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4BSIRACI

Ortimizing comrilers are examined as
an alternative to sustems rrodramming in
assembly languade. The Rliss/11 comriler
is studied as an examrle of 3 dood optimiz-

ing comriler with many ortimization stra-
tedies, These stratedies are then tested
to find out which ones are likelw to have

the highest pauvoff.
INIRODUCIION

At our installation in the University
of Delawares Electrical Endineering Derart-
menty we write a3 lardge number of susteams
Programs. As an alternative to assemblu
landuages most of our prodrams are written
in a high level landguade called C [11.
Virtuaslly 211 of these errosrams are for
mini or micro computers such as the PDP-11,
IBM Series/1s and M6800. Because of thiss
it is important that the obdect code rro-
duced by the comrilers be a3s efficient as
rossible in terms of memory utilization and
execution time. As 2 means of determining
if it would be worth the effort to imerove
our current comrilersy we studied the
‘Bliss/11 comriler as an examrle of 2 dood
ortimizing comriler.

OVERVIEM DE BLISS/11

The landuade Bliss was originally im-—
rlemented by Wulf et, 3l. of Carnedie-
Mellon Universite on the PDP-10 comsuter
[21. Bliss was desidgned to be used as an
zlternative to rrodramming in PDP-10 assen-
ble landuade. As suchy it was important
that the languadge have many of the charac-
teristics of 2 powerful high level lansguade
without losing some of the intimate charac-
teristics of assembly landuade. It is
eeauzlly imrortant that the landuade rroduce
good obJect code.

Bliss/11 is a dislect of Bliss for
the PDP-11 coesruter. Bliss/11 is an Alsgol
like landuade with some unigue characteris-

tics [41. For examrle there are no dats
tyres in Bliss. Declarative statements in
. Bliss only reserve .blocks of mewmory that

can be used for any eurrose, The tures of
orerations rperformed on these datz items
determine what they are. An identifier

used in Bliss evaluates to the address of
the dats item. To obtsin the contents of 2
locationsy the contents-of oreratory signi-

‘fied bw a dotr must be useds As a result
.of thiss the assidrnment orerator is 3
sbinary orerator which takes the value of
“;the exrression on it’s right and stores it

in the location indicated by the value of
the expression on the left [51. Thuss 2
statement such as X=X+1 written in Fortran
would be written X=.,X41 in BRliss. The
languade also sllows the eprodrammer to de-
clare his own addressing formulas for ad-
dressing arraws or other structures and has
the carability of orerating on bit fields

within words.

Bliss is an expression languade, All
rrocedures are comrosed of @ single exrres-
sion. Unlike APL or LISPy exrressions are
built from the familiar control structures
of Aldoly such as! the IF-THEN-ELSEy and
WHILE-DO constructs. The value returned bu
the WHILE-DO construct would be the value
returned by the exepression fullowing the DO
the last time the loor was executed. The
GOTO statement is not imrlemented in Rliss
because it is meanindless to Jumer into the
niddle of an exeression. The landuzde
doess howevery allow loors to be exited
rrematurely with the LEAVE statement, This
is @ restricted form of a forward branch.

Most of the characteristics of the
landuade were chosen so that the comriler
could produce highly ortimal code {31, The
comriler - is primarily concerned with im-
rroving memory utilizationi howevers if the

code is shorters in wmost casess it will
also execute faster, The reason they chose
to make Bliss 3 tureless language was so

that the cosriler could view 2all dstz as
being the same. This makes it easier to
ortimize simple expressions since no sre-
cisgl cases can exist, Similarilys the rea-
son for making Rliss an exeression lansuade
is so that the cosriler could essily
analuze the flow of control in 3 erogram.
The GOT0 statement was omitted from the
landuade to aid flow analusis.

IHE BLISS/11 COMBILER
The Bliss/11 comriler can be viewed

as seven wmaJdor rhases [3). The inrut to
each phase can be thousht of as 3 chunk of

code written in & ¢€iven langusse., Each
phase of the compiler translates the code
from one landuade to another 3nd then

passes it’s output to the next rphase in the
seauence, The name of the seven rhases are
LEXSYNFLOy DELAY, TLAs RANK: PACK, CODE and
FINAL, Each rhase is concerned with 3 rar-
ticular ture of code ortimization, The
LEXSYNFLD shase rerforms lexical znalusis»
sgntactic analysisy and global flow
analusis, The DELAY rhase determines the
order of evaluation of exrressions and the
general share of the obdect code. The TLAy
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‘RANK» and PACK phases are erimarily con-
cerned with register allocation., The CODE
rhase produces the obJect code and also

looks for some minor ortimizations that can
be made. The last phase of the comriler
called the FINAL phase rerforms various ad
hoc peerhole ortimizations. Peerhole or-
timization cleans up the assembly landuade
outrut produced by the CODE phase.

Ibe Lexsunflo Phase

The LEXSYNFLD shase is the first
phase of the comrpiler [3], PResides rer-
forming the lexical analesis and suntactic

analusis of the ineput prodrams it is also
resronsible for dlobal flow analusis. In
denerals this involves looking at the
overall flow of control in the rrosram and
making decisions on how the code can be
;re~arranded in order to decrease the amount
of object code rroduced. ‘One of the thinds
that this rhase looks for are common sub-
exepressions that can be moved. A common
‘sub-exrression is an expression or riece of
an exeression that arrears more than once
in the rrodram, As long as the contents
of the variables don’t change between two
arpearances of the expressions then the two

exrressions must alwaus evaluate to the
same result. Thusy it is only necessary to
evaluate the exrression once. A common

sub-exrression may be as simrle 3s 23 sindle
variahle or as comrlex as a larde arithmet-
ic formula, A similar situstion occurs
with 1loor invariants. Loor invariants are
exrressions whose value does npot chande
during rerested executions of a loor. Such
exrressions can be evaluated before start-

ing the loor and their values stored in
temerorary registers for use within the
loor.

Another form of ortimization that the
LEXSYNFLO ehase rerforms is called code mo-
tion ortimization. This ture of ortimizas-
tion can be rerformed when 2 common sub-~
exrression arpears in all the branches of
an n-way branching structure. If the value
of the exerression is the same redardless of
which eath is  taskeny then the exrression
can be evaluated before the branch is tak-
ern. This will decrease the zmount of code
eroduced since it only needs to arrear once
instead of n times. Similarlyr if 2 common
sub-expression seppears in all n branches it
may be evsluated after the roint where a1l
the n branches redoin. In order to do
thiss the contents of the variables used in
the exrression must be the same 3t the
roint where the n branches re.doin 2s they
were where the exrression was oridginslly
located, This alsc imerlies that the value
not further refer-~
until the roint where the n branches

‘ Ibe Delay Bhase

The DELAY rhase of the
responsible for 2 variety of
[3), The erimary purerose of
determine which of the ortimizations
detected during globzal flow analusis are
really desireasble, For examrley 2 common
sub-expression such as A is very simrle to
evaluste and it wmav be more advantadeous
not to treat it as a common sub exrression.

comriler is
ortimizations
BELAY is to

Another resronsibilits of the DELAY
phase is to change the order of evaluation
of an exrression in order to shorten the
number of instructions needed to find the
value., DELAY will 3lso attemrt to azlgebra-
ically simplify the exrression where rossi-
ble. Care wust be taken in doing thiss» of
coursey since computers have fixed rpreci-
sion. Some of the identities used for such
simelification are as follows! X-4 =
¥t(=w)y %~y = ~(u=-x)y xky = (-x)X(-9)y and

8™ = ¥(Yav*b). The DELAY rhase will aslso
rerforms simrle ortimizations: such as!
turning multierlications into shifts where

possibley and distributing multirlications
if this would be advantadeous.
Ihe Ilay Ranks Back and Code Bhases

The TLA» RANKs and PACK rhases. to-
dether are resronsible for redister 8lloca-
tion [3]1., They determine which wvariasbles
in a subroutine are used enoudh to merit
beind stored in 2 redister. Thew 2lso
determine which redisters should be used as
temroraries.

The CODE rhase of the comriler is
primarily responsible for producing the as-
sembly lansuage outrut from the parse trees
and results of the rrevious rhases. The
code generator does have some intellidence,
howeverr so that the obJect code produced
for 8 diven orerator may vary derending on
the context in which it is used.

Ihe Einal PBhase

The FINAL rhase of the comriler rer-
forms peerhole ortimizations on the assem-
blw langusde code eproduced by the CODE
ehase [31. The purrose af the reerhole orF-
timizer is to clean ur the resulting code.
Many of the thinds that can be done during
peerhole ortimization are not done by the
Bliss compiler because it finds them in
rrevious phases, The rather ad hoc activi-
ties of the reerhole ortimizer will be
described in terms of the Unix C cosriler
since it is a richer ortimizer.

One of the things that 2 reerhole or-
tisizer can loock for are Jumes to Jumes.
If 2 Jume instruction that Jumes to another
Jume instruction 1is founds it can be modi-
fied to Jumr directly to the destination.
Similarlyy if 3 Jume instruction is found
that Juars to the next locastiony it can be
removed 3ltogether. The C comeiler looks
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for imrossible to reach code and removes
it This is not a eroblem with Bliss/11
'since the nature of the landuades rrecludes
‘the deneration of such structures.

On the PDP-11 comruter several ortim-
izations of the Jumr and branch instruc-
tions can be made during reerhole ortimiza-

tion, For examrley short .Jumps can be
changed to branch instructions. 0n the
PDP-11 this will save one word of memory,

Conditional branch instructions which skie
over wunconditional branch instructions can
be chanded to a sindle conditional branch
of the orrosite sidgn.

If two Jumep or branch instructions
‘have the same destination address and thew
are preceded by identical blocks of codes
ithen one of the blocks of code can be re-
moved and 2 Jump to the second block put in
A& similar ture of ortimization
‘van be made when 3 block of code rreceding
‘a  Jump instruction is identical to 2 block
‘of code epreceding the destination address.
‘This 1is called & cross Jumr and can be op-
timized by deleting the block of code
‘preceding the Jume instruction and altering
the destination to point to the identical
iblock before the old destination.
1

The peerhole ortimizer also looks for
sindle instructions which may be rerlaced
with similar instructions which take less
‘space. For instancer on the PDP-11 an in-
struction such as MOV #0y RO can be changed
to CLR RO, Alsor diven certzin assumrtions
about the obdect codesy it may also be ros-
sible to chandge sn instruction such as AID
#2y SP to the instruction TST (SP)+, Many
rerlacements such as these can be mader but
‘care must be taken if the condition codes
are checked after such an instruction,

IESI RESULIS

In order to examine the effects of
the various ortimization stratediess a sro-
dram from the Bliss/il Prodrammer’s Manual
was coariled several times with different
ortimization stratedgies enabled [41, The
comriler has three switches which control
optimization., The F switch is used to con-
trol the final reerhole ortimization rhases
the 0 switch controls common sub-expression
elimination and code motion ortimizations,
and the @ switch controls some special
cases of coamon sub-exrression elimination,
With the 0 switch turned off wmost of the

optimization done by the coariler is dis-
abled:. The comriler will still check for
common sub-expressions within 3 statement
but will not check for CORRON sub-
expressions between statements. The 8
switch will enable common sub-exrression
eliminstion even in the csse where one of

the varisbles in the exesression may chande
as the result of beind addressed indirectlwy
throush some other variable. It the @

is not ons it will only eliminate
guarantee the

switch
exrressions in which it can
variables will not chande.,

The following table shows the results
of the test. The left column shows which
switches were turned on and the right
column shows the size of the ob.ect code in
words, The size of the source perogram is
arrroximately 200 lines of Bliss/11 code.

TABLE I
CODE SIZE VS. OPTIONS
Switches Size
None 386
1] 386
F 348
FQ 348
0 363
OF 346
oa 336
OFe 326

From the results of the testssy it is
not arparently obvious which ortimization
stratedies a2re really imrroving the code.
One rossible explanation for this mav arise
from the amount of ortimization rerformed
by the CODE rhase and ortimizations on sim-
rle expressionss both of which can not be
disabled:. In other wordss the ortimization
strategies that can be turned off arrzrent-
ly don‘t really rerform the bulk of the
work,

Arrarent lack of ortimization paw off
be the peerhole optimizer is frecuently ob-

served in situstions where the original
code deneration strateds was ortimized. An
examrle of this is found in the C comriler

for the PDF-11 and the locally develored
¥46800 C comriler, The POP-11 C comriler
does a fairly dood Job of ortimizing the
obJect code during the code deneration
rhaser and thus» the reerhole ortimizer
does not find too sany thinds that can be
chanded. On the other hand: the M&800
comnpiler does very little ortimization dur-

ing the code deneration rhases and thus.
the reerhole ortimizer can sheorten the ob-
Ject code considerably.

Since the obdject code size decreased

by 15% with 211 ortimizations turned on and
the next best result was onle asbout & 9%
improvementy the indication is that there
isn’t reallw an advantadge to using onley 8

subset of the ortimization stratedies.
Probably the most ortimistic sclution to
the eroblem is for the rrogrammer to take

some of these ortimization strategies into
consideration when he writes & srogram. In

other wordss if vou know something about
the comriler you are usings it may be ros-
sible to helr the comriler rroduce better

obdect code by writing better source code
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: A simrle examsrle of
this coding rractice would be an IF state-
ment in which the same exrression arrears
«in both the THEN <c¢lause and the ELSE
jclause, An exeression such as this could
be calculated and stored in a2 temrorary
variable before the IF statement,

CONCLUSIONS

Bliss/11 is an excellent ortimizing
comrileri howevers in our cace it is srob-
sbly not worth the time and effort to ex-
tensively modify the existing C comrilers
to make use of most of these ortimization
technicues, The excertion and the ore com-
ronent that is relatively easy to add to
any comriler is the reerhole ortimizer,
Peerhole ortimization can he done riece-
mealy rroduces measurable results and time
spent imeroving existing rpeerhole ortimiz-
ers is likely to wield 2 return, Some of
the ortimization stratedies used by
Bliss/11 in erevious rhases of the comeiler
can be incorrorated in the reerhole ortim-
izer, For very criticsl sections of code:
the source code or even the resulting ob-
Ject code could be ortimized by hands tak-
ing into consideration some of the lessons
from Bliss/ii.,
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