0 0 0 0 0 0 1 0
0 0 0 1 0 0 1 0 0
0 0 1 0 0 0 1 1 0
0 0 1 1 0 1 0 0 0
0 1 0 0 0 1 0 1 0
0 1 0 1 0 1 1 0 0
0 1 1 0 0 1 1 1 0
0 1 1 1 1 0 0 0 0
1 0 0 0 1 0 0 1 0
1 0 0 1 0 0 0 0 1
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TABLE 7-10

State Table and Flip-Flop Inputs for Counter

Present

State Next State
DA = DB = DC=

A B C A(t+1) B(t+1) C(t+1)
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 1 0 0
1 0 0 1 0 1
1 0 1 1 1 0
1 1 0 0 0 0
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[0 TABLE 7-11
State Table and Flip-Flop Inputs for Example 7-1

Present

State A Next State A(t + 1)
(AND = 0)
(EXOR=0) (OR=1)(OR=1) (EXOR =1) (EXOR =1) (AND =1) (AND = 1)
(OR = 0) (B=0) (B=1) -(B=0) (B =1) (B=0) -(B=1)

0 0 0 1 0 1 0 0

1 1 1 1 1 0 0 1
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[0 TABLE 7-12
State Table and Flip-Flop Inputs for Register-Cell Design in Example 7-2
Present
State A; Inputs Next State Ai(t + 1)/Output C;,4
SHL=0 SHL=1 1 1 1 EXOR=1 1 ADD=1 1 1 1
EXOR = 0 B=0 0 1 1 B=0 1 B=0 0 1 1
ADD = 0 C,=0 1 0 1 Ci=0 1 0 1
0 0/X 0/0 1/0 0/0 1/0 0/X 1/X 0/0 1/0 1/0 0/1
1 1/X 0/1 1/1 0/1 1/1 1/X 0/X 1/0 0/1 0/1 1/1
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