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Overview of IBM Research
VLIW Project

◆ Research on
parallelization of
sequential natured
code since 1986

◆ Hardware prototype
operational
● 8 ALU operations
● 4 load/stores
● 7 conditional

branches

◆ Object code
translation project
● Self-modifying code
● Precise exceptions
● Re-ordering memory

references with
multiprocessor
consistency

● Memory mapped
I/O



Overview of IBM Research
VLIW Project

◆ 3rd generation
VLIW parallelizer
● 5X pathlength

reduction over
POWERPC on
integer code, without
profiling

◆ Application of
VLIW techniques to
superscalar
compilers
● Helped obtain 18%

improvement in
SPECint92 on
POWER, POWER-2
and POWERPC 601



VLIW vs.  Out-of-Order
Superscalar

◆ Small window for
finding parallelism

◆ Complex design limits
issue rates

◆ Executes single path

◆ Poor branch throughput

◆ Long pipeline, branch
stalls

◆ Large window for
finding parallelism

◆ Simple design

◆ Executes multiple
paths. Resilient to
mispredictions

◆ High branch
throughput

◆ Short pipeline, zero
branch stalls

Superscalar (IBM) VLIW



VLIW vs. Out of Order
Superscalar

◆ Performance difficult to
predict (Compiler
scheduling can degrade
performance)

◆ Predictable
performance (Compiler
scheduling improves
performance)

Superscalar  (IBM) VLIW



VLIW Evolution
◆ Multiflow VLIW machine (ca. 1984)

● For technical applications, not general purpose
● High data memory latency, bad for integer code
● Technology limitations

◆ Did not fit on a chip
◆ Had to use partitioned register files
◆ Memory banks controlled by compiler

● Old trace scheduling did not do well w/branches
● Not scalable
● New, incompatible architecture



VLIW Evolution

◆ VLIW enablers ca. 1998
● VLSI density improved significantly
● New parallelizing compiler techniques discovered

for branch intensive integer code
◆ VLIW techniques became applicable to general

code
● Solutions for object code compatibility problem

found
● Approaches to scalable VLIW design discovered



Some IBM VLIW Project
Contributions

◆ New scheduling for branch intensive code, that
handles multiple paths directly (unlike trace
scheduling + predication)

◆ New software pipelining with variable iteration issue
rates

◆ New architectural features for supporting multiple
branches/cycle

◆ New architecture/compiler features for speculative
execution, out of order memory references, MP
strong consistency, memory mapped I/O, object code
compatible VLIW, scalable VLIW...



A compilation example
◆ loop:

      x=f(x)
      cc1=test1(x)
      if cc1 goto T1
      x=g(x,y)
T1: cc2=test2(x)
      if cc2 goto loop
exit: x live

◆ No parallelism if control
dependences are
respected

◆ if test1(x) is true, longest
dependence cycle has
length 1: x=f(x)
(1 cycle/iteration)

◆ if test1(x) is false, longest
dependence cycle has
length 2: x=f(x), x=g(x,y)
(2 cycles/iteration)

◆ Our approach generates a
variable iteration issue
rate: 1 or 2 cycles/iteration



Object Code Compatibility
Approaches for VLIW

◆ Static translation of  executables (Silberman-Ebcioglu
92, Sites et al. 93)+use an old engine as backup

● Put information in new executables to facilitate OCT

◆ Incremental object code translation by HW at icache
miss time (Ebcioglu-Groves 90, Franklin-Smoth. 94)

◆ Incremental object code translation by
software+hardware assist (similar to T. Conte 95)

● Requires little special HW for compatibility, plain VLIW
● Virtual Machine Monitor rapidly translates code on first

execution, saves translation.
● No changes to old architecture, full VLIW benefits



POWERPC/VLIW Path Length
RatiosProgram POWERPC

Instr/VLIW
compress 5.4
eqntott 7.7
fgrep 7.5
lex 6.0
prof 4.7
sc 4.7
sed 5.8
uncompress 4.2
xlisp 3.9
yacc 4.4
Geometric mean 5.3

No profiling
No inlining
Base opt. level
16 Alus/8W br.

~2.7 billion 
VLIW instr.
simulated
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IBM VLIW Compilation
Techniques

◆ Enhanced pipeline scheduling
(technique for software pipelining loops
with conditional jumps)

◆ Moon-Ebcioglu 1992
◆ Ebcioglu-Nakatani 1989



Scheduling Cycle1 & Start of
Cycle 2

◆ loop :
      ---------
      x=f(x)
      ----------
      cc1=test1(x)

      if cc1 goto T1
      x=g(x,y)
T1: cc2=test2(x)

       if cc2 goto loop
exit: x live

◆ loop:

      x=f(x)
      ----------
      cc1=test1(x)
      x’’=g(x,y)

      -----------
      if cc1 goto T1
      x=x’’
T1: cc2=test2(x)

       if cc2 goto loop
exit: x live



Cycle 2 op#3

◆ loop:

      x=f(x)
      ----------
      cc1=test1(x)
      x’’=g(x,y)

      -----------
      if cc1 goto T1
      x=x’’
T1: cc2=test2(x)

       if cc2 goto loop
exit: x live

◆ loop:

      x=f(x)
      ----------
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)

      -----------
      if cc1 goto T2
      x=x’’
      cc2=test2(x)

 T2: if cc2 goto loop
exit: x live



Cycle 2 op#4

◆ loop:

      x=f(x)
      ----------
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)

      -----------
      if cc1 goto T2
      x=x’’
      cc2=test2(x)

 T2: if cc2 goto loop
exit: x live

◆ loop:
      x’=f(x)
L1: x=x’
      ----------
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)
      x’=f(x)              (2)
      -----------
      if cc1 goto T2
      x=x’’
      cc2=test2(x)
      x’=f(x)               (2)
 T2: if cc2 goto L1
exit: x live



Cycle 3◆ loop:
      x’=f(x)
L1: x=x’
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)
      x’=f(x)(2)
      -----------
      if cc1 goto T2
      x=x’’
      cc2=test2(x)
      x’=f(x)(2)

 T2:if ^cc2 goto exit
      goto L1

exit: x live

◆ loop:
      x’=f(x)
L1: x=x’
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)
      x’=f(x)
      -------------
L2: if cc1 goto T3 (1)
      x=x’’
      cc2=test2(x)    (1)
      x’=f(x)               (2)
      goto L3
 T3:if ^cc2 goto exit (1)
      x=x’
      cc1=test1(x)         (2)
      x’’=g(x,y)               (2)
      cc2=test2(x)          (2)
      x’=f(x);   goto L2  (3)
      -----------------
 L3:if ^cc2 goto exit
      goto L1

◆ exit: x live



Cycle 4◆ loop:
      x’=f(x)
L1: x=x’
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)
      x’=f(x)
      -------------
L2: if cc1 goto T3 (1)
      x=x’’
      cc2=test2(x)    (1)
      x’=f(x)               (2)
      goto L3
 T3:if ^cc2 goto exit (1)
      x=x’
      cc1=test1(x)         (2)
      x’’=g(x,y)              (2)
      cc2=test2(x)         (2)
      x’=f(x);   goto L2  (3)
      -----------------
 L3:if ^cc2 goto exit
      goto L1

◆ exit: x live

◆

      -----------------
 L3:if ^cc2 goto exit  (1)
      x=x’
      cc1=test1(x)          (2)
      x’’=g(x,y)               (2)
      cc2=test2(x)          (2)
      x’=f(x);   goto L2   (3)
      ----------------

◆ 1 cycle/iteration if test1(x) true:
L2->L2

◆ 2 cycles/iteration if test1(x) false:
L2->L3->L2



IBM VLIW Tree Instruction

◆ L2: if cc1 goto T3
      x=x’’
      cc2=test2(x)
      x’=f(x)
      goto L3
 T3:if ^cc2 goto exit
      x=x’
      cc1=test1(x)
      x’’=g(x,y)
      cc2=test2(x)
      x’=f(x);   goto L2
      -----------------
exit: x live

◆

if ~cc1

if ~cc2

exit x=x’
cc1=test1(x’)

x’’=g(x’,y)
cc2=test2(x’)

x’=f(x’)

 L2

x=x’’
  cc2=test2(x’’)

x’=f(x’’)

        L3

L2

T F

T F

Superscalar
representation

VLIW Tree
representation

        



Multiway Branching Hardware

◆ Each tree path represented by:
● Target: the next tree instruction address for

this path
● Condition code mask: which cc’s need to

be T, which need to be F, and which are
don’t care, for this path to be taken

● Execution mask: set of operations to
execute if this path is taken



Multiway branching hardware

Target Condition code
mask

Execution mask

L3 cc1=F cc2=X x=x’’, cc2=test2(x’’),
x’=f(x’’)

exit cc1=T cc2=F

L2 cc1=T cc2=T x=x’’, cc1=test1(x’),
x’’=g(x’,y),cc2=test2(x’)
 x’=f(x’)

Fields for the example tree instruction



Multiway branching hardware

◆ The upper bits of all tree targets are
common and are sent to the icache at
the beginning of cycle

◆ The correct lower bits arrive as late
select

◆ All operations are executed, but those
not on the taken path are not committed

◆ Fast cycle time w/o branch stalls



Comparison to predication

◆ Predication takes
worst case
dependence cycle:

◆ loop: x=f(x)
cc1=test1(x)
x=(cc1?x:g(x,y))
cc2=test2(x)
if cc2 goto loop

◆ Best performance is 3
cycles/iteration

◆ Select (cond. move):
◆ loop: x=f(x)

cc1=test1(x)
x’=g(x,y)
x=(cc1?x:x’)
cc2=test2(x)
if cc2 goto loop

◆ Best performance is 3
cycles/iteration

◆ Our approach: 1-2
cycles/iteration



Memory System Challenges

◆ VLIW techniques improve only the infinite
cache component
● VLIW puts more demand on memory

◆ Methods of tolerating cache latency
● Hardware multithreading
● Data touches for integer code
● Code re-arrangement
● Instruction touches



Ongoing Research

◆ Non-greedy enhanced pipeline
scheduling (more register sensitive)

◆ Profile directed feedback optimizations
◆ Advanced interprocedural

optimizations
◆ Optimizations for technical workloads
◆ Prefetching, memory system issues
◆ Object code compatibility/OS issues


