LSUEE 4720 Homework 2 soution ~ Due: 15 October 2008

Problem 1: The hardware needed to implement shift instructions, such as s11, is not shown in the
implementation below. (The ALU in the implementation below does not perform shift operations.)
Add a separate shift unit to the implementation to implement the MIPS s11 and s1lv instructions.
The shift unit has a shift amount input and an input for the value to be shifted.

e Show exactly where the shift-amount bits come from (including bit positions).
e Add bypass paths so that the code below can execute without a stall.

e The primary goal is to not slow the clock frequency, the secondary goal is to minimize added
cost. This might affect where multiplexers are placed.
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The added hardware for the Shift appears in blue and the needed bypass path appears in green.

The shifter would stall for &ﬂy close d@pend@ne\gs on the shift QmOUﬂt, but sueh GQPQT\GQT\Q\QS do not Qppo,ar in the
samp\e coda.

A ow-cost solution would have the ALU and shifter OUIPUIS g0 10 & EX—SI&%@ mux, this would eliminate the need
for any added logic beyond the EX stage. But since performance was the primary goal and the ALU output was likely on
thae critical p&U\ such & mux could not be added. lnstead, he mux is p\&Q@d in the ME S[Elg@.

The new ME-to-EX bypass path adds cost. If performance were not the primary goal that added bypass could be
avoided by m()\/'mg the QX\SU“g byp‘ASS connection £o the mux OUtpUt. But that would add to the critical pmh in pr@els@\y
the same \N&y the EX-SI&%Q mux discussed above would.

Common Mistakes:

M‘A\'\\/ solutions had an UN\QQQSSQW “formart sa" hlocek.

M&ﬂ\j solutions p&SSQd an sa value U\Y()Ugh the \D/EX pip@\m@ lateh even U\()Ugh the 84 hits were pmt of the IMM
value.


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

Some solutions passed tha shifted value through the ME/WB lateh even though sueh lateh bits could be avoided by
using an ME-stage mux.

Problem 2: To answer this question see the SPARC Joint Programming Specification, a descrip-
tion of the SPARC V9 ISA, linked to the course references page. The SPARC V9 ISA is naturally
big endian. Since many programs must read data using little-endian byte order, for example when
reading a binary data file that was produced on a little-endian system, the programs need some
way to get the data into big-endian order. If loading little-endian data were only a small part of
what a program did then it could get by with some combination of ordinary instructions to convert
the data to big-endian format. For programs spending substantial time reading little-endian data
even a 9-instruction sequence may take too long.

The first instruction below is an ordinary load in SPARC V9, a 64-bit ISA (in which addresses
and registers are 64 bits). The second instruction, 1dxle, is made up; it’s a load that assumes data
is in little-endian byte order. The last instructions is a real SPARC instruction for loading little
endian data.

! A1l load instructions below load 8 bytes into a register.
! Registers are 64 bits.

ldx [%11], %12 ! Ordinary load. For big-endian data.
ldxle [%11], %12 I Not a real SPARC insn. For little-endian data.
ldxa [%11] 0x88, %12 ! SPARC’s load for little-endian data.

(a) The 1dxa instruction is an example of an alternate load instruction. The alternate load instruc-
tions are intended for three kinds of access. Briefly describe the three kinds and indicate which one
is used above. What symbolic name does JPS1 give for 0x88 above?

Note: To answer this question one must read through material dealing with topics not yet
covered, for example, the concept of multiple address spaces. It is only necessary that the concept
of multiple address spaces is vaguely understood. The kind of access done by the 1dxa should be
clearly understood.

The symbolie name for 0x88 1s AST PRIMARY LITTLE.

The three Kinds of access are:

Accesses to an alternate address space. The ASI acts like extra bits £o put on the end of an address. For
examp\e, Suppose a ldxa sp@e'\ﬂed an ASI of 0x12 and an address of 0x00000000abcd0124. The full address would
De 0x1200000000abcd0124. Thaere are many uses of such ASIs, one is to allow OS code to access its own memory
gpace and the Memory space of a Process it needs to Work with.

Access to special machine registers. The ASI indicates which set of machine registers, and the address
SPQQmQS q p&fUQU\QY register. The machine registers are used to control hardware, for examp\@, the memory system or 4
video card.

Variations on a normal memory access. This includes little-endian byte ordering, and aiso includes things
\ike fault-free 10ads, and new data sizes (SUQY\ as byt@ 10ads 10 & ﬂommg pomt \"Qg'\SIQY). In this use the ASI acts like an
extension of the OPQOGQ fleld.

Grading Note: This was much harder than intended.

(b) Show the encoding for the three instructions above. The 1dx and ldxa are real instructions, so
it’s just a matter of looking things up. For the 1dxle make up an appropriate encoding.
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The encodings appear Delow. There are two pOSS\b\Q ways 1o encode the 1dx: with an immaediate (ShOWﬂ DQ\()W) or
WIth 182 8t 10 g0. The only difference between 1dx and 1dx1le is the opcode. An unused opeode was found for 1dxle

using the opeode map, in particular table E-4.

op rd op3 151 i simm13
\ 3| 18 (%\2)| 0X0b| 17 (%\1)| 1| 0\ 1dx [%11], %12

3130 29 25 24 19 18 14 1313 12 0

op rd op3 st i simm13

\ 3| 18 (%\2)| 0X2b| 17 (%\1)| 1| 0\ ldxle [%411], %12

3130 29 25 24 19 18 14 1313 12 0

op rd op3 rsl i imm asi 182

\ 3| 18 (%\2)| 0X1b| 17 (%\1)| 0| 0X88| 0(%g0)\ ldxa [%11] 0x88, %12
3130 29 25 24 19 18 14 1313 12 5 4 0



