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General Overview

Figure H1-A shows a diagram of a bus-based implementation of the MIPS architecture. In this
architecture, the different components of the machine share a common 32-bit bus throngh which
they communicate. Control signals determine how each of these components 1= used and which

components get to vse the bus during a particular clock cycle.

corresponding control signals are described below.

For thiz handout, we shall use a posttive logic convention. Thus, when we say signal X i3
“asserted”, we mean that signal X 1z a logical 1, and that the wire carrying signal X 13 raised to
the “HIGH™ voltage level.
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Figure H1-A: A bus-based datapath for MIPS.
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The Enable Signals

since the bus is shared by different components, there 1= a need to make sure that only one
component 13 dniving (Cwriting ) the bus at any pomt in time. We do thiz by using tri-ztate
buffers at the output of each component that can write to the bus. A tri-state buffer is a simple
combinational logic buffer with enable control. When enable iz 1, then the output of the buffer
stmply follows 1tz input. When enable 1z 0, then the output of the buffer “floats™ - ie,
regardless of itz imnput, the tri-state buffer will not try to dnve any v oltage on the bus. Fln:uatl.ﬂE
the buffer's output allows some other component to drive the bus.|

In the bus-bazed MIPS, we have four enable signals: enlmm_ enAlT] enReg and enMem. As
zshown, enlmm and enAT U are connected directly to the enable of a tri-state buffer. On the other

hand, enReg and enMem are used in more complex circuitry to be explained later in the section
on the register file. When sething these signals, it 13 important to make sore that at any one time,

at most one device should be driving the bus. It 13 possible not to assert any of the four signals.
In this casze, the bos will float and will have an vndefined value.

Special Registers and Load Signals

In addition to the registers in the register file the bus-based MIPS has four other special internal
registers: IR, A, B, and MA.= These registers are 32-bit edye friggered registers with load enable
control. As shown, these registers take their data inputs from the bus. If a register’s enable 13
asserted during a particular cycle, then the value on the bus dunng that cycle will be copied into
the register at the nex? clock edge. If the enable control is ), then register’s value 15 not changed.

We call these register enable signals load signals, and give them names of the form “1dXXT (1e
IdIF. 1dA, 1dB, and 1dMA). In addition the RegWr and Mem™Wr signals are also load signals,
but their exact functionality will be discussed later. It 13 possible to assert more than one load
zignal at a time. In this case, the value on the bus will be loaded to all registers whose load
zignals are azserted.

The Instruction Register

The mstruchion register 13 uzed to hold the current 32-bit instruchion word. As explained in the
Handowt 74 (RISC ISA- MIPS64), the opcode and function fields (see the MIPS64 instruction

format) are vsed by the microcode control hardware to identify the instruction and mn the
appropriate microcode. As shown in Figure H1-A | the immediate field iz connected to a s1gn

'You can also think of a tri-state buffer as an electromically controlled switch. If enable is 1, then the switch
comnects the mput and the cutput as if they were connected by 2 wire. If enable 1= 0, then the 1mput 15 electncally
disconnected from the oufput. MNote that the tn-state buffer 15 2 memoryvless device, and 15 nor the same as a latch or
a fhp-flop.
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extender and then to the bus. Finally, as described below, the register specifier fields go to a
multiplexer connected to the register file address input.

The 5ign Extender

The box named “Immed Extend”™ in the diagram i3 a sign extender module that extends a number
{16 bits or 26 bits) to a 32-bit number. The sign extender can have one of four possible values.
If ExSel 1z uExtl6, then no s1gn extension 13 performed, and the most significant bits are just
padded with ("s. In thiz caze, the input to the zign extender must be a 16-bit number. If ExSel 15

uExt26, then no sign extension iz performed erther, but the input to the sipn extender must be a
26-bit number. If Ex5el iz sExtl6, then the number 1z zign extended by taking its M5B and

using it to pad the most significant bits of the 32-bit value. (Note: we use 2's complement to
represent negative numbers.) In thiz case, the input to the z1on extender must be a 16-bit number.
If Ex5Sel iz sExit26. then the input must be a 26-bit number, and it 13 sign extended by taking itz
MSEB and using it to pat the most significant bits of the 32-bit valoe.

The ALU

The ALU takes 3 mputs: two 32-bit operand inputs, connected to the A and B registers, and an
ALUOp input. ALUOp zelects the operation to be performed on the operands. Assume that the

ALU can perform the following operations by default, 1f not explicitly stated otherwise:

ALUOp [ ALU Result Output
COPY A [A
COPYB |B

INC A1 A+l
DEC A 1 A-l
INC A 4 A+4
DEC A 4 A4
ADD A+B
SUB A-B
Table H1-1: ALU Operations for Handout =5

In order to implement the entire MIP'S ISA | we will need a few more AL U operations.

The ALU is purely combinational logic. It has two outpots, a 32-bit main result output, and 1-bat
zero flag output, zero. The result cutput 15 computed as i Table H1-1. The zero flag simply
indicates if the AL result output equals to zero. If the result iz 0 then zero iz 1, otherwise zero 13

0. For example, if A=2 B=2 and ALTUQOp=5UB, then the AL result will be 0, and zero will be
1. This flag 1= used to do conditional branches in microcode.
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