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THE MICROPROGRAMMlNG LEVEL
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SEC. 4.2

AN EXAMPLE MICROARCHITECTURE
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time it takes to compute a sum is determined by the carry-propagation
time, not the
normal gate delay. The carry-propagation
time is proportional to the number of bits
in the word. While the ALU and shifter are computing, the MAR is loaded from
the B bus if the MAR field in the microinstruction is 1.
, During the fourth and final subcycle, the C bus may be stored back into the
scratchpad and MBR. depending on ENC and MBR. The box labeled "C decoder"
takes ENC, the fourth clock line, and the C field from the microinstruction as inputs,
and generates the 16 control signals. Internally, it performs a 4-to-16 decode of the
C field, and then ANDs each of these with a signal derived from ANDing the subcycle 4 line with ENC. Thus a scratchpad register is only loaded if three conditions
prevail:

r.

ENC

= 1.

2. It is subcycle 4.
3. The register has been selected by the C field.
The MBR is also loaded during subcycle 4 if MBR ::; 1.
. The two signals that control memory, RD and WR, are asserted as long as they
are present in MIR. In effect, the corresponding MIR fields act like latches.

4.2.4: Microinstruction
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Fig. 4-10. The complete block diagram of our example microarchitecture.

and B decoder boxes in the block diagram provide for the 4-to-16 decoding of each
field necessary to drive the OEI and OE2 lines in the registers [see Fig. 4-2(b)). The
clock activates the A and B latches during this subcycle, providing stable ALU
inputs for the rest of the cycle. While data are being gated onto the A and B buses,
the increment unit in the control section of the machine computes MPC + I, in
preparation for loading the next sequential microinstruction
during the next cycle.
By overlapping these two operations, instruction execution can be speeded up.
In the third subcycle, the ALU and shifter are given time lO produce valid
results. The AMUX microinstruction
field determines the left input to the ALU; the
right input is always the B latch. Although the ALU is a combinational circuit, the

Sequencing

The only remaining issue is how the next microinstruction
is chosen. Although
some of the time it is sufficient just to felch the next microinstruction
in sequence,
some mechanism is needed to allow conditional jumps in the microprogram
in
order to enable it to make decisions. For this reason we have provided two fields in
each microinstruction:
ADDR, which is the address of a potential successor to the
currerit microinstruction,
and COND, which determines whether the next microinstruction is fetched from MPC + I or ADDR. Every microinstruction
potentially
contains a conditional jump. This decision was made because conditional jumps
are very common in microprograms and allowing every microinstruction
to have
two possible successors makes them run faster than the alternative of setting up
some condition in one microinstruction and then testing it in the next. Most existing microarchitectures
use our strategy in one form or another.
"The choice of the next microinstruction
is determined by the box labeled
.. Micro sequencing logic" during subcycle 4, when the ALU output signals N and
Z are valid. The output of this box controls the M multiplexer (Mrnux), which
routes either MPC + I or ADDR to MPC, where it will direct the fetching of the next
microinstruction.
We have provided the microprogrammer
with four choices concerning the the selection of the next microinstruction.
The desired choice is indicated by the setting of the COND field as follows:

