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Fig. 8.1 Relationship between datapath and control units.
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Fig. 8.2 Datapath controlled by a finite-state machine control unit.
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Microprogrammed Datapath
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Fig. 8.3 Datapath controlled by a microprogrammed control unit.
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Fig. 8.4 Relationship between SM and a memory system.
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SM Datapath
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Fig. 8.5 Example SM datapath.
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Control Signals

Code A M, M, S D
000 Y=~P RII1 RI2 Bypass
selected selected
001 Y=P+Q R1 R1 Logical Shift left’ R1
selected selected loaded
010 Y=P+1 R2 R2 Logical Shift right R2
selected selected loaded
011 Y=P-Q0 R3 R3 Output = 0 R3
selected selected loaded
100 Yy=pP R4 R4 Arithmetic Shift Left R4
selected selected loaded
101 Y=PAQ R5 R5 Arithmetic Shift RS
selected | selected Right loaded
110 Y=PvQ R6 R6 Rotate Left R6
selected selected loaded
111 Y=P@Q R7 R7 Rotate Right R7
selected selected loaded

Fig. 8.6 Control signals for ALU, MUX1, MUX2, shifter, and decoder.
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Datapath Operations

Operation A M, M, S D kikokskskskeks
R1 « R2—R3 011 | 010 | O11 | 000 | 001 0000000
R2 <« Shift right (RS) 000 | 101 - 010 | 010 0000000
AR < R7 000 | 111 - 000 | 000 0000100
Memory < AR - - - - 000 0000001

Fig. 8.7 Datapath operation examples.

999999-8
XYZ 10/28/02

VLSI Design |
© CRC Press, 2002



ALU Bit Slice
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Fig. 8.8 A bit slice of the ALU.
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Shift Register
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Fig. 8.9 Partial implementation of the shift register.
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Instruction Format

Addressing
Mode

Op code Rp | Rq | Rd
15 - 111098 -65-32-0

Fig. 8.10 Instruction format.
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Addressing Modes

Bits 10,9 Addressing Mode Address Calculation
00 (Rx) Address = Rx
01 m(Rx) Address = m + Rx
10 (Rx)[Ri] Address = Rx + Ri
11 constant Address = PC + 1

Fig. 8.11 Addressing modes.
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Control Unit
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Fig. 8.12 Control unit of SM.
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Microprogramming

MPC

Address L] L:L:L4L< ."!fIi"|I J.r:f:r I VA A4S k.l-k':
Instruction fetch:
AR « R7 0000 Joqog-10] 7 - |0 - JOjopon00100
BUS « AR;R7«—R7+1 0001 Sloqor-1ol 7 - |70 - 1200000001
BRIl «— BUS ooz oy=1-10] - | - o - == 000000
IR« RI1 0003 joqog-1o] 0 - o - Jojopon10000
Interpretation:
determine next address 0004 1j1]=1-[0 = O OT00) =] = 0000000
LOAD:
addressing modes 0100 211]-]-|0 - |0{0200] - | - 0000000
(other instruchions). ..
Mode (10: 0200 O11]-1-[0 - |0]0204] - | - 0000000
MMode 01: 0201 ajry-=1-10 = JO0208] = | - 0000000
Mode 10: 0202 O11]-1-[0 = 00200 - | - 0000000
Mode 11: 0203 Ol1]-1-[0 - 00200 - | - J0000000
(Rx)
AR « Rx 0204 |- |0 - |0 = |00 0000100
BUS « AR 0205 -jo)-1- 0 o I - 0000001
BRIl «— BUS 0206 oy=1-10] - | - o - == 000000
Rd «— RII 0207 ofrjol-{1 o - |-|0000]0]0]0000000
m(Rx)
AR « R7 0208 joqor-1ol 7 - o - pOjOpo000100
BUS « AR;R7—R7+1 0209 loqor-1ol 7 - |70 - |2 |0)0000001
RI2 « BUS 020A -jo)-1- 0 - 0 - -] 0100000
AR « RI2 + Rx 0z0oB 01|00 O |o[{0Z0S) 1 |OQo000100
(Rx)|[Ri)
AR « Ri1+ Rx 0200 afryrjr|n = JOOZ05) 100000100
lconstant
AR « R7 020D =|0jop- (0] 7 = 0] = O OODoo100
BUS «— AR;R7T«—RT7T+ 1| 020E |01 j0]-10 7 [ = |7|0206]2 |0 0000001

Fig. 8.13 Microprogramming example.
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FPGA Floorplan
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Fig. 8.14 General floorplan of an FPGA.
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Fig. 8.15 Block diagram of CLB and its relationship with the routing resource.
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Programmable Routing Switch
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Fig. 8.16 Programmable routing switch.
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