LSUEE 4720 Homework 3 soution Due: 22 September 2010

Problem 1: Note: Problems like this one have been assigned before. Please solve this problem
without looking for a solution elsewhere. If you get stuck ask for hints. Copying a solution will
leave you unprepared for exams, and will waste your (or your parents’) hard-earned tuition dollars.
A shift unit is to be added to the EX stage of the implementation below. The shift unit has a
32-bit data input, VIN, a 5-bit shift amount input, AMT, a 1-bit input SIN, and a 1-bit control input
DIR. There is a 32-bit data output, VOUT. The DIR input determines whether the shift is left (1) or
right (0). If the shift is right then the value at input SIN is shifted in to the vacated bit positions.
The meaning of the other inputs is self-explanatory. For a description of MIPS-I instructions see
the MIPS32 Volume 2 linked to the course references page.
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(a) Connect the shift unit data inputs so that it can be used for the MIPS s11, s1llv, srl, srlv,
sra, and srav instructions. Assume that the ALU has plenty of slack (it is not close to carrying
the critical path). (Control inputs are in the next part.)

e Be sure your design does not unnecessarily inflate cost or lower performance.

e In your diagrams be sure to use the bit ranges used, for example, 27:21, when connecting a
wire to an input with fewer bits than the wire.

solution appears above in blue and pUFp\Q. The blue material QppUQS 1o all parts.

The shift '\ﬂpUI and amount are taken from the ALU 'mput Mux OUtpUIS‘ This enables t)yp&ssmg into the shift unit.

The shift OUtpUt is muxed with the ALU OUtpUt before the p'\pe\'mQ laten, so a new EX/ME lateh 18 not needed.

Grading Note: There was no deduction for the following minor issue: Not using the bypassed
values for shifter inputs (that would make stalls necessary in some cases).

(b) Show the logic for control inputs DIR and SIN and any multiplexors that you added.
solution appears above in green. The control \Og‘Q 18 s'\mp\@, due 1o the careful choice of function field values for the
ditferent shifts.


http://www.ece.lsu.edu/ee4720/

The DoX | s SNIfL | has an output of 1 if any of the sNifts are present. If the implementation is of MIPS 1 then for

the \NQ can nor-together bits 31:26 (the opeode, to check for format RY and bits 5:3 (the function fleld, to test
for a shitt mSUUQ‘E'\Oﬂ). It MIPS 1V i meg '\mp\emgnted then this won't work because the OUIPUI would be 1 for movt
and movn instruetions.

The shifts have been QO\'\\/QNQHUy encoded 0 that it IR bit 0:0 is 1 then the shift is arithmetic, otherwise it is
logical, that simplines the SIN logic. Similarly bit 1:1 is 1 1f the direction is right (but the problem was made up by a
left-handed person, 50 an inverter is Y\QQGQG). A 11n DIt 2:2 indicates the shift amount comes from 4 YQg'\SIQY.

The s and a control s'\gr\a\s are shown us’mg their own p'\p@\m@ laten bits, but it would be better to g@t their values
from IMM, a8 is &\f@&dy done for the sa field value.

Grading Note: There was no deduction for the following minor issue: Computing the control
signals in EX (doing that could lengthen critical path).

(c) Repeat the design of the datapath but assuming that the ALU is on the critical path and that
we don’t want to lower the clock frequency.

solution appears in red. For part ¢, the ALU would once agmn De connected d'\reet\y 10 the EX/ME. ALU lateh. A
new EX/ME. shf lateh has been added to carry The shift value To ME where it enters a new mux. 1t 18 '\mportant that
the OUIPUI of thig new mux NOT connect to the ME 10 EX b\jp&SS P&U\ (SmQQ the ALU is critical, as stated M)OVQ) and
that it not connect 1o the memory pOYt Addr mput (bQQ&USQ the memory pON 18 Q\\NﬁyS assumed to be QHUQQ\).



