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Abstract

Instruction scheduling hardware can be simplified
and easily pipelined if pairs of dependent instructions
are fused so they share a single instruction scheduling
dot. We study an implementation of the x86 |SA that
dynamically translates x86 code to an underlying ISA
that supports instruction fusing. A microarchitecture
that is co-designed with the fused instruction set com-
pletes the implementation.

In this paper, we focus on the dynamic binary
tranglator for such a co-designed x86 virtual machine.
The dynamic binary translator first cracks x86 instruc-
tions belonging to hot superblocks into RISC-style
micro-operations, and then uses heuristics to fuse to-
gether pairs of dependent micro-operations.
Experimental results with SPEC2000 integer bench-
marks demonstrate that: (1) the fused 1SA with dynamic
binary trandation reduces the number of scheduling
decisons by about 30% versus a conventional
implementation that uses hardware cracking into RISC
micro-operations, (2) an instruction scheduling slot
needs only hold two source register fields even though
it may hold two instructions; (3) trandations generated
in the proposed ISA consume about 30% less storage
than a corresponding fixed-length RISC-style | SA.

1. Introduction

Two basic techniques for improving processor per-
formance are increasing instruction level parallelism
(ILP) and increasing pipeline depth (thereby achieving
a higher clock speed). Each of these is a challenge on
its own, and the two techniques are often at odds with
each other. For example, attempting to extract higher
ILP tends to increase the size of the instruction schedul-
ing window, which makes a deeper pipeline more
difficult. In addition, the practical problems of imple-
menting a CISC instruction set like the Intel x86 (aka
[A-32) introduces additional performance challenges.
For example, splitting or “cracking” an x86 instruction
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into a number of RISC-like micro-operations tends to
increase the number of operations that must be indi-
vidually issued in order to execute the original
program.

We are studying a co-designed virtual machine im-
plementation[17][18][19] of the x86 instruction set that
uses an underlying implementation instruction set
which permits combining or “fusing” pairs of depend-
ent instructions. These fused instructions share a
scheduling window slot and are scheduled by hardware
as a unit, i.e. as if they were a single instruction. How-
ever, the instructions actually begin execution in
successive cycles, as in a conventional superscalar
processor. Because of the dependency, a fused pair of
instructions takes at least two clock cycles to execute.
Furthermore, after instruction fusing is done, many of
the remaining non-fused instructions also take two or
more cycles to execute. Under these circumstances, i.e.
two (or more) cycles of execution latency, the hardware
scheduling logic can be pipelined both simply and with
relatively little performance loss. The wakeup and se-
lect functions can be performed in two separate clock
cycles without relying on speculation. Thus, the use of
a fused instruction set 1) allows ILP to be increased
without adding scheduling window slots and 2) enables
simple pipelined scheduling logic that is conducive to

deeper pipelining.
1.1 lllustrative Example

A snippet of x86 code taken from benchmark
176.gcc is shown at the left of Figure 1. This code se-
quence contains 15 x86 instructions. A straightforward
cracking will translate the code sequence into 21 RISC
style micro-ops. However, if pairs of dependent x86
RISC-ops are combined into fused instruction pairs
(shown on the right side of the figure), then the same
sequence consumes only 13 scheduling window slots in
the dynamic processor core.
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X86 instructions Fused ISA Execution
Latency

1 mov ebx,ds:[esi + 1c] LD Rebx, [Resi + 1c] 3
2 test ebx, ebx TEST Rebx, Rebx Jz 126 2
3 jz 08115bf2
4 LD Rtmp, [Rebx + 02] 3
5 cmp ds: [ebx + 02], 0d CMP Rtmp, 0d Jz 2f 2
6 jnz 081ll5ael
7 mov ebx,ds: [ebx + 08] LD Rebx, [Rebx + 08] 3
8 test ebx, ebx TEST Rebx, Rebx Jdnz e4 2
9 jnz 08115bcc
10 jmp 08115bf2 (direct jmp removed)
11 add esp, Oc ADD.cc Resp, Oc LD Rebx, [Respl] 4
12 pop ebx ADD Resp, 4 LD Resi, [Respl] 4
13 pop esi ADD Resp, 4 LD Redi, [Resp] 4
14 pop edi ADD Resp, 4 LD Rebp, [Resp] 4
15 pop ebp ADD Resp, 4 LD Rtmp, [Respl] 4
16 ret near ADD Resp, 4 1
17 BR.ret Rtmp 1

37 Bytes 50 Bytes, 21 RISC-like instructions.

15 x86 instructions Consume 13 scheduling window slots

Figure 1. Example from SPEC2000-INT 176.gcc

Instruction formats in the proposed implementation
ISA may be either 16 or 32 bits long. The instruction in
the first line of the example in Figure 1 uses the long,
32-bit format. Lines 11 through 15 contain two fused
16-bit instructions. The two fused instructions are
shown on the same line, separated by double colons
“::”. The first instruction in the fused pair is defined to
be the head and the second is the tail.

Finally, the number at the end of each line in the
figure is the minimum number of cycles that each cor-
responding instruction (or fused pair) will take for
execution. Virtually all of them are two cycles or more.
The only exception is the last two lines, which have two

independent instructions that execute in one cycle each.

1.2. Dynamic Binary Tranglation for x86

In the co-designed VM implementation we are
studying, dynamic binary translation maps x86 instruc-
tions into the fused instruction set. We note that the
native x86 instruction set already contains what are
essentially fused operations. For example, the x86 in-
struction add eax, [ebp+4] performs a load and an
arithmetic operation. However, the fused instruction set
we propose allows some forms of operation pairing that
the x86 does not allow, for example the proposed in-
struction set can fuse a condition test operation
followed by a conditional branch, or it can fuse two
simple ALU operations. Furthermore, the optimization
heuristics we use often fuse operations in different
combinations than in the original x86 code.

Dynamic binary translation/optimization using a
code cache held in main memory has a number of ad-
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vantages. For example, superblock [23] formation, as
is typically done, leads to improved spatial locality in
the instruction stream. Because software is being used
for optimization, relatively sophisticated algorithms can
be used; this is the case in the DAISY [18] and Trans-
meta [17] VLIW machines. Finally, because
optimization is being done dynamically, profile-
directed optimizations can be done transparently, using
profile data from the program being optimized.

On the other hand, if one uses software dynamic
binary translation from a dense instruction set such as
the x86 to conventional RISC-style instructions, there
are significant performance disadvantages due to the
resulting code expansion. That is, the RISC-style in-
structions will consume more memory space, causing
reduced instruction cache performance. In addition, the
instruction fetch bandwidth would be used much less
efficiently than with the original x86 code. Conse-
quently, such an approach is at a considerable
disadvantage when compared with conventional hard-
ware cracking where x86 instructions are fetched from
main memory and RISC-ops are formed in the instruc-
tion pipeline [11][12][13][14].

The proposed fused ISA at least partially over-
comes the code density disadvantage because it permits
a denser encoding than a conventional RISC ISA. Fre-
quently, two short instructions are combined into a
single 32-bit word. For example, in Figure 1, the origi-
nal x86 code consumes 37 bytes of storage. If this code
were translated into RISC instructions of 32-bits each,
then a translated RISC version consumes 84 bytes. In
contrast, with our 16/32-bit variable length instructions,
the program consumes 50 bytes.
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