LSUEE 4720 Homework 4 soution Due: 4 December 2006

Problem 1: The floating point pipeline in the MIPS implementation illustrated below must some-
times stall instructions to avoid the WF structural hazard. The WF structural hazard could be
avoided by requiring all instructions that use WF to go through the same number of stages. Note
that instructions that use WB all pass through five stages, even though some instructions, such as
xor, could write back earlier.

Redesign the illustrated implementation so that the WF structural hazard is eliminated by
having WF instructions (consider add.d, sub.d, mul.d, and lwcl) all pass through the same
number of stages. The functional units themselves shouldn’t change (still six multiply steps and
four add steps) but their positions might change.

(a) Show the possibly relocated functional units and their connections. Don’t forget connections
for the lwcl instruction.

The add unit steps now share stages with like-numbered mump\y unit steps, see the tllustration below. After A4
the FP add result is ready but it continues down the pipeline so that it reaches WF two cycles later than usual. There is
N0 Way thaere can be o WF structural hazard with 4 add.d and & mul.d hecause such & mul.d would have to be in ID
in the same cycle as an add. d.

The result of & Twcl joins the FP pipeline at the A3 stage. As with the add.d, the 1wcl cannot have a structural
nazard with a mul.d or add.d. The add and load results are combined using & mux in the M5 stage. This reduces the
number of pipeline latches used and also simplifies the control logic.

(b) Show any changes to the logic generating the fd, we, and xw signals. Note: The original
assignment did not ask for xw changes.

Because there can be no WF structural hazards all of the structural hazard logic has been eliminated. Because the
£d and we signals now only enter in ID the logic is much simpler. As before, we 18 set o 1 if any instruction using WF
is present, which for this implementation means an instruction using the FP Add Unit, FP Multiply Unit, or a FP load
instruction. The £d signal s Just the output of | Decode dest. Teg. |logie.

The WF three-input mux in the original design nhas been replaced by two Two-input muxen:. one in M5 and one in
WF. This simplifies the control logic.

(¢) Show bypass paths needed to avoid stalls between any pair of floating point instructions men-
tioned above.

The solution below shows the pre-existing (but not usually shown) bypass path in , and new bypass paths for
this problem in blue. In the sample execution below bypasses are used in eycle 4 (1dcl to add.d) and cycle 8 (add.d
10 sub.d).

# Sample Execution:

# Cycle 01 2 3 4 5 6 7 8 9 1011 12 13 14
ldc1l £2, 0(r1) IF ID EX ME _3 _4 _5 _6 WF

add.d f0, f2, f4 IF ID -> A1 A2 A3 A4 _5 _6 WF

sub.d f6, f0, £8 IF -> ID -———-—- > Al A2 A3 A4 _5 _6 WF


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

200 ID EX MEM WB

Int Reg File m

25:21 —‘ |
+1 Addr Datafp{ rsv |~ Mem
20:1 1
0:16 Addr Datag4 rtv F— || ALUH T Port
X - Addr

PC T Addr i [ n Data Data|
H——TH Pl ou

. formaty | | M FP Add unit
20l 9% immed steps now FP (lwc)
shares
. load value
Addr stages with - Bypass Paths
: joins FP
like- ineline (Needed
Mem ( Decode ) dst numbered dst PIp / ’ dst because of FU
S S S .
dest. re Muftiply relocation).
Port Dataj | =) . k—gj steps.
OUT lll \\\ l I/
FP Reg File WF
—
15V KRgdr Data] ] fsv
20:16 FAddr  Dataf{ ftv }&
M L]
Addr 7
WE DIn
ad ad ad ad adf—
ml ml mi ml ml ml ml
Bocod —f we we we - \—fwe we we 7’(\ we
( Decode )
fd fd fd fd fd fd fd
\dest. reg / . = \_ e T
N\ \ /
N % /
uses FP add ) Bypass Path (Always WF mux signal, xw, replaced
there, but not usually with two mux control signals,
shown.) ad and ml.

FP load

Problem 2: Consider the changes to avoid structural hazard stalls from the previous problem.
Provide an argument, either for making the changes and or against making the changes. For your
argument use whatever cost and performance estimates can be made from the previous problem.
Add to that the results of fictitious code analysis experiments and alternative ways of using silicon
area to improve performance.

The code analysis experiments might look at the dynamic instruction stream of selected pro-
grams. For these experiments explain what programs were used and what you looked for in the
instruction stream. Make up results to bolster your argument.

For the alternative ways of using silicon area, consider other ways of avoiding the structural
hazard stalls, or other ways of improving performance. This does not have to be very detailed, but
it must be specific. (For example, “use the silicon area for pipeline improvement” is too vague.)

The argument should be about a page and built on a few specific elements, rather than mean-
dering long-winded generalities.

1T's not worth it. \mpr()\/@ment is limited o a handful of programs, while the cost is substantial.

The benefit is only practically realized for a few FP-dense programs. Normally our compilers will sehadule (arrange)
FP instructions so that WF structural hazards are avoided. When zma\yzmg SPECQPUQOOO FP programs, we found ()ﬂ\y
one program in which WF structural hazards remained after Qomp'\\o.r SQT\QGU\mg. Even 80, the YQSU\U\'\% stalls caused Om\/



9 10% increase in execution time and a Qompet@m program could have re-cast that YQg\Oﬂ 0f code £o avoid any stalls.
Note: The remarks above about “our compilers” are fictional.

The modified hardware includes three new pipeline latehes (M3/M4 to M5/M6) plus their bypass connections.

The added cost m'\gm he used 1o inerease the L2 cache sizg, an@m'mg all programs. Another OPUOT\ would be to
add a second FP YQg\StQY Wwrite pOTt, U\()Ugh that would add 1o the Q()mp\QX'\W of the control \OgiQ.

Problem 3: 1In the previous problem structural hazards were avoided by having all WF instructions
pass through the same number of stages. If both WB and WF instructions passed through the
same number of stages then, were it not for stores, it would easily be possible for floating-point
instructions to raise precise exceptions without added stalls (even if exceptions could not be detected
until M6).

(a) For this part, ignore store instructions. Explain why having all instructions pass through the
same number of stages makes it easier to implement precise exceptions (without added stalls, etc.)
for floating point instructions.

lmp\em@mmg pY@Q'\SQ QXQQPUOT\S for FP instructions is dimcult because FP instructions write back out of order, so
that should it be necessary 1o SQUQST\ ingtructions To\\owmg Q TQUW\T\% instruction some of those TO\\O\NH\g ingtructions may
have &\FQ&Gy written back. It all instructions use the same number of St&gQS then instructions will write back in order and
80 1t will a\ways he pOSS\D\Q 1o SqUQS\'\ instructions TO\\O\ng q TQU\UT\% instruction.

(b) For this part, include store instructions. Explain how store instructions preclude precise excep-
tions for the implementation outlined above, or at least for a simple one.

consider first an '\mp\@m@mmon in which the memory p()ﬁ isin M2 (QS in the solution to the first prob\em). Atter o
store instruction passes U\Y()Ugh M2 it will have written memory and so it will be 100 late to SQU‘ASY\ it, pr@e\udmg pFQQYSQ
axceptions.

It instead, the memory port is in M6 (the stage before WB) it will be possible 1o have precise exceptions but
instructions deQﬂGQm on loads will have to stall. See the @xamp\e Delow.

# Alternate solution, ME in stage _6.

#

# Cycle 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ldcl £2, 0(rl) IF ID EX _2 _3 _4 _5 ME WF

add.d £f0, f2, f4 IF ID - ===~ > A1 A2 A3 A4 5 _6 WF

sub.d f6, f0, £8 IF -~——————- > ID -————-- > A1 A2 A3 A4 5 _6 WF

(¢) For this part, include store instructions. Do something about stores so that the all-instructions-
use-the-same-number-of-stages implementation can provide precise exceptions to floating point in-
structions. It is okay if the modified implementation adds stalls around loads and stores. A good
solution balances cost with performance.

If your solution is costly say so and justify it. If your solution is low cost but lowers performance
say so and show the execution of code samples that encounter stalls.

One solution would be the ME in SIQgQ M6 variation shown above. ThOUgT\ the ¢ost of this solution is low its need
for TYQQUQM stalls would make perform&mee 100 10W.

Another solution would be £o have the memory pOYt PfO\/\GQ The overwritten data on a store. That is, when a store
instruction is in ME the Data Out of the memory pO\"l will hold the data which the store is about to overwrite. That
data will PYOQQQG down the p'\p@\'me and ord'msm\y Wwill ]USI De discarded when the instruction reached WB. Go'mg down
the p\me\Q with the FQP\&QQG data will be the effective address (th would require  new set of p'\pe\me \MQY\QS). IT an
instruction raises an QXQQPU()\'\l these YQP\&QQG data and effective addresses will be used 1o write memory, undo'mg the
affect of the stores.



