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~2e0 INTRODUCTION

{

1,1 QVERVIEH

The CYBER 170 Common Code Generator (CCG) is a program consisting
of a code transformer to do code opntimlzatlon and a one pass
assembler, It is capable of serving as the back snd of algebraic
tanquage compilers such as PL/I, FORTRAN, etc.

The aim of this part of the INMS |s to give the reader an
expianation of the probleas that CC6G is attempting to solve and
the methods it uses. A current listing is the present description
of all mundane details such as register assignments, efce.

The JInterfasce_ _Specification Appendix discusses the format and
content of the interface between CCG and its hosts.

In the environment of the host compiler CCG is responsible for the
fotliowlng tasks?

Code Transformation - transformation of the CCG IL sequences
into CYBER 17x machine instructions.

Code Optimization - improving the efficiency of the object
code by performing equivalance oreserving transformation,

Address definition for active transfer labels.,

Local block length computations

Refocatable binary output (assembly phasel.,

CCG_INPUT

This topic is discussed in minute detail in the Interface
Specitications Appendix. Chapter & descr ibes the Brlidge input to
CCG and B.&4.2 describes the avajlable CCG routines,

Introduction 1-1
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2.0 ENVIPONMENT

£
hA

2e1

CCG runs on a Cyber 70 or 170 computer and produces code for the
aporopriate Cyber computer,

The available resources consist of the X, B and A registers, and
small and farge core msemodry.

RESQURCE SET (REGISTERS AND INSTRUCTIONS)

In general the complexity of the problems increase as the number
and varjety (inhomogeneity) of the resources lncrease.

Cne of the reasons that a code generator is more complicated than
the front end of a compiler is that it has to interface with the
machine and jts resource set,

The code generator may be looked upon as a program fthat solves
resource allocation, scheduling ard packing problems, Likewjise,
an ootimizer attempts t0 minimize the cost of a set of
instructions by applying appropriate transformations.

The methods wused to solve these problems {in CCG are fairly
general, and we will! now review some of the theory and terminology
used,

6raphs and networks appear in varjous contexts in CCG.
Suborograms are represented as flows g¢9raphs In the global
optimizer., Seaquences of instructions are freated 3s networks in
the schedutler,

A graph is a set of points or podes and a set of gadges which
connect the nodes. A directed graph has an order associated with
the edges, which may be represented as ordered pairs of nodes.

Mathematically, a graph may be represented as a partial _order on
the set of nodess, le.@ey @ function ft r # RxRy, where R is the set
of nodes. Let x and vy be nodes then x is the pregdecessaor of vy,
and v Ils the successor of x.

Let Si(x) denote the successors of x and S*%«1(x) the predecessors

of x« A graph is gonnected if R can be obtained by successive
applications of S and S**=-},

Throughout the IMS we will be interested in directed, connected
araphs. In global flow analysis we use gontrol ftlow 9raphs to
analyze the program, Here the nodes are the basic blocks of the
program ard the edges are the control flow pathse.

Introduction 2-%
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R

A path in graph is a set of edges (nly, N2yeee9nk) sSuch that
n(e+l) belongs to sinle)).

A cycle or loop or closed path is a path at such that n1l is in
Sink) .

a graph without cvctes is called agyctice.

The operand dependencies of an arithmetic expression may be

represented as a Djicected acyclic_araoh or DAG for short,

A subgraph R (s subset of nodes G and edges E®**y of E such that
S(GY is a subset of G.

A stropgly_ _conpected region of a directed graph is a directed
subgraph in which there is a path from any node to any other node,

Proqaram flow 9araphs have two distinguished nodes, the entry and
exit nodes. The entry node has no predecessors and the exit node
ro SuCcessorse Program flow graphs are drawn in top to bottom
orientation, with backward branches or paths on the teft side and
forward branches on the right side,

ENTRY
0o 1 SUBROUTINE SUB
| REAL A(20)
o 2 I=1

|
s<>4-43 10 IF(A(I).GE.®) GO TO 20
N
| 0 | A(I)==A(I)
t
sees<s5 20 I=Is}
I IF(I.LE.20) GO TO 10
0 6 RE TURN
|
EXIT END

Introduction 2<2
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For the above example Bg

Edge Index Table Successor List

fovcocvcscscscsomcsocoscasfosrsoccsfovcscafocacas

| Index to Succ List | Index | Pred#| Succt|

docecccvocsvccccccsoccondcoccovaada coooofjoccome P

PO NN
BNOWNE WN -
OV VI L O W
QAW EWN

| i
| |
| !
! {
{ |
{ {
| {
. +

coeocseeoceoscocoeecdevceredoveoevecsbeocrcsedovecce

A petwork {is a OAG with two distinguished nodes, a begin node,
which has no predecessors and a terminal node which has no
SUCCEeSSOrsSe

While graphs m®may be represented by Boolean matricesy, where aij=1
if there (s an edge between the nodes | and |}, this is
inconvenient sjince the graphs we will deal with would result in
sparse matrices. The most conveneint format for our purposes |is
an edge index table pointing to a tist of successors or
predecessors, It [s compact, easy to form, and can be sorted
easityy, if it [s nmnot packed too densely.

Graphs are two dimensional in nature and in various instances we
wish to impose a one dimensional or total order on the nodes in a
graoh. One example is the linear ordering of the instructions in
an arithmetic exoressions. Let the nodes of a graph represent
instructions (operands or operators) and the edges operand
dependencies. An acceptable total order (s one where all the
predecessors of a node come before jit,

The output of ¢the sort |[s a list of the nodes In the order that
they were placed on the output list,

We now consider two ways of obtaining such an order, The first is
to represent the graph as a network and perform a3 fgopological
sort. To do this we associate a predecessor count with each node.

Introduction 2-3
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Initially the begin node is placed on the output list and the pred
count of its successors is decremented by one, and all nodes whose
count goes to zero are added to the output candidate list. We now
select a8 node on the candidate 1ist, move it to the output list,
decrement the pred count of its successors, and add nodes with
ored count equal zero to the candidate list and so on wunti|i the
sort terminatese.

During the sort a node may be in one of the following states?

1« Pred count (S now Zero.

2. Pred count s 2zero and It Is not yet on the output tlst (on
output candidate list).

3. Pred count (s zero and it ls on the output l]lst,
Mote that a topological sort s -

1. “bredth first” or "bottom up”

2. the order |s not necessarily uniaue

3, time to sort is 2 the number edges

&, "maximizes the use of resources”™

For a3 further discussion one may consult Xnuth, Vol I, pages 258-
265,

Arother way to order the nodes of a DAG is a “top down™ or “depth
tirst®™. In this algorithe we start at the ¢ftop and visit the
successors of a node until we find a node that has none. It Is
placed on the output list, the successor count adjusted and we
backup to a previous successor, etc. The implementation of this
algorithm requires a pushdown stack, for each node a count of
successors not yvyet visited, and the successor lists for each node,
The algorithm js as followss

i =1 %/ node number

1. IF (MSUCC(i)=0) GO TO 2
NSUCC(i)=NSUCC(i)-1
stack({i), let | be a3 successor of 1 that has not been visited
go to 1

2 Output (i)
I=push up stack
It (i®0) 9o to 1
end of algorjithm

A depth first search is top down and oroduces 3a *"narrow ordering®™
of the nodes.,

For a fur ther description, consult the Hecht-Ullman article or
those by Tarjan, :
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2.2 - PERTY-TIME AND INSTRUCTION SCHEDULING

PERT (Program Evaluation and Review) originated as a aethod for

managing targe projects, odut [t Is also used In the compiler to
schedule instruction sequences,

A PERT network consists of a DAG with two dummy nodes. The nodes
are called activities and the edges are dependency constraints,
Associated with each activity is a time to perform the activity,
Associated with the network is 3 total time to complete it,
Consider the FORTRAN statement X=A®*B+C/D., The Instructions are
the activities, the execution ¢time of the instructions are the

activity times, and the operand dependencies are the edges of the
graoh.

The questions which we are interested in are =-=- Given that a 66/
760" has independent functional units which ®ay execute
Instructions in parallel, how may we reorder a sequence of
instructions so as to minimize execution time,
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The total time of all the instructions is &¢+8+10+429¢3+4348=85 |,
while the time of the loncest or gcritic3al path is 8429+3+43+48=51.
We now make the following definitionse The earljest start time
(EST) of a node is the earliest possible time the activity can
commence. Mathematically

EST(N) = Max (EST(p) & T(p)) =-for all p that precedes n
T(p) = time to complete activity pe.

The tatest start time of an activity is the last time that [t can
start without delaying the networke.
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Starting at “EOQ™ compute the negative late start time, NLST

NLST(E0Q)=0

A NLST(n) = MAX(INLST(sS)+T(s)) for all Sy S succeeds n.
TOTALT=NLST(BOSY, network time then

LSTUn) = TOTALT=NLST(n}

for 3all nodes In the network,

Activities for which ESTI(Nn)=LST(n) are on the critical pathy since

any defay in starting the activity will extend the total network
time.

Introduction 2-6




CYBER 170 COMMON CODE GENERATOR

Internal Maintenance Specifications May 25, 1978
3.9 GENERAL THEQRY OF QPTIMIZATION B13
.

An ootimizing transformation of a computation (expressions, (oo0pD,
proaoram, etc.) Is one that makes it possible to compute it more
cheaply (faster) than the original, but produces the same results.
That is, we are Interested in equivalence preserving
transformations that minimize the cost of computing a result, One
can minimize the time or space cost of a coaputation., Our primary
emphrasis is on the former,

Over the years a fairly standard terminology has evolved for the
varjious transformations and categorijies.

Machine independent optimizatjons are those that are profitable

{reduce the cost of a computation) on any computer, A simple
example (s the motjon of invariant (loop independent) code out of
3 Joope
T=X*Y
DO 10 I = 14N D0 10 I = 1,N
10 A(I)=x*Y 10 A(I)=T

N-1 multiplies of X*Y are saved in the above,

Machire or architecture dependent optimizations are profitable on
some machines, but not others., For example Instruction scheduling
is orofitable for 66 and 7600°s but not for 6L00"S,

Local optimizations are transformations which are applied after
analysis of a small part of a program, sSuch as within a statement
or basic bfocks, Examples are common subexpression elimination,
compile time evaluation of constants, etftc.

Global optimizations are those that are applied after anatyzing a
suborogram or some "large™ part of it., Examplies are code motion,
strength reductjion, etc,

Most optimization centers around improving the efficiency of code
in toopsy since the code in it is usually executed with a hjigher
frequency than the code outside it. Lacking further information
from the prograsmer, this s the fundamental assuaption, and
determines the strategy of aill optimizing compilers.

Optimizing transformations can be divided into following general
categories.

Code motiony, which moves a computatijon from a high freguency
region (of execution) to one with a lower freguency.

Strength reduction, in which a computation is replaced by a
chesper one.
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Redundant ooeration elimination, in which duplicate (common)
operations are performed once.

Simpiification and evaluatjion at compile time, (Caliing
sequences, constants, etc.)e.

Elimination of unused or useless operations.
Parallel computation of expressions (scheduling).

Register assignment,

Code motion usually refers to the motion of a (loop independent
computation from the loop body to the loop orologue.

Global register assignment IS the motion of foads and stores of
scalar varjiables in a loop to the entry/exit nodes of the loop and
their assignment to machine registers in the loop.

Strength reduction is used in two contexts. In general, [t means
replacing a computation with a cheaper one. For example, X*%*2 s
cheaoer to do as X¥*X than to call the library function. Since
addition iIs usually cheaper than multiplication, X¢X is cheaper fto
compute than 2.%X, The other usage of the term s the reduction
of integer multiplies of a recursively (iteratively) defined
integer variable in a loop and replacing them by addse.

Example,
DO 10 I=1,10 IC = 25
10 N(I) = 25*] DO 10 I = 1,10
NIY = IC
10 IC = 1C+25
where I is iteratively defined anc 25*1 is a {inear function of I,

Other types of 1oop optimjzations are discussed in Allen®s article
ir Pustin, and in Lowery and Medlock,

MEMORY REFERENCES, SEMANTIC INFORMATION AND QATA INTERFERENCE
The semantic information in a memory reference consists of the

IH - symbol table pointer

CA - constant addend or Bias

RF - subscript value
The source code =A(F) produces the indexed load LD RI, RF, =1, A
which is a reference to any one of the locations A(1),
Al2)9e0esAlN)y, where N is the dimension of A, and RF s the value

of Fo In the ensuing discussion we will assume that different
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names refer to distinct (non-intersecting) classes of memory
focations.

Nuring optimization one may wish to move or reorder instructions.
In order to move memory references without changing the meaning of
the computation we must have rules for dolng so.
Two data references interfere with each other |t

Qs at teast one is a definition

be the intersection of the classes of memory locations referenced
by them js not the empty classe.

Consider the following examples, where the values of I and J are
unknown, so0 we must make the worst case assumptlon that I=) s

possible.
1. X=A(I) A(I),A(J) interference
A(J)Y=38
2. A(I+1)=8 no interference
A(IY=C
3. =8 . Inter ference
X=A(I)

6e X=A(I)+A(J) no interference

Restated in terms of IH, CA and Rf®s, two data jtems interfere if
1. At least one is a store
2. IH®s are the same

I. Rf®°s are not the same or
Rf°s are equal and CA°s are equal

Minimizing the data interference permits maximum optimization to
take place without having to collect and analyze extra information
about the range of subscript values, As an example, consider the
toop

00 10 I=14N
10 X(JI)=X(J) & A(II*X(Je1)

which is not fully optimized by the compiler. By changing the
references to X(J), to 2 temporary variable iInside the foop we get
rid of the data interference that the compiler sees, and Improve

the code.
) T=0
¢ 00 10 I=1,N
> 11 T=T+A(T)*X(I+J))

X{II=X(J)+T
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Data interference consideratjons arise during memory reference
squeezing, code motion, global register assignment, scheduling,
and use~definition analysis. In each case the specific definition
of interference js slightiy different, The above definition |ls
used for common subexpression squeezing and scheduling.

Note that because of the simple structure of references in FORTRAN
the computation of data interference is fairly simple. In PL/I
the problem s complicated by the existence of based arrays.

3.2 REGISYER ASSIONMENT AND DEADLOCK SITUATIONS

Some optimizations, such as common subexpression squeezing, may
give rise to deadlock sjituations that may become apparent in some
other optimization oprocess, usually register assignaent, The
classic situation that wmay arise 1Is that of oversqueezing,
followed by register assignment. Ouring the register assignsent
phase it ls found that two quantities are attempting to occupy the
same register at the same time,

As an example, consider the sequence
DEF 4,81
DEF 10,82
STT 14,0L,1,4A
RS 14,482
STT 24,10,2,4
RS 24481

Which once came about from merging the epjiliogue - prologue of two
simitar loops and "oversaqueezing™ of STT®s in SQZ.

The basic principal is the uses of one variable overlapping with
the definition of another which is to occupy the same register,

Most of the logic in CC6 is setup to avoid these situations by
constraining SQZ, etc. so as *to avolid potential deadlock
situations, By doing things in this fashion CCG misses some
chances to produce optimal code.

As another example, Consider the sequence
I = I+}

A(X) = SHIFT (M,I)
X = A(])
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Ci

One would like to renrite the seguence as

IOLD = I

I = I+t

A(K) = SHIFT (W,I)
X = A(IOLD+1)

Which would shorten the critical path, If we could get rid of
I0LD. dut by getting rid of it we would have one variable I,
whose different wvalues I and I+g are needed after its
redefinition. Note that the 1load of A(I) cannot be moved up
because of the interfering store Into A(K),
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3.3  REFERENCES? cz

The following books and articles were found to be wuseful, They

may be consulted for algorithms, gereral background, terminology,
efce.

Rustin, "Design and Optimization of Compilers™, Prentice

Hatll, Excelient article by Fran Allen, *“A Catalog of
Optimizing Transformations®

Griesy “Compjiler Construction for Digital! Computers®, Hifey,
Good Text, Chapters 11-13 and 17-21 are of interest.

Cocke and Schwartz, *Programaing Languages and Their
Compilers™, NYU (CIMS) Notes., Chapter 6 is of interest,

beware of ¢typoes and logic errors. Contains a description
CSC LNRA, interval analysis, etce

Aho~-Utiman, "Theory of Parsingsseses Vol II”, Prentice Hall,
Very abstract, good description of basic interval algorithm
and good bibl iography.

KNUTH, "Art of Computer Programming, Vol I™, Addison Wesley.
600d reference. :

SIGPLAN - July 70, Vol S, #7 “Symposium on Compller
Optimization™, Good articles by Alten, Bagwell, Fralleye.

SIGACT/SIGPLAN, Octe 73 = articie by Hecht and Ullman on
the wuse of bit wvectors for globol! flow analyvysises Good
bibliographye.

Re Eo Tar)an - article on Depth first searches in SIGACT
May, 1973,

Feo Allen, *“Program Optimization®™. Annual review in
automatic programming, Vol S5, Pergamon Press, 69, Cltassic
articlie on optimization,

Lowery and Medlock, "Object Code Optimization. CACM, Vol

12, #1, Jan, 69, = Good reading, but not enough detail ¢to
be really useful,

Je Ce Beatty, "Register Assignment Algorithm..."y Jan. 7&
I3 Journal of Research L Development, - Hairy, but worth
trying to read.

Ce Pe Earnest, *"Some Topics in Code Optimization®™, JACHM,
Jan. 74

Conway et al, ®"Theory of Schedul ing®™, Addisone-¥Wesley., This
is the classic text,

-

Beatty, *An Axiomatic Approach to Code Optimization™, JACM
Vo! 19, #4, (Oct. 72) e Minimum depth parses and Such.
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~.9 CCG IMPLEMENTATION LANGUAGE

The majority of the code in CCG is written in COMPASS + The only
exceptions are the test mode routines that print formatted
sfructure and table dumps which are coded in FORTRAN o There are
two main reasons why COMPASS was chosen as the implementation
fanguage’ field length and execution speed. There i$ no high
fevel (anguage avaiflable that does not seriously Impact both the
size and speed of the resulting product, There ares however,
several di sadvantages to coding in COMPASS Increased
develooment time, maintenance expense, and loss of readability are
the wosSt serious. Also the standard form of commenting the action
of a machine instruction In Engtish is imprecise. In an effort to
minimize these disadvantages a low level algorithmic tanguage,
similar Iin notation to PL/1, was developed for use in designing,
coding, and commenting CCG. This CCG Implementation Language is
described in the following section. When it is used properly and
faithtully throughout the code [t gives visibility to the
algorithms, the data structures being accessed, and the general
program flow. It s wvital to maintaining the integrity of the
code that all changes be wade to the algorithmic language notation
as well as to the COMPASS instructions., For quick reference to
the algorithmic comments a utility orogram, FTNDOCK, has been
developed to produce concise formatted listings of the routines as
they appear coded only in the CCG Implementation Language.

To properly use the CCG Implementation Language it is important to
understand that it is not Just a wmeans of writing shorthand
comments after the COMPASS code for a routine has been completed.
3y using an algorithmic language to sketch the initial design of a
routine, the problems of register assignments, instructions, code
sequences, etc. are avolded wuntit later. Once the routine has
been completely coded in the CCG Implementation Language and
thoroughty deskechecked it [Is a fast, efficient procedure to
transtate the algorithmic {anauage into assenmbly language
instructions. By preserving the orlginal! CCG Implementation
Language Instructions in the comments field of the resulting
COMPASS, the algorithm used, data structures accessed, and general
fiow of the routine are readily apparent to the 'reader, By
assocliating a varlable nase with the contents of a register its
uses and l(ifetime are more obvious. The final combjination of
assamably flanguage iInstructions and algorithaic language comments
provide the readability of a higher {evel language while
preserving the size and speed of the compiler.

The following rutes describe the way the CCG Implementation
Language has been wused in wmost ot the routines., Since the
tanauage was extended as new uses were found It is not entirely
consistent throughout all of the code. However, an effort Hhas
teen made to gjive a complete and conclise description of the
{angquage here.,
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CENZPAL _NQTATION AND FORMAT

2 The code should be punched with an 11-18-30-36-4% drum card, The
N algorithmjic statements begin in column 30 or 36. Their comments
field begins In or after column L4, To identify a comment the
first two characters must be */ and they are foilowed by a blank,
Varjable names shouid be kept short (2 to & characters), At
tables and data structures should be referenced by the same
mnemonic used jin the COMPASS code to avoid confusion. AN
routines are also referenced by the same naame.

The basic style of the statements (s simjlar to PL/1. Arrays may
be base 9, while most fixed tables are base 1. Many of the
varlabtes represent address values. Consequently the following
notation was adopted to indicate indirect addressing: If X s a
varjiable then ([X) means the contents of X. This notation may be
used to indicate a 1oad of a value as jnt O0OI = Ri1+2% OIW = [DI]
where Ol is the address that (s the address R1+2 and OINW s the
name given to the contents of DI, The same notation {is wused to
indicate a store: [DI) = RDOT(OC.XMT) v 1 means that the value of
the computation on the right hand side is stored at location DI.

REEERENCES JO BITS _AND FIELDS OF DAYA STRUCTURES

8its and fjelds of data structures are defined by wusing the
DESCRIBE, DEFINE, and DEQU macros defined in the comdeck COMADEF.

For example, consider the fotlowing definition of ¢the structure

Ze3
DESCRIBE Z.+69 IN(TBy TFy MF 4 3F)
T8 DEF INE 1 Top bit
DEF INE 5 unused
TF DEFINE 18 Top field
MF DEFINE 18 middle fieild
8F DEFINE 18 bottom field

This detfines the Z, structure to have four fields, 7By starting at
Bit 59, TF starting at B8it 36, which is 18 bits tong, eftc. Since
TB is 1 ©bit 1long it is thought of as a logical variable. Now
consider the following comments,

X=A+2 address computation

TAIX)=1 tield assignaent

IF(TBLA)Y GO TO 10 field reference

IF (BFTA)22) GO TO 10 field reference

IXI=ZWH(1942+30%) tield combination and assignaent

So we See that it F is a field name, then FIX]) denotes extraction/
assignment of it.

.G 1t W is the structure name, then =ZW(A,By600e3Z) denotes
A combination of the fietds A through 7,

The naming restrictions for fields is that the number of
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_ characters be less than 3 or 4, and that the structure prefix be 1
or 2 characters,

Hhen a3 field F in a structure X |s referenced, the word from the
field 1is given the structure name, so for example a reference to
the B8M field in the descriptor word of an IL instruction would be
BMI{DI)y, where D is the structure prefix.

Most of the data types used in the compiler are integer, with the
exception of the one bit fields which are logical variables.

The operations are the basic aritheetic and togical operations and
simple and multiple assignment. Multiple assigment to two fields
In the same word are indicated by -

{A,8)(W] = (VA,V3)
OR

(Re8) = (FA,FB)([W]

References to the IL pervade CCG, The four IL words are

RP1 - R ore word

R2,IH = R two or IH word
DI,0J = descriptor word
LiIeLJ = tink word

The [mportant fjields of an IL instruction are the Renumbers or
operand tinkses RIJRJJRKsReyRNy etcC,

Loop counters and 11imjits are usually given single letter names
TodoeKeLo™MeN,

Temporary variables are used to give a short name *to a table
ejement, fjield, etc. that will be used in a later reference or
definitione A common suffix for many varjable names (s HW, for
word, For example

BIW = BIT(I) 1Is the block index word.

As can be seen from the above discussion, the notation is and can
be ambjglous, but an understarding of the structures being
manipulated and an jinspection of the commants should make them
clear,

REFERENCES JO TABLE ELEMENIS

Table elements may be referenced with two different notations, as
A(I) or [(A+1} . For example, the first notation is similar to
FORTRAN array references., Tl = TREE(I) where TREE is a table and
Tl hotds the current vatue of the element at index I « Suppose 2
foop to scan the TABLE would be written as follows in FORTRAN 3

T I 1
17 I Ie}
IF(TREE(I) .NE.O) GO TO 10

-~

The same loop is more frequently written in the CCG.Implementatjion
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Language as!?

TI O.TREE %/ Set up address register
LP TI TI+1 %/ Advance to next element
IF{ITIlz0) GO YO LP */ Text for end of table

This case illustrates how ¢the (ndex varjable I can be subsumed

into the address reference of TREE(I) . This type of notation is
more conmpatible with the assembly instructionse

CALLS TO SUBROUTINES

Subroutine calls and function references are notfted in the
fotlowing manner?t

CALL SU3tA,8,C) %/ Call subroutine SUSB
Z = F(X) %/ Reference functijion F

where 4,3,C are the variables being passed to or returned from the
subroutine call and X is the argument to the function reference.
3asic FTN intrinsjic functions are called by their standard mnames.
(SHIFT, MASK, MNORMC, MAX, MIN, etc,)

CONDITIONAL BRANCHES ANO _ASSICNMENTS
IF statements are used to show conditional branching. They are
written In the form IF "condltion™ . IF statements are also used

to show 3 conditional ftest bejirg used to determine a value., 1In
this case an assignment may be used in the algoritheic tanguaget

+ LT 824834 %¢1 JEMAX (JeX)
or
A = IF(LOGEXPR) THEN TVS ELSE FV

which is the ALGOL conditional assignment.

Introduction &-4




CYBER 170 COMMON CODE GENERATOR

Internal Majintenance Specifications May 25, 1973
h.1 DEBUGCING FACILIYIES
: CCG contains extensive debugging facilities in test mode. In
\_." additlon to the normal register snap and core dump facilities

available throughout the compijlers CCG has a large set of
formatted table dumps. These debugging printouts are activated by
insertina macro calls and reassemblirg one or more deckss In test
mode there is the added feature that termination dumps of varijious
compiler tables and structures are printed whenever a compitation
Is aborted, These are very usefu! iIn determining what tyoe of
processing was being done when the error occurred.

The SNAP, SNAPT, REGs and PRINT macros are described in CCGTEXT .,
There are also several other special PRNTx macros that are defined
in the CCG decks that use them {such as PRNTM In MIO). These
macros offer a convenient method of calliing one of the FORTRAN
coded debugging routines to print out a coampiler table or
structure in an easily interpreted format complete with mnemonic
headings. The FORTRAN routines that produce the formatred output
are grouped ftogether under the headlng CCG Utjilities in the
following section on Deck and Routine Descriotions., Most of the
PPNTxxx routines are associated with a particular deck, while the
NMPxxx routines are associated with a structure. The TRACE wmacro
is a convenient way of leaving table snaps in the compiler, The
macro format is

TRACE LAB,T3L,8BLK

where LAB is the trace label and TBL is the name of the table to
be snapped in octal format unless T3L = RLIST, in which case the
table is orinted as IL instructions which are assumed to be ({n
table TXT wunless the BLK paraseter (s oresent and specifties
another table,

Standard sets of debugging snaps have been permanentty instatied
in att major routines, These have been sefected to trace compiler
ttowm, snap IL sequences in varjous stages of wamoditication, and
dump pertinent tables during execution. The TRACER macro is used
to speclify a list ot debugging porintouts to be activated within a
routire. For example!?

TRACER (A48,C)

activates the printouts specified by the TRACE labels A, B, and C.
A complete list of debugging fabels in a routine may be found by
check ing the symbols in the quat block DEBUG in the reference map.
To builid a test mode compiler with all debugging routines
asseabled in and a DEFINE TESTCCG directive should be added to the
OLDPL, and the coampiler and the texts rebuilt. In the following
routines a subset of these debugging snaps may be activated by
reassembling the routines with an UPDATE SDEFINE deckname
directives M0, F3V, GPO, GRA, SQZ, MC5G, 38DT, CFA, and UDT . This
wit! conditiorally uodate in a TFACER directive specifying the
most freauently used snap labels., Since snaps and formatted dumps
can oroduce a farge amount of output, 1t is recommended fthat test
cases be reduced as wmuch as possible bafore activating snap
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labetis.
. 2 INIERNAL LANGUAGE DESCRIPTION

The IL is described in sectiors 4.3 to 4.,3.6 of the Interface
Specifications Appendix with the exception that certain
instructions that the host should not use are not discussed there,

The following completes the information in those sections.

&.2.1 QPROEES
The comdeck OPRDEFS defines the name, order and properties of the
IL instructions. 1In CCGTEXT and CMPLTXT the comdeck CGGILFD calls
it to define the opcode values (0C. symbols).,
The IL instructions are divided into the following groups =
1. Pseudo insturctions EOQ = ENT
2. Machine jinstructions XMT = CX
3. Memory references and sets LD - DWL
&, Conditional Jumps JPX,JPBSB
S Unconditional jumps JIN = UJP

6. Optimizer instructions ILD - SXT

The order of the instructlions in OPRDEFS [s critical and any
change must not violate the following constraintss

OC.E0Q=0 assumed everwhere

0C.B0S=1 assumed everwhere
BAR is the only type I instruction less than OC.RS (BDT/CRW)
For group 2y the machine opcode = IL opcode.

Memory reference Instructlons always occur iIn the order load,
store, set,

LD is the first memory ref,

OWL [Is the fast.

JIN (s the first unconditional jJump, (BOT/FTL) and conditional
Junps come before JIN (MCG/PJUI)

Add, subtract instructions are next to each other. Assumed in
S0Z. Instructions 2 0OC.CLR do not show up as input to CII (CGIM/
CIlY.

{ 1 Current definition of the fayout of the fields for the various
instruction types is in CCGTEXT,
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&.2.2 CCC_ONLY INSTRUCTIONS

L DAR Define A-register pseudo instructione Used to associate an

- Renumber with an A-register of a previous fload iInstruction.
This opseudo op will ©be used for prefetching/loop folding
only (GRA/CLB, MCG/PPI). ‘

SLD PIyRJ4RK SAT AJ/BJ+BK SHORT LOAD

SST RI,RJ,yPK SAI AJ/BJ+BK SHORT STORE

SDL  RI,RJ4RK SAT AJ/BJ=BK SHORT DIFFERENCE LOAD

SDS  RI,RJyRK SAI AJ/BJ-BK SHORT DIFFERENCE STORE
T

DRL RIZPJ4RF,CA,IH  RXI XJ DIRECT READ LCM | 7600 |

DHL RIZRJGRFoCA,IH  WXT XJ DIRECT WRITE LCM : ONLY :
boe  aes

ILD initial toad of a quantity. Synonymous with a ®L0%,

except that in *SQZ®* a ST/ILD combination kills the store
after saqueezing the ILD. RF must be zero.

TLD/TST Temp LD/ST instructions introduced by GPD., Always of the

form TLO/TST RIL,0,CA,ORD(IT.)
CA is an index to *TET®,

4.2.3 IHE SO FIELD AND REGISTER SPECIFICATIONS
The SO (Specification Ordinal) field exists in all type II
instructions, but Is meaningful only in the *RS* and ®*DEF®* oseudo
instructions,
The format of the SO fjeld is =
4/unused,2/inv bitsy2710ock types, 3/reg type,3/reg no.

The register ¢type values are 0,1,2 for B8, A and X registers
respectively. They may not be changed.

The invariant bits are set by GPO/GRA and are used In GRA (ERC) to
extend inner foop register assignments to an outer (00D,

The types of register focks are -

8 =UJP Hlock (prior to a tunctlion call RIX/JIN/UJP) This tvype.of
lock is used to ensure that the arguments are that are passed
in registers, stay there during code scheduling untii the RJX/
JINZ/UJP (s issued.

- 1 =temp lock. Place the result in the specified register, and
keep it there until its uses count goes to zero. Operations
that precede a temp lock RS may be eliminpated in SQZ it they
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have no uses,

s ?2 eefull lock, This lock type is wused to hold 3 result in a
Lo register until it is overjdden by a second full lock RS f(and
uses =0}, or to end of seauence. Full lock RS®s and DEF°®s are
‘used by the global optimizers (GRA and AIS).

3 RJ RS locke This ¢type of 1lock and its RS and are used
following UP, NR instructions that produce 2 results (X and B).
The RS is used to specify the B-register result and hold the
uses count, For a RJRS the IN fjeld in the R1 word is 1.

I A-jocky, used for full tock and definitions on A-registers that
are setup by GRA {(GRA/IRA and MCG/PII).

o2 2EGISTER PEDEFINITION

When two or more PS®s to the Same register occur in a sequence, it
is necessary for ®*30T* to form logical links in the dependency
network between the instructions using the result of the first RS
and the operation defining the second. HWhen both RS®°s occur in
the same basic blocky, *BOT* does this automatjicalliy. When the
second RS is in a different basic block, then the ftirst and
redefinition links are necessary, as in the case where a loop
index s kept in a B8-register, one may place the vajue of the
first Renumber in the RF field of the IH word of the second RS.

EXAMPLE?S

STY “"'A

RS Le o B7

LAB LLOOP

SLD 20,k (IH{4,0,A)
Fu 24920 ==~

STT 30,4,1 87 =87 + 1
RS 30,487 IH(L,0,0)

Other fields that may be set in the initial RS,DEF instructions
are the IH,CA fields in R2 words to specify the variable in the
reqlster.

In redefinition RS®s and initlal CEF®s the CA fjeld 'is wused to
hold the part of a constant ¢that 1Is in a Beregister. The
situation arises when an address is placed in a Beregister and the
sequence contains PLD/PST®s, Consider a 100D with references to
A(I) and A(I+5) where A+I-1 assigned to a Beregister

DEF &,37 CA=-1
AC(I) SLD 104490 IHW {Ly=1,A)
A(I+45) PLD 1L,4y0 IHW (4,4,A)

The CA In the IH word is the semantic CA, the real CA s & -(-1) =
s
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5.0  IASLE_AND STPUCTURE OEFINITIONS

kmf

The general table layout for CCG is discussed in Chapter 8 of the
Interface Speclfications., What follows here is a description of
each table used by CCGe

*Fixed™ FWHA tables In FHA order (0PT=2 only).

HNT " Header Node Table, For each tloop it holids the bit
index of the header and the HB (holding block)., It s
used by FXI it find the HB8 number when an exit node
from one loop Jumps to the header node of another 100D,

LCT Label Change Table, Setup by GPO/IRP, used by CII when
an inner loop exits to the header node 0of an outer loopD
to change to label refererces.

IST/GST Intervat (flow graph) structure tables, Formed in CFA,
and used by GPOe. It may reside on disk it large.

“FIXED™ FWA TABLES in FWA Order

BIT Block Index Table = 2 words per entry for each basic
block in the program, 8I. and RI, word formats.,
8I. word contains block properties. RI. word contains
address of block on mass storage or in core, Initiatly
the table Is buitt [n *B8ST®* and the info fitled In by
*PB3*, Moved to low core and renamed by GPO.

unTt Use=def info table, final version, 2 words/entry for
each referenced scalar varjiable or class o1 menmory
locationse. First word is in UD., format, second Is 12/
packed shift count, 30/, 18/word index, that is used to
access the entry for the varjable in the bit vectors.,
Formed in *UDT*, moved to low core in GPO. Referenced
in GPO and GRA,

MVL Marked Variable Lists List of pointers to UDT of the
varlables that are referenced in &8 block. Formed in
GPO/FUDe referenced jin CRB8.

8VvVT Bit Vector Table. Four bit vectors per block, for each
block and holding block In the prograse. Bit wvectors
are ln the order DEF, UBDy USE, LX (t1jive exit). A bit
vector is @ strina of bits occupying contigious words.
The UD descriptor word Is used to address bits in bit
vector. Formed in F3v, &GP0, and AUT, Referenced/
moditied in FBV, GPO, GRA, Note that each bit vector
is *VL® words long.

—

S8y Special) bit vectors that are used by GPO/GRA,
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8YT Bfock transition Table. Used to change a node nuaber
into a block number, Formed in GPO/IGP, referenced in
GPO/FXI.
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s

“DYNAMIC™ TABLES (managed by table manager in CGTM)

BLK

T
65T

RNOD

TREE

LAR!

0TI

MLT

MO0D

CFT

asT

PST

RCT

RXY

TET

Dynamjc table used to0 hold core copies of blocks,
0.SEQy L.SEQ point to the biock that is currently being
processede.

IL instruction sequence.
nasme of IST when being formed by CFA,

R-nuaber definition table Iin SQZ. Scalar load address
table in PRE (IXFN processor)

Scratch in varjous subroutines in &GP0 (MIP,DIF) and GRA
(MTA,CRW .DXA, MFA,CLB)

Successor index table in BOT/MCO

Posted instructions in MCG and CGTM/UII.
SI. format in MCG/SII.

Optimizing temporary info in MCG/7JAM,

Mod 1tist Index table cutside of MCG. (1 word per
modification in ML format (CMPLTXT)),.

Table of modifications (IL instructions) & words per
instruction. First entry [s a #*30S¢¥, Used in
conjunction with MLT,

Control Flow Table, 1 word per entry in CF. format,
Contains the edges of the program flow graph (FROM,TO),
Formed in the bridge, used in CFA, Also used by GPO as
a scratch tavle.

Block status table, 2 words per entry for each block in
the region being porocessed., First entry is the holding
block (if any), and last word s 0, a tabtle terminator.,
BST is used as a loop control vector to hold the list
of blocks ¢that are being processed by the optirizers
{(GP0O, GRA), and to pass information between the
subroutines, The first word is in BA. format and
points to the block,

Post store info, a collection of tists of varjables and
the registers they are ([n, that are to be stored on
entry to @ block.,. Formed in GRA/SXC and referenced in
GPO/1IPS, The post store lists are in PS., format and
are pointed to be the PII fieid in B8IT,

Ragister candidate table. Setup and wused by GRA to
plck and assign candidates to regjisters in loops.

Region exit information, Setup in GPO/FXI for use by
GRA (SEE, IRA and SXCl.

Temporary equivalence table, 1 word per entry 1In
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Set

Te formate. TET(C) hotlds information about the status
of the global temporaries (TLO,TST®s) with CA=¢C,
Referenced in UII, SQZ,GP0, GRA,

I0L I/0 1ljists, 1 word per entry accumulated for a basic
block in the bridge, Appended to the end of the block
by PB8B.

11T Increment Information Table consists of three fists,

see G6POCOM for a descritption. Formed in 6P0, GRA.

unl Use Def Info, 1 word/entry in UA., format., Initial form
of UDT, Formed in UOT, reformatted in AUT,

cvTY Constant Value Table, 1 word/entry, Contains binary

value of converted constants that are referenced by LOC
instructions.

cuT Constant Use Tabley, 1 word/entry, parattetls CVVl. Entry
is non-zero it corresponding entry in CUT has been
referenced in an Issued Instruction (CGTM/CII) or an
Aplist (3ridge), etc.

Host Supplied “Static™ JTables in High Core
The following tables may be static or dynamic as the host choosesS.

GLYT GL address definition table. CGSLABD saves the block
number in the tavle durng phase 1 of 0PT=2., Normally it is
used to hold the address definition of the (abel in
NC. foramat.

C8YT Common Block Table, 1 words/ertry., First entry Is blank
cCoOmmon. Format is described In 2.2.1 of the Interface
Specificatjions Appendix.

SYM Host Compiler Symbol Tabtle, 3 words/entry, Described in
section 2.1 of the Interface Specification Appendixe

SIRUCTURES

Varlous structures appear in most of the routines in PASS2. This
section is an attempt at listing all places where they are
referenced,

311 - _2lock Index Table

B8IT s an incore table that (s a repository of information about
the biocks that must be avajlable on a random access basise Their
is one entry for each basic block in the program, an entry for
each H3, and entries for the program exit block (block No. 0) and
the pseudo entry block #1)., Each entry consists of two words.
The second word is the address of the block (disk, LCMe SCM), its
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fength and where it is. This word is for MIO®s use and is rarely
referenced by the optimizers, It has the property that the LEN
field 1Is always correct and may be referenceds The first word is
the block information word (3I. in CCGTEXT)y and it holds the
block tyope (reachable program block or HB), format (C8=1, then in
S1. format), final parcel count wher coded, index to bit vectors
in BVY, etc. This word is referenced by most of the optimizers.,
One should note that the order of program blocks in BIT is their
source program order, The IH field of the BOS at the beginning of
3 block. is the BIT index of it., The block index of BI (s twlice
the block nember (BN) of a blocke INn order to avoid contusion,
one shold know that the control flow analysis code wusually uses
B8N°s, mhile most other code references 8l°s.

var
e

Ouring the bridge orocessing BIT (s setup in BST by UDT/P8S8,
After w2 have formed the interval lists, and know how many (o0ops
there are ]t becomes 2a fixed tatie In fow memory with pointers
0.3IT and L.BIT.

Dur ing the optimization phases BIT is referenced in FBV, MIO, GPO
arnd GRA,

811 _VECIORS (USE/DEE)

3it vectors or bit strips are used in the compjiler for structures
+hat may get very large. The USE/OEF bit vectors are one example.,
For each block in the program there are four bit vectors that aust
be majintained during global optimization. They are the OEF, UBD
(used before deflnition)y, USE and LX (live on exit) bit vectors.,
The first three are used to calculate the LX bit vectors, The LX
bit vectors are used to eliminate dead definitions, determine when
varlables must be initialized or stored on exit from a f(oop, etce.
fFur thermore, the blt vectors could also be used for global common
subexpression squeezing, efc.

Bit J In word X (K=0,1929e0s) Of a bDit vector corresponds to the
60¥Ke+Js2 entry in UDT, The second word of UDT holds the bijt
vector "address™ in the format - 12/P (bit number), 30/,18/word
indexe.

Most of the bit vectors are kept in BVT, which js setup as a fixed
table In GPO initialization in SCM. Because of their relatively
small individual size and random referencing, they are kept in
SCM. A more flexible scheme woulid allow them to be kept iIn ECS/
LCHM.

Summary of references?
UDTZAUT Setup UDT, form special bit vectors in RXI (common
variable "spoil vector®™, dead def complement vector and
DEF, URD, USE, LX vectors for the program exit node).

GPO init allocate for 3VT, move special 8V°®s from RXI to BVVT. Catll
FBY to form the bit vectors for the program blocksS,
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FBv

IG6P

IRP

TRP

FUuD

CHB

ROD

IPS

AUV

FXI

MII/ST

MII/ZEOQ
GRA/IRP

SEE

ERC

SXC

IRA/EOQ

May 25, 1978 c‘ﬁ

call FUD to form the DEF, UBOy, and USE B8v®s for all
program blocks, then compute the LX 3V°s.

inltiallze the BV address of the holding blocks In the
foops to the l(oop entry biock in case the exit node of a

toop Js a HB which has not yet been processed (needed in
FXI).

clear the HB8 BV address field.

catl FUD to form the HB, DEF, UBD, USE BV®s. HB llve exit
= region Jlive entry BY, Save region 8V®s (DEF, LU, USE,
LX) in header node slot for use by FUD, HII, etce. When
processing an outer loop.

torm block DEF, UBD, DEF B8V®s if 88V = 0 and clear LX BV,
It block is a HBy then find the header node, and adjust
the reglon USE, DEF and LU vectors of this lo0op.

combine HB with naturat pred, adjust bit vectors of both
blocks, catt AUV to adjust USE, UBD vectors to account for
any ST/LD squeezing.

scratch vectory, SV= LX or (DBU and USE), dead defs = not
SV and DEF.

Insert post stores, set DEF bity, clear UBD,

rescan block and recompute USE, UBD vectors i{if no user
extrefs in the bltock, Makes the USE vector smaller if any
ST/7LD saqueezing took ptlace.

form entry/exit info for the loop being processede. Live
entry = UBD or (not DEF and LX) in header, compute ljve
entry at successors of the ltoopn. Compute region live exit
= OR LX over all successors. HMovable defs = DEF in region
AND not live entry, over successors that can®t be post
stored into.

clear bjits in block DEF vector, and set RF in ST so RDD
doesn®t kil it.,

accumulate region DEF and USE bit vectors.
Set IST for variables used in an Inner loop (LU).

Reference L entry, LX, movable def Info and places (it In
RCT.

References UDT, add varjiable to LUV (f not entered as a
candidate,

Peference RXI to form post store lists adjust LU, LE BV®s.

output epllogue post stores for variables that are LX from
the epilogue, set bits in LUV ,
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JEY - Global Temporary Equivalence Table.

. Ouring irvarjant code motion and strength reduction GPO forams
Y. alobal temporarijies. During execution time they are kept in the
IT. block and during compile time they are referenced via TLD, TST
and ILD instructionse. Since they are subject to elimination,

squeezina and packing, the CA of the TLD/TST instruction 1Is an
index Into TET, the temporarysequivalence table,

NeGT is the number of global temps at the beginning of a loop,
base of temps created in this loop., Summary of references?

£eQ

GPO26 - level of optimization, assion CA®s to the non-equivalent
entries in TET (packing algorithm),

MIE - form 1IT.(XK) = EXPR in HB, save TST type and pointer to TLD
insert point in TET,

CIF - Point from TET to IP formula info In IIT tor strength
reduction temos,

EIE - form variable jncrement temps and add to HB
ATT « clear REG ftietd for TET®s created in this loop for GRA,

update info of equivalenced entries.

UPB « use TET as a controf vector to insert TLD®°s of ¢the removed
expressions in the loop body.

SHB = call SQZB8 to squeeze the HB and the TST°*s,
SQZ/STS = squeeze temporary stores to eliminate those that are the

same type and pointing to the same expression (multieblock and
outer loopos)y, and assign temp numbters to the TET entries.

SRA

MTA - set RES field of TET®sS that were assigned to B-register for
MFA, ’

MFA - Reference REG field when address differencinge. Reference
TET when setting filnal test replacement decisione

SUP = Reference TETLIIT [f TRO=4&, Adjust TET by clearing H3N
fleld of TET®s created in this loop. Scan HB and set HBN number

of it°s defined in this loope Finally scan TET backwards and
remove trailing entries with a zero HBN field.

OIL - issue ILD of a3 TET entry if created in current (00D,
CGTM/WIIl - assign storage locationrs to TET°s when tirst
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$5.2

encountered. (0PT=1 only)

Core Layout During CCG Processing

oPT=2
Phase 1 and 2 Phase 3

code (CRADLE, ENDPROCy ASSEMBLER,
Code Transformer)

4= IST
BRIDGE ! BIT
CFaA Fixed { - uort
yoT Tables | MVL
cecccncas } BVYT and S8V
UDB Buffer (1008) l BTT
0PT=2 Buffer (20018) s= LCT
Dynamjic Tables +=  BLK
ceccccoes Oynamic | T
Static Tables Tables &= RND

Static Tabiles

Commop _Blocks
CCGSCR - 2603 words are scratch for use in a routine., Rest is
used by GPO and GRA., Filirst 1008 words used by SQZ, 80T, MCG and

PROSEQ.
GPOGRA - used for communicatjon between GPO and GRA,

RA oR

OVERALL _FLCW OF CONTPOL

See: section 1.1 through 1.3 of the Interface Specifications
Appendixe.

ERIMARY FUNCTIION _BY _DECK

The Bridge controls the accumutation of IL instructions and calls
CGSPAS to process the accumulated sequences.

CGYA (s the internatl assemblere.

CGTM contains the table manager, utiljty routines and the host
callable entry points that are used during END processing.

PROSEQ controls the processing of the accumuliated sequences and
tre expansion of memory references. It catlls SQZ to remove
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redundant instructions and collect uses counts, etc.

'k-f In OPT=0,1 PROSEQ then calls ESR to expand references to formal
e parameters and level 2 variables, MCG to code the sequence and WII
in CGTM to write the machine jnstructions (in SI. format) to the
SLIST file, Finally, it resets varjous flags for the next
sequence and returns. In OPT=2 PROSEQ calls P88 in UDT to process
the basic blocke. PB8 calls subroutines to chain the menmory
references to the UDI, the use def information tabtes to fore a
block table entry for the block? and to save It on secondary
storage (LCM or disk).

SQZ does common sSubexpression reduction, compile time constant

reduction, instruction simplification and dead instruction
elimination on an extended block basis. -

MCG6 is responsible for scheduling aﬁd local register assignment,

It caltls 80T for form the dependency g9raph, or to reorder the
instructlions,.

GPO is the global optimization controlter. It contains the
machine independent ootimizers for invarjiant code motion, strength
reduction and dead definition elimination,

GPO calls AUT to adjust the use~def tabley CFA to analyze and
reformat the control flow information, and FBV to form the use,
def and live exit bit vectors.,

MI0 is the block manager and Is responsible for paging blocks in
and out of core as necessary during gtobal optimization.

FBY is called by GPO to form the ljive exit bit vectors.

GRA (s calfed by GPO to do "global™ register assignment for a loop
after the machine independent optimization has been pertorneq. It
bulids a table of candidates for register assignment, makes
assignments based on frequency, usage and avajlability, and
attempts to code the 1loop with the assignments until it is
syccessful,

CFA analyzes the control flow information and forms the jintervatl
tists that direct the optimization in GPO.

UDOT contains wmiscellaneous subroutines that are used during the
tirst phase of global optimizatione.

GENERAL FLONW 3Y OPYT LEVEL

02eI=1

The controller calls the bridge to process the output from the
front end. The bridge accumulates the 1IL instructlions for a
statement and then calls CG$PAS in PROSEQ to process it.

PROSEN is the segquence processing controllery, and it calls S8B (in

Introduction 6-9




CYBER 170 COMMON CODE GENERATOR
Internatl Maintenance Specifications . May 25, 1978

i
g

S02Z)y ESR (in PROSEQ)y MCG and WII (in CGTM)e It then resets a
few flags and exits to the dridge.

When the end of file [s encountered the Bridge exits to the
controller (in the thost) who then does the end processing and
calis the assembler (CGIA). Finally the controller exlts the
overlay to the host batch controlier.,

0Pl=1

The basic flonw of control in OPT=1 (s similar to that of OPT=9,
except that

a. The Bridge accumulates longer sequences of code for PROSEQ to
process.

8. HWhen a3 "“well beahaved™ inner most 1loop is encountered the
Bridge will attempt to collect the whole loop in memory, and
PROSED will call COL (in GPO) to optimize it.

gel=2

The controller calls the Bridge to process the front end output
and accuaulate basic blocks in TXT and control flow [nformatjon In
CFT. It then calils PROSEQ who then calls SQZ and P33 « PBB calls
CMR to chain the memory references in the block into UDT, and it
then saves the block on a random file on mass storage.

This oprocess continues until the entire file has been processed.
The Bridge then exits.

The controller then calis GPO to optimize the IL and generate code
for ite

Upon return from GPO the controller calls the end processor and
the assembler.
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Because CCG is assembled and executes in the environment of jts
host compilersy, 1t iIs dependent on them for certaln comdecks. The
decks and the compiler/CCG build environment are discussed in
Chaoter 9 of the Interface Specification Appendix.

The fotlowing comdecks reside on the CCG 0PL.

CCOMGCM

CCOMRPYV

CGHCRMD

FA=DEFS

COMADEF

OPRDEFS

PSODEFS

General Compiler macro definitions for LXQe RPVDEF,
RPVFHA, LISTL and NUPAGE,

Prototype version of the RPV package and associated
subroutines. See section Tebel of the Interface
Specification Appendix for a description,

Code Generator Host Compiler Required Macro Definition.
Contains the definition of macros that the host must have
in the assembly text that is used to assemblie the COMPS
fite if the C option is selected. It contains
definitions of the USEBLK, RJT, ORGy, REPI and SUB macros.

macro definitjons for the 7800 (SCOPE 2) 170 routines
that parallel the “MACE"” 1I/0 routines (READH, WRITEW,
etcedo

Structured Field Definition Macros. A set of macros to
faciljtate the definition of parteword fields. These
macros are used extensjively in CCG and the texts.

CCG Internal Language Instructions Definitions. OPRDEFS
contains the definitions of atl the instructions used in
the IL In the form of a macro call with the format:

NAME OPR (properties) o

The deck aliso contains other macros that are used to
process the parenthesized list of instruction properties.
In most cases OPRDEFS is wused to setup an opcode
processor address jump table. In CGTM {t 1Is wused to
buitd the descriptor table, A listing of OPRDEFS may be
found in CCGTEXT and CGTM.

CCG Pseudo Operatiion Definitions. PSODEFS contains
macro cal! tines of the forms

opname PQOD comment,
for all the pseudo instructions in the IL. The deck is

listed in CCGTEXT and CMPLTXT where it is used to define
the opcode values of the pseudo instructions.

COMDECKS 6-1
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CCGDBGM

CCGILFD

CCG Debugging macrose. A collection of macros used {n
test mode to debug CCG.

PRINT - simiiar to a3 FORTRAN print statement. It calls
OUTPTK to oprint out values in Ay, I, O or Z (octatl with
teading space ftill) formatse Xo T and asterisk delimited
string formats are aliso availabtes The PRINT macro cails
SVR=, RSR= to save and restore the registers unless the
Nosave parameter is speclfied,

TRACER = the TRACER macro deflines symbols that activate
the appropriate trace macros in the code. For example, a
TRACER XY will activate the TRACE XY, TBL (i.e, cause it
to print snaovs)e. This allows TRACE and PRINT calls to be
placed at aporopriate points in the code and activated as
necessary when debugging.

SNAPRL = calls DMPRLST to print out a table of
instructions in a mnemonic readable form,

DCALL - calls an arbitrary routine., The parameter list
is setup in FORTRAN Aplist format, The registers are
saved before and restored after.

SHAPT = prints out the contents of a table with pointers
0.TBL and L.TBL in octal.

CC6G Internal Language Field Definitions and Tabtle
Formats., This comdeck defines the symbols and micros
that are necessary to sanipulate the IL instructions and
associated tables. CCGILFD catis OPRDEFS and PSODEFS to

define the opcode values, It is called by CCGTEXYT and
CMPLTXT.

COMDECKS 6-2
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T.1

7.2

JEXIS

There are thWwo systexts on the CCG PL, CMPLTXT and CCGTEXT,
CMPLTXT [s a subset of CCGTEXT and is for the wuse of the host
compjilerse CCGTEXT js used along with CPUTEXT to assemble CCG.

CHMPLIXT

Contains?

OPTIONS - Instatiation deoendent EQU®"s

COMADEF - Describe, define macro definitions

CCGILFD - CCG IL fletd definitions

and macro definitions for the basic tabte manager macros ALLOC and
ADOWRDO.

CCGIEXT

Contajns?

OPTIONS

COMADEF

FA=NEFS = File action macro definitions

CCOMGCM

COUNTS = Count number of names Iin a micro string

XA X « Select max of 2 integers

MXX =X - Setect min of 2 integers

CALL - Call a routine

ENTRY, <= Declare a word of data as an entry polnt
EQENT - Eguate symbols and declare as an entry point
MOVE - Move a block of data

PLUG - Modify code during execution

ROUTINE - Define tocal entry/exit line

SETCORE = Set a block of memory to a given value
SETZERO = Set a block of memory tc zero

CCGNAGM - CCG debug macros

DBG=MAC - Interactive and Batch debug package (IDP) macrose.
CCGILFD

Describe defines for the following structures!?
ML, = Mod list format
Te <= Temp eaquivalence table format
LCe = Label change table
WCe = WHord C of the symbol table
The foliowing macrost

WRITEP <« Hrjite a pseudo op mord to SLIST

ADDWRD = Add 3 word to the end of a managed table

ALLOC - Ajlocate table space

PROCESS - Define 3 processor address

EXT « Decliare names of externals with an equivalence sign
appended

TABLES = Declare names of dynamic tables referenced in a

routine as external

TEXTS 7-%
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CCGTEXT atso cafls the host supplied comdecks HCDEFS and SYMDEFS
to define the host dependent syambols and the host
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8.9

8.1

CCG _DE3VUG MODE PRINY ROUTINES

Inb test or debug mode the following FORTRAN coded routines are

used to print out various tables and sftructures In CC6G Iin a human
readable format,.

BOUTINES

DMPIITY Prints out the IIT (integer polynomial increment
informajon table) that s formed by GPO during loooD
optimization, It also contains the secondary entry point
PRNTRXI which prints out the region exit information
formed by GPO/FXI.

DMPRLST Prints the contents of a3 table (TXT, SEQ, MOD, etc,)
that contains the IL Instructions in the & word per entry
format, Any words that occur after a EOQ are printed in
octale

OMPSIT Prints out the successor index tabje formed by BOT,

OMPTPEE Print out the dependency tree prior to reformatting it as
a successor index table {(B8DT/CIP).

DMPUDTI Prints out the symbol classes in UDT prior to
reformatting by UDT/AUT and the OPC names in the symbol
tabtla, This print out is the first to appear and is
useful when one has to look at octal fields which contain
IH®s.

PRNTGRA Called by GRA to oprint out RCT (register candidate
tabte)y RAT (register assigrment table) and the values of
mlsczlianeous flags and celis,

PPNTMIO Prints out the tables (8IT7T, 85T, 8LK) or parts of tables
that MIO modified.

PRNTUDI Prints the bits set in UDT during global optimization
(GPO and GRA),

PRNTABY Prints the value of a singlie bit vectore.

PRNTBV Prints out ¢the USE, UBD and DEF bit vectors tformed by
GPO0. The entry point PRNTLX prints out the Jive exit dit
vectors after FB8V has formed them,

PPNTRLI Prints a singte IL instruction called by ODMPRLST,
PRNTMCGy etc.

PRNTMCG Prints out the issue candidate Yist, the functional unit
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available times, the issued instructions in the order of
Issue and timing information, and the R=nuaber in the
registers, PRNTMCG also performs various consistency
checks and they can ysually poinpoint errors in the MCG
logice

8.2 EXTERNALS REFCRENCED

oUTPTK (PRINT statements) 1Is a speclal version of the FORTRAN
output routines. OUTPTK combines the logic of OUTPTC and
KODER. It also contains a special feature called tine
continuation mode which [s discussed below. QUTPTXK
contains all the facilitles of the standard package
except E, Fy Gy V and =°s format descriptors.

SETSY routine in QUTPTK to set or clear the subtitle line,

REMARK same as FORTRAN library routine which sends a message to
the dayfile,

SYM given a IH, this function returns the DPC name in the 7!
format,

GETNSYM wused by DMPUDT to obtain the number of symbols in the
symbof! table SYM,

8.3 RCUTINE STRUCTURE AND CODING CONVENTIONS

The basic structure of the routine is
SUBROUTINE card
Storage dectlarations
Statement function definitions
Executable code and formsats
END line

Thre FIELD statement function, FIELD(X,BsL) extracts a fieid with
rightmost bit 8 (0 to 59) and tength L from 2a word X. It is
basicey sSince all other part word field statement functions are
defined in terms of ite For example the RF field in the R2 word
of a IL Instruction has the following deflinltiont

RF(X) = FIELD(X,36418),

The name of a statement function which extracts a field (s the
same as the name of the field In the DESCRIBE, DEFINE.

Line continuation mode was added to OQOUTPTK so the results of

different PRINT statements could appear on the same fine, 1In

essence 1t suppresses the automatic end of {line mark that s

, output at the end of each print statement, To terminate a line in

h this mode the format associated with the PRINT statement must have
a slash (/). Line continuation mode is controlled as follows:

CCG Debug Mode Print Routines 8-2
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B.6

1 *to enter line contiuvation mode
LINECM(1Y = LINECM(2)

2. to terminate it
LINECM(1) = §
where
" COMMON/LINE/LINECM(2)

The address®s of dynamic tables, etc. that are needed by a print
routine are passed as arguments to jte. WHhere necessary conmaaon
blocks declarations are duplicated in FORTRAN. Care should be
taken so that a modification to a COMPASS routine doesn®t throm
the associated FORTRAN coded print routine out of synce

The executable code In the routines |[s straight forward. It
consists of assignment statements to extract the appropriate
fields from the tables, etc. followed by a PRINTY statement.,

CALLING SEQUINCES

Aecause the regjisters have to be saved and restored prior to
catling the debugging routines, and the FHA of dynamic tables have
to be placed in an Aplist, most of them are called via macro
{(PRNT, PRNT3V, SNAPRL, etc.) which calls a3 routine CPR (call print
routine) to setup a parameter tiste Versions of CPR exist in MIO,
GRA and MCG.

CCG Debug Hode‘Prlnt Routines 8-3
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CCIA - CODE_GENERATOR INTERNAL ASSEMBLER

GENERAL B91L0CK STPUCTURE QOF CCC _ASSEMBLER

CCG Internal Assembler (CGIA) is responsible for the final
conversjion of SLIST declaratives, machine iInstructions, and macro
references into one of the outputs?

A loadable executable binary code written to a sequentjial
binary fite LGOD.

A stream of COMPASS source statement that could be assembled

by the standard COMPASS compiler wrjitten to a sequentjal tile
COMPS .

The following figure shows major blocks of CGIA and the overall
control fiow?

CGIA - Code Generator Internal Assembler 9-1
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*Note that the Pseudo Instruction Processor for the END
does not return to the main foop.

directive
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by the Host Compiler and performs other functions?

May 25, 1978 014

Initial processing activates CGIA for the processing mode required

&, Returns to the main compiler control immediately 1if none of
the options 1l1isted below has been specified by the Host

Compiler?

® CGIA output shoulid be binary object code

(COosB=1).

e CGIA output should be COMPASS lines
(CCosC=1).

e Object code listing is required (COSLO=1),
B. Internal controls are activated to set CSIA

modes as instructed by the HOST:

® (COblect code listing required only

e LGO output, no oblect listing

e LGO output with oblect listing

e COMPS output.

in LGO fite

in COMPS file

in one of the

C. HWrites the end-of-record on SLIST and then the file s rewound

for input reading.

The first block of SLIST entries is read into the input buftter
I8UF and the Buffer Index is set to point at the first word,

Es. If an end-of-file was encountered on the read,
is terminateds Otherwise the main control

the compilation

1oop (GNIW) s

entered to start processing of SLIST instructions and

directives in IBUF,

CGIA - Code Generator Internal

Assenmbler 89-3
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9.3 MAIN CONTROL LQOP {(GNIW) _AND INSTRUCTION PROCESSORS

9.3,.1

GNIW reads the first word of a currert IBUF entry as pointed by
the Buffer Indexe The word is checked for its OP code value which
determines what part of CGIA should be entered,

A, A pseudo~instruction processor if the current IBUF entry is a
pseudo-instruction {directive), To specity a correct
processor tor the particular pseudo-instruction, the 0P code
value [s used as an index into a table that contains addresses
of all pseudo-=instruction processorse.

B A machine instruction processor If the current IBUF entry is 3
machine (executable) instruction. Againes OP code vatue is
used as an index iInto a table of addresses for aill machine-
instruction processors.

Ce A Process Macro Reference (PMR) Jlocal routine if the current
IBUF entry is a macro reference, PMR is entered for any macro
reference.,

Once control has been trarsferred to the appropriate
instruction processor or to PMR, these are responsible for
reading subsequent words that belong to the current SLIST
entry in IBUF (if entry consists of two or more words). The
GWIW macro is always called to get subsequent words from the
SLIST flle, It takes care of incrementing the buffer pointer
and refilting IBUF when necessary.,

When processing of an IBUF entry ls completedy, the instruction
processor or PMR returns to GNIW t0 process another entry,
The only exception is the END Pseudo Instruction Processor
that returns directliy to the Main Compjitler Control.

2PQCESSING OF INJTIAL POEUDO INSTRUCTIONS

ITnitiat Pseudo-Instructjions are directives generated by the Host
Compiler Fronte-end and Bridge. They may appear in any order
except the USEBLK which must be the 1ast one, Two are always
required - IDENT and USEBLKS: others are optional. The following
functions are performed by Pseudo-Instruction Processors.

A, LCC (toader Control) Processor allocates a space for LCC table
in the dynamic working storage. Then loader directives are
trans ferred from IBUF to LCC table,

Be IDENT (Program or. Subprogram Identitication) Processor
transters the tollowing information to the tocal table IOT (77
table)? ’

e ¢the program name from the SYM table entry, word A
e date and time from the glotal cells HOSDATE (2 wordas)

CGIA = Code Generator Internal Assemblier 9-=4
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e control card options from the global cells HOSCCPP (3
words).,

Ce TITLE Processor ftransfers the listing title from IBUF to the
global table STITL to be used by the routine that Jists (ines.

Ne COMNT (Comment Lines) Processor transfers the comment lines
from I3UF to IDT table (following the information set up by
the IDENT Processor)e. There can be up to four words of
comments.

E. USEBLK Processor performs varjous functions according to the
mode of CGIA operations. For exaample, if object code output
is required LCC and IDT tables are written to LGO. Then the
PIDL table is formed and also written to LGO., If COMPS output
is required, COMPASS statements for IDENT, COMNT and other
directives are written to the COMPS file.

Dther functions performed for any mode are the space allocation
for a3 Link and Fill Chain Table (LAFT), setting the table overfiow
exit in the Dvynamic Table Manager, and Initialtization for the Main
Control Loop GNIIW., The latter involves jnitial setting of the
“current block number-jin-use™ (as defined by USEBLK directive),
zeroing-out the origin counter (ORGC) and forcing the count of
avallable parcels (NPR) to 4, Note that the block number of 2a
current local or common block-in-use and current values of ORGC,
NPR are kept in a local varjable AI.,

9+3.2 PROCESSING OF MACHINE INSIRUCTIONS

Unlike the pseudo-instruction processing,s, there are coason
processors for groups of similar Instruction?

A, Processor for XIBJXK jinstructions (any reglister jinstruction

whose RJ operand iIs a B register, such as ILS, IRSys NR, RNZ,
VP, PK),

B. Processor for XIXJXX instructions (all arithmetic and sonme
Boolean jinstructions).

Cs Processor for XIXXXJ instructions (remaining Boolean
instructions STR, IMP, EQV). :

De Processor for XIXJ instructions (XMT, XMTC, CS).

E. Pprocessor for shift and mask instructions (XLS, KRS, FMA),

Fe Processor for Read/Write LCM instructions (DRL, OHWL).

Their function is tao recognize sach instructlon by its 0P code and
. get the numbers of machine registers assigned to operands. Each

processor exits to a common routire TYI1 that completes the

instruction orocessing by calfing WRTEXT to pltace the binary in

the current taxt table and format a line for the object listing if

selec ted.

CGIA - Code Generator Internal Assembler 9-5
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P,3.3 PROCESSING OF MEMORY REFERPENCE AND RECISYER SET _INSTRUCTIONS

0.3.,4

There are several coamon processors entered for groups o! simjilar
instructionst

A, Processor for the 15 bit set instructions (SLO, SST, SA, SODLs
SO0S and SS).

ge Processor for the 30 bit set jinstructions LDy ST, STTe PLDs
PST and S)e

Their function is to get the OP code value, types and onumbers of
registers assigned to operands and, if applicabley, values of CA
(Constant Addend) and IH (table ordinal and opointer to the
corresponding table entryl. Then each processor exits to a coamon
routine PLD2.

PLD2 completes the instruction processing as follows?t

e Firal OP code is generated from the input OP code value with
regard to the type of registers used for instruction operands.

o TIf the final instruction is one-parcel (short set or load/store
with address operands in registers only), PLD2 exits to TYI1 to
complete the processing, otherwise the final relative address
is computed by adding the CA wvalue (if non=zero) to the
relative address (RA) of a symbol indicated by IH and WRTEXT is
called to output the binary and format the object listing.

2ROCESSING QOF JUNP_INSTRUCTIONS

There s one processor for each jJump instruction JIN, JPBB, JPX,

PJ3, UJPy, RJE and RIXJe. Basic functjons listed below are similar
for each processort

o fFinal OC code value is computed and a relative address (RA) of
a destination label is fetched from SYM table (if source flabel)
or from GL table {(compiler generated label).

e Final relative jJump address is computed as

RA for JIN, JP33, JPX and an RJ part of RJIXJ

CA*RA for RJ3, UJP

0 for an RJ part ot RJG

RA+RA(HCSRJUTBN) for a lower part of RJ6 where!?

CA - vatue of CA tield from Jump SLIST instruction
RA(HCSRJTBN) = value of RA for a symbol defined by the Host
Compiler in HCSRJTBN,

RARRXRXRXR
1}

e Processor gets the register numbers assjigned to register
operands RI, RJ (where applicable). :

e The binary (inStructionls) associated with the Jump type is
generated?

JP 8J+K for JINS BJ is svecified by RI

CGIA - Code Generator Internal Assembler 9-6
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JT1 BJ+BI.K for JPBBS BJ is specified by RJ and
B8BI by RI
JT2 XJeK for JPXS XJ is specified by RI
RJ K for RJ3
EQ K for UJP -
NJT2 XJe%¢1 for RIXJIXJ is Specitied by RI
RJ K
RJ 0 for RJTS CA |[s taken from CA field by RU6
12/CA,18/K
wheret

{

ve

JT1 is one of the Jump conditins EQ, NE, GE, LT

JT2 is one of the Jump conditions DfF, ID, IR, MI,
NGy NZ, OR, PL

WRTEXT is called to output the binary and format a Ltine for the
oblect listing, FPU 1is called to ftorce the position counter to
the beginrning of the next word after the JINy, UJP and RJ3
Instructions,

3.5 PROEESSING OF STANDARD PSEUDQ-INSIPUCTIONS

This paragraph descr ibes processing of standard pseudo-
instructions (directives) except the END pseudo and those that
belong to the DELIMITERiInitial group described in section 9.3.1 or
to the macro pseudo instruction group (see section 9.3.6).

USE and Calls CUB to do the block switchy then [t sefects the
USELCM correct DPC opcode and callis LPO to format it. Finally it
calls WRTEXT to list the line.

BSS Calls SLP to substitute any tocal (macro) parameters and
list the line., Then it calls FPU to force upper. It a
fabel is presenty, then it gets its address and checks it
against the current value of the org counter, If they are
not the same |t puts a message in the objJect listing and
increments NAE, the nusber of assembly errors. It the B8SS
is not from macro expanson |t is listeds, Finally DTT is
called to flush out the current text table and a new text
table s setup wmith the org counter advanced by the word
count ot the aSS.

LAB The LAB pseudo is simply a BSS In a different format, It
is converted into BSS format and processed.

B8SS? Reserve a MHWHC location (initialized to zero. Initial
processing is similar to the 3SS bprocessing (param

substitution, force upper). In order to minimize the size

CGIA - Code Generator Internal Assembler 9-7
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CON

DATA

OIS

HOL

ORG

REPI

of the binary file, the processor outputs zero words to a
text table jif MWC (s 1less than &, and one or more REPI
tables in the other case.

Set the flag FMCA to a "+* so that the object 1listing is
“CON SYesCa*”, Call SLP to substitute parameters. PRestore
FMCA to a comma, Form RAlsyml+CA and call HRTEXT ¢to

output jt. Call AXR to add the retocation informatlon to
the text table,

Input to the data processor consists of a word count (WC)
followed by WC data words. In the case WC is zero, the
fow 18 bits contain the data item, In the HWC non-zero

case the processor goes through a {oop to get, format and
output each word,

The input format is similar to DATA, The processing 1{oop
consists of inputtinrg up *to S words, formatting a line
*pDIS 8, words™ outputting the binary and the objlect
listing lines

The HOL Processor performs one of the following functions:?

e If COMPS output (is reaquired, a character data
declaration is written to the COMPS fjle to represent
one of the following constants?

nH ®*string” it FF parameter in HOL SLIST pseudo
it H

nL “"string™ it FF jis L
NR "string™ if FF js R

where n 1J]s the number of characters iIn “string,”
“string™ is a string of characters from the next SLIST
word following the first word of HOL SLIST psSeudo.

¢ 1If object code is required, the character constant
defined by *string™ converted to the binary form and
WHRTEXT is called to output jt.

The ORG pseudo in CCG is a macro which is defined in the
comdack CGHCRMD. A complete description of its function
Is In 6.5.2 of the Interface Specification Appendix. The
processing of an ORG directive is straight forward in that
CUB is calted to switch blocks and SOC is called to set
the new value of the ORG counter,

The REPI Processor performs one of the following
functions?

e It COMPS output is reauired, REPI COMPASS pseudo isS
generated from inforwmation supplied by the REPI SLIST
pseudo. Oestination location of the replicated code is
defined by the preceding ORG SY.HWC pSeudo.

CGIA - Code Generator Internal Assembler 9-8
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¢ To output the dbinary, the REPI processor completes the

current word in the text table (forces upper) and dumps

& ' it to LGO. It then resets the text table header word
: and writes the REPI table directly to LGO.

DCsS The DOCS Processor function is to get the m@micro name
specifid jin the next SLISYT word tollowing the first word
of DCS pseudo and to transfer it to a Micro Name Table
(MIC)Y. This table is used by a macro processing facility
of CGIA.

9.3.6 PROCESSING OF SLIST MACRQ REFERENCES -

An integrail part of CGIA (s a macro processing facility that
orovides the means to process SLIST references to user defined
macrose. The external definitions of the facility ls contained in
section 6.6 of the Interface Specifications Appendix.

The complete macro facility consists of -

MACROS The static user macro definlitions
PMR The macro reference processor

GNMUW The main loop macro expansion and the macro only pseudo 0D
processors (3TW,ACI,ARI, IF XXy SET, MIC, etc.)

Here we witl discuss the last three parts,

PMR (Process Macro Reference) ls callied by the main loop (GNIW)
when a macro reference s encountered, PHMR reads the macro
words and unpacks the actual arguments Into PBUF, one per
wordy, which is used by the other processors to reference
thenm.

Next the text of macro expansion is moved from MACROS to
the macro input buffer, starting at O.MXBs, An EOM (end of
m3acro) opcode isS placed at the end of the expansion to
force return to the macro processor. Then PMR substitutes
the parameter values in the expansion for the specified
words., If the object 1tist flag is on FMC is calted to
format and Il1st the macro catl. Finally AS s set to
O.MXB=4 and a Jump *to GNMWL starts the macro expansion.
Note that the fiag MIW ls non=zero during the expansion,
and serves as a no-list flag to LPO for the pseudo ops in
the expansion.

WHhen the EOM opcode is encountered, the processor restores
the SLIST input bufter pointer, ctears MIW and exits to
GNIW,

The main toop for macro processing at GNMW is very siailar
to GNIW. It fetches the rext input word from the macro
expansion buffer and uses the opcode to Jump to ftThe

CGIA - Code Generator Internal! Assembler 9-9
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appropriate Drocessore. Oon return GNMW checks the
instruction address to see |[f the previous instruction was
the 1tast jinstruction in a BTW/ETHW palre, and it so calls
HRTEXT to output the blnary,

Loads an initial “Template Word™ from a location specified
by BTH Pseudo into the local varjable VFDHe, The word will
be modified by other pseudos In the BTW/ETHW range to forma 2
finatl ©binary word that will be written to LG60. Then an
address of ETH Pseudo is computed and saved in VFDW¢1 word,
It is wused by GNMH to terminate processing of the current
BTH/ETH range. ‘

Gets the constant value CON defined in the BIT=-LEN flow
order bits of an ACI Pseuco. The valtue is added to a BIT-
LEN tong ftleld in the current VFDW word starting at a TQP-
BIT position. (Note that TOP-BIT, B8IT-LEN, CON are
parameters of the ACI Pseudo.) -

If the ACT Pseudo specifies one of the symbols Uy, My L
instead of wvalues TOP-3IT, J3IT-LEN, the ACI Processor
interpretes this as

TOP-3IT=47,BIT=-LEN=18 for U
TOP~-BIT=33,BIT-LEN=18 for M
TOP=-8IT=17,BIT-LEN=18 for L

Gets the RA value of a symbol identified by SYM fjield of an
ARY Pseudo. The value is added to a B8IT=-LEN long field in
the current VFOW word starting at a TOP=-BIT position. The
processor also indicates that the field has a relocatable
address value by setting corresponding bits in the
relocation test word,

If the ARI Pseudo specifles one of the symbols Uy My, Ly It
is interpreted in the sawme way as in the ACI Pseudo. Note
that each ogroup of 15 object text words written to LGO is
accompanjed by an address relocation word ¢that indicates
focations of program-retocatable address information within
the group.

Gets the micro name pointed to by a MIC parameter of an ASY
Pseudo. The name s fetched from MIC table, (See DCS
Processor or a MIC Pseudo Processor that sets MIC entriese.)
The name is ™togically added®” (OR operation) to a NC*8 long
fleld in the current VFDW word starting at a TOP-BIT
positione If the micro name is shorter than NC characters,
it is extended by blanks to the right, If it has more than
NC characters, It is truncated on the right side.

Tests the parameters P1,P2 for a condition specified by the
parameter IF.XX, If the condition is aet, the processor
returns to GNMH with no further processing, so the macro
pseudos foltowing the IFT Pseudo are processed by GNMW., If
the condition 1Is not met, a pointer into the macro buffer
O.MX8 is advanced past a corresponding ELSE or ENDIF Macro

CGIA - Code Generator Internal Assembler 9-10
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Pseudo, S0 the macro pseudos in the IFT/ENDIF or IFT/ELSE
range are skipped.,

ELSE Advances the 0.MXB pointer part to the corresponding ENDIF

Macro Pseudo, sO0 the macro pseudos in the ELSE/ZENDIF range
are skipped by GNMHW,

Note that no processing is done for ENDIF pseudo by GNMW
since [t serves merefy to terminate an IFT/ENDIF or ELSE/
ENDIF range,

Pseudo has no processor since [its processing is done by the
maln Jo0op GNMW. It consists of transferring the completed
binary word from VFOW varjabte to LGO.

Processor makes a3 micro name from 2 syabolic name
identified by the SYMORD parameter according to parameters
FC (First Character), NC (Number of Characters) and SC
(Separator Character,

For instance, if FC=NC=SC=0y an entire symbol name extended
by btanks to 8 charaaccters (if necessary) is used to make
a micro name, See Interface Specification Appendix,
paragraph 6.6.23y for the set of rules on how to use FC,
NCy and SC parameters.

The ajcro name jis then stored into the MIC table entry
identlfied by the MI parameter.

Gets the operands jdentified by the argusents 01,02 of a
SET Pseudo, Each argument can identify a SYM table symbol
{in which case the operand value (s a refocatable address
value RA)y, a constant, a local symbol defined in MACRO S
module, DCSS symbol! or a current ORGC " value (%), See
Interface Specification Appendixy, oparagraph 6.6.2.3 for
more detajliss An operatior identified by OP code parameter
is performd upon the operands and a resul?t operand stored
to a jocation specified by an X parameter.

9.3.7 END_PSEUDQ_PROCESSING

It
fol

is performed by the END Pseudo Processor. It involves the
lowing functions,

If any errors are encountered by CGIA, an error message is
written to the standard output listing file.

It COMPS output is required END COMPASS (ine (s formed 2and
written to COMPS file followed by EOF record and the COMPS file
is closeds Then the END Processor returns to the Main Compiler
Control.

It an objlect listing is required, END COMPASS line is written
to the standard output tisting file. Then ¢the END Processor
returns to the Main Compiler Control it object code generation

CGIA = Code Gererator Internal Assembler 9-11
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Q.4

is not required.

e If obJect code is required, the END Processor generates the
final LINK and FILL loader tablas by sorting the LAFT table,
They are written along with the XFILL table to LGO fjite. In
addition, {f the END Pseudo specifies an ordinal of the symbol
for the program transfer entry, the symbot Is obtained from SYM
table, XFER 1{oader table formed and written to LGO. Finally
EOR s written on LGO and the END Processor returns to the Main
Compiler Control.

Notes?

e LAFT tabte, as generated during CGIA processing, represent fill
toader bytes for referenced variables in common blocks and link
loader bytes for referenced external symbols. The END
Processor calls DAT to sort and format it as FILL and LINK
foader tables.

® Tt the END Pseudo defines a label symbol (in CA field)y it is
placed in the label field of the END COMPASS line generated to
COMPS or output listing tiles

IHNE_OBJECY LISTING

When an objlect list s sefected (HOSLOSO) APT (WRTEXT) is adjusted
so that the tisting processor [s called from it after the current
instruction (is placed in the text table, The main listing
processor, F8D0 (Format Binary Data), Is responsible for formatting
and outputing a print fine in a format simitar to COMPASS. In
terms of FORTRAN print and format statements it would be described
by?

PRINT 10, ADDRESS, BINARY, RELOC, LINE
10 FORMAT(3X,06,1X,020,A10,8A10)

Where ADNPESS s only printed at the beginning of a new word, etc,
etce FBD calls FMI to format the. SLIST irmrstructions as a DPC ljine
image [f +this has not aliready been done, It then conver ts the
binary to octal, gets the relocation, adds the binary address and
outputs the fine.

The rest of the wmacros and subroutines are discussed in their
tisting order,

BFN A macro to dlank fill a string of character in X6 where the
bit count is in B3 (6 times N.chars). Result regjister s the
argument to the macro.

ADC Adds a string of up to 10 characters *to the current Iine
image which 1[s being built In the buffer LBUF., On entry to
LBUF A7 points to the last completed word in L3UFs X7 holds
the current word (partiatly filled) and B4 the unused bdit
count for X7, The caller sets the string to be added in X6
in zero L format and the bit count in B3I and catls ADC.

CGIA =« Code Generator Internal Asseabler 9-12
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9.5

e

TS8 Terminate String Buffere. TSB 1Is called to terminate the

current line and write it to COMPS if the C option is
selected,

CMA Convert Macro Argument to display code. CMA is called with
two arguments, the parameter value and [|ts type code (see
SMACRO definition in MACROS). 1It uses the type code as an
index to jJump to the appropriate processor, which converts
fhe vatue to OPC and exits with it In X6 and the bit count in
B3.

CON Convert Octal Number to display code., Convert a number fJess
than 24 bits 1long to octal display code in the format zero
LinnnB. The coton s used so a minus sign or comaa can be
placed before the number,

FMC Format Macro Caltl, Calted by PMR to convert the macro cafll
to display code, It first checks to sae (f the first argument
is to be placed in the label fjeldy and if so converts the
argument and places [t there, It then adds the macro name to
the assembled string and {oops to convert the arguments and
add them to the string. Finally it calls TSB to terminate
the line and exitse.

C0OC Convert Data to Octal. Given a fill word SA00000 or 10HQee-

Oy it converts the binary digits to octal and adds thea into
the tilt word.

CFW Convert Full Word. Does an 020 format conversion by caliing
CDO twice.

CRY Convert Relocation Information. Given the RL fjeld in
RSWORD, CRI set up 10 blanks (ABS), 2A+ (programs
relocation), the common bdlock name or 10H<ext>,

FMI Format Machine Instruction. Given the binary and the number
of parcels (1 or 2), FMI decodes the instruction and places a
COMPASS instruction in display code jin LBUF, The algorithm
is a fairly straight forward conversion that uses sSome tables
to save spaces The routine is a modified version of the one
in the TS version of FTN &.

LOANER TANE OUTPUT ROUTINES

The preliminary binary outpute 77, PIDL, ENTR and LDSET tables are
put out by the USEBLK processor. The LINK, FILL and XFILL tables
are ouftput by the END processor. 1In the case that table manager
needs space it may call DAT to dump them, All wrjtes to the LGO
tite are done via the HRLGO wmacro which calls WHWHL, A "TRACER LGO"
will cause every write to L60 to be printed. APT is called by
most of the processors to place up to & parcels of data in a text
table, It calts F3D to print the object listing and ATR to add
the retocation information to the text table under construction.

ATR Adds the text relocaton to the text or f{ink and fill tables

CGIA - Code Generator Internal Assembler 9-13
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for 18 bit address®s that occur in the standard positions
only. For program relocatable address®s the refocation
information is added directiy to the current text tabte,
For common and external relocation the appropriate
information is saved in LAFY until [t is reformatted and
output by DAT .,

Terminates the current text table and writes it to the LGO
files The caller is expected to setup the header word (RB
and ORGC) of the nem text tables

is called to ™force wupper™ after an unconditional jump,
etce It the current word Is non-empty and not full, then
it tills the remalnder with no-ops and stores It in the
text table, 1If the text table is full, it writes it to LGO
and sets up a new one.

Add Extended Relocatjon is called to place non-standard
relocation information in the binary tile. This includes
address fields that are not 18 bits tong or those that do
not have 3 low bit or bits 04 15 or 38, The routine first
checks its arguments ¢t0 see if the address field can be
harded by the standard relocation subroutine, and it so it
calls ATR to record the relocation.

Since the format of the relocation word [s the same for all
types we set it upy and in the common/program relocatable
case save it In XFT. For external symbols a short XLINK
table is written to LGO.

{Oump Accurulated Tabtes) OAT 1Is called by the tabtle
manager or the end processor to write the XLINK, LINK and
FILL tables to LGO. TVThey may appear on the binary fjfte
anywhere after the initial tables (77,PIDLL,ENTR)s The
routine first writes the XFILL table to LGO. It then sorts
LAFT into two tables, one holiding the external references
and the fill refereces sorted by block number, It then
foops to form the FILL and LINK tables and write them to
LGO. Finatly it resets the table lengths and exits. DAT
calis AFT and ODLT to add words to and write out the LINK
and FILL tables.

CGIA DATA STRUCTURES

This section describes formats of varlous tables and variables
generated, referencedy and modified during CGIA processing. The
SLIST assembler input as well as input formats of wmajor static

tables

are not lncluded since their descriotion can be found in

Interface Specification Appendix, sections 6.1-6.6 (SLIST) and ‘5.2
(Static Tables).

CGTIA - Code Generator Internal Assembler 9-1&
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9.6.1 CGIA TAQLES

107 (IDENT) Table is set up during the Initial Pseudo

- Instructions processing and wrjitten to LGO by the USEBLK
Processor, It contains program name, date and time,

operating system ID and version number, Host Compiler 1ID
and version number, PSR level, refocation type, control
card options and up to four comment lines.

LDSEY Table is set up and written to LG0 if any tlibrarles are
defined by the Host Compiler, It contains a list of
tibrary names.

PIOL Table is set up and written to LGO if any coamon blocks are
defined in the source prograas. It contains the coamon
block descriptors.e Each descriptor specifies the common
block name and tength and whether or not the block is LCM/
ECS resident,

ENTR Table is set up and written to LGO if any ENTRY points are
declared in the source program, It contains ENTRY names
and their RA values. In addition, if an ENTRY is in 2a
common block, the block relative address is suppiied.,

LBIT Table is generated by the USE3LK processor from the Host
defined LBT table. There is a two-word entry per each
local blocks USEBLK processor initializes each entry to

Wi
W2

12/P(INPR) 41570,9/1IRB,24/I0RGC
60/0

where =-=INPR=4 <+ Injtjal Parcel Count (Packed)
e=sJRB8=1 « Initjiat Elock Number
«=JORGC=0 - Initial Orgin Counter Value

Latery, 3as a result of USE or ORG pseudos, the entry is
updated to

Wi
W2

12/9(NPR),15/0,9/RB,y 26 /0RGC
CHW

where ==NPR, R3y, ORGC are current values of parcel count,
block number, and origin counter of the local block
whose usage is being suspended by USE or ORG
pseudo.

Note that NPRy, RB and ORGC for a new "bfock~-in-use™ are
loaded from LBIT entry of such block into the {ocal
varjables ATl (first word) ard OW (second word)l. See next
paragraph for more detaifis about AI,CH,

LAFT Tabte (s inltiatized by the USEBLK processor {space
reserved). Then an entry Is made each time an object code
instruction referencing an external symbol or 3 symbol
residing in a3 common block is generatede The LAFT entry
contains? .

CGIA - Code Generator Internal Assesbler 9-15




CYRER 170 COMMON CODE GENERATOR _
Internal Maintenance Specifications May 25, 1978

FILL

LINK

XFILL

XFER

XTXT

12/70418/LCBN or EXNe30/FILL or LINK Byte

where -<LCBN loader number for a common block
-= EXN external number
==FILL or LINK byte cortains a relocation factor,
block number or the current block=in-use and the
current ORGC value,

Table is generated from the LAFT table and written to LGO
by the END Pseudo Processor. (See also description of END

Pseudo processing.) It contains relocaton information for
referenced symbols in common blockse.

Table (is also generated frow the LAFT tablie and written to
LGO by the END Pseudo Processor. It contains lInformation
about referenced external symbols.

Table entries are generated during CGIA main loop
processing to represent referenced varjable in comaon
blocks that reside in LCM/ECS, The taple is written to LGO
by the ENDO Pseudo Processor,

Table written to LGO by the END Pseudo Processor represents
a symbol for the program transfer entry,

(Binary Text) Table is used to hold the object binary code
(instructions, constants) being generated during CGIA
processing. When the table is full, It is transferred to
LGC and reinitiatlzed for another code block., A full table
contains the following information?

e TH (Text Header Hord) contains tablie I0y, word count for
the following binary text (TD words), block nuaber of
the current “blockejn-use™ and a current ORGC value.

¢ TR (Text Refocation Word) contains relocation bytes for
any relocatable address references within ¢the
following binary text.

¢ TD®s (Text HWords) contain binary code, Note that
normally there are 15 text words in full TXT table,
unless fewer words have to be written to LGO because
the wusage of the current block (is suspended or
terminated.

In connection with processing of some pseudo Iinstructions,
CGIA aflso generates and writes to LGO the following loader
tables?

® XREPL Table for each REPI Pseudo
o VFDP Table for each VFOP Pseudo.

Note that XREPL table is also generaed by 8SSZ Pseudo

CGIA = Code Generator Internal Assembler 9-16
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9.6.2 LOCAL_VAPIABLES

>

The foltowing text describes those varjables only that are
mentioned in the CGIA functional descriptione.

AT contains information about the current block=in-use?
2/01,10/NPR;1/7LCMey14/0,9/RB,24L/0RGC

where? NPR enumber of parcels available [n the current text
word CHWe.

LCM =it 1, the current block=in-use is a coamon block
residing in LCM/ECS.

RSB =block number of the current block=-in-use.
ORGC =current origin counter value.

CH contains a current text word being assembied, When filled (NPR
decre3sed to 0) or when *"forcing upper®™ occurs, it is
transferrad to the text table (XTXT), Forcing upper is done |t
any of the following conditions arisest

¢ one parcel availabte only for a current two=parcel
instruction.

C ¢ 23 current instruction is RJGy RJIXG.

¢ 3 nen block specified by ORG or USE instruction is a common
blocke

Note that empty parcels are filled with NOP (j[nstructions when
CW is partially filled.

CGIA - Code Generator Internal Assembler 9-17
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18.0 MACPROS = HOSY COMPILER STORAGE NMACRO SKELTONS

10.1

19.2

MACROS contains the definitions of the host compiler®s macros that
generate storage reservation and initiatization directives in the
relocatable binary. MACROS consists of a set of static tables
that are accessed by the macro expansion code in CGIA. The deck
contains wmacro definitions whose function Is described in section
6.6 0f the Interface Specification Appendix, followed by a *®CALL
SMACROSy which 1Is the name of the comdeck on the host®s oldpl
containing the SMACRO definitions.

ENIRY _POINIS

PBUF A 7 word buffer to hold the actual arguments (parameters)
of the current macro call, The tirst word is always
zeros, The format of the other words are 36/0,24/arg
value.

FEMIC Micro string value tabley, two words per entry. Format [s
60/0L string,60/76®Nchar,

ORG CTR Current value of the orjgin counter in AD. format, it |is
setup and used by the SET. processor.

FEMACS FHA of the SMACRDO opcode index table. The index table
contains one word for each SMACRO in the foraat

6/7918/Nn.PRy18/7/1lenyi18/fwa-1

where n.PR js the number of oparameter references that
have to be relocatedy, len is the number ot words in the
macro skelton and fwa is its first word address.

SS 8IAS The difference between L0, the beginning of the special
symbol value table ard PBUF ,

FEMXB The first word adgdress of the macro expansion buffer that
CGIA/PMR moves the macro expansion to. It is contained
in the common block CCG.SCR,

MAC20 DEFINITIONS

LITORD When a Jliteral appears as an argument In IF/Z, SET.,
etCe.y LITORD s called to place it in the PARAMB block
and give [t a name SO0 it can be referenced as if it was a
macro argument,

SMACRO Detines the beginning of a storage macro definition,
First it sets up the macro informaton word in the block

MACROS « Host Compiler Storage Macro Skeltons 10-1
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ENDS

FPB

BTH

SKELS in the format
36761 MAC-NAME ,3/LAB, 18/PARAM-TYPES+3/0 .

LAB is 1 if the first argument does not appear in the
tabel field when the macro is listed and zero if it does.
The param=types field contains a three bit fleld for each
macro argument which is its type (CON, SYM, etce)e The
macro also sets up the formal argument name as a cell i{n
PBUF so the other macros can reference lIt. Finalty it
initlalizes a group of redefinable symbols that the ENDS
macro will reference to set up the [ndex word.

The ENDS wmacro terminates a SMACRO definition. It
determines the length of the SMACRO definition, sets wup
parameter refocaton bytes at the end of the skelton and
pointer, length word in the block INDEXT, The tast s
used to tind the macro skelton when the opcode jis
encountered by the assembler.,

Form a RELOC byte for a reference to a macro parameter
from a pseudo op. When a CON, 3SS or USE appears in a
SMACRD the macro parameter values must be Substituted
into the pseudo word prior to passing it to the opcode
processor. This eleminates special code in the processor
whose arguments come from both the input stream and macro
expansSions,

The arguments to FRB are the type of symbol (Ly S Cy Q
ses) And the position of the bottom bite For macro
parameters it forms the symbols PR.1ly PRe29 ose o whose
values are 6/bottom bit.,6/index from l(ast relocation to
this relocaton, The ENDS macro sets up the relocation
information at the end of the macro sketton as a series
of 12 bit bytes.

Begin Text Worde BTHR begins the definition of a word of
data wmhose fields may be fitled in with machine
instructions, address~ or string values. A BTWH must be
fotfowed by a matchirg ETW. The argument to BTW is the
address of a background word or template, If it s
absent, then a background of zero is assumed.

In either case the macro foras a word

12/P(0C.BTW),18/ETHWA,12/,18/THA

where ETHA Is the macro relative address of the last word
in the BTH/ETH pair and THA [s the address of the
template word, BTW also sets the symbol VFD and the
micro BTW which some of the other macros wuse to detect
errors in the SMACRO definitions.

End Text HWord definition. It checks for errors in the
SMACRO definition and defines ETWA for the preceeding
3TH,

MACROS - Host Compiter Storage Macro Skeltons 10-2
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ARI Add Refocation Information to a text field. The ARI
macro sets up 3 word of the forat

&uf 12/P(0C.ARI) ¢18/59-LEN,12/P(BOT=-BIT),18/SYM .
Where LEN is the length of the field, BOT=-BIT the Ilowest
{rightmost) bit and SYM [Is the address of the word
hotlding the IH of the symbol, )

ACI Add Constant Informaion to a text fieide ACI format |is
the same as ARI,

MACROS - Host Compiler Storage Macro Skeltons 10-3
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11,0 CGYM = CODE GENERATOR TABLE MANAGER
th

11.1

CGT¥ contains the CC6 Table Manager and other miscellaneous
routines that are common to the code transformer and assembler
phases of CCG., Since CCG may be split between overfays, CGTM may
be thought of as the cradle of CCG. In the following the routines
are dlscussed in their listing order.

MISCELLANEQUS ROUTINES

CG3IEP Initializes end processing. Sets a new low aemory limit
for the table managery, closes the OPT=2 random file and
resats some other flags associated with the table
manager,

OUNT Terminates CCGC processing when jnsufficient memory |is
availabtle, It increments the host compiler®s fatal error
counter and exits to a host supplied exit address.

CG$SCT Search constant |jteral table (CVT) for previous
occurance of a constant (the input argument). Add it to
CVY it none. 1IN either case the routine returns the
ordinal of the entry in the table for use in the CA fjield
of LDC Instruction. The code consists ot first adding
the constant to CVT followed by a search termainator foop
to look ftor the tirst occurance of the constant, on
finding a match it adjusts the length of CVT and returns
the ordinal in X6,

CGSENC Enter neword constant Jliteral in CVT, Simjitar in
function and logic to SCT, except that the argument is a
multi-word constant.

CGEFCU Force use of K°th constant in CVY, FCU sets the Kth word
in CUT nonezero to indicate that it is "used”, The main
capability provided by FCU is the ability to use constant
fiterals in AP and IO tists.

WPH Wrltes a pseudo op word to SLIST,

END_PROCESSOR ROUTINES

CoeRAT Refocate Block Table. Terminate altl plocks (force upper)
and convert the block table (FSLBT) from a block length
format to a block FWA format. Saves the sum of the local
block lengths in the cell N$SLBT,

tGsCuB Change use block. Switchs code output from one f{ocal
block to another. It wupdates LBT and outputs a3 USE
pseudo op to SLIST,. _ .

C6TM - Code Generator Table Manager 1i-1%
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11.2

FSU Force next sSequence upper, Catlled by fhe code
transformer to force upper,

CGSEP End Processor. Called by the host, It first scans CVT
to eliminate unused constants from CUT, and then outputs
the table (CUT) to SLIST as CON. BSS 0, followed by the
table as a series of DATA words, Finally it defines the
address®s and reserves storage for the special symbols
IT. and OT. o«

cGsDSA Define symbol address, Defines the address of a symbol
{its tirst argument) and outputs storage for it (* second
“) to SLIST In terms of a 8SS pseudo.

HIX = WRITE_ISSUED _INSTRUCTION TO _SLISY

WII Write Issued Instruction to SLIST. WII is called by CGSPAS
after MCG(OPT22) or by OGPO. Its orimary functions are final
conversion of the SLIST instructions, address definition and
uodating the sub countse.

HII consists of a main loop to extract the opcode processors for
the instructions that have to be inspected and a return point ¢to
adjust ¢the parce! and block Ilength counters. The following
instructions are given special processing in WII.

NOP A NOP is placed at the end of the sequence by MCG.
Where it is encountered by HWII, it terminates
processing and wrjtes the sequence (contents of PIT) to
SLIST.

DRL » DWL These instructions are orocessed only ¥ level @

address substitution is being used by the host, In
this case a DRL/DWHL with a nonezero IH is really a
"“SuUB0™. In this case the SUBDO count for that formal
parameter has to be increwmented,

TLO,YST In these jnstructions the CA is an index into TEY, and
are converted into a real CA at this time so that the
compiler generated temps occupy a minimum amount of
space, The code checks to see if a tinal assignment of
a CA has been made, or |t one has been assigned
(0PT=1), assigns one and in either case adjusts the CA
field in the instructione.

ILD Processed as a TLD if the IH is IT.y, else processed as
a LD,

LDy STL,STT It IH and CA are zero, then process as a one parcel
instructjon, else extract IH and it 1 §s zero then se?
the MAT bit in symtab for this symbol so that the hos?
will issue storage for jt.

If IH is a formal parameter, then CSR is called to
count the SU3 refererce. Finalty, it there is an H2

CGTM = Code Generator Table Manager 11-2
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word, then it is Skipped over.,

L0C The CAth entry in CUT Is set non-zero to indicate usage
of the constant,

LoV CGZAVO is caltled to assign and return a final CA and
the instruction is converted to a LD.

JPX,JPBB Call RLV to check for a change of IH in OPT=2.

JINGUJP Call RLV and then force upper,

RJ3 Force upper after.,

RJIXJ Force upper before and jincrease the block length by
OoNee

RJ6 Force upper before, increase the pbliock length by one,
and count a SUB ret [f the IH s a formal parameter,

LAR Force upper before and define the address of the IH as
the current dlock length,

CSR (Count Sub Reference) Gives an IH which 1Is a formal
parameter, It ups the sub count field In FPI and sets
the subs encountered flag non-=zero. {CC3Suad).

RLV Checks a referenced fabel vatue for substitution in
(oPT=2)., The Ilabel wili be changed it the LC bit in
word b of the symtab entry is one.

cGsAvVO Given an index into the Vardim table (VDI) it checks to
see if there has been 3 previous use of this entry, and
it so returns the CA value, Otherwise it assiogns the
next avallable value (NEVD) as the CA, marks the entry
as used and increments N$VD,

CSN Converts an IH to its DPC name jn zero L format.

MISCELLANEQUS ROUTINES

/0PRDEFS/ A common block that is used by PRNTRLT in debug

mode to print out the IL Instruction opcodes.

F.ROT (FSRDT) The table of IL instruction descriptor words. The

ISC=

{ . SST

OPRDEFS comdeck is used to form (t,

Initiatlize Small Core. Routine that is calfed by
the SETCORE/SEYZERO macros to initialtize a block ot
memory.,

Fancy version of SHL 4 it is 3 shell sort of a

single word/entry table that allows 3 key mask and
shift when sorting,

CGTM = Code Generator Table Manager 11-3
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SHL A simple shell sort for single word/entry tables.
\_.e3 YABLE MANAGER

The CCG table manager consists of the table vector comdecks
{CCGTMTV, etc.) and the table manager routines which consist of
ATS$, ADWE, MTUS, AFT 4 CHS o, the table overflow processing
routines (TOV, T0B, MOREFL, AST ) and the test mode table dump
{CGeEPTCY,

The table manager was adapted from an early version of the MACE
table manager, and was revised and expanded to meet the needs of
FTN 4.x and CCG., The afgorithm used to reallocate the dynamic
table when one table overflows is Garwick®s, and It is described
in Xnuth, Vol #1,

The CCGTMTV comdeck consists of the BS$TBL macro definition to
setup the table vectors FTA8 and LTA3, the basic list of tables
used by CCG as TABLE macro callis, followed by calls to the host
supol ied comdecks CGHCODTD and CGHCSTD. The FTAB vector holds the
FHWA®s of the tables and LTA3 vector their lengths.

ADKWS Is called by the ADOWRD (in CMPLTIXT) macro to add one
word to ¢the end of a managed table, If there [s not
enough room between the tables It calils ATSS to get the
space. In either case it then adds the word to the end
of the specifled table,

ATSS is called by the ALLOC macro to allocate n extra words
~for a table. It there is sufficient space between the
requested table and the one after |t, it wupdates the
length and exits. If a reallocation is requird, it saves
some registers and coamputes the remalning table space,
which is ¢the length of the dynamic table area minus the
sum of the lengths of the tabvles, If there is sufficlent
space between the tables for the increase, then the
tables are packed down to low core and then reallocated
and moved to their new position. Finally the registers
are restored and ATSS exits to the callere INn the case
insufficient space is avajlablte, ATS jumps to ATS8, which
callis one of the table overtfiow oprocessors (TOV, TOB,
etcely which attempt to get more space., A successful
return from one of the overfiow processors s to ATS9, an
unsuccessful return is to PUNTS,

AFT is called by GPO to activate the first table (BLX) which
Is used during loop optimization.

MTUS moves all the tables up to the top of memory (RA+FL),
moving the last table first,

CHS is catlfed by CGSINIT to determine how much FL is
available and what the working storage limits are.

TOoVv, TOVA and TOB (the table manager overflow routines) are called

CGTM = Code Generator Table Manager 1il-&4
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Pl

MOREFL

AST

CGsPTC

by ATSS when there jis iInsufficient space to expand a
tables. They attempt to get more space by first trying to
shrink tables that are in core, and then if this wasn®t
enough they call MOREFL to increase the FL and move the
static tables up.

makes a MEM call to the system to increase the compller®s

field length, It then calls AST to wmove the static
tables up.

is an internal routine that is called by MOREFL to update
the oointers to the static tables and move thea up.

is callied by the host®s compile time repreive processor
in test mode to print the contents of the compiler tables
in octal and a formatted dump of the current IL
instruction sequence in TXT,

CGTM = Code Generator Table Manager 11-5
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}»2. 9 MIO - _0PY=2 MASS SYORAGE _I/Q ROUTINES
L

Geperal Overyiew

This set of subroutines handles dynamic storage allocation for
extended basic blocks during OPT=2 processing. Blocks are paged
from LCM/ECS or the disk ftile 2222z20P into an SCM tabile (page
buffer) BLK as they are requested. The random index words in BI1
{block address and status table) and the block address words in
8ST (1jist of active blocks) are updated for each block that 1Is
moved. They contain current positionat information including the
SCM first word address of the block text, disk addressy, LCM/ECS
address, fltengthy, and status bjits for each block., These routines
are also used in 3 more limjted manner to alliocate block storage
for OPT=i processings This type of simulated virtual storage is
necessary because the program text blocks are processed by the
olobat! optimizer In a non-sequential manner and [t may not be
possible to keep them 3ll in core at one time. It is also used to
read and write overfiow graph tables to the disk fille 22ZZ20P,

MI0 allocates space for biocks in the table 8LK and in LCM/ECS
using Knuth®s boundary tag method. This technique is described by

Gries in (Compller _Construction _for _Digjital Computers, section
8,10, It requires header and trailer words for every block that

are used for keeping track of free and allocated areas of space.,
The advantage of this method is that essentjally a fixed amount of
time s necessary to free an area and collapse [t wtih adjacent
free areas 1If possibles Other methods require some type of ({ist
search to jdentify ad)acent free areas. The format of each used
and free area [s shown in the diagram befow, The header word
indicates whether the area is free or currently allocated and the
length of the block (incliuding header and traifer words)e. For
atlocated areas it aiso contains BI]I and B3I table indices for the
block and a set of status bits giving the purging priority final
write flagy, and hotlding block indicator. The trajler words are
used to keep a doubly linked list of available space. The forward
tink ftield points to the next area as the listy, while the backward
fink tield points to the previous one., The list is terminated by
a zero Ilink fleld. The use of header and trailer words also
simolifies garbage collection procedures. -

The tollowing diagram jllustrates storage allocation for three
blockse One s a holding block which was created during
optimization and consequentiy has no copy on disk or in LCM/ECS.
The other two show how the address type bit in the random index
word ls used to determine whether the out-of-core copy of the
block s in ULCM/ECS or packed into a disk record, It should be
noted that table entries referring to the FWA and tength of a
basic block In gLK pertain to the text of the block and do not
include the header and trailer words. This is because the other
routines of the optimjzer that wuse these table entries do not
altow for the two extra words per block, However, the pointers
used with blocks on disk or Iln LCM/ECS are to the header words

MIO 12-1%
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since these are internal to MIO, The diagram also shows

tinked 1ist of avajlable space is structured.
altocation illustrated is for basic blocks in the SCM table BLK.

(11)

(3

(17

(n

(&)

(%)

8]1] - B8lock Information Table

OFsS FWA RA LCH
IC AT LEN

$ooossvsvoovnssocevovosovcocscecooeccocccococoowed
1 |
| {

dooosfocefocssbocsonfovocdocosecsoccee foveovoccaedh

11 11 | S5& | | &2102 | 320 |

Socoecsfovcefvoocdoccs jovccodocccoccsncs jocoavscsceP

Sovocdocalcovsncovscanjoccefoocscsosvssvcecscsssscacy

10 10| 1100 | 22 | 112 |
! |
| l
1 {
[ R R e . N Y T LT XY

i1 |0 | 24 | | 42262 | |

docvcbcosdovssbocscsosloncsslovcscscsscostcovsocsncnsa

I TP T PR R R Y R P PR R LR LR Y L 2L R X 2 2% 3

8SI - Block Status Table

BLK PRI H3 FH 31 LEN FHA

dovoovesscsossvcomscsocrsmccvscomosssdSoocooosoodad

f1 111210 | 1 17 | 24 | &2262 |

[ PR T Y TR Y R R YR T YT I I T IR YT Y Y T Y Y Y

tf1 111010 | I 11 1 S& | 42102 |

bdococsbocs oo dovosn o oo oo boccosevas

boovcobocos bovadoccs oo fvocovoedoncsovacscsasscs

fo 1110410 | 113 { o0 1 0 |
l |
! i

‘--------“-------“----- -------------..---’

The
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LAS - Header for List of Available Space In BLK

LKF
oo aan o-oo’o-o--oo*-oo-------f--o-o--o*
! I 42260 | |
fococscscacrssovssvceseccsscssf(oroosocn e coofpocsocccead
35 18

LAL = Header for List of Available Space in LCM/ECS

LKF
toccccssvonscssveovensssodococosssevoscbocncncse
{ I 317 | {
"----o ......... coccocesjocesccscce Pocsosacsn

35 18

May 25,
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62101

€2102

%2155

42156

42157

42169

L2257

42250

42261

L2262
€2305
42306
& 2307

2310

%2351
42355

Maintenance Speclfications

3L
"-----‘--------------------- --------------’
| |
{ AV PRI HB FW BI BST LEN |

Sovoecsldovsonocscscodvoesces oo nboccvscssdocoacans

i o0t1 § 01 O {11 &« | 56 |
‘----.----‘----‘---‘.----‘----‘-----‘------’
| |
| Block Text |
| |
i AV LKB LKF LEN |

dovoecdoccscvscdescacsvmcccnfacccsccscbcsccccemed

i1 01 l 0 i o | 56 i

donscs fjeovecovojeocsvcacrsecsevsosfoccnccsosfoccacsna

i AV LEN |

docscssfeoonvcosasscssvsmscsoncscscscccscseovecsdocsscncsed

it 11 I 102 |
Sovon jvosovencevana cocacocscovsosasvcocaddovvcccscseas$
{ {
| Available Space {
| |
| av LKB LKF LEN |

docvcadcocccsvn oo orsvoccanfcovcssccsoconsccs

1 11 | 0 { 2355 | 102 |

‘----&-------0------------0-------{--------’

| AV PRI H3 FuW 81 BST LEN |

oo proovjpocvcspocospococofocsvaboscsce foovasaP

i ot 11 10 | 171 o | 26 |

docoslovsoeosdocscosfosevocvsadlocovssocvsess oo ca

I |
| Block Text |
| |
| AV LEN |

1o 1 l 26 |

foococfocsooscvccoonococoncccaceoscodcooceodocesccaval

| av LEN |
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doocsvs oo cvcesscsavsocsecssocsrscandoovcaeccsse §

E T | oo |
T Y TR R RET YRR RT R IR R R R R R L L X X 3
| |
| Available Space |
| |
| AV LKB LKF LEN |

(TR R LR 2 L DL R R R R R oL L R L 2 X 3
t1 1 | &2260 | 0 | &b i
fecccfeccccc tcccccaccccafecccccccctocccncaat
| |
| |
| |

TP R R PR PRER RER E R PR PR R R R L L L L L L Y X L X ¥ 3
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2

123

124

RA:112
fececcccccccacena ceccccccce= cccccccccccccan +

| |
l 81 LEN |

$ovcoccnns cocecvcocsvece dvovof¢occoaca wlioocsoncaa$

| 1 13 4§ | 102 [
docoscossvcocvcscosocoosdooscsdcooscsscssasdncocscsasat
[ i
| Block Text {
t LEN |

doocscovcoscccncovecsocsncscscsocccvceocosvcsedocscccnaa - §

| | 102 |
! |
| |

I T YT Y R R LYY EY R YRR TR L TR Y PP
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317

329

275

uit

LCMZECS

fococaccosssssocssvcsnsovoecs s cmsccodomecacooaad

| AV LEN |

doovoedccsccscevscscscovcscceccccocconvcondcccccccad

| I S I 102 !

TR R E L AL ER L PRI L R R E R R YRR LY ¥ ¥ 3
| |
| Avajlabtle Space |
| !
| AV LKB LKF LEN |
dovosfovssscscscnsdcccovscssvsdodmcsassdovecscans
| S S | | 0 | &1 | 102 §
docscadovsoanvecssdcacssccven oo jocacavcwa P

| 81 BST LEN |

{ { | 11 | b | 56

oo voscedaocee ltovss $ovsevooe oo ses
[ !
i Block Text |
[ |
| Av LEN |

dovcoestivsocscsssovoecrsscssvsocoe sodocavcesdecocssaas$

1 | ! 56 |

dmwooefcocscsscscessevocsscsscocseovoces oo

{ AV | { LEN |

oo fosssvrrrscsrwaesrecsdveoesssscsoefosrsrssasd

IS S ! 20 |

| !
| Available Space |

! : l
| av LK8 LKF LEN |

oo docovocseovcfdocosecvevcedbocovovoocendeocosvcovced

(I S | { 317 | 0 | 20 {

oo ‘---------‘-----‘----‘--..---‘-----‘--’

[T YT T XIS LI TR Y PR PRI YRR PR L R Y PR PN

May 25, 1978

MIO

12-6

F10




CYBER 170 COMMON CODE GENERATOR .
Internal! Maintenance Specifications May 25, 1978

ROQUIINES F'l
A, Initiatization routines
1. IMP = Initialjize Mass 1/ Processing
This set of 5 subroutines performs Initiatization
functions for the tables, flags and linked tists used by

the routines that handle dynamic storage allocations.

IMPA

Calted from the Brlidge initialization to open the
random fite 2ZZ2Z220P and set the fiags for LCM/ECS
usagee.

IMPB

calied from GPO to dump the last of the phase 1
blocks to disk and jinitialize the two packing
buffers RRB and RWB,

IMPC

caltled from GPO to initialize 8LK and LAS for the
tist of avajlable space for 0OPT=2 processing., It
also sets the OPT=2 table overflow exit.

IMPD

called from GPO to initiatize BLK and LAS for 0OPT=1
processinge. Since only one sequence {oops are
being processed, BLK is set up with the available
space at the fower end and the block at the top to
reduce garbage coliection. The BIT entry for the
block is stored here.

I8S -« an internal routine calted by IMPC and IMPD to do
the free space initiatization in BLK.

8. External Routines
1. HWMB/WFB - Write Modified Block to BLK

This routine has two entry points, WHM3 and WF3, and 1is
used to wrjite a modified block from another table into
BlK., The difference between the two entry points is that
WHFB sets the final write bit in the block header word and
the BS] entry. It is called for blocks that have been
coded into save instruction format (SI). For this entry
point the FHA and length of the block are specified as
entry parameters, while WMB assumes the block resides in
IXI. A call is made to ASB to allocate sSpace for the
block in BLXe The actual transfer |s then done, the block
header and trailer words are stored, and the @SI and BII
entrles are updated. There must be an entry for the block
in the current BS1.

2 RTB - Read Text Block into 8LK

This routine is used to read a block specified by the

current B8SI index to BST_Sfrom LCM/ECS or _disk_ipnto BLKg
It _the _reguested  block _is__already in BLX, the exit
parameters O.SEGC and L.SEQ are set to the FWA and length

MIO 12-7
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of the block respectjively, Otherwise, a call is wmade to
ASB to allocate space for ¢the block in BLK and GMB |s
called to read the blocks The 38SI and J3II entries are
uopdated and 0.SEQ and L.SEQ are set.,

R8BS - Refease 81ock space

This routine is called to refease all space in BLK or LCM/
E€CS associated with a block specified by the current B8S1
index to §8SY and change the 8S] and B]I] entries fo point
to a dummy block which consists of a B80S and EOQ.

RNB = Read Next Block of 2Z2ZZ20P File in a Sequential
Manner

This routine s called from FBYV to read all basic blocks
for a proagram either from LCM/ECS or diske READNS is used
to read the file in €000 mode. The routine GMB is caltled
to read blocks from LCM/ECS or for 7000 mode disk fjiles.

SMB =« Save Memory Block

This routine is called to write a block to the randonm
write butfery, LCM/ECSy or diske The entry parameters give
the FWA and length for the block and also the old LCM/ECS
address so that the space can be reused. 8iocks are
transferred directly to LCM/ECS to prevent writing short
records to disks bDlocks are packed into a random wrjite
buffer, RWB, and full buffers written *to disk. Blocks
that are longer than RWB are wrjitten directly to disk as a
single records The random fndex word is formatted and
returned as an exit parameter. ASL is called to do the
actual transfers to LCM/ECS and disk.

GMB - Get Memory Bfock

This routine is called to read a block from the randonm
read buftfery LCM/ECS, or disks The entry parameters give
the FWA of the spaces. The block is to be moved to and the
random index word for the requested block. Depaending upon
the address type, the routines GB8L or 680 may be calted to
read the dlock from LCM/ECS or diske NJ.RRB |s checked to
gsee if the record containing the block js already in RR8
so that only a transfer isS necessary.,

OM8 = Dump Memory B8locks

This routine is called from ASB or the table manager
(PROSEQ) to dump blocks from BLK to LCM/ECS or disk when
additional space {is reguired, Blocks are dumped on the
basis of priority = first those with the final write flag
set, second those not included in the BSY for the current
region, and finally all others except the block that 0,.SEQ
currentiy points to. Blocks are dumped until the amount
of free space requested as an entry parameter (S obtained
or untit aill possibie blocks have been dumped., A filag

MIO 12-8
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denoting success or error is returned upon exit. H3

Ce Internal Routines
1. AS3 - Allocate Space in BLK

This routine atliocates space for reading or writing a
block into BLK. The entry parameters glve the address of
the block header word and old length of the block if a
previous copy Is already in Bi{X. The new length being
requested is used to deteraine whether the block can be
rewritten In places If not, the space occupied by the old
copy 1Is added to the list of available space and the ljist
is searched for a larger available blocke It enough
available space existsy but not as a contiguous area, the
garbage collector GGB s called to compact Jt, Otherwise,
OMB is called to free up the necessary space. The FWA of
the allocated space is returned as an exit parameter,

2. ABB - Add Block to BLK List

This routine adds a block of available space to the linked
list of avaitable space headed by LAS., The FHA and length
of the block are given as entry conditions. The blocks
immediatetly physically preceeding and folloning the block
t0 be added are checked to see if they are atso available
space. If soy all contiguous available space i3 combined
into one block and made one entry on the linked list,

3. RBB - Remove Block From BLK List

This routine removes a block ot avajlable space from the
finked 1ist of avallable space headed by LAS,

. CGB = Collect Garbage in BLK

This routine collects the fragmented blocks of avaijilable
space into one contiguous area. Entries in BSI and BIX
are updated for atl blocks that are moved, The [tist of
avajlabte sctace is updated to contain onty one entry, and
MX.AVSy, the maximum amount of available space Is reset.
CGB is caltied from ASB or the table manager if the size of
the table BLK lIs to be reduced. There 1s currentiy no
logic to allow the size of BLK to be increased.

5« ASL - Allocate Space in LCM

This routine allocates space for a block in LCM/ECS If it
is available. The entry parameters give the FWA of the
old copy of the block in LCM/ECS jif one exists and the new
fength being requested. The FWA and the 1length of the
block assigned are returned as exit parameters. The logic
is simitar to that of ASB except that each block s
R allocated with a “padding factor®” (initially 20 words) to

allow a modified block to be rewrjitten in place more

often. When the available soace is greater than 1/4 of

MIO 12-9
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the total LCM/ECS field 1length and no m@more space (S
available at 0.LCM, a garbage collection is done.

ABL - Add Block to LCM List

This routine adds a block to the linked list of availabte
LCM/ECS space headed by LAL. A1t contiguous areas are

collapsed into a single entry, The logic is similar to
ABB.

RBL = Remove Block From LCM List

This routine removes 3 block from the linked 1list of
available LCM/ECS space headed by LAL. The logic is
simitlar to ABL.

CGL - Collect garbage in LCM

This routine js used to compact all blocks of available
LCM/ECS space into a contiguous area beginning at HOS$OFLL.,
Entries In B8]] are updated for 2all blocks moved. This
list of avaitable space is updated and MX.,AVL is reset.
MVL - Move Block of LCM Data

This routine uses a 100 word SCM buffer to move a block of

LCM data. Entry parameters are the word county source FHA
and destination FHWA.

MIO 12-10
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I013L0 - Random I/0 Table Format Deftinitions (comdeck).

1« RI. = Random Index Word

; IC Bit S9 =1 in core, =0 on MS
AT 8lt 58 address type, =0 disky, =1 LCHM
Bit 57 unused

LEN 3its (39-56) block ftength (incore copy)
OFS Bits (37-38) block offset In record

RA B8its (0-29) disk address of block

FHWA Bits (18-35) FKA of block in BLK

LCM 8its (0-17) LCM address of block

The random jndex word is the first word of the two word entry
for each block in BII.

2. ©B8BAe = Block Address Information Word

BLK 3it S9 =1 if block Is In 3LK

PPT Bit S8 block priority for purging
H3 8it 57 holding block

FW 8it Sé finat write flag

B8its (S54-55) unused .
D 8 8its (36=-53) BI] index {(=8N®2)
LEN Bits (18-35}) block length (incore copy)
FWA Bits (0-17) FWA of btock in BLX

The block address information word is the second word of the
two word entry for each block in BSI.

3. BH. = Block Header Information Word

AV Bit $9 =1 block jis avajlable space
PRI 8it S8 block orjiority for purging
HB 8ilt S7 hotlding block ‘

FW Bit S6 final write flag

3its {(54-55) wunused
BI Bits (36-53) BIT [ndex {(-BN®2)
8ST Bits (18-35) jindex to BST table
LEN Bits (0-17) block length (including header
and trajler words)

The block header information word ismediately preceeds fthe
first word of the block.

he BTe = Bltock Trailer Word

Av Blt S9 =1 block is avajilable space
gits (5&-58) wunused
LX8 Bits (36=-53) ABS f(ink backward
LKF Bits (18-35) ABS link forward
LEN Bjits (0-17) block length (including header
and trailer worgs)

The block trailer word immediately follows the 1ast word of
the block plus any extra words allocated.

NIO 12-11
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D.LCHM
MAX,BLK

MAX . LCM
0.01ISK
ADT
O.RRB
O.RHWA
RLEN

N.RRB
MX.AVS
MXe AVL
LAS
LAL

MIN,A3
MINCAL
LCm, XL

ENTRY,
ENTRY,

DATA
DATA
8SSZ
BSSZ
VFD

B8SSZ

BSSZ
ENTRY.
BSSZ
8SSzZ
8SS2

EQU
EQU
EQU

GLOBAL FLAGS

May 25, 1978

F16

Next available LCM 3address
Maximum size of ZLK

LOCAL VARIABLES

2000008

1

1

1
k2/4+18/FWAB
1

(- X

408
1008
208

Max LCHM compiler uses

Next available RA on disk

Address type, 0-DISK, 1=LCH

FWA of random read buffer (RRB)

FHA of random write buffer

Length of current record in write
buffer

RA of record in RRS

Maximum avajlable space in BLK
Maximum avajilable space in LCM

Head of 3LKX (ilst of available space
Head of LCM l]lst of available space

Min size block added to LAS
Min size block added to LAL
Extra length added to LCM blocks

MIO 12-12
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1% EBY - FOPM 3IT VECTORS - 61
\

FBY forms the use/def and live exit bit vectors to be used in
phase 3 of global optimizations It is called by GPO after the
control fiow Iinformation has been aralyzed. On exit from FBV the
blt vectors for ail reachable program blocks have been formed, and

the space occupied by FBV is used as a buffer by MIO for LCHM to
LCM transfers.,

F3V consists of a main loop to read to the program blocks and call
FUD in GPO to form the USE, UBD and OEF vectors, and two
subroutines. SNO calculates the node order of the program graph,
which is used in CLI to calculate the live on exit bit vectors.

SNO is a depth tirst search of the program graph that assigns 3
number to a node the last time (it vists ity and is sSstraight-
forward. CLI consists of two (loopse. First jt sets up a loop
control vector which Is a list of the nodes ot the flow graph in
SNO order, The second toop calculates the live exit bit vectors
by repeatedly iterating the equation ==

LX{n) = V((LX(s) a DEF(s)IV UBDI(s))
s is a successor of n.

The Hecht-Ulilman paver shows that this algorithm will converge in
€K+?2 jterations where K is the number of derived graphs.

To simptify CLI the program entry node Is made a successor of the
orogram exit node and the bit vectors are fiddled with in UDT/ZAUT.
This has the effect of allowing side effects, which in some cases
causes the complier to gererate some extra post stores. Consider
the example =-

SUBROUTINE X

REAL A(1IO)

DO 10 I = 14N
10 S=SeA(I)

END

S is live on exit by the equations and it is not really., It
should be diagnosed as an error.

FBV 13-%
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14.0 GPO = GLOBAL PROGRAM OPTIMIZATION
N\

GPO contains the control foglc for phases two to four of the 0OPT=2
glohal optimization (code motion and strength reduction), and the
control logic for the OPT=1 loop optimization,

The altgorithas Iin GPO are an amalgam of jnterval 3analysiss the
CSC=LNRA (Linear Nested Region Analysis) atgorithms described in

Cocke and Schwartz, and Allen°s article in Advances in
Programaing.

The global optimization consists of a pass over the prograa,
werking from the innermost 1oops out to move out invarjant code,
reduce integer polynomials to simpte adds, eliminate dead
definitions, and assign machine registers across the loopse.
Atter the entire oprogram {is orocessed, the blocks are then
processed in their crogram order, addresses are assigned and the
global temporaries are packed.
The subsections of GPO ares

utility subroutines = WTB, PCCy, SRI, STII, SMI, MP3, MTD

0PT=41 loop optimization - COL

oPT=2 initialization and controil - 6P0, CIC

graph processing routines = IGP, FNL, GNG

region initiatlzation IRP, TRP, IHB, CBT, ATY

block combination - CB8, CHB

use/def and bjit vectors = CR3y EBVe FUD

global optimization RDD, IPS, AUV, FXI, SHB MII, FII, MIP,
MIE, CIF, DIF, FIM, EIE, UPS

Overall flow of OPT=2 processing

Phase 1 - (Bridge, PROSEQ, SGZ, UDT)
Process front end output, subdlvide program into basic biocks
collect control flow information, eliminate redundant expressions,

form use/def! variable dictjonary, save basic blocks on a random
fileo

Phase 2 = (GPD initlatization, UDT, CFA, F3V)

GPO 14-1
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. Call AUT to reformat the use/def dictionary, cal) CFA to analyze
the control flow information and form the interval fists. Set up
the fixed tables in low memory, Cali{ F3V to read the program text
sequentjaliy, and form the USE, UBD, DEF and live exit vectors.
Initiatize BLK, the incore page table, for phase 3.

Phase 3 - (GPO, GRA, SQZ, MCG, AIS)

Process the program loops, working from the jinnermost out to
eliminate dead definitions, move out invarjiant/strength reduceable
code and assign registers across the 100DsS.

Phase & - (GPO13-GP036, CGTM/WII)

Linearlze the coded blocks so WII will orocess them in in thelir
source opropgram order, Process TET and assign CA®s to non-
equivalenced entries., Call WII Iin CGMT to convert the
instructlons and assion addresses for CGIA,

Finallyy, return control to the host so it can 40 the end
processing and call the assembler,

— Phase 5 « END Processor, CGIA

Final address definition and assembly.

GPO _Majin LooDns Overall Processing (GPO1-GPQ410)

Catlt IGP to set up the graph tables and interval tist pointer, 1If
there are no foops in this graph, exit to the straight line code
orocessor (GPD11Y.

Loop processing starts with a call to FNL to ftind the next
interval that contains a loop, it sets the pointer IBA to the
address of the Interval list, IRP initializes processing by
allocating and setting up BST, the block status table, which is
used as a “loop control! vector™ to point to bDlocks in the SCR
(strongly connected region). The Ssecond word of each BST entry is
used to pass information between the various optimizing routines
in 6P0C and GRA, It also Initiatizes the flags and tables, etc.

FUD 1s called to oprocess the blocks and collect the USE/OEF
information in UDT, If there were any user functlion calis, then
EBY s called to set the region definition bits for coamon
varlables, etce.y S0 as to Inhibit optimization of any expressions
involvina thenm,

ROD calts IPS to insert any post stores that were created during
inner 1oop regjister assignment, Then it scans the block for dead
definitionsy, and eliminates them.

MII processes each block to mark the invariant instructions, and
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add them to the block IIC. It also ftorms STC, the chain of

potential recursive detinitions, MII also forms the region use
and def bit vectors, '

IHB injtialjzes the hoidlng block, moving the foop f(abel out it
necessary.,

FXI forms the region exit information for GRA, which includes the
region live entry bit vector, the movable definitlions, and the
live entry bit vectors for the exlt nodes,

Global optimization continues with FlIl, which scans the store
chains for recursive definitions and forms a Iist of their
increment values in IIT., If there are any then MIP s called to
process each block in the region to mark the integer polynomials$
a ltinear function of a recursively defined variablel and to add
them to the IIC, It also collects [ntormation wused for test
replacement,

MIE scans all the blocks to move out jnvarjant and strength
reducible exoressions that are profitable, to the holding blocky,
and to mark the places in the blocks where temporary loads should
be inserted,

SHB (s called to squeeze the holding block and eliminate redundant
temporarjies, which is done by <calllng SQZ. It any tersminal
- polynomiails wer2a moved out then CIF, DIF, FIM and SH8 are called,
CIF <collects the 1P and increment formulas associated with a
terminal integer polynomial (TP) and saves them ijin IIT, FIM
rescans STC, and for each recursive definition It bullds a3 list of
the TP®s that have to be incremented at the store and formas fthe

increment value by catling EIE. SHB s called if any varjable
increment code has %o be added to the hotding block.

UPB processes all the blocks to replace the moved expressions with
temp foads (TLD®S) and insert the compensating Increaent
instructions after recursive definitions, and rewrjite the modified
blocks. It 1s the final phase of fthe wmachine jindependent
optimjization,

C88 combines the basic blocks in the region into extended basic
plocks and calls RIO to ")Jam order™ the EB88°S. It also expands
any level 2 references. ’

GRA |[s called to do global register assignment and code the
sequence,

Finally, TRP is called to terminate porocessing df the region.

Blocks outside of atl loops are processed by CIC, who assembles an
E3B and calls CHB, ROD, CBB and CXB to code the blocks,

Phase & scans BIT to order the blocks in source program order,
calls assign address and writes them to SLIST.

GPO 1&-3
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Subroutines (listing order)

AF3

STO

HT8

PCC

SRI/S1IT

SMI

coL

GPO

IGP

FNL

GNG

IRP

IH8

TRP

CIC

ATT

Allocate storage for a ftixed table in low memory, GPO
initiatization only.

Set managed table origin {low memory limit), GPO
initiatization onty.

Write Text Block in TXT back to BLK after it has been
modifieds Exits with L.TXT=4 (30S only).

Process Coroutine Call. This routine is called by the CLCHM
macro to call the routine that |[s [ts entry argument for
each block In the reglon (in BST) except the holding block.,
It calls RTB to make the block accessable (put it in BLK),
sets up D0.SEQy L.SEQy, BN, BSI and the registers and calls
the routine, It wupdates BSW and 8ST which the called
routine may have modified,

Store an IL instruction in a table, B6y, B7 = table j{ndex,
table FWA, 82y XBy X7 = opcodes, Riy R2 words. SII sets
the INC bit in the descriptor word of the instruction.

Same 3s SRI, but also uses a memory reference and sets FP/
LZ bits In descriptor.

Code optimizable 1loop (0PT=1)y, a quick and dirty trio
through GPO and GRA,

Initialization, main toop, phase & of global! optimization.

Initialize graph processing. Setup graph tabie pointers
used in GPOy initialize BTT and HNT,

Find next loop. Scan interval lists for next one with a
SCR (1oopl.e

Advance graph table pointers to next graph, or read it fron
disk.

Initiatize region processing. Set up BST for a region.
Setup HB in 8IT, initialize f1ags in /GPOGRA/, set LGL if
multi-pred IF loop. |

Injitialize the holding block (HB) in TXT,

Terminate region processing for a loop. Final processing
of HB, reset UOT, clear tables, coll apse BST,

Convert interval to code. Meant to be used primaritly for
straight tine code. Accumutate EB8°s, do some optimization
and code them,

Adjust temporary table TET to clear REG field and update
IPI tields of e@qulivalenced entries.

GPO 1h=b
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Combine basic blocks In an Interval to EB88. Expand (level

2/Fepe references, merge the blocksy, resqueeze and jam
order,

Clear region bits UDT, Resets UDT after processing a
regione.

Expand bit vector to set bits in UDT, Given a set of
elements in UDT, Expressed as a bit vector, and bits to be
set jin UDT for elements |n the set, EBV scans the bit
vector and sets the bits.

Form use/definition information and bit vectors. FUD scans
a basic block (with I0 Vist info) for memory references and
jumps and sets usage bits in UDT and collects a (list of
marked varlableses The list of marked varjables is used to
save time in resetting UDT, and in forming the bit vectors.
Bit wvectors are formed [f the flag 88y = 0, ®hen FUD
encounters a HB it Is processed specially, and CH8 1is
cafled to see if It can be combined with its predecessor.

Combine hotlding block with immediate predecessor. CH3 is
calied fairly early, so that code moved out of inner (00pS
is subject to code motion out of outer loopss It checks to
see if the block [t (s processing s a HB to an .empty
bplocky, and adjusts the bit vectors of both blocks so that
further optimization can take place.

Remove Dead Definitions from a block, Call IPS to0 jinsert
post stores and adjust DEF, UBD bit vectors. First check
the block bit vectors for stores that are dead on exit and
not wused in the block, i.ee X = A 8§ ¥ = SIN(BY C = X, If
there are any potentlal dead definltions, then scan the
block backwards for dead stores, changing any to NOP°®°s, and
adjust the PS bit of store predecessors. Finally it any
dead stores or dead computatjions were found, resqueeze the
block to remove them,

Insert post stores that were created in GRA into a block,
During register assignment GRA may move the definition of a
varjable from the ftoop body to its exit nodes., The moved
definition [s called a post store. The list of post stores
for 3 node is kept in PST and the PII field in PIT points
to it. IPS checks the PII field of the block and if zero,
exits. In the case that a post store tist is present, the
block DEF and UBD bit vectors are adjusted, the store
instructions are setup and Inserted at the bpeginning of the
block, Finally AUV is called to adjust the USE vector.

Adjust USE bjt wvector of a block after a SQZB call to
account for any store/load squeezing that took place.
Rescan the block and reform the USE vector iIn SVA., Exit If
block contains any wuser or 1I/0 external references.
Otherwise, set block use vector to SVA, and the UBD vector
to SVA and UBD.

GPO 14-5

G6




CYBER 170 COMMON CODE GENEPRATOR
Internal Maintenance Specifications May 25, 1978

FXI

SHs

M1

FII

MIP

MTE

Form loop entry/exit information for use by GRA. Compute
region Jlive entry bIit vector (LEA)., Form tist of exit
nodes of the SCR., Scan the exit ljist and form the tist of
exit nodes, their 1live entry bit vector and whether the
exlt node can be post stored into or not in RXI. Also form
the moveable def bit vector which the set of definitions
that can be moved out of the loop. FXI forms the region
exit information in RX]I which is printed out be PRNTRXI,

Squeeze Holding Lock, Terminates the HB with an EOQ and
calls SQZ8 to eliminate redundant instructions and
redundant tensp stores, Rewrites the HB back to BLK.

Mark Invariant Instructijons and collect information for
strength reduction. Forward scan of a3 block to form a list
of invariant instructions in the 1ink words, mark stores as
not recursively defined in UDT, colfect a list ot possible
recursive definitijons, substitute label references (multi-
pred IF toops), count number of references to the Iloo0p
he ader. When EOQ s encountered, save the jinvarjant and
store chain pointers in the {ink word of the B80S and the
block status word, Accumnulate the SCR USE and DEF bit
vectors.

Form Increment Information. Process blocks with STC®s.
Scan the STC to eliminate non-recursive definitions, and
save the increment vatues of the RD°s in IIT. Point the
store instructions to then., Mark the ST and its
predecessor as INC in the descriptor words for GRA.

Mark Integer Polynomials. An integer polynomial! is a3
| inear function a single recursively defined integer
variabte, MIP consists of a forward scan of the block ¢to
mark the IP®s, compute their cost and form a list of thenm
In RND. Khen a JPX s encountered, we check for a
reference to the header node, and it so collect information
for test replacement for GRA., When E£E0Q s encountered the
IP tist is merged with the IIC chain in the 1ink words.

Move Invariant Expressions and terminal integer polynomjals
to the hoflding block. First the IIC is scanned for
terminal invariant or strength reduceable expressions that
are profitable to move out, and a forward chain of thea |is
formed in the link words. WNext space lIs allocated In the
HB (In TXT) and the instructjions are maoved out and setup as
IT.(KY = EXPR in the holding blocke. The link word of the
temp stores are chalned, and they point to the place in SEQ
where a TLD of the moved instruction should be placeds. The
operand Renumbers of the Instructjons added to TXT are
adjusted ¢to bring them ¢to canonical form. The chain ot
moved instructions in SEQ is rescanned for stores and RJ°sS
and they are changed to 80S*s so SO0Z will eliminate then
when the blfock Is updated. Finally, the information about?
the insertion points of the temp loads iS saved in TET ftor
use by SQz, UPB, etc.

GPO0 14-6
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Cotlect Increment Formulas. CIF collects information about
terminal opolynomjials in IIT that is needed later in GPO to
develop the jincrement of the IP when the Independent
variable is incremented, and in GRA for the fest
replacementy, counting method decisions. CIF develops the
informatlion In the 8 (lst of IIT (see GPOCOM and CIF
snapsl), for each tersinal potynomiatl in the H3. First a
special call s wmade to MII to mark the ginvariant
Iinstructions in the HB, The HB8 is scanned a chain of the
TST*s that define TP*s jis forreds The chain [s scanned and
the Increment and polynomial formulas are developed in IIT
by calling DIF. The ITI field of the TET entry tor the TST
points to the IP inforwmation in IIT, Finally, the IP ljists
In IIT is scanned for similar IP°s$ those with the Same
increment formulas? and the IP®s are marked as similar, and
the first is marked as a base member,

Develop 1Increment Formula of an IP of a single varjiable or
extract an IP formuia. DIF is called by CIF to extract the
IP formuta or increment formula of an IP in TXT and place
it in 11T, To this end it uses RND as a scratch table.
The alqgorithm consists of two phases. A top down parse (to
extract the formula from TXT and form an output 1(ist in
RNDs and an output phase t0 expand and move the
instructions from RNDO to IIT. In order to form the
increment formulas of an IP we note that

AIP = IP(J+aJ) -IP(J) = DERIVATIVE IP & aJ

Form Increment Modjfication 1tists. Process blocks with
STC®"s to form a list of the TP increments at each recursive
definition for use by UPB, At each recursive definition on
the store chain the IP list in IIT (s scanned for IP°s that
depend on the varjiable being defined. The increment
formula is evaluated at this point by a call to EIE and the
increment wvalue s saved in IIT, The ST is updated to
point to the list of increment values in IIT,

Evatluate Increment Expression. Evaluates del IP (del! 1I).
Attempts to evaluate the expression jtself or calls SIE in
SQZ and adds the expression to the holding block.,

Unpdate Program Blocks in the (oop to reflect effects of
code motion and strength reduction. UP3 modifies the
blocks by inserting TLD®s of the moved expressions, IP®°s
and adds compensating increment Instructions to the blocks
by setting up instructions in MOD, and mod insertion |(ist,
and catling MPB to wmserge the mods in, and resqueeze the
btock, First TET is scanned and inserts are sSet up for
TLO0°s of the moved expressions. Next STC is scanned and
the compensating increaent instructions are formed.,
Finatly, the block is updated,

Merge Program Block (in BLK) with TXT and mods to bfock {n
MOD, MLT. MPB is a general subroutine to merge two blocks
{concatenate)y and/or a modify a block. On entry TXT may
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contain sequence of instructions {(80S ... EOQ) or Just a
80S. The pointers 0,SEQy, L.SEQ define a block in BLK that
is to be modified according to the insert/delete jinfo in
MLT and the instructjons In “MOD and appended to TXT, after

the last instruction in TXT (s removed. On exit, the
result is in TXT, or written back to BLK, with the R~
numbers adjusted, the resultant block squeezed,

etc, according to the value of the entry flag.

The algorithm is =

Allocate space  In TXT, Scan MOD 11ist and mark
instructions Iin SEQ that are to be modifjed and save
MLT iInfo in the link words of the instructions. Move
the Instructions from SEQ to TXT, and Insert the new
instructions from MOD, Scan TXT and adjust the operand
Re=numbers of alt the instructions to bring them back to
canonjcal form, Call SQZ8 it requested, rewrjite block
pack to BLK if requested.

MTS Move Text Block from SEQ to TXT and clears the 1link words
in the process.
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15.9 GRA_= _GLOBAL_REGISVEP ASSIGNMENT

GRA s the machine dependent loop optimizer., It is called by GPO

after [t has performed any possible machine Independent global
optimizations. Optimizations performed by GRA are =

The motion of Jjoads and stores of scalars from a (oop to its
entry/exlt paths and the assignmsent of the quantity to a
reglster in the loop.

Prefetching of indexed Joads in small ([nnermost {oops to
reduce the critical path time,

Code size reduction in the loop body by assigning SCM
address®s and constants to the registers,

Reduction of IA to SA instructions.
Elimination of useless variables.
Linear function test replacement,

During the development and testing of the compiler, GRA was the
hardest to write, and the buggiest of the routines., Most of the
problems stem from the non-homogeneous nature of the machine.

Algorithp QOvecyiew

MARA, the wmaximum number of A-assignments [s initialized to &,
The blocks In the loop body are scanned for potential candidates,
and their wusage mode. The usage of a candidate determines what
type of register it will go iny, and whether ||t can be subsused
{have an address appended). The candidate table is scanned and
entry/exit information collected by FXI is filled in. The
register assignments are then selected from the candidate table in
the order - varjiables that are Becandidates, X=candidates,
prefetch candidates. The c¢andidate table is rescanned, and
address candidates are plcked. Finally small constants are
assigned to the B-regs and the final loop counting method decision
is made, The blocks in the floop body are modified and MCG s
called to code them. The initiclization code is setup in the HB
and the post store lists and other exit conditions are setup.

The basic algorithm used is local register altlocation (REG width),
1 to 1 global assignment, followed by locat assignment, The
algorithm iIs a simpler version of the one described by Beaftty.

G10




CYBER 170 COMMON CODE GENERATOR

Internal

Maintenance Speclfications May 25, 1978

Stcuctures DELIMITER

RAT

RCY

Register Assignment Table. Fixed table of 24 words that
hotds the [nitjalization formula for the registers.

Register Candidate Table. Variable length in managed table
area, 3 mords per entry, -

RCT holds information about the candidates and acts as a
global expression dictionary. First entry is zero, a search
terminator, Second entry js the constant 1,

Link words are used to point to RCT, and during IRA they
hold the R-numbers of the different registers that a value
may be in., The INC bit of ST®*s and IA, IS, STT instructions
are set it they are increments,

/GPOGRA/ holds information about the loop that was collected

The blocks are “JAM®™ ordered, and the max reg width of the
loop is in MAXW,

- GPA

IRP

controls, callis atl the major wmodules,

initialize processings Set up RCT, zero scratch area.

DUM

gERC

Determine Usage Mode and candidate type of instructions.
Backwards scan of the blocks to deteraine how the result of
an instruction is used. The possiblities are:

EU - explicit wusage = cannot be biased by an address, may
have X=uses in the sequence.,

RF short usage - lower 18 bits used as RF of an indexed

LD/ST.

IA -~ used as operand of IA or IS, Conditional EU.

TU

Yest Usage - used as part of a loop back test when (o000
is 00 loop or recognized as one.

The information collected in DUM is used to decide what type
of register (X or BY a candidate may be put in. The usage
mode bilts are kept In the link words during DUM,

Enter Register Candidates., A forward scan of the blocks to
enter candidates in RCT and extend assignments that were
made in jinner 100pS. Khen a possible candidate is

GRA 15-2
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encountered (LD,ST,S,FMA, etce.) SCT is called to enter the

candidate and setup the link word, which points to the RCT
entry.

Link words of non-candidates are cleared, When a full lock
RS is encountered, its predecessor is checked to see if it
is in RCT, and the RS, pred are checked to see if a register

assignment made in an inner loop can be extended to the loop
being processed.

SCT Search Candidate Table. SCT is the search and enter routine
for RCT that is called by ERC. It searches RCT for a match,
and if none, makes a new entry. The link word of the
candidate ls set to the RCT ordinal. When an increament
store (I=T+INV) |is entered, SCT collects information about
the increment value, number of ¢times the varjiable |s
incremented, efc.

SEE Set entry/exit Information for the value candidate. SEE is
called after ERC has entered all the candidates in RCT. It
scans RCT and fills in the entry/exit bits that were setup
by FXI in the region bit vectors. It also checks for
candidates that are defined in the (ooo, dead on exit, and
have no real uses in the foop. These are marked as RA and
KDy so that they are kilfeds Finatly RAY is scanned for
moved assignments (ERC/RS) and the INV bit (s set it

— necessarye.

Candidate Selection

MTA Make tentative Beregister assignments, and seiect a3 method
to count the loop (00 loops)e Setup a sort tadble of value
candidates that are RF (short usage) and RD, and sort it on
the sort key fields (TUL,PRFT,SUSE j,etce.) It the loop is a
DO toopy then the “first” entries in the sorted table will
be the loop index, fimit and increment, ASsign them to 8-
regs tirst, and based on the setting of the bits
(LX,SUSEyetce) Determine a possible counting method. Nex?t
the rest of the candidates in the sort table are assigned to
the remaining B-registers. Finally if no test replacement
nwill be done then the EU bit is set for candidates that are
TUy, and games are played with the NOCC field of the
increment values to force them to registers if they are
constantse.

AIR Assign Index Registers. Assigrs a candidate to the next
available index register if [t has not already been
assigned,

OXA Determine X-Assignments. 0DUXA selects X-register candidates

—_— for an innermost (loop, and validates candidate selections
made In an inner 100D, First an Xecandidate table is

Vo formed, and sorted on the sort fields (PRFT, SUSE, etc.).
The MIN (4yX=candidates) are selected and the RA bit set for

them, The X=candidates are regarded as tenftative, OXA now
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callis CRW to see If the max reg-width with ¢the B8 and Xe
assignments is fess than 9, If it isn°t then the number of
candidates [s decreased and the above repeated. The result
of this process is that we have assjigned the max number of
X=candjdates in the loop for a sequential machine. Next CMR
is called to count the number and type of memory references
remining In the 1oope Finally XCT iIs scanned, and registers

are assigned to the candidates based on their usage in the
loope

Compute Register Width., Computes the max X-register width
of a block with the assignments made in MTA and OXA., The
algorithm is similar to CRW in B80T, except that the register

width s not changed for candidates fthat are locked in
reajisterse.

Save Link Words (temporarily) in RNDY in case they are
needed again.

Restore Link Words.

Count remaininy memory references in a block. Scans block
t0 count the number of memory references that will remsain
after register assignment. This information is used by DXA
to determine X-assignments, and DAA to determine the nmax
number of A-regs that can be allocateds As an example if
any block in the loop contains a sfore it would not be nwise
to tie up both X6 and X7.

Determine A-register Assignments., After 8 and X assignment
have been made, the code in small one or two Seaquence {00DS
can be speeded up substantially by prefetching indexed loads
that are on the critical pathy and overlapping the fetch tfor
the next jteration with the {oop back Jump, Because of the
excessive amount of code in the compiler required to produce
optimal code, the 1logic iIn ODAA s rather simple, and
produces suboptimal code In some cases.

DAA first check to see that the {oop is “smali*™ and based on
MARA and the counts developed by CMR computes MAA, the max
number of A=registers that it will assign. Next [t reads
and scans instructions in the header node (skipping the BOS
and LAB)S until) It hits a boundary marker; for indexed loads
whose index s not constant and RO, The class the LD is
from may not be defined in the region, Information about
the candidates |s saved in ACT, the A-candidate table. At
this point we should run a critical path calculatjion, and
sort the A=candidates on their *sltack™, but we don®°t. The
order that the candidates in ACT are in is the same as their
order In the sequence, which is JAM order, which is an
approximation to crjitical path order,

The candidate table is now scanned to remove candidates with
targe constant or varjiable increments (U0 not selected).
Finally ACT is scanned X-registers are assigned, RCT and RAT
entries are updated, and B-registers are deallocated it
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necessarye.

Make Final B-Assignments, Up wuntil ¢this point candidate
selection has centered about VC®s (value candidates), whose
affect, when assigned to registers {n the loop is qulte
profitable. MFA concerns [tself with reducing the size of
the foop by assigning constants and addresses to 3-
registers, appending addresses to value candidates that have
no explicit usesy, and reducing the number of increments by
address differencing. As far as the deslign goes, it is
somenhat weaker than the oprevious DO processor, mainly
because [t doesn®t catch some common casesy, but §{t is fairly
difficult to do a very good Job here,

The algorithm js as folions -

Scan RCT and form a list of constant candidates in RCY
and 8 sort table of (BC) of unassigned address
candidates in RND, Sort BCY on Rf and IH and build an
index table for each RF class and sort [t on whether the
RF class is BASE (base member of 3 similar class or
hnot), etc.,

Starting at MFA uyse the RF j{ndex table as controfl,
apoend addresses to the assigned value candidates, fornm
constant differences and enter new con candidates, do
address djfferencing, etc. Until we run out of B8~
registerse.

Finally scan the constant list, form a sort table and
assign constants, Then go back and nodify any
instructions of the ftorm PLD RF¢CA that wmight be
affected by the constant assignments. Ffinally check the
foop test replacement decision, adjust ity and set the
necessary flags for IRA, SUP,

The RF classes type processed by MFA are =
1 RFy IH in class.

There are two possible cases depending on whether the RF
is BASE or not. Consider a loop on I with the
references U(I), U(I+N), The first ref would be the
base, and second could be written as the tirst &N,
During GPO these are separated into 2 separate integer
funcionsy with their own increments. MFA eliminates the
second increment by assigning the difference I = (I+N)
to a register instead of 1IN,

1 RFy IHy 2 or more DA°s
Example A(I-1) ¢+ A(I) +A(I+1)
call PSC to. tind the center of the classs and change fhe
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refs to A(I-14C)y, etc. Hhere C is the center. Enter
constant candidates for the difference entries, and mark
them to be setup as PLO/PST®s.

More than one IH

Try address differencing if there are enough Beregisters
to 9o around.

Partial assignment case tries to put IH¢CA in & register
it subsumption is Impossiblie or their is no RF,

PSC Process Simple Classe Process a c1ass with 1RF,IH and wmany
CA®s.

AAD Assign Address Difference to a register, Change a ret to
CATIH,RF where RF, CAIH, Is in a register to express it as an
address difference. Set up a second register as CAIH,
«CAIH(2) or the reverse.

EQC Enter a difference candidate in RCT,

SoC Search Beregisters for previous occurance of a djifference
candidate.

AFA Assign full address to a B8-register., Change a B-reglster
assignment from the RF to assign CAIH¢RF fto the register,

ECC Enter a constant candidate. Search con list and enter a new
constant or bump numbers of occurances of it (used as sort
key in determining assignments).

cL8 Code Loop Body {control)., gecause of the various
difficutties MCG can get into, the register assignments sade
In DXA must be regarded as tentative untit we have
successfully coded the loop body. The basic function of CL3
is to modify the loop body to reflect the assignment mode in
the candidate selection phase and call! MCG to code it. If
X=3ssignments were wmade, the coded blocks are saved in PIT
unti! 311 the blocks in the 1oop body have been coded., Then
they are written back to BLK, When MCG cannot code a block
in the Joop because there are too many Xe=assignments, the
fast one iS removed, the tables adjusted, and CLB tries
again. If the failure i5 due to t0o0o many A-assignemnts then
MARA js set to NAA-, the tables cleared and CLB exits to the
main foop (GRAD).

The main toop In CLB is =

Initliatize f1lags, form post store fiste For each non-
empty block call IRA to modify the seauence (insert the
register assignments). Caftl CUC to set the uses counts
and delete any useless jinstructions jinserted by IRA,
Call CIS to set the initial parcel count and code the
seaquence, Collect the set of registers used in the
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cx8

CIsS

WSC

IRA

foope. Save the code ftength info in BST and advance to
the next block.

On exit from the loop (success) the coded blocks are
transferred from PIT to BLK.

Code Extended B8Block. ~Code a3 block that [s outside of all
loops. AIS is callied to assign B8-registers in the sequence,
If profitable, CIS to code the blocks, and HWHSC to wrjite the
coded btock back to BLK,

Code Instruction Sequence, Check 8ST, B8IT fto set injitial
parcel count and call MCG to code the block.

Write Saved Code from PIT to BLK. Rewrites a block that has
been coded back to BLK, and sets/updates flags in BIT.

Insert Register Assignments. IRA s functionally similar to
uP8 in GPO. It modifies +the sequence to reflect the
optimizations performed and places a3 copy of the optimized
seguence iIin TXT. Because of .the variety and complexity of
the optimizations performed in GRA it was decided ¢that it
would be simpler to do a copy/modify on the fty, then to set
up mods and call! MPBe Other factors that influenced the
decision were that the number of mods is approximately the
same as the orjginal segquence, and that the IRA approach was
more flexible.

The basic algorithm is to allocate sufficient space in TXT
tor the modified blocke Copy the R1 word of the BO0S, any
initial tabely and setup initial full tock DEF®s and DAR®s
which are the sequence initial conditions.

Now scan the rest of the sequence from begin to ends If the
instruction is not a candidate, then copy it to TX7, TIf it
isy then modify it, etc. Ouring the copy the Renuambers in
TXT are setup in canonical order, referencing the proper
registers by keeping track of the Renumbers that a result
may have in different register types in the link words of
the Instruction in BLKe An instruction may have up to 3 R-
numbers associated with jt. The Renumber or value that is
in an X-register, a Beregister, and a store register, fFor
examplie, SuUppose 3 candidate is assigned to a B-register,
but one of the instructions that uses it needs its operands
in an Xeregister. hen we process @ LD or ST of the
candidate we setup the basic R-number as the jin B value,
output a SA Instruction, and set its result as the Xe-value
in the L0 or ST predecessor instruction in BLK. In this way
useless jinstructions may be introduced, but a backward pass
by CUC is sufficient to detect and eliminate them without
involving SQZ.

IRA contains a special processor for most of the
instructions, some of them are -

£0Q - output any toop epllogue post stores.,
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JA,IS =« reduce to SA,SS if possible.

XMT « delete if possible,

RS - delete if ored is a3 candidate that was assigned to
register (IRA).

DEF - skip DEF if outer fo0op and IRA

JPX = output prefetches for next jteration, convert to
JPBB8 if test replacement,

LD,TLD = change to address load or PVC

STYT = change to SA, SS, etc.

STL,TST =« change to short store, or process redeftinition
of a register the Bradge (candidate), output ST if

it cannot be moved.

PVC - initial definition of value candidate encountered,
output SA if necessary, setup {ink word.

PAC = Process address candidate to change a LD,ST,STT to
an appropriate 15 bit instruction.

AP0 Adjust previous definition to make old value unavailable in
case a use exgends past a redefinition,

CcucC coliect wuses counts., Backwards scan of a segquence to
collect uses counts and mark useless instructions, It no
useless instructions then exit, eise compress and renumber
the seguence.

ENIRPY CODE

suep Set Up Preloads of locked registers in the holding block.,

SUP controls the output of the looo Initialization code,
The strategy is setup the initialization code in MO0, insert
it at the end of the holding block, and call SQZ to
eliminate the redundant code. For alt this to work
smoothly, without a f(arge amount of special code in SQZ a
new IL instruction, the ILD had to be added., The ILD 1is a
type II1 1tload, that has the property that when 8 ST/ILD
combination s encountered, not only ls the ILD eljiminated
as redundant, but the ST is also eliminated. In this way we
remove TST®s of IT.°s that have been assigned to reglsters,
and tater when the HB is merged with its natural predecessor
In GPO/CHB we kill off the ST®s of variables that are
initiatized in the prologue without having to use RDD. The
code in SUP does the following =~ insert the values of UXR
and MRA in the R2 of the H8 BOS for use by outer foops. Get
space Iin MOD (overestimate) to setup the initialization
code. If TRO=4 (Fli)y FI(n) in the registers), then setup
the wupper lieit register as F(N) by 1looking wup the
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LIV

OIL

SIv

0SsI

ORS

SxC

pol ynomial formula in IIT, substituting N and moving the
tormula to MODe. Scan RAT and setup code to initialize the
8=registers, Scan PRAY and setup preloads of the X-
registers, Merge the jinltialization code with the HB8,
squeeze out redundant expressions, and write it back to
9LX + Finally, clear the HBN field of [t°s created in this
loopsy sScan the HB and set the HBN field of it°s detined in

the HB, then scan TET backwards and remove trailing entrijies
with 3 zero HBN field.

Load Initial Value. Output S/FMA/CLR or LD of [nitiat
value, Calis 0OIL and SlIV.

Output Initial LO. Output LD or ILD of a candidate
depending on whether ([t (s dead on exit from the loop or
not.

Set Injtial Value. Generate STT, etce. To ftorm injtial
value of an address candidate.

OQutout STT Instruction. Given CAIH and H2 it generates an
STT instruction.

Output full lock Register Store (RS) instruction to
inltialize @ regjister, Sets INV bit in SO field it set in
RAT.,

Set exit Conditions., SXC presently has two functions =

as To setup post store lists for the varjiables ¢that were
defined in the loop and live on exit from jt.

Bs To accumulate LUV, the 1o0op usage bit vector, of
variables that were referenced in the loops SO as to
Inhibit assignment of them to registers in an outer
100D

The post store mechanism is described in GPO/IPS. SXC scans
RXI and setups the post store fjists In PSI for the variables
which were defined Iin the loop and live on entry to an exit
blocke In the case of a nest of loops that have the same
exit node, and varjiables are live on exit from both the
inner and outer (1000Sy SXC merges the previous list with the
one being built, To accumulate LUV we Scan RCT and set bits
in it for variables whose values were not assigned to 3
register in the loope We also clear bits in LEAs, the loop
live entry bit vector for variables that are KD, useless
increments,
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16,0 PROSEQ = SEQUENCE PROCESSING CONTROL

PROSEQ contains the sequence processing control logic for pass two
and many of the utility subroutines.

CGEPAS (s the sequence processing controller that s calted by
nhen a sequence (s accumulated, It ftersminates the accumulated
sequence wlth an EOQ, and depending on the OPT mode calls the
various code generation routines, In OPT=0 or 4, it calils SQzZ,
PS8 and MCG. In OPT=2, 1t catls PB3, After processing the
sequence [t resets the flags for the next sequence and exits.

PS8 = propagates bits from symbol table to descriptor words of
memory references for later use by other processors. The
idea here was to reduce the number of references to the
symbol table in the “language independent™ parts of the code
generation phase. Presently, the formal parametrer (FP) and
fevel bits are placed in the descriptor.

AIS - Assign Index Registers in Straight Line Sequences

This routine accepts a non-loop Sequence of IL instructions in
tablie SEQ, and exits teaving a transtformed copy In tabte TXT., The
transformation consists of Beregister utilization for SCM address
values in portions of the sequence which are fiable fto *“jJam™ at
schedul ing tTime, We ascertain this by examining the register
width of the sequence at each Jinstruction, placed In the IL
descriptor words oprior to AIS entry, This offers some (not
per fect) forecasting of the number of pseudo Xeregisters which MCG
could use when issuing the sequence. If this width exceeds actual
resources extra effort to place “"short™ intermediate values In 8-
registers will probably be profjtable., 1In fact, the number of
reglsters required by the sequence must exceed a machlne~dependent
value, TPH, before d-register assigrment will be attempted.,

The sequence as passed to AIS may actually consist of several
basic blocks. The boundaries between basic blocks must first be
determined, as Beregjister assignments and uses are made on a3 basic
block basise.

AIS is composed of two passes over the sequence. The first pass
(or prepass) is subroutine (L8M - locate boundary markers., It
makes a backwards scan over SEQ chaining basic-block demarcating
instructions therough ¢the 1lnk words. In this chain (elements of
which are described by the BM. OESCRIBE/DEFINE structure) is also
installed the maximum register width encountered in the followning
basic block and the number of "RF™ or short values defined Iin the
basic block., These RF definitions are our Be-register candidates,
and have been previously marked RF by SQZ because they appear as
address modifiers,
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Following the LBM pass the various tables that are required are
— allocated, based on various counts made in the prepass. These
tabtltes are reformed for each basic block during the final pass of
AIS,.

BCT - B-register candidate table, The BCT contains information
regarding each RF candidate®s profitability within the
subseaquence (basic block).,

MLT and M0D contain the actual instruction modifications after
asslgnment, These tables are described in MPB (in GPO),
They are cumutative throughout AIS pass 2, that Is they are
nat restarted for each subsequence. MPB is calted once
before AIS exits to modity the sequence,

DUT - Definition-use table., A primitive "tree™ of the basic block

which is used to locate wuse spans for the various
candidates,

23T « Preassigned B3e-register Table. This ¢table contains 8-
register uses that are jincoming with the sequence in the
form of DEF or RS instructions. Some are temporary, as
indicated by a TXT index in the LU (last use) fjield of the
PBT entrys, while others are fullelocks for the entire
sequence, 3s indicated by a “infinite™ LU.

— In addition to the dynamic tabies, two 7-word tables are useds

CAT - Current Assignment Table - marks a B-register as assigned in
this basic block. ‘

PBI - Preassigned Beregister Index Table, This ¢table contains
pointers for the Be-registers to the next pertinent PBT
entry. It also contains an *"NA*” bit which aarks that
register permanently unavallable (full=locked).

The second (actual assignment pass consists of a main loop,
iterated once for e@ach basic block. If there are RF candidates in

the subsequence (BM. NRPF,NE,O) ard the maximum subseqgquences
register width is greater than TRW, we proceed with the following
phases?

80U « Build the Def-use “Tree™ (DUT) and insert the range of
entries for each Renumber definition iIn the defining
instructlion®s 1link words 80U also forms the basic BCT with
RF definitions encountered and the PBT with RS and DEF to 8-
register encounterede. BOU is the final examination of the
®source” sequence and represents pass 2 proper of AIS.

IXU » Install Extended Use Spans. IXU comptetes ¢the B8CT by

installiing the extended uses (span o! uses of all uses) for

— each entry as well as the maxisum register widths over the
extended use span (a3 prime profitability criterion).

It IXU indicates that 3t least one candidate exlsts with a targe
enough (greater than TRH) maximum register width over jts extended
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use span we continue witht

IUP = Insert Use Information into PBT. This routine completes the
PBT by inctuding the wuse span for each bpreassigned B-
register value, indicating ¢the Ilength of time that each
register iIs unuseable in this subsequence due to incoming
1ocks.,

Finalty, ABR = Assign B-register is called to assign as many B8CT
entries as possible to actual B-reglisters, Short uses of the B8CT
definitions are modified to use the B-register copy. HKe prevent
reuse of that Beregister until! uses of the uses of the register
have all gone to zero. This ensures that the jJam Scheduler will
not have to store out the chosen value for later use {as long as
the seaquence S not reordered by the scheduler.) HWhile ABR makes
no soohisticated attempt at achieving an optimal packing o0f the
candidates into the available B-registers, it does carefully
allocate and deatlocate the registers taking advantage of any
“hotes™ left by Incoming assignments. Thus, if B1 Is used by
unpack - left shift combinations, it may neverthetless be assigned
as an RF jntermediate by AIS between such temporary uses.

Simijlarly, many assignments of one Beregister may be made In the
same basic block, as long as they are for non-overliapping RF
definition-use extended wuse vicinties. It is <clear that any

reordering of RF defs or their uses subsequent to AIS may cause
deadlock situatijons in MCG.

After the BDU-ABR phases have been executed for each basic block,
MPB is called to merge the modifications in MOD into the Seaquence
under the direction of MLT., Finally, CUC ls called to reset the
USES fleld in the instruction descriptors.,

ESR - Expand Special References

Subroutine ESR s responsible for expanding *special™ memory
references on a sequence=-by-sequence basise. Depending on
environment (OPT level, 100D nestina, etc.dy ESR Is instructed to
expand ore of three sets of reference classes:?

a. LCM (tevel 2 or 3) references only
be LCM references and all .formal parameter references
Ce LCM references and f.p. address references only
Expansion mode |[s determined by X5 on ESR entry. Address

references are “set X* (STT) Iinstructionsy, while “reference®
implies address or memory (load/store) instructions.

The ophilosophy of LCM and f.p. pbrocessing is one of jsotation of

special casing, Pass § does not diffentiate betwean f.pe. OoFr LCM
ard other symbols except for syntax checking.

Alt expansions including references of A0 for f.p. addresses and
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SCM pointer cells for LCM=] mode level 2 references are per formed
o by €ESR . ESR guarantees bit 59 is preserved for LCM addresses as
nwell as 24-bit integrity for LCM=I mode reference.

The first pass of ESR s MSR = Mark Special Reference. :

It is a backwards scan over the input sequence (in table SEQ)
which chains afl special references to be expanded through the
instruction link words.

The second pass is GSR = Generate Special References.

GSR toops through the marked jinsftructions generating sequence
moditlicatlons to table MOD ., These modlfications Incliude all
necessary addresses loads, ©60-bit addsy, sets and LCMeaccess
instructions to propoerly reference the special symbol., Extraneous
Instructions are avoided for adds of 2zero, efcC, It 18-bit
arithmetic has been performed on an LCM address (for a LOCF or
store to APLIST), instructions are generated to OR in bit 59, The
task of generating special references (s divided into several
includinag

ISC = Issue set code operfores f.p. and LCM address reference
expanslion.,

IS - Issues set instruction

IAL - Issues f.p. address loads

IRA - Adds in variable index to address calculators
ISX « Issue set or transmit following address foad

IPR =~ Issue PLD or PST formed parameter reference instructions

IDR = Issue direct LCM references
IMOE - jssue mask and bit 59

TRE =« terminate reference expansion files mods to MOD table for a
single input reference

After atl special references have been processed, MP3 is called to
merge MO0 with sequence and ESR is exited.
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17.9

(.

MCG = MACHINE CODE_GENERATOR

86 is responsible for scheduling of a seaquence of instructions and
the assignment of registers (localtly), which is usually shortened
to scheduling and local register assignment,

The jinput is an IL instruction seauence in TXT with the various
fields in the descriptor words set (SQZ output), The output s
the posted instruction sequence in PIT in ®*SI.” FfFormat, where the
first word of PIT is a BOS and the l1ast is a NOP.

Constraints = when pot _jn JAM mode tre R1, R2 and descriptor words
are rcead onlv_since po copy of the ipstruction seguence is keot, _

MCG wuses the PERT-Time ordering of the instructions along with 3a
simutation of the machine resources (registers and functional
units) to schedule the insftructions.

In PERT terminology ¢the I[nstructions are activities to be
scheduted, ard the edges of the network are the operand
dependencies and 1logical constraints between the instructions.
BOT forms the PERT network for MCG in TREE and computes the tate
start times, etcCe MCG then orders the instructions via a
topological sort that uses the earljest start time as a sort key
in addition to the fate start time (LST) that is inherent in the
order of the instructions on the jssue candidate list,

Data Structures

The TREE or USES index table is a l1ist of the successors of a node
(instruction) sorted by predecessor and tate start time. Examples
of the successor index table, etc., May be obtained by assembling
80T with snaps on. :

The tink word of an instruction holds the ®*INDEX® to the Successor
tisty the fate start time of the instruction (LST), the number of
remaining uses of an {nstruction after issue. The NPRED ftield
initially hotds the number of predecessors of a node that have not
been issued. When |t goes to zero, the instruction js added to
the [ssue candidate 1ist and the field |s used to point to the
next instruction on the list. This 1is done in AIL. Hhen an
instruction is selected for issue it is removed from the jssue
candidate 1{lst and the NPRED tield now holds the register number
(0=273) that the *RI* (result) (s in.

Note that since the operand Re-numbers opoint back to the
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Instructions that define the result no search [Is necessary to ook
up the operand Renumbers,

SVL holds the saved link words for short (nstructlon sequences So
30T doesn®t have to be called again in case of a failure in
schedul ing mode (because the delta T is too big).

AXR js a bit strip of the available X and B registers In the order
X0y X7y X6gooeXly B79y BbOyeeeBO which search order when {ooking for
an avajilabtie register, LXR and ALR are similar in structure. RBY
is a table of the register bit values in SO register order. FXRA
is a table that transliates the normatization count of a Xeregister
bit wvalue into the register nuamber, and bit value. The technique
of selecting an available register uses the normalize instruction
to find the {eading bit set jn the avallable registers In the
appropriate class (AXRACLASS) and to translate the shift count to
a register number via FXRA., The normaljize instruction is atso
used to determine the type of result register that is needed for
an jinstruction, In this case the bits are in the descriptor JFT
to RJRS bitsy and ordered so that context dependent sjituations
such 3as preceeding a store or register store take precedence over
the baslic instruction propertiess In both of the above cases the
data structures were designed for speed and code simpilicity.

RVYT ls the register value table. RVT(i) points to the instruction
that (s In Register 1. RVT and the PREG field of an jssued
instruction are cross {inked and the condition

REG (TXT(RVT(TI)+3)=1

must hold for I, such that RVT{I) 2 0.

SUBROQUTINES
MCG controllier, determine schedulirg mode and maximum Jook ahead

SIS schedule an instruction seaquence, cal! SNI to select the
next instruction to be issued, then callt AIL,DUC,ASC,SII to
issue instructions and update the jissue [|isty, available
resources, clocks, etc.

PRS preset storage, clear cells, altocate for PIT, 0TI,
initialize issue 1ist (ICL) by issuing the B80S,

SNI select next Instruction from ICL to be issued by finding the
first one with the earljest start time whose late sStart time
is € T+DT, Calls DRR to determine the result register.

ORR determine result register of an Instruction. Determine
result register class from bits set in descriptor and Jump
to the aporopriate processor, Pseudo jinstructions are
processed in the subroutines that DRR calls. On exit from
DRP it has found a result register for the instruction and
calculated its execution times (T issue and T execute), or
has not found a register {instruction cannot be issued now).
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CRU, FXRy, PJI and PPi are subroutines of DRR, and their
register usage is consistent with it,

CRU check the remaining uses of a specified register to see |t
the instruction wunder consideration c¢an be issued now,
Called for instructions which PRS,

FXR is both a macro and a subroutine, The macro is invoked and
it calls the subroutine 1If the reglister selected is not
available at the current time Ty, or no result register |s
avajlable. In the first case it tries to find the register
with the best TRA, In the second It checks the operand
registers of the instruction to see If they can be used 3as a
result register for this instruction.

PJ1 and PPI process the jump and pseudo instructions.

ATL adjusts ICL to remove the lssued jnstruction from it and to
add any new instructions that have become fogically issuable
to ite It is the heart of the topological sort,

DuUC decrement the uses counts of the operand registers of the
issued instructions and update the register availability
list AXR, and RVT,

ASC advances the simulation clocks for general instructions and
memory referencesy, and changes (ong memory refs to short
ones.

AVC advances the clock after issue of an unconditional jump or
boundary marker.

S1I saves the issued instruction in PIT in SI. format by
transforming the Renumbers to register numbers and
condensing the & word instruction into {1 word in most cases,
2 it a type III with an H2 fietd. CLR®°s are changed into a
mask or a BXXe=X and SXT®*s are changed into Boolean or shift
XMT,

L1

WHhen the basic scheduler fajls it calls JAM to code the sequencs,
JAM assumes the IL sequence 1Is intact and can be modifled, A
description of the strategy appears at MCG.2358.

Since RI0O has placed the instruction sequence In a narrow order
and computed the number of registers needed at any point, the only
question leftt to answer is what to do when we run out of
registers, Here we have 3 page reolacement problem and we have
all the information we need, mainly the 1ist of wuses of 2
instructlon (In the successor index table). Given all thls JAM
proceeds to issue the jinstructions (in RI0O order and create
temporaries, reloads as necessarye.
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In JAM mode we 9o through the instruction issue cycle as in MCS

(SNI, AIL.¢+SII) and in addition we keep track of the next use of

the active registers (SNU) after every time a register is used and

- not cleared we check its next uses It it (s far away, then save

the register at that point.

Example
|
A |
o .
1 . .
U y .
Reg | ¢ ¢
' [ ] °
' L J L ]
| [ ] L ]
| [ ) [ ]
ﬁ 1 [ ] [ ]
' [ ] .-
= l [ ] [ ]
| L ] [ )
LY T % % )
- definjition tirst use next use instr No.
(2 uses) {create a3 temp/reload

at this point)

Data structures for JAM mode are somewhat more complex. RVT holds
the TXT index of the next use of an instruction and the late start
times ot an instruction are jits TXT index over 2,

JAM mode subroutines (QUAL/JAM/,listing order)

SNI

I<I

CNU

— SSR

. SUR

ldentjicatl to scheduler mode SNI excep?t that the 1ook ahead
is very limjted.

Issues 3 specified instruction? it a result register can be
found calls AIL,DUCL,ASC,SII,SNU,

check next use of operand registers of issued Instruction to
see if they should be released now because their next use if
“far away™., By releasing the registers now instead of later
in 2 crilsis situation we may avoid first order conflicts.
On the other handy, due to the local nature of CNU we may
refease a register that is expensjve to restore, while if we
had walted we might find something cheaper.

save result in specified register (called by CNU),

stores amay results that have bpeen marked to be stored out
when the store regjisters were tied up,
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UJR unjam the registers when a crisis situation occurs (SNI

cannot find an issuvable instruction.). UJR frees up a
, reacister so the specified iInstruction can be {(issued. It
i calls DRT, CSRy, CRAy, FRRy ISI, RII, SRM,

RII reset lssued instruction (LD or type II) with "no operands"™
for reissue.

(P check for possiblie issue of a3 store instruction so as to
free up a store register.

DRT determine result register class (type) needed to issue an
instruction, .

FRR find a result register in a specified class that may be
freed up so the jnstruction can be jssued.

CRC compute the restore costs of establishing a result in a
register and exit with the number o0f the register whose

restore cost (s the least and the furthjest distance to its
next use,

cRrA change register assignment. Called by UJR when an Xe-
register [s available but it (s not in the desired classe.
CRA jssues an XMT to free a register in the requested class.

SX8 set up for XMT back to orjiginat register when the result in
the register freed by CRA is PS or PRS.

10) 81 output a XMT jinstruction to move a result from one register
to another.

RIL reset jssue 1ist to remove an issued instruction from the
registers and place it back on the lssue tiste RIL is the
inverse of AIlL.

SMB set MUC, multjuse computation bit for instructions that are
computations and whose uses are soread oute. These
instructions witl probably be stored into 0T.*s and should
be placed in store reglisters if possible so as to avoid an
XMT when they are stored.

SNU set next use of operands of an issued instruction updating
the NU fietd in RVT, Scan successor tists of operands to
find next use of operands and update RVT. Add issued store

instructions to the issued store chain and update the I[last
result in Bereg table.

. SRM save 3 result in semory and set for reload of it. Calls
6LI, ISI, and OTS.,

- 0TS outout a store to a temporary. Call GOT to get an OT. Cell
» and OEI to Issue the ST imnstruction.

GOT get an 0T, cell. Scans OTI for a tocation that (S not in
use.
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G6LI generate LD of saved result, and possibly an XMT to move the
. resul t back to a store register.,

" OFTY output an extra instruction, calls ASC and SII.

A1S allocate jinstruction space for extra instructions when all
: the extra space preallocated In PRS js used up.

ale adjust PIT pointers, reset B7.
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18.1 3SQZ = REMOVE COMMCN SUREXPRESSIONS

SQZ s resoonsible for compile time evaluation of constant
subexpressions, reduction of algebraic identjes such as 0*X=0,

. Xs0=X, 0/X=0, etCey elimination of redundant (duplicate) and

useless instructions, and removal of redundant temporaries
generated by the global optimizer.

On entry to SQZ the sequence to be processed is in TXT, the tink
words are zZero, and the wuses and precedence flelids In the
descriptors are zero.

On exit the link words are cleared, the USES, STRS and RJRS fields
are set jin the descriptors and the Renumbers are in canonical
order (result R-number (RI) equal to TXT entry index).

SQZ has three entry ooints,

S88 - to renumber the ®*IL¥ jnstructions prior to squeezing (calfled
from PROSEQ).

SQZ3 - which is called by GPO to Squeeze a sequence,

SIE = which is called to GPO to squeeZe a varjiable increment
expression,

ODuring the entire algorithm RND is used as a scratch table to hotld
the properties of the instructions and their addresses.

After initialization which is uniaue for each entry point, they
all join for common processing at SBB%A.

The saqueeze algorithe consists of four passes over the instruction
sequence plus a catl to RNI which s two passes. The SBB enfry
polnt makes an additional pass over the sequence to renumber the
instructions.

The four passes are?

1. Forward pass to setup RND, back chain the store instructions
and chain the RS instfructions. A pass over the RS
instructions to set the PRS or RJRS bits.

2. A forward pass to eliminate redundant instructions, evaltuate
constant subexpressions, and coltect uses counts for the non-
redunogant instructions,

3. Backward pass to wmark the useless instructions as dead and
decrement the uses counts of their operands.

L, A forward or backward pass to Saqueeze out the dead {redungant
or useless) instructions by physically compressing the

SQzZ 18-%
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sequence,
Finaliy RNI [s called to bring the R-numbers to canonical order.,

Dur ing pass 1 RND is setup to holtd the definition address of an
instruction which defines a result (RI)y, and the RI or R=-pumber {¢t
defines. RND(RI) points to the instruction which defines the R~
number RI, During pass 2 the uses field and property bits are
fitted in RND, and the R-number field of a redundant instruction
Is set to the value of the master. When an jnstruction with
operands [s encountered its operand R-numbers are adjusted to
account for any elimination of previous instructions that took
olace by fetching the current values from RND and substituting
them In the instruction.

Instructions are marked as dead by setting the descriptor word of
the jnstructjon to +0, or =0 in the <case of a3 ST or RS-
instruction.

The information set uo in pass 1 aliows us to took at the operands
of an instruction, properly squeeze jinstructions which PS or PRS,
and eliminate ST/ST combinations,

8ecause the CYBER machines are not single register, and because of
the subdivision of Xeregisters into 1oad and store registers the
equivaltence betneen two identicatl instructions is a XMT
— instruction., If both have ldentlical precedence bit settings then
the XMT is unnecessary, As as example, consider the statements?

Y = A%

Z = SIN(A*3)
OR

Z = X®x)

CCG constitutes the majority of the code in SQZy and we discuss it
nows, The order of precedence is to

3, Evaluate an instruction (constant operands)

be Simplify or reduce to a cheaper j[nstruction

ce Eliminate instruction as fredundant (search for a previjious
occurrence),

Instructions are processed by individuat processors as they are
encountered.,

Non-redundant memory references and jumps are kept on a backward
tinked chainy, MRC, Hhen a new memory ref s encountered, its
operands are adjusted, and the chain, if non-empty, iS Searched
backward untit! a ref with an jdentical IH (R2) word Is found or an
interfering ref is found, or end of chain is encountereds In the
case that no match s found the ref is added to the chain and the
uses counts adjusted, It a wmatch |[s found, there are four
possible combinations -

LDO/LD = the second load is redundant,
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ST/ST = the first store [s to be eliminated.
LD/ST = eliminate store [f “X=X"y LD will be eliminated in EDD.

ST/LD - change LD to an XMT and try to eliminate it, The case of
3 ST/ILD is a special one introduced to Speed wup O0OPT=2
compilation, Not only is the ILD changed to an XMT, but
the ST is eliminated.

Processing of the Jumps and boundary markers consists of clearing
MRC, etce

Type I Instructions are not kept on a chaine Since a redundant
occurrence o0f one must occur after the definition of both their
operands, the search range can be narrowed sufficlently to make a
simple linear search efficient,

The constant shift iInstructions are chained for searching
purposess, as are the miscellaneous irstructions (STT,S,CLReFMA).

Because SQZ was the first program written using the algorithmic
commenting language it is somewhat difficult to read. The =®main
oroblem is that the RJyRK words of a type I instruction are called
QJ¢?K jnstead of RJIWN (=RND(RJ(R1)) and RKHW, etc.

The code in SQZ is fairly tight and care should be taken not to
destroy any of the pass 2 dedicated registers (X0, X&, X5, 81, 82,
36y B7) o
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19.0 30T - _FORM DECPENDENCY GRAPH ]6
-

30T contains routines to form the dependency graph (a network) and
to reorder an instruction sequence. The current version
represents the fourth version (rewrite) of 30T,

The deck BDT contains four entry points =
BOT = which forms the PERT network of an instruction sequence.

RI0O -« reset instruction ordery, which reorders an jinstruction
seauence so that the instructions are in a narrow order with
resoect to register requirements,

CRW - compute register width of an instruction order.,

NI « renumber instructions, whjich brings the Renumbers to
canonical order.

80T forms the PERT-Time network of an instruction seaquence by
treating the IL instructions as activities, the execution time of
the IiInstruction Is the activity time, and the operand and togical

- tinks between the instructions are the activity constraints or
edges of the araph,

On ex]it from BDT the successor index table has been formed in
TREE, and the f{ink words of the Instructions point to the
successor tist in TREE, etc.

During the first phases of 807 the temporary tree js formed in
TREE, starting at the end of TREE and working towards the
beginning. The equivaltence (data iInterference) links are formed
first since this phase may be the most space consuming, Note that
a seaquence with K memory references may have up to K2/2 equiv
finkse FIL forms the *IH®* jnfo table starting at O.TREE by a
torward scan of the sequence, Then the IH info table is scanned
for interfering parts of memory refs., (FIL3)y and when one |is
found an edge iSs added fto the ftree, Next the edges that
correspond to operand links are formed in a forward scan of the
instructions (FOL). This phase also fores a list of the boundary
marker and "“sink® (stores and RS®s) instructions for the next
phase.

FTL formas the tersinal! links by a backwards scan of the 8M list
that FOL built, It also ftorms redetinition 11inks for the
predecessors of RS®°s when two or more RS®Ss occur in a basic block,
At the end of FTL the temporary tree is sorted to group the edges

— by SUCCessSor, This is done to sSimplify the PERT time
calculations. FJL forms logical links from a conditional jumo to
an jnstruction that appears after |t, but that has no operand
tinks to previous iInstruction in the same basic block. For
example, consider '
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IF(X.LT.YY Z = X®Y

where the multiply must be linked to the jump to prevent it fronm
being issued before it (prevent spurious mode errors). CIe

calfculates the jnstruction late start times, that are computed by
the formula -

late start time (i} = totime = neg late start time (i)
where totime = neg late start time of the 80S.

In JAM mode the late start times are setup as the TXT index of the

instruction over 2, and duplicate edges are eliminated from the
tree for MCG/RIL.

SIT reformats the tree as 3 successor index or uses index table by
shifting the position of the SUCC and PRED fields and resorting
the tree. Finally the index to the SUCC lists in TREE are setup
in the link words of the instructions and BOT exits.

GAS is entered by any one of the phases in 307 when it thinks that
their (s not enough storage to build the tree., Most of the ¢time
this havoens when there 1[S excessive data interference. After

atlocating extra space it resets the registers and starts all over
ag9ain.

RIO = RESCZI_INSTIPUCTION QRDER

PI0 reorders ¢the jnstructions to dbring them to an order that is
“minimum width™ with respect to its X-register requirements. The
algorithm used ijs straight from Aho-UliIman Volume II, and achieves
a minleum only if the sequence contains no aultiple uses.

After a3 sequence has be passed through RIO it is sald to have been
=JAM ordered”.s The information collected by RIO is used by

1. MCG to decide what order to Issue instructions in JAM, and the
reg widths are usad to determine when to unload 3 register,

2e AIS to determine when it may be orofitable to move 3 result to
a B-register,

3. GRA to determine if Xe-register assigrment s possible and how
many can be assigned. ‘

The general problem of jam ordering a sequence |[s presentiy a
Thesis topice. Hulf suggests a extension of the Aho-Uliman
atlgorith in his articie on Bljiss, which is worth looking at.

In order to compute the new order for the jnstructions, RIO calls
30T to form the TREE (without templock RS redefinition |inks),
computes the node labels or weights (number of registers needed to
code the instruction and its predecessors), reformats the tree and
sets uop the link words.

SI0 uses a depth first search of the dependency tree, whose- edges

80T 19=2
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have been sorted by the node level derived in RIO, to develop the
new instruction order, It operates In one of two modeSy, general
reordering, Or with a subsequence demarcated by sink instructions.
Because of difficulities in the initial design, the activation of
general reordering mode had to be postponedy, and the other mode
was created. The intitial problems that caused the postponing of
it were the lack of varjable redefinition t1inks in the tree, and
the fact that It would seperate stores from their definitions ( RI
Yo The 1fack of redefinition links for memory redefinition 1inks
for memory references would altfow the uses of scalar variables to
extend past a redefinition of it, and this would cause incorrect
codey, or deadlock slituation 1[It GRA made any B-register
assignmeents, The other problem would cause Spurious XMT/SA
instructions to be generated by GRA.

In general reordering mode,
8307 adds varjable redefinition lirks to the tree.
RID forms chains that 1ink from store predecessors to Its storese.

SI0 when encountering a ST predecessor, adds its ST*s to tThe stack
if necessary to ensure that they will foliow the predecessor, It
also makes a speciat check for deadlock situations (see example in
section on deadiock situatjions), and in this case will! seperate
the store from the definition of the RI in the case that the
sequence is going to be processed by GRA.

After deriving the new ordery, SIO copies the instructions to TREE
and moves them back to TXT in their new order. It then calls RNI
to adjust the operand R-numbers and CRW to compute the register
nidth of the order,

CRPWH = computes the Xeregisfter width of an instruction order at
each Instruction In a sequence and the max width of the SsSequence.,
The “REGH™ of an instruction sequence at an instruction is defined
as the number of results that are in X-registers whose uses have
not been exhausted, The REGH®s are computed by forward scan of
the sequence, followed by a forward pass to clear the ((ink words
of the jnstructions.

BNI = RENUMBEP INSIRUCTION R=NUMBERS

RNI transforms the operand R-numbers in a sequence to bring them
to canonical form, that (s it the IiInstruction has an RI which
defines a result then it is given a new value equal to its index
in TXT, Repnumbers are assumed to be In canonical fore in all
parts of pass 2 except PRE, SQZ and parts of PROSEQ.

RNI consists of two passes over the jnstructions, the first one
forms the equivalence table such the TBL (old Ri) = New Ri - oftd
Pi and the second pass installs the new R-numbers. TIf it wasn®t
for RJRS®*sy then RNI coud be done [n one passe.

BOT 19=3
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2.1

CCG UTILITIES = ROUTINES_TO FORMAT OESUGCING QUTPUT

CEA_-_CONTPOL FLOW_ANALYSIS

CFA processes the control flow information collected by the Bridge
to form the graph structure tablesy, which consists of the interval
tists and the backdominator Information, The theoretical basis of
the algorlithms wused in CFA are discussed iIn Alfen (July 70
Sigolan)e Aho=-Ultman Voi, II, and other places in the literature,
Over the vears different groups have developed various algorithas
for processing a program flow graph to tind the toops,
backdominatorse etce.

The interval method was picked for use in the compiler since the
author had some previous experience with it and [t appeared to
work reasonably wells. In the process of [mplementing It for the
complter various problemss never mertioned by Allen et al, were
discovereo and corrected, as discussed below,

In the compiler a modified interval method is used to find the
foops In the program, and to direct the global optimization, which
consists of an jnner ¢to outer pass to move out invariant code,
strength reduce jinteger expressions and register assignment of
scalar variablies. The differences between the Interval Method as
orooosed by Atlen and Cocke and as implemented Iin the compiler are

1. No outer to inner pass
2. No global expression dictionary

3., Only ¢the strongly connected parts of the intervals are
processed during toop ooptimization and then reduced to a
pointy, iInstead of processing ard reducing the whole interval
to a pointe This is done because Intervals may have a long
®tails™ which may be unrelated to the 1o0ops within the
irterval,

4e The node splitting multi-entry loop process is bypassed by
terminating the derived graph development process when the
current graph has no 1o0pS.

Problems encountered with the interval method were

1 Loops wlthout exitse This type 0f 100D occurs in sSoae odd
casesy and was a nuisance case to handfe.

2, Order ot the nodes within the intervals, while far from
random, was not always program order, in the case that the
interval contained ar extended block and an "error exit*, the
bredth tirst nature of the interval formation process tended
to get the nodes out of order., This necessitated sorting the
nodes within the interval after it was foramed.

CFA 20-1
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2: In order to fora the intervals in program order the i[nterval
o header 1ist was searched for the smallest node number on it,
This is done In order to minimize the number of page faults in

BLK when processing small innermost 100DS.

4, Extensive fiddling around with the node numbers had to be done
in the derived graph processor so as to keep the problems
memtioned in 2 and 3 from arising.

SUBROUTINES

C6YT -

DGS -

AFT -

MRB -

FGS -

FIS -

check graph table size orior to exiting CFA and flush thea
to disk it they are taking up too much space in CNM.

Derive Graph structure. This is the main entry point to
CFA, AFT is catled to adjust the flow table to remove
references to symbols., FGS is called to form the graoh
structure tabless FIS forms the interval lists and computes
the backdomjinators., MR8 checks the graph for dead code and
issues messages if there is any. The processing continues
to form the derived graph o t ¢the interval, the graph
structure tables and interval fists of the derived graph as
fong as the current graph has [00DSe. On exit the graph
tables are In TXT, and may be on disk.

adjust ftlow table (CFT) to replace the *IH® ordinals, from
forward references, with node rumbers. Scan CFYT for edges
where the TO field 1ls an IH and replace [t with the node
number of the block. The node numbers of blocks with labels
are kept in bits 0-11 of word 8 of symbol table entries and
bits 0=-17 of the GL table.,

Mark Reachable Biocks. Scan interval 1ists and set R8 for
blocks that are reachable. If all blocks are reachable then
exity, else reform CFT t0 eliminate the dead nodes from the
graph and call FGS, FIS to reform the graph structure tables
and interval tists, Fjinally issue messages to the dayfitle
and 1ist file about the dead code.,

Form Graph Structure Tables. Reformat CFT form successor
and predecessor lists, the edge index (El.) And edge tables
(ET.), -

Form interval structure tists of a program flow graph. This
routine is subdivided into two major parts, FIS where the
intervals are formed and CBD which computes the bdack
dominators. The basic algorithm js that described in Aho-
Vilman with embellishments. During the interval formation
process particiapting blocks are given *“node numbers® from 1
to the number of blocks In the graph, For the first graph
node num = block num/2, Created nodes (loop prologue) are
given the nex?! avajilable block number, and node numbers in
FOG when the derived graph is formed.

[4
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FNG = Form derived graph of the interval structure of a graph,

The SCR of ¢the intervals are reduced to points and the
resulting graph is called the derived graph, The nodes are
renumbered and the edge table formed for FGS,

CFa 20-3
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20.2 UDY - USE-DEFINITION TABLE PROCESSING

—

UDT contains miscellaneous routines for the preprocessing phase of
0PT=2, Except for PBB, the function of the routines is to form
the Use/Def table which isS used during the global optimization
phase.,

Our ing processing of a region the Use/Def ftable serves as a
repository for the USE/DEF information associated with each meamory
reference, The entries in UDT represent a single memory location
(CA,IH) or a class of memory locations that may be referenced by a
Indexed memory reference (IH only).

Examples of element references are A(k)y Xo Yo and A(IY, A(J),
caltl 2Z2Z(A) are examples of class references (which all represent
the same class)., During the preprocessing phase all unique
reference cl1asses appearing in the program are entered in UDI, and
the IL instructions, AP and I/0 lists elements are chained to 1it.

In order to speed up formation of UDI, a simple hash procedure
with an auxiliary base table (UD3) is useds At ¢the end of ¢the
preorocessing phase AUT reformats UDI and chains class members
{A{2)) to the class representative entry. Each class is chained
together from the class representative so that a definition can be
propagated to the class,

SUBROUTINES

AUY = adust Use’Def table to bring to UD-format. Form a sort
tabte from UDI and sort by IH, Reformat UDI, chain class
members to class rep, etc, Form word index, bit number
values for each entry and common varjable “spoil®™ bit
vector. Form special bit vectors for use in live-dead
analysise

CMR -« chain memory references (n IL seguence to UDI. Scan
seauence for memory references, search UDI for entry or make
a new one, chain ref to UDI by placing ordinal in IN fjeld
of the R1i word.

CPL = chain parameter 1iSt entries (AP and I/0 lists) to UDI.
P33 = Process basic block for 0PT=2, Called by PROSEQ after the
block {is squeezed to chain it to UDI, append the I/0 lists

to the end of ity and to write to mass storage and create 23
B8IT Index for {t.

Ut 20-&
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LCC _INTERFACE SPECIFICATION APPENDIX

1.0

INTRODUCTION
This chapter provides an overall picture of the structure and
functions of the code generator and provides a description of the

structure of this docusent together with notation conventions
whlch are used in j[t.

COMPILER COMPONENTS

The basic parts of any compiler may be described as a front end,
a code generator, and a cradlie, as deplcted In the ftigure below,

focoaad tococooncasd

Source ==>|Front|=-=-Intermediate~-=>{ Code |=-=>Executable
Program ! End | Text |Generator| Code
doccanad bdocscscacones
¢ @ v @
bdovocsccscsovovsosccnmccccscncsd
| !
| Cradle |

dooooococoee sovceevoveaeoocad

It is the function of the cradle to provide an environment for
the compiler including communications cells, service routines,
over lay loading and the Vike.

The front end cracks the input stream, perforas syntax and
semantics checking, supplies defaults, completes data
descriptions, resolves references, makes all operations explicit,
simplifties where appropriate, may perform some janguage dependent
storage mapping o and produces an intermediate text which is
expandable into machine jinstructions and pseudo operations.

The c¢ode generator perforas optimizations (strength reduction,
dead code eljimination, common sSubexpression analysSis, toop

analysisy, etc.), allocates machine resources including registers
and functional units, issues executable code and performs fthe
final assembliy,

CO0E _GENERATOR COMPONENTS

The code generator contains the package referred to as the Common
Code Generator (CCG) but code generation is accompljshed as a
cooperative effort between CCG and routines supplied by the host?

Inter face Specification Appendix 1
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compiler. CCG may be considered to consist of two partst: the
— Code Transformer and the Assembler, The Code Transformer , In
. turn, corsists of two partst the Sequence Optimizer which s
. always executed, and the Global Optimizer which ls executed only
when the aporopriate (0PT=2) ootimization fevel (s reaquested,
The host supplies two sets of routines to interface with CCG: the
Bridge and the End Processor., The flow of contro! through the

code generation process is depicted below.

Hos t cCG Host €C6

decccea} $ecccccccacecccccat toccccaccas tevccccccas

| | {Code Transforaer| | End | | |

Entry-=>|Bridge|=-=>|Global Optimizer{==>] je=>{Assembler|==>Exi’
| 1 {(OPT=2 only) | |Processor| } i
bococaacaas fovocacaccscsasvacsad doovoecacce $ovoovcocas P
TN |
CCG

XX TR Y PR LR X ¥ 3

| Code Transformer |
| Sequence Optimizer|

éoococcscsescecccesed

CONTROL_FLOM

The Bridge gains control and drives the Code Transformer by
repetitively catliing the Sequence Optimizer to hand off code
seguences, Hhen the entire source program has been processed,
the Bridge gives up control and the Global Optimizer takes over
(0PT=2 onty), After fthe Transformer is through, the End
Processor {s given control,. Folloning the End Processor, the
Assembler finishes the code generation process.

The flow of data through the Code Generator is as shown {n the
foltowing diagram,
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booocvccovnceoved

- . ' Fronf '--------------------Dec'arafives-------------------‘

| '----------------------------------+
' End '-------------‘ '
oo ccced ' '

L 4
booccovococsssssosccad foovovcoacoceaP
| Symbol Table BR | {Intermediatel

bovoovesvcoovcacay ' ' '
| |Associated Tables| | Text $eccce=s
' focooconsmosvse oo ' '
‘ occeccovoccodssocod adeedod oo e cawsdeoosoveesd

& <

focooovescsssedP

i |e=ceccccccccccccccaaDeclaratives-cecocecccccccccans

| Bridge |ecescsccccccccccccccccscacccacacaas

| | =emmemcannceas ]

boovsoasccscond & 'Y
docccscsomacncacans LI LR L L RELE L L X}

| Symbol Table CT | | Code [

doovsvooovscoas | ' '

( |Associated Tablesl| | Seauences |

' dooocovoecscsccanacal '*---0000-----’
+ |
éocsavcscacsas l

. ' '------------"achine Insfruc?ions---------------’
'Transformer'--------------

oo nonvnceocn &

$rocoacocomscovcns oo

| Symbol Table EP |

oococoeovsecasced

| {Associated Tables|

]  J
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&

Seccacccccaat teccccca=t
[ End | eeececcscccccncccceaeclarativeseececcccacccay | SLIST |
1 | [ sene
| Processor |e=cecceccccccas toccees
tececcccccccet + |

IT YT YT R T YR T W9y Py Y Y

| Symbotl! Table AS |

PR T Wy ¥ 3 |

|
|
|
i |Associated Tables| |
| boocovcesscvecscs avsscaad |
¢ |
temcccccccant I
| | Coecocccccccncccc==fntire Programecececcccacccass
{ Assembier |
{ | feccccancanad

l '-----------------------------------------)lRe'ocafab.el

. (XTI X T Rt Y P 4 l boaneP

|Binary|

doocceced
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1.3

The SLIST file is used to accumuiate the entire source progran
represented in the language required by the Assembler, The Front
End and/or 8ridge write initial dectaratives, the Code
Transformer writes the machine instructlons and the End Processor
writes the tinal decltaratives. Symbol Tabte B8R and the
Intermediate Text (s strictly a function of the Front End. From
these Inputsy, the Bridge waust provide Symbol! VTable CT, whose
format and content s as required by the Code Transforaer. The
8r ildge must also segment the program into sequences, fransiate
them into the Internal Language of the Code Transformer and
present them, one at a time, to the Code Transformer, From these
inputs, the Code Transformer performs optimizing transformations
on the code sequences and provides additional inforsation in the
symbol table to bring [t to the state of Symbo! Table EP, The
End Processor must provide any Information which is required to
bring the symbol table to the state of Symbol Table AS, whose
content and format [s as required by the Assembler.

CONE_GEMESATING OQVEPLAY_CONIROL

The decks comprising the Code Generator may reside in one or more
overlays. The restrjctions are that ([t ([t resides in two
overlaysy, then the assembler (CGIA and MACROS) may reside in a
secondary overlay and the deck CGTM must reside in a wmaln or
orimary overlay that Is common to both CCG overliays. If the host
suppllies his own assembler then CGTM resides in the overlay with
the rest of CCGe.

The host provides the control routine, The control sequence must
be as follows?

1. Call the Bridge. The Bridge, in turn, calls the Code
Transtformer.

2. If OPT=2, call the Global Optimizer.

3. Call the End Processor.

4t Call the Internal Assembler (CGIA).

5, If the cell NSFERR s nor-zeroy it contains the number ot
fatal errors encountered. An aporoprjiate message should be
issued.

Three entry points should be provided within the control routine,
It the Code Transformer, the End Processor or the Internal
Assembler irrevocably runs out of memory, it will exit by an EQ
jump to the aporopriate entry point,

These entry points arel
HESCTX for Code Transformer

HESEPX for End Processor
HESIAX for Internal Assembler
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SIRUCTUPE OF THIS DOCUMENT

1.4

1.5

From the preceding discussionss it can be seen that there are
four operatjonally distinct sets of routines In the code
generator?

° The Code Transformer which is discussed in Chapter 3.
] The Brjidge which is discussed In Chapter &4,
® The End Processor wnhich is discussed in Chapter S,

° The Assembler which is discbssed in Chapter 6.

It can also be seen that there are three major data structurest

° The symbo] table and associated tables. These tables persist
throughout the code generation process,s SO are presented
separately In Chapter 2,

° Code sequencess It is the primary function of the Bridge to
produce code sequences, SO0 their description is contained in
Chapter 4.

° The SLIST file. Atlthough this tile pervades the entire coda
generation process, a comprehensive discussion of it requires
a discussion of the Assembler, So isS delayed until Chapter 6.,

The remainder of the document s devoted to peripheral sublects.
Chapter 7 describes the requirements that CCG imposes on the
Cradtle. Chapter 8 discusses the operational environment, and the
compiler builid environment js described in Chapter 9,

A concerted effort has been expended to structure the document SO
that it may bDe understood by reading it straight throughe.
However, the reader should be aware that a full understanding of
some subjects cannot be realjized until chapters later in the
document have been read. Forward and backward references are
provided for such cases *to aid the reader in the inevitable
cyclical undarstanding processe.

NOTAYION CONVENIIONS

Certain coding conventions which are used in CCG are also used in
this document as notation conventions as described in the
following sections.

The following macros are used in this document to specify table

structures, They are the same macros which CCG expects the host
compiler to use to set up symbol definitions.
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,h DESCRIBE, DEFINE, REDEF, DEQU MACROS.

: These macros faclilitate field description, where tields are sub-
‘%u word entjties, The DESCRIBE macro is used to provide a prefix
for names supplled in subsequent DEFINE, REDEF, and. DOEQU

references. For each name specified, the following symbols will
be defined:?

PFXeNAMEsP ~= the bit position of the right wmost bit which
comprises the named fleld (within a word bits

are numbered according to the power of two which
they represent)

PFXANAMESL -=- the length in bits of the field
Fields are not permitted to span word boundaries (a fatal-to-
assembly error witl result) or to go beyond the total number of
bits which the entire set of flelds is supposed to occupy.

The definitions of these macros are contained in the comdeck
COMADEF, which is called by CMPLTXT and CCGTEXT,

NESCPIBE reference
DESCRIBE PFX,BITSLONG,TOPBIT

where

PFX is the prefix mentioned above.

3ITSLONG is the total length in bits of the structure,
It not present a value of 60 is assumed.

TOPBIT the beginning (i.e.y leftmost) bit of the
structure., If absent 2BITSLONG-12 is the
default value.

DEFINE ceferencse

NAME DEFINE LENGTH

where

NAME is the namé of the field mentioned above, If
not presenty then the reference will act as
fitler.

LENGTH is the bit length of field (or filler)es A value

one is assumed If this parameter (s omjtted.

Each DEFINE is considered to reference a field beginning to the
immediate right of the preceding fleld,

RENEE = _deciare _overtaoping substructuces
REDEF NAME
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where
NAME is the name of a previously declared field. The

~
/
)

next field to be defined begins at the {leftmost

bit

of the fjeld NAME, It NAME is omijtted,

redefinition begins at the top o0f the entire

structure.

DEQU - _detine _an _gauivalenced tield raeterengcs
A DEQU BoLEN

where
B8 is the name of a previously defined tield
A is the name of the field being defined

LEN is the

is usaed.,

length of the A tjieldy If omitted the {ength of B
The bottom bit of A js the bottom bit of B.

Consider the following example?

¢ TYPE VALUE e SUBV o (say for TYPE /g9 100)
— focncsvoons covsve Jocvcea
» . * .
59 W7 17 0
OR Seccccclocccccccnccncad
o TYPE o MESSAGE ] (for TYPE > 100)
[EX I XTI P2 Y L R T X X ¥ )
* L 4 *
€9 W7 0
DESCRIBE X.0460 TABLE X, the prefix to be used
is the two characters X.
TYPE DEF INE 12
MSG DEF INE 48
REDEF MSG
VALUE DEFINE 30
susv DEF INE i8

The symbols defined would be?

X.TYPEP
X TYPEL
— X+ MSGP
XeMSGL
t X.VALUEP
X.VALUEL
X,SUaVP

EQU
EQU
EQU
EQU
EQu
EQuU
EQu

3
12

L
8
18
30

0
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1.5.2

X+SUBVL EQU 18

In this document, references to a particutar format are made by
referencing the prefix from the DESCRIBE macro. For example, if

the format of table X above were to be specified, it would be
referred to as "X. format.”

NAMING CONVENTIOCNS

Since CCG is intended for use by any numsber of host compilers and
thus has the potential for name conflicts, a naming convention

has been established which applies to the assembly time and load
time environment,

The special! character
by CCG.

(#) is reserved for internal symbotl wuse

A set of standard comdeck entry points is used, the names of
nhich terminate with =,

Every interface symbol (with the exceptions noted befow) has a
name conforming to one of the following classese.

HCEX XX Host compiler assembly options (Ssymbols and
micros)

HOS XXX Host compiler option celis

HE $ X XX Host compiler entry points callted by CCG

CG8 XXX CCG procedure entry points

CCeXXX CCG communication cells

0eXXX Contains tatbtle orijigin

LeXXX Contains table ftength

ZeXXX Table ordinal or other small assembly time
constant

FeXUXX Absolute table FWA

NEXXX Address of a cell containing an integer constant

MEXXX SMACRO opcodes (not referenced by CCG)

SEXXX Contains a symbol! table ordinal of a special
symbol

The following names, which do not conform to the above
conventions, are reserved for use in the CCG interface,

Symbols

R1ie XXX R1 word describe

R2e XXX R2 word describe

IH XXX IH word describe

Do XXX Descriptor word describe
WA, XXX Word A describe

W8, XXX WHord B8 describe

WC o X XX Word C describe

CPe XXX COMPCOM symbols

0C. XXX IL opcodes

JC o XXX Jump codes
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STe XXX SLISY describe I 6
AP, XXX APLIST describe

i - CFe XXX Control flow describe

kh; FIeoXXX Function information describe
F o XXX FETS

S0e XXX Register designator describe
IPe XXX Instaliation parameter

«CSET

e 0S

o INWT

CT.ECS

CY.CPU

« CPU

L+STACK

+DAL

CP=RM

OT=RM

ADHS

ATSS

PONT XXX

AMP XXX

CCG XXX

Micreos

0S«NAME
0S.VER
MOLS
SCME
LCMS
LPNS
VERS
MOOLVLS

COMPASS Ident _angd Update Deck Names

CGIA
MACPROS
CGTM
MIO0

FBv

GPRA

GPO
PROSEQ
saQz

BOT

MCG

CFA

uoT
PRINTMIO
PRNTHCG
PRNTGRA
PRNTRLI
PRNTUDI
PRNTABY
OMPIIT
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IHE _SYMAOL TARLE AND ASSOCIATES

- The symbol table and the tables that are associated with |t

perslist throughout the code generation processe This chapter
presents the specification of?

® The main symbol table = SYM

® Abbreviated symbol tables - GLT, APT, etce.
® Block tables = CBT, LBT

e (Constant tables = CVT, CUT

SYMBOL_TABLES

CCG requires a main symbol] tabley SYM? an abbreviated table,
GLTS and also permits other abbreviated symbol tables for
certain classes of symbols,

Ihe Main_ Symbol_Table = SYM

fach symbol table entry is 3 words longe The cells O08SYM and
LESYM hold the FHA and length of the symbol table. The symbol
table grows from RA towards FL. Entry 0 is a dummy entry for
the use of CCGS It contains three words of binary 2ero. The

symbol table may not grow during CCG processing (after CGSINIT
is caltled).

The general use of the words in CCG is?

Hord 1 (Word A) - BCDU name word
Hord 2 (Word 8) - Symbol attributes word
Word 3 (Word C) - Address definition information word

Symbo! table formats are Ilanguage dependent and CCG allows,
within limits, the host to place fields at arbitrary bit
positions within Word 8. '

The sections following describe the format and usage of tha
tields within the three words. Each field definition has a
parenthetical 1tist ftollowing the ODEFINE macro. The meaning of
the i{tems in this list is?

CT The field value is supplied by the 3ridge and used by
the Code Transforwmer

EP The ftield wvalue 1s suoplied by the Code Trans former
and, hence, avajilable to the End Processor,

AS The field value is supplied by the Bridge or the End
Processor and is used by the Assembler,
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Yord 3 _(Mord A) Format and Usage J3

BESCRIBE WA,

- NAME DEFINE 6*HCSMCIS (AS)

This ¢fjield contajins the 6=-bit display code name of the
symbol! in °OL® format. It must be a legal COMPASS nanme.
The Assembler will append a3 $§ to any name that conflicts
with a register name.

DEFINE 48-6*HCSMCIS {unused)
This field is simply a spacer,

BN DEFINE 12 (CTLEP,AS)
This field is used for internal purposes by the Code
Transformer and the Assembler. The End Processor may
use [ty but the Bridge may not. Its injitial setting is
not pertinent.

Hordg 2 (Word B) Format and Usace

DESCRIBE W8.

The following one bjit fields may occur in any bit position in
Word B,

LAB DEFINE 1 (CT,AS)
This bit ls set to 1 jf the entry is for an Internal
transfer tabel which does not have any of the properties
reoresented by the flelds normally found in the rest of
this word. HWhen it is set, neither the Code Transformar
nor the Assembler depends on the setting of the rest of
the word with the exception that the Code Transformer
uses WB.LC for intermnal purposes and expects it to be
set to 0 initially.,

LC DEFINE 1 {CT
This bit is used by the Code Transformer if LAB8 is set
to 1, It must be initialized to zero.

MAT DEFINE 1 (EP)

The Code Transformer sets this bit if it sees 3a wmemory
reference to the variable after it has performed all of
its optimizing transforamations. It is intended for wuse
by the End Processor to eliminate storage associated
nith variablies that are not materializeds The host is
responsible for setting this bit for referencas that the
Code Transformer does not see (e.g., actual parameter
tists)e.

LDO DEFINE 1 (CT)
This bit is set to 1 if all references to the symbol are
foads. It is used when OPT=2 ¢to reduce table sSpace
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LOCF

WEXT

requireaents.

DEFINE 1 {CT
This bit is set {f the varjable may be referenced by

some method which the Code Transformer cannot be aware

of. It is wused to inhibit certain optimizations when
OPT=2 (dead definition elimination and invarjiant code

motion, described in Section 3.1.4). Examples of such 3
varjabte aret

Ao X 4
Y LOCF(X)
CALL USER(Y)

If the LOCF bit were not set for Xe the Code
Transformer would eljiminate the statement X = 2
because there are no apoarent uses of the definition
of X, It does not see the use of X (in the
Y=LOCF(X) statement) because it does not appear in
one of the (oad or store instructions of the
Internal Language (LD, ST, PLDy PSTe described in
Section 4.3.3) .

be FTN handles the returns vatue for a function by
storing the value In VALUE, and on exit from the
function {t toads VALUE. into X6, However, it
handlies the exit code as a canned macro which |Is
never passed through the Code Transformer. Hence,
the Code Transformer never sees the finalt wuse of
VALUE. and would probabty optimize out the stores to
ity it the LOCF bjit were not sert,

DEFINE 1 {(AS)

This bit is set to one jt ¢the enftry (s for a weak
externale When this bit is set the EXT bit must also be
se'o

The following one bit fields must occur in the listed order,

LCH

P

cow

DEFINE i (ChH

This bit is set to 1 if storage for the variable resides
in LCM (not ECSY)e It js part ot the definition of the
address expansion ftype for FORTRAN {(see AET tijetd

below). For fJanguages with a different AET, this bit
must be set to 0.

DEFINE 1 (CT,AS)

This bit Is set to one Jf the varlable 1Is a formafl
parameter, It is part of the definition of the address
expansion type for FORTRAN (see AET fjeld below). For
languages with a different AET, this bit must be set to
0.

DEFINE 1 (CT)
This bit is set to one if storage for the variable is in
a common btock, It is wused ¢to Inhibit certain
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optimizations (dead definition elimination, invariant

code wmotjon and address djifferencing, described in
Section 3.1.4),

EXT DEFINE 1 (CT,AS)
This bit [s set to one if the definition of the symbol
is external. It s used by the Code Transformer to
inhibit address differencing.

ENT DEFINE 1 (AS)
‘ This bit ls set to one [f the symbo!l is an entry point.

The following fields may reside anywhere in Hord 8. Some of
the fleld lengths are specified with a3 question mark., It is at
the discretion of the host compiler to specify these field
lengths,.

FPO DEFINE ? (CH _
This fietld contains the formal parameter ordinal. It is
used in conjunction with the FP field to make indirect
references to formal parameters via the actual parameter
list when FORTRAN memory references are expanded. See
Section 3.2.2 for further discussion,

AET DEFINE ? (T

This field iIs the address expansion type. It defines
the address mechanism that must be generated by the Code
Transformer to access the base address of a memory
reference. The meanings of the values that the tield
may take on are encoded in CC6 as host compiler
dependent code that |[s conditionally assembled. 1If
there [S no meaning to the field (i.ec» nO address
expansion at all), the fleld itselt must not be defined,
See Section 3.2.2 for turther discussion.

2.1.1.3 Hord I (Mocd C) Format and Usage

DESCRIBE WC.

RL DEFINE 2 (CT,EP,AS)
This field specifies the refocation for the symbol! as
follows?
0 -« ABS symbol
{ - Prograam relocatjion
2 = Coamon relocatable symbol
3 - External (weak or reguilar)

It must be defined for all symbolis that are not labels
at the beginning of the CCG passe.

v DEFINE 25  (unused)
This field is simply a spacer, Use of this tield by the
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2.1.2

2¢1.3

host might be allowed upon requeste.

RB DEFINE 9 (CT.EP,AS)
This field specifies a block number by containing an
ordinal to L3T or CBT (see Section 2.2.1)e It must be
defined for all symbols that are not labels at the
beginning of the CCG pass.

RA DEFINE 26 (EP, AS)
This field contains the A3S, program, or coamon
refocatable address if RL23.

For internal transfer labels, the Code Transformer sets up the
WCe mword as:?

RL = 1
RB = local block number at time of definjition
RA = block relative address.,

The End Processor (s responsible for changing the block
rejative address for all syabols to 2a program relocatable
address.

Apbreviated Symbol Tables

Certain classes of symbols are eligible for representation in
an abbreviated symbo! tables An abbreviated symbol table entry
is one word long containing the address definition jinformation
in the WC. format for Word C as described In Section 2.1.1.3
aboves The symbol name is mechanijcally generated to be XX NNN
where XX is the name of the table (see HCSFRTP, Section 9,3)
and NNN is the ordinal of the symbol within the tables Svabols
represented In an abbreviated symbo! table may not have any of
the properties represented In Word 8 of the main symbol table
(except internal label).

One abbreviated symbol tabley, G6LT, must exist. It contains
compiler generated labels and the Code Transformer makes
entries into [t just as [t does for HWord C of label entrles in
the main syabol table, Other typical wuses for abbrevjated
symbol tables are AP |list focations and IO list focatjons.,

Hithin each sysbol table, the first entry (ordinal zero) Is

reserved for the use of CCGs Symbol entries begin at ordinal
oNnee

Symbol Table References

Since there 1Is oprovision for more than one symbol ftable, a
reference to a symbol! table contains a table designator, I, and
an ordinal into the table, He IH is used in this document as 3
mnemonic to refer to symbol table polnters,

The format of a symbol table reference is?
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- I/T,37%XX9127H

where

1 is the table designator.,

0 - SYM

1 - 6L

2 thru 6 - abbreviated symbol tables as specified by
HCSFRTP (Section 9,3)

7 = reserved

XX is reserved for the Code Transformer and must be set to
zero initiallye.

] ls the ordinal Into the table,

2elele Predetined Symbols

The Code Transformer generates instructions which use the
symbols discussed below, Each of these symbols must have an

entry in SYM and its ordinal in SYM must be in a Cradle entry
point as followse.

Entcy  Symbol

SSCON CON. The array of constants whose values are in
the constant  tabley, CVYT (Section 2.2.2).

S$07 0T, The array of temporaries generated by the
Code Transformer scheduler (see Section 3.2.1
for further discussion).

SS$IT 1T, The array of temporaries by the Code

Transformer optimizer (see Section 3.2.1 for
further discussion).

22 ASSQCIATED TABSLES
The <tables discussed In this section are assocjiated in varjlous

ways with the symbol tabless Each was mentioned bdbriefly In the
previous section.

2.2.1 81ock Tables = CBY, LBI
CCG provides for the wuse of COMPASS style common blocks and
focal blockse The tables described In this section are used to
— record the name and length information about these blocks.
COrMON 31 0CK _TAZLE = C3T
The common block tabley, CBT, is used to record the names and
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lengths of the common blockse. It is used by the Assembler only
and is not modified by CCG, Its format js?

60/0Lname
1/R:35/7avi 24 /1 ength

where R=1 if the block is LCM/ECS resident.,
avi=avajilable for use of hoste.

The first entry in C8T |s used for the blank common blocke The
name must consist of 7 blanks, It the length is zeros It |is
assumed that blank common is not usede.

LOCAL _BLOCK TABLE = LBT
The 1locatl block table, LBT, is used to record the lengths for
focal blockse. It contains a one word entry for each tocat

block in the order specified by HCEFL3 (Section 9.3). Its

content changes during the code g9generation process as |is
described below,

On entry to the code transformer each entry must containt
24/0,18/parcel count,i8/1ength

/
LSLBT contains the number of tocal blocks increased by one.
The 1ast word of the LBT is reserved for the use of CCG.

During Code Transformer processing the current block is
reflected Iin the entry pointst

CC3LBO = LBT ordinal of the current 1ocal bdiock
CCS$BLEN = current length of the current block

cCsePC - current parcel counter of the current block (3 fto
e

The End Processor is responsible for bringing L3T to the format
requjired by the Assembler, which jis?

4270,187tirst word address (program relocatable address)

The use of this table is discussed further in Séctions Je«2.%
and 5.,2.1,

LBT is a static table that resides in the host®s cradle. it°s
origin and length are the entry points F$LBT and Z$LBT.

Copstant Tables = CVI, CUT

There are two tables associated with constantst the constant
value table, CVT, and the constart use table, CUT.,

Each entry in CVY contains a one word (ioad only) constant.
The Code Transformer extends this table. The dridge may add
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".2.3

2.2.4

entries to it by calling CGESCT (Section 8.4.1).

CUT is a parallel! table to CVYT which s used to eliailnate the
reservation of storage for constants which are not used, Its
format changes during the code generation orocess as foilows.

‘During Bridge/Code Transformer oprocessing each CUT entry

signifies whether or not the corresponding CVT entry has been
used (non-zero signifies wuse)., The host coapiler is
responsible for setting the CUT entries for constants whose use
Is not seen by the Code Transforser., It may do so by calling
the routine CGSFCU (Section 8.4.1). After perforaing its
optimizing transformations, the Code Transforeser sets (to non-

zero) the CUT entries for constants whose uses have not been
optimized oute

After atl constants and constant references have been
orocessedy, the End Processor calis CGSEP (Section 8.4.2) which
outputs the used constants to SLIST and changes CUT to contain
new ordinals for the constants, The Assembler modifies
constant references by using tre SLIST ordinal in a constant
reference 3s an ordinal into CUT to obtain the new ordinal. A
special machine instruction, ACC, and a macro directive, AAE,
are provjded for accessing the constants,

The VDI must exist if the host Is using the LDV opcode. It is
initiallzed and added to by the host. Its format is described
by the host In the comdeck SYMDEFS., When an LDV opcode is
encountered in the code transfer output stream, CCG calls the
subroutine CGSAVDO to set the "MAT™ bit (VO,MATP) in the CA®th
entry of VDI and assign a final CA to the reference which is
also saved in VDI, The output processor then changes fthe
opcode to an LD since no further sSpecial processing 1is
necessary.

During end processing the host is responsible for setting uo
the final value of the CA of the VDI, entries in the {ower 138
bits of each referenced entry.

During assembly (CGIA) the instruction LOV AILQ0,CA,IH is
transformed into a SAI IH#Ky where K is the Jower 18 bits of
VOI{(CA).

Eormal Parameterc Informsation Jable = FPIL

FPI is necessary on 1t HCSFPAS (s non~-zero.

FPI contains one word for each formal parameter in a program
unite The entries contain the symtab ordinal of the F.P, in
the ©NT ftield, the number of SCM address substitutions in the

LEN field, and the number of “"level 0" address Substitutions in
the SUBO0 field. All of the above fjelds are 18 bits fong. The
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LEN and SUBQ fields are incremented by the code transforaer.

- The FPO field in Word 8 of the symbol table is an index into

. FPI. The host (s responsible for defining the FP, symbols
A [PNT, SUB0 and LEN) in the comdeck SYMDEFS.
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IHE _CODE_TRANSFORMER

The orimary function of ¢the Code Transformer is to perform
optimizing transformations on the code presented to ite. These
are equivalence-preserving transformations which reduce the time
and/or space cost of a computation. Auxitiary functions that j¢t
performs are storage assigneent for CCG generated temporaries,
address expansjon and substitution, assignment of addresses to
fabels, code Ilength computation and record keeping on the
materjialization of varjables.

OBYIMIZATIONS

The Code Transformer operates in two distinctly different modes,
depending on the optimization level called for by the Bridge:
0PT=2 and 0PT<2. When OPT«<2, ¢the Code Transformer perforas
optimizing transformations on one code sequence at 3 time,
completing each sequence as it is presented to it and writing i¢
to the SLIST file. When 0PT=2, the code sequences are optimized
as individual units buty, in additiony, the entire program |{s
accumuliated for global analysis and global opotimizations are
performedes The code [S written to the SLIST file only after the
entire program has been analyzed and transformsede.

The general categories of optimizations which are performed are?

e Stralght Line Code Optimizations - performed on all code.
® Innermost, Welle-behaved Loop Optimizations - performed on
demand. OPT<2 oniy.

e Global Optimizations - performed only if 0PT=2,

These categories are discussed below but are preceded by a
discussion of memory reference resolution which is a central
concept to most of the Code Transformer®s algorithms.

Rasolution of Memory References

Virtually every algorithm used for performing the optimizing
transformations depends on being able to resolve memory

references. oiven any two memory references it is necessary to

determine whether .

® they absolutely refer to the same memory location, or

® they possibly refer to the same memory location (cannot be
determined at compile time), or

e they absolutely do not refer to the same memory location,

The algorithm for the resolution of memory references is
dependent on the host tanguage. This algorithm is supplied by
the host and encoded into CCG as conditional code (see HCSID,
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Section 9.3). The design of the algoritha should take into
consjideration that it is executed on the order of N2 times, where
n is the number of variables involved.

Certain semantic information about a memory reference ls basic to
all tanguaaes and |S required in the Internal Language (o0ad and
store instructions (LD, STy, PLD, PST = Section %.,3.3) as follows:?

IH (s the syabol table pointer which represents the base address
of the reference.

RF speclifies the varjable (cannot be determined at compile time)
offset from the base address.

CA specifies the constant offset from the base address.

The semantic information is sufficient for the resofution of
references for FORTRAN., Other languages might require additional
information in the symbol! table,

The FORTRAN algorithm s summarjized by the following four cases?

Case Besalution
1. IH*s are different Absolutely not the same
2¢ 1IH®s are the same Possibly the same

RF®*s are diftferent

3. IH®*s are the same Absolutely not the same
RF®s are the same
CA®s are different

4Ly IH®S are the same Absolutely the same
RF°s are the saae
CA°s are the same

Consider the references BtI+2)
a(1+2)
A(J+2)
A(J+)

Case 1 states that the reference to B js absolutely not the same
as all of the references to A,

Case 2 states that the reference A(I+2) ls possibly the same as
all of the other references to A,

Case 3 states that the reference A{J+2) (s absolutely not the
same as A(J+3),

Case & states that A(J+3) 1Is absolutely the same as A(J+3).,

A simpley corrects but unrefined algorithm for PL/I Introduces 2a
storage class bit into the syabol table. This bit s set to 1 it
the storage ctass of the variable (s static, automatic, or
controlted and set to 0 for al!l other storage classes. If the
AND of the storage class bit for tmo varjables results ir 3 i,
then the FORTRAN algorithm may be used, If it results in 0, then
it must be assumed that the references are possibly to the same
location.
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3.1.2 Sircaight Line Code Qptimizations

These optimizing transformations are performed unconditionally on
al! code, regardless of ooptimization level., The maximal unit of
code over which each of these optimizations (s pecrformed is
bounded by labels and unconditional jJumos (including Return
Jump)s That |s to saye. an optimization is not permitted to
propagate across a label or an uncorditional jumpe.

REDUNDANT INSTRUCTION ELIMINATION

The process ot redundant instruction ellmination can be logically
thouoht of in three steps.

i. Etliminate Redundant Memory References.

Hhen two instructions are known to make reference to the same
memory address and there is no intervening store instruction
which references an address which is possibly the same, one
of the memory references is eliminated as foltons?

e Load-Load, the second 10ad is eliminated

e Store=Store, the first store (s eliminated. (NOTE: This
ootimlzation 1is not opropagated across a
jumpy, conditional or unconditionatls,)

e {Load=Store, the store 1]s eliminated if the vatue being
stored is the result of the load

e Store-Load, the load is etiminated
2. Eliminate Redundant Register OperationsS.

When two instructions have the same opcode and ldentical
operands the second of the two Instructions is eliminated,
The instructions being compared for redundancy are two
operand instructions. This fact limits the extent to which
redundant expressions can be reco9gnized and should influence
the manner jin which code is setected by the front end., For
example! A+B and B+A can be recognized as redundant, but
A+ (B+C) and (A+B)+C cannot. ’

Extraneous transalt instructions (B8XI XJ) are considered
redundant register operations and are eliminated.

3. Eltiminate Unused Results,

Operations which produce a result which jis never used are
eliminated., For example, after load-store elimination, the
statement X=X js reduced to sSimply a load of X, The result
is never used and is eliminated.

Interface Speclfication Appendix 22

J13




CYBER 170 COMMON CODE GENERATOR
Internal Maintenance Specifications May 25, 1978 J]4

CONSTANT EXPRESSION EVALUATION

: When ooerands of an instruction are constants the instruction is
S reolaced by an equivalent {oad of a constant. The evaluation |Is
done on an jinstruction by instruction basis and will propagate
through a3 sequence of instructions as fong as afll operands are
constants. A non-constant operand stops the constant evajluation.

Exampless
Beplaced by
as I = 344242 I =9
be I = (3¢4)sJ2] I = 7¢Je)
ce I =3 I =3 After redundant loads
J= & J =& are sliminatedy, I¢J
K = I¢J K =7 has constant
operands.
ALCEBRPATC IDENIITIES

Expressions containing algebrajc identities are reduced to
simpler Instructlons as indicated in the following list. The
letters in the 1ist indicate?

I:,J9X Integers
- Xo Y Floating Point
Zo W Indetermjnate

Z/aZ->2
Z2/7a00->0
{(=2) 7qW=>BXI =XJ*XK INSTRUCTION
0/P2Z~->2
Z2/02=>2
XOR(Zy2Y=>0
XOR{0s2)=>2
g*1->0
1*#I->]
2%1=>1+1
e1®Je>=]
I+0=>1
J-0=->]
0=I=>-1
I-1->0
I¢(=J)=>T=J
(J=X)+K=>}
(J+K)=J=>K
(JeK)=K=>J
(J=K)=J=>=K
J= (J#K)=>=K

— J= {J=K)=>K
9% X=->0

* 0/%X->0
Xe¢Q=>X
X=3=>X
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T.1.3

X=X=>0

1.‘X->X

2.‘X->X0~X

-1.'X->-X

X71e=2>X

X/Z2=>=X

X+X <« NORMALIZE IS DELETED
X+ (=Y)=>X=Y

DBL(X=0)=>0

DBL(0=X)=>0

SHIFT(0,2Z)=>0
SHIFT(Z,0)->Z
SHIFT(Z,60)=>2Z,

J=I+CONT A(J)=>J=T+CONS A(I+CON)

INSTRUCTION SCHEDULING

Code is scheduled for parailel operation to minimize execution
time, Complicated code sequences are processed to minimize the
number of temporaries required because ot register set
exhaustion.

Innermost, well-behaved loop optimizations are performed when
OPT«<?2 and they are specifically requested by the B8ridge (see
CC30PTLy, Section 8.4,1 for request method). An innermost well-
behaved lo0p contains only one entrance which must be at the top,
contains only one exit which is elther fall through at the bottom
or a jump to a3 label at the bottom, and does not contaln any
Inner 1oo0ps (iIncluding backward fjumps) nor return Jueps to
external routines with sjde effects.

INVARIANT _CQOE_MOIION

Subexpressions that are independent of the execution of the toop
arz moved out of the loop and evaluated in the prologue, if the
exoression is unconditjonally executed or |is conditionailly
executed but |[s incapable of causing an jinterrupt.

Invariant library function references are also aoved (see
FI. format, word R2, Section &.5),

Example?

DO 10 I=1,N

A(1)=X2Y & O({J) Moved

B(I)=SIN(Y+Z) gEvatuation of SIN is moved
IF (A(I) .NE. 0) GO TO 10

Ciy=x7Y Not moved

10 CONTINUE
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SISENGTH REDUCTION OF JINTEGER POLYNOMIALS

For the purpose of fthis document, an integer polynomial s
defined to be an expression which is a {inear function of an

iteratively defined variable and which is a candidate for a 8
register.,

A linear function of I jst

Ki*I+k2 where ki and k2 are invariant (during the loop)
expressions.

An iteratively defined variable is?

I=I¢k3 where k3 is a constant or an invariant (during the
foop) variable.

An integer polynomial is reduced to remove the integer multiplies
and replace them by adds., The injtial value of the polynomial is
k1*I+k2 and each time through +the loopy it Is incremented by
ki*k 3, .

L00P REGISIER _ASSIGNMENT

Addresses, short constants and integer polynomials are assigned
to B registers. Scalar wvarjables that are not in LCM may be
assigned to X registers in innersost loops. Array references in
small loops may be “*“prefetched™ (it they are unconditionatly
executed, the subscript is an integer pojyvynomial and the
increment is small, "Prefetching™ is a speed optimization which
permits execution in parallel of the array element fetch with the
increment, test and Jusp.

Examptlet

S=0

DO 10 I=1, 1000
10 S=S+A(I)
Jcaditicnal Logp

sS31 1

s82 A-1

MX 6 0

S8k A +#999
Loop SAL B1+82
FXS X6+X%X1 Wait for fetch occurs
NX§ X5
se2 B82+8B1
LT 82+844Lo0OD
SA® S
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Prefetch LooD
S31 1
- S82 =999
MX 6 0
SA1 a Prefetch
Loop FXS X6+X}
SAY A1+81 Fetch executes in paraliel
NX6 X5 with next three instructions.
S82 82481
LT 82.L000D
SAas6 S
3.1.4 Giobal Opotjimizatiopns

iy

The optimizing transformations discussed in Sections 3.1.2 and
Tele3 are accomplished strictly by looking at one code sequence
at a time. The global optimizing transformations which are
performed when 0PT=2 make use of two additional data structures
which permit analysis of the entire program: control fiow
information and use/definition information.

The Bridge supplies sufficient information for the Code .

Transformer to analyze the program flowe It does so by dividing
the source program into code sequences which represent the nodes
of the control flow graph and providing a table whose entries
reoresent the edges of the graph (see Sections &.2 and 4.4&4).

The Code Transformer, ajided by the B8ridge (Section %.%)
constructs a3 table which records the uses (loads) and definitions
{stores) of every memory location or class of memory locations
referenced in the program. The information is extracted from the
instruction sequences and from Information about the actual
parameter 1Jlists of procedure references supplied by the Bridge,
Each memory refernce has a use/definition class u(i)y, associated
with it as followus?

a. The reference may address a set of locations, indexed by a
subscript function. The reference A(I) may reference any of

the locations A(1), A(2)eeeesA(N) and it Is callea a class
reference,

be The reference may only address one location. Examples are
single preclsion scalar variable X, which ({is called an
.element reference, and A(2) which ls called a class memdber of
class A, Multiple precision scalars generate n elesent
references., For example, a reference to a double precision
variable, DO, generates the wuse/deflinition classes for the
locations D¢0 and D+1. :

Let U(1), U(2) be two wuse/definlition classes. Present CCG
algorithms assume that if the intersectjon of U(1) and UI(2) is
ron-empty, then one is a subset of the other, and if they are not?t
identical then ¢the smaltier set has only one element., This
assumption is not wvalid for PL/I nor other {(anguages whose
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3.2

3.2.1

storage classes are more general than those of FORTRAN. The
Global Optimizer cannot accommodate such languages until these
algorithms are changed.

The control flow information permits the Global Optimizer to
detect every single entry toop. Loop optimizations (discussed in
Section 3.1.3) are then performed on every loop starting with the
innermost toops and working outwards. Invariant code, for
exampla, might be moved from an innermost loop clear out of a
nest of loopse

The use/definition information permits the Global Optimizer to
determine for every reference [n a code sequence whether it is
used, detined, used before definitlons, ands/or s live on exit
(used [n a subsequent sequence without prior detinition). This
permits detection of definitions which are not subseguentiy used
and, hence, may be eliminated together with their associated
computations., It also permits delaying eligible stores to the
prooer exit path from a 1o0p.

An additional optimization, linear function test replacement, i{s
accomplished utilizing the contro! flow information and use/
definition information. If, after register assignment in a (oo0p,
the loop control variable has no uses other than in the increment
and test, then |t will be eliminated and replaced by a linear
function. In order for this optimization to take pltace, allt
references t0 the control variable, the increment, and the limit?t
rust have the D.RF bjit set in the jinstruction descriptor word
(see Section &,3.5). This bit indicates the varjiables are B-
register candidatese.

REAL A(10,10)
DO 10 I=1,10 00 10 I11=7,97,10
10 A(7,I)=X 10 A(I1)=X

The Global Optimizer performs more extensive register assignment
algorithms than are performed for OPT<«2. Subscript calculations
are asslogned to Beregisters In long sequences of straight 1fine
code to free up Xeregisters for use by €0 bit quantities.

AUXTLIARY FUNCTIONS
Lode Icanstormer Geperated Temporaries

During the schedul ing process and during some optimizing
transformations, the Code Transformer generates Instructions
which require temporary storage. Two methods of temporary
storage manageaent are provided: static storage and stack
storage. The method used Is selected by HCEID (Section 9.3).

Ia TQPA

The predefimed' symbol OT, (Section 2.1.4L) iS used as the base
address of the temporarijies generated by the scheduler and IT. is
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used as the base for optimizer generated temporaries. The Code
Transformer manages temporaries to provide maximum overliap of
storage wuse, It witll be seen later that the End Processor is
responsible for reserving storage for the two temporary arrayse.

SIACK _STORAGE

A reference to stack storage is defined to be to AQsoffset, The
Bridge directs the Code Transformer j{n its use of offsets by
providing an abbreviated symbol table, AD and an ordinal into the
table. The AD table contains 3 one word entry for each sStack
frame (PL/1 activation descriptor) whose content changes during
code generation as follows,.

The Bridge supplies the table in the formatt
42/7/0,18/7initial tength

The Code Transformer changes [t to?
24/0,18/7temporary lengthy,18/initiatl length

The End Processor changes it to?
4270,18/7tinal tength (initial plus temporaries)

fach ¢time the Bridge calls ¢the Code Transformer it indicates
which stack frame (s in effect by placing the appropriate AD
ordinal in HOSPN, The Code Transformer makes reference to
temporaries by A0+initial tength¢i where { is a running counter
of the temporaries in effect for the code sequence. It records
the maximum i in the temporary length fileld., If code is required
to reference the I(ength of the stack frame (e.9.9 calting
sequences for runtime Storage management) the reference (s waade
by wusing an IH which indicates the appropriate entry Iin the AD
tabl ee

Agdress Expansion_and Substitution

The Code Transformer provides for expanding references to certain
typoes of variables and provides a mechanism for doing
substitution of addresses at runtime. These mechanisms are host
compiter dependent and are encoded [nto CCG as conditional code
(conditioned by HC$ID, Section 9.3). They will be fully
implemented for any fanguage upon receipt of a specification., If
no address expansion is to take »place, the AET field in the
symbol table (Section 2.1.1.2) must not be defined. If address
substitution i{s not used, HCSFPAS (Section 9.3) must be set to 0.

EQRYPAN ADDRSSS_EXPANSION

The FORTRAN AET field consists of the LCM and FP bits in Word 8
of the symbo! ftable (Section 2.1.1.2). A reference to a
variable, whose LCM bit is sety, IS changed to the approprjiate LCHM
access instruction. A reference to a varjable, whose FP bit is
set, is modified to indirectly address the varjable via A0 and
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J.2.3

320

3.2.5

the APlist. The position in the APlist is specified by the FPO
tletd in Word B,

EQRYRAN ADDRESS SUBSTITUTION

CCG determines which formal parameter references are referenced
directly (subbed), keeps track of the number of *SUBS”™ for each
paraseter in a host supplied table (FPI), and at assembly time
outputs the required code FOR the SUB macrose.

Attt tlevel 0 F.P, references are subbed. The count of the number
of level 0 references for a given F.P, are also kept In FPI,

Addcess Assigopent for Labels

Each time the Code Transformer encounters a LAB3 pseudo operation
(Section 4.3.3)y it records its block relative address in Word C
of the symbol table. The End Processor must change all block

relative addresses t0o program relocatable addresses (discussed in
Section S.2+2).

Lade Lenath Computation

The Code Transformer jincrements block lengths for those local
blocks that it processes., When it is Initiatized (via a catltl to
CGSINIT) the Code Transformer (s informed of the local! block that
is currently in effect on the SLIST file. ODuring initiatization
the Code Transforeer injitializes the entry points CC$LB80, CCSBLEN
and CC$PC. After initialization, but prilor to processing any

~code sequences, the Bridge may call the routine C68CUB (Section

8.4.2) to change the tocal bdlock. This routine updates LBT,
reinitializes the above-mentioned entry points and wrjites a USE
declarative to the SLIST tile, Dur ing the Bridge/Code
Transformer ooperation, the Jocal block may not be changed. It
will be seen in Chapter 5 that code may be issued to different
blocks during end processing.

At the end of code transformation LBT reflects the lengths of aill
blocks except the current one. The current blocKk length |is
reflected in CCSBLEN and CC$PC. LBT has not been updated. This
1s left to the End Processor and is discussed in Chapter S.

Materjialization of Variables and Copnstanis

The Code Transformer provides a record keeping service which
permits the host compijiler to eliminate storage reservation for
variables and constants which are not used. After (it has
performed all of its optimizing transformations ift sets the MAT
bit (Section 2.1.1.2) for each varjiable which is referenced and
the CUT entry (Section 2.2.2) for each constant which 1|is
referenced, The host compiler must keep track of variable and
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2.2.6

constant references that the Code Transformer does not see (@.G.,
actual parameter lists).

Dead Code Error Messages

CCG does not write to the output file. HWhen 0PT=2 detects dead
code, the host routine “HRSLDC®™ will be called with the table
“RND*™ containing the list of line numbers (in binary) which are

unreachable. The host should put out an error message similar to
the following =

“Statements beginning at the below line numbers are unreachable
{dead code) and will not be processed”

foliowed by the 1tist of line rumbers, On returning to CCG the
table area will! be released.
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4.1

JHE_BRINGE

The d8ridge is the first routine to gain control in the Code
Generator overlay and as such must initjialize the overtay., After
initialization the primary function of the Bridge is to segment
the Intermediate text jinto code sSequences, transliate them into
the Internal Language of the Code Transformer and present thea to
the Code Transformer one at a time. It OPT=2, the Bridge amust
also collect control ftlow information and use information,

It the Front End has not done so, the B8ridge must bring the
symbol table and associated tables to the required state as
described in Chapter 2., It must also assure that text which does
not generate machine instructions is written to the file SLIST as
is described later in Chapter 6.

GENERAL FLOM -
The general tlow of the Bridge is as outlined in the steps below,

a. If the Ffront End has not done SO, bring all tables to the
state required by the GCode Transformer, as discussed in
Chaoter 2.

De Initjalize the tabtle vectors and move tables as required to
bring them to the state described in Section 8.3,

Ce Inltlatize CCESRF (Section 8.%4.1) to indicate whether or not
address expansion is required.

de Call CGSINIT (Section 8.4.1) to injitialize the Code
Transformer and inform it of the local block which (s in
effect on the SLIST file.

e, If desiredy, call CGSCUB (Section 8.4.2) to specify a new
{ocal block (into which 2all code processed by ¢the Code
Transformer will be placed.

f« Coltact a code sequence (Section 4.2) and translate [t into
the Internal Language (Section &.3). It 0PT=2, collect
control flow I[Information (Section &.4) and use informatjion
(Section 4.5).

ge If the code sequence js an optimizable toop (Section 4,2) set
CC$OPTL (Section 8.4,1) to so indicate.

he If stack storage has been sSelected for temporaries (Section
3.201) 4y set HOSPN to indicate the current stack frame,

is Call CGSPAS which is the main entry point of the Code
Transformer.

e If the entire source program has not been processed, go to f.

Ke Exite.

COOE_SEQUENCES

The Bridge segments the program into code sequences and presents
them ¢to the Code Transformer one at a time., The selection of 3
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code sequence is influenced primarily by the desired level of
optimization but must also dbe constrained by core reguirements,
Each instruction In the code sequerce requires four words to
represent it and during the schedulng process an additional
average of four words per Instruction is required. The various
alternatives for code seauences are discussed belown.

SINGLE _SOURCE SYATEMENT

A single source statement is normally the minimal code sequence
that Is presented to the Code Transformer and |s usually uysed for
the lowest optimization level (0PT=8). A statement can be broken
into segments and the segments used as code sequences as fong as
it is broken at boundary asarkers (jumps and 1abels) and follows
the restriction (that will be seen later In the discussion of the
Internal Language) that every operand In a sequence must be
deflned as the result of a preceding Instruction in the sanme
sequence.

EXTENDED 3A3IC BLOCK

An extended basic block may begin with a label and may end with
an uncondjtional jump, but it may not contalin any additional
labels or wunconditional Jumps. It has the property that if a
statement is executed for some execution then so have all of |{ts
predecessors,

As was discussed in Section 3.1.29y the straight line
optimizations do not take advantage of a sequence which includes
more than an extended basic block., Hence, a sequence which is as
close as possible to an extended basic bliock (but does not break
in the middle of a statement) is optimal for the straight line
optimjzations and [s usually used for 0OPT=1.

JNNEPMOST, WELL=-QEHAVED _LOQP

An innermost, well-behaved loop cortains only one entrance which
must be at the top, contains only one exit which is either fail
through at the bottom or a jump to a label at ¢the bottom, and
does not contain any [nner loops (including backward jumps) nor
return jJumps to external routines with side effects.,

When such a loop is encountered, it is used as a code seqguence |
the lnnermost 1loo0p optimizations discussed in Section 3.1.3 are
desired (generalty OPT=1).

BASIC _BLOCK

A basic block may begin with a (abel and may end with a jump, but
may not contain any addltioral tabels or jumps (conditional or
unconditional). It may contain a return Jump if the return |is

guaranteed, It has the property that if one instruction in the
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6.3

L3601

block is executed, all are executed. A basic block is the code
sequence that must be used for 0FT=2,

JHE INJERNAL LANGUAGE

The internal language (IL)Y of the Code Transformer consists of a
set of elementary instructions, most of which correspond *to
machine instructions, some of which are pseudo instructions to
direct the code transformation process. The IL is a low 1level
language where all operations are explicit to the machine
instruction level, Each 1IL instruction contains an opcode
identifying the Instruction and information fields which may be?

e operand {inks (Renumbers) between 2 Instructions

e symbol table pointers

® constants

® machine register ordinals

¢ miscellaneous information (pseudo instructions only),
Cperapnd Lipks_(R=Nymbers)

An understandirg of the concept of operand links (Renumbers) is
basic to the understanding of the IL., Every machine instruction
which oroduces a result has associated with It an Renumber which

is used as a label lor 1ink) in succeeding Instructions which use
the resutt. For example?

A = 8% C (s represented in IL as?

LD R104948 “Load B8 (10 is arbitrary for this
example)”

LD R11445+C “Load C*™

FM R12,R104R11 *8*C - Result 10 times Result 11~

ST R12,494A "”Store into A - Store Result 12*

When a machine j[nstructionrn is finatlly assembled, the Renumbers
resul?t in Xeregisters unless they are specifically forceda to B~
registers or A0 (via the RS pseudo instruction discussed below).
R=numbers never represent registers Al through A7, That s to
sayy the IL does not permit expljicit manipulation of A1l to A7,

Contro! of these registers is implicit to the code transformsation
processe.

As was stated earlier, the IL is explicit to the machine
instruction tevel, Instructjons are not implicitly inserted by
the Code Transformer, This imposes the restriction that the uses
of an R-number be constrained to a compatiblie register set. For
example, the result of a load instruction cannot be used as the
source of a store instruction. The {o0ad results (X1 to XS5) are
incompatible with the store reaqujrements (X6 to X7}, A transmijit
instruction aust Intervene. On the other hand, the result of a
floating point operation can be used as the source of a store
since [t is possible for the result to be in a compatible
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register (X6 to XT)e

Conventions which must be observed in the use of R-numbers are!

be

Coe

Detinition before use

An Penumber may not be used as an operand unless it is
defined as the result of a preceding instruction in the same
sequence. There is an exception to this rule in that there
is the provision for opre-defined R-numbers. Renumber 0
represents B0 (or no operand). Renuamber 1 represents AQ.

Unigqueness

No Renumber may define more than one result in a sequence,

Range

Renumbers must be contained within ranges according to one of
the two methods described below. The choice of method is
defined by the value of HCSROL (see Section 9,3).

i. This method assumes that the Front End assigns a large
range of Renumbers over the entire source program (range
1) and that the Bridge superimposSes a Separate range of
Renumbers for each code Sequence (range 2)e By
convention, the Front End starts assignment at the
beginning of the program with Renumber & and continues to
777778, The Bridge starts assignment at the beginning of
each code sequence with 1000028 and contjinues to 1777778,
Note that for a very large program, the Front End R~
numbers may need to start over, The Front End and Bridge
must have some protocol to cause the startover to happen
at the beginning of a code sequence. It may not happen
in the middle of a sequence because this would produce a
range of Renumbers which {is very large. The Code
Transformer uses an neword table, where n is the sum of
the 3i2e of the two ranges for the sequence. For this
reason alsoy the PRenumber ranges should be kept as
comopact as possible, When a code sequence is passed to
the Code Transformer, the two arrays CC$3RN and CC$BIR
{see Section 8.4.1) must contain?

eCCEBRN(1) Smallest range 1 R-number Iin the sequence,

OCCS$BRN(2) Largest range 1 R-number in the sequence plus
ONe.

oCC8B8IR(1) 1000028,

oCC3B8IR(2) Largest range 2 Re-number in the sequence.

After each call to CGSPAS, CCSBRN(1) is set equal to
CC$BRN(2) and CCSBIR(2)=1000028.

2. This method assumes that only the B8ridge assigns R-
numbers and that it starts over with Repnumber at the
beginning of each sequence, When a code sequence |s
passed to the Code Transformer, the array CC3$3RN must
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o oCC3BRN(2) Largest R-number in the sequence., After each
catl to CGgPAS,

CC33RN(2)=4.,

IL instructions are divided into four types, each having its onn

distinct format, The types are?

Ixpe format

I 0PC RI,RJ,RK

11 OPC, RI,IN,SO

111 OPC RIZRF4CA,IH,H2
IV OPC CA, IH

The mnemonics in the above formats
following itemst

Descciption

Two and three address
instructions such as BXI XJ
and FXI XJ*XK,

One aidress instructions
such as SXI con and MXI con.,.

Two address instructions,
memory raferences and
conditional }jumps such as NZ
XIssyabol or SAI RF¢CA+
symbol.

Some pseudo instructions
and the unconditional jumps
such as EQ LAB.

are used to represent the

MNEMONIC Itea,
oPC Operation code identifying the Instruction,
RIJRJILRKGRF Renumberss,

RI represents the result register for those
instructions which produce a result., For
stores and conditional jumps, RI is an
operand register., Pseudo instructions vary
in their use of RI, '

RJ represents an operand registere.

RK represents an operand register.

RF represents the register containing the
variable portion of an address calcufation,

IN,CA 18 bit constants.

IN is used to represent constants that appear

in instructions such as the mask instruction,
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CA represents the constant portion of an
address calculation or the index into an
auxitiary table.

SO Used to specify a particular register. This
field exists in alt Type II instructions but is
meaningful only in the RS and DEF pseudo
instructions. 1Its description is contained with
the definition cf the RS instructione

H2,IH Symbol table pointers.
H2 contains an ordinal only and impliclitly
references SYM (may not reference an abbreviated
symbol tabie),

&.3.3 Ipnstruction Set

Each instruction of the IL is discussed in this section,

BSEUDO INSTYRUCTIONS

The pseudo instructions are used to direct the code
transformatjon process. They do not result in the generation of
a machine instruction.

YPE QPCODE DESCRIPYIION
IV 80S deginning of Statement,

This instruction mrust be the first
instruction in a sequence. B80S instructions
which appear in the middie of a sequence are
eliminated by the Code Transforaer. The
format of this Instruction does not confora to
the format of its type so it is presented
heret

12/P(B0S).187/statement number,2/71list
flags,
10/0,187availabtle.

When the object listing 1Is selected, the
B0OS causes the generation of a comment line
with the statement number in 1t. The (tist
filag field is wused to toggle the objJect
listings Its values may be?

0 no change

1 oblect (ist on

2 object tist off
Iv EOS End of Sequerce.

This instruction Is wused ¢to artificially
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RS

stop code sotion during the scheduling
process. Code is guaranteed to not drift in
either direction across an EOS. CA and INH
must both be zero.

Register Specify.

This instruction is used to specifty that
the result ot the immediately preceding
instruction is to be assigned to a specitic
register, The RI of the RS instruction aust
be the same 2as the RI of the immedjiately
preceding [nstruction with the fotlowing
exception. If the preceding instruction is an
Unpack (UP) or Normatize (NR) instruction with
a non-zero RJ (two resultts) the RS instruction
serves as a specification of this RJ (and is
called an RJRSYe In this casey, the RI of the
RS wmust be the same as the RJ of the UP or NR
instruction. The IN fjeld of the RS js set to
1 for an RJURS ard set to 0 otherwise.

The SO fleld is wused to speclfy the
register and provides flock jnformation about
the register. The format of the SO field is?

6/reservedq,2/1ock type,3/reg type, 3/reg
NOoe

The register type field takes on the values
of 04 14 2 for By Ay and X respectively. The
register number field takes on the values 0
through 7, Please note that registers Al
through A7 are not permissible.

The lock type fleld has the following
meanjing?t

0 This type of lock is used to specify
that the register content must remain
unchanged until the next Return Jump,
Unconditional Jump, or Indexed Juwmp |is
issued. It is intended for use to lock an
argument In a register until the call is
made, even though the argument has no uses
which are apparent to the Code Transformer.

1 This type of lock permits the content of
the specjified register to be released when
there are no more uses of it,

2 Reserved for the Code Transformer,

3 This wvatue must appear if the RS is an
RJRS .
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- Some examples of the ‘use of the RS
instruction aret

a. Assume that an argument is to be passed
in X1. The statement CALL PROC(A) looks
likes

LD P104,994A
RS R10,0,X1 lock type=0
RJ PROGC DELIMITER

be FOor this example, plfease look ahead to
the Memory Reference and Set Instructions
and note that a number of thea have a
choice of Ay By Oor X registers for the I-
register, This register will always
result in an Xeregister unless the RS
instruction 1[s used to force (t to 3 8-
register or AQ, Note also that a number
of them have a choice of registers for
the J=-register, Selectior of this
register s determined by the RI of the
instruction that the RJ tinks to.

The following example using the Set (S)
- and the Short Add (SA) instructions
iltustrates the effect of the RS,

IL Instrcuctions Resulting Machine Instructions
S R10,5 sS82 5

RS R10,0,82

S Ri11,6 SXn 6 *XN,available Xeregister™
SA R12,R11,R10 SB& Xn+B2

RS R12,0,8B%
Ce This example jtlustrates the use of an RJRS.
UP R11,R12+R19 Unoack Ri0 into two results,

RS Ri2+1,82 This instruction must appear
to specify the Ri2 result,
Ri1 cannot be specifled. The
{ock type field must contain 3.

I DEF Register Define.

This Instruction [s used to define an R-
number and to specify that it is assigned to a
specl fic reglster. It iIs used, for example,
to specify 8 value returned after a function
calt. A DEF may oniy occur at the beginning
of a seqguence, or after a DEF or a boundary
marker {jumps and labels). The IN fleld is
always 0 and the SO field is as specified in
the RS instruction except that the Jlock type
is atways zero.
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L

Label Definition.

This instruction def
CA) and reserves storage,

COMPUTATIONAL INSIRUCTIONS

The IL instructjons in this group have a one-to-one

machine instructlons as follons?

MACHINE
IYeE  IL_JINSIRUCTION INSIRUCTION
1 AMT RILRJ exI xJ
I AND RIsRJHRK BXI XJ®XK
I OR RI«RJI4RK 8X1 XJeXK
1 XOR RIJRJ$RK BXI XJ=XK
1 XMTC RILRJ 8XT1 «XJ
1 STR RILRJ4RK BXI -XJ*XK
I INP RI4RJRK BX1 =XJeXK
I gaQv RIsRJRK BX1 =XJ=XK
11T KLS RILRF,CA LX1I Jx
ITI KRS RI,RF,CA AX1 UK
1 ILS RIJRJIHRK LXI 8Je XK
1 IRS RIJRJ9RK AXI BJs XK
1 NR RILRJI$RK NXTI BJy XK
1 RNZ RIJRJ+RK IXI BJy XK
1 upP RILRJHRK UXT 8JeXK
1 PK RILRJHRK PXTI BJyXK
1 FA RIJRJ+RK FXI XJeXK
I FS RI,RJHRK FXTI XJ=XK
1 DFA RI,RJ,RK DXI XJeXK
I DFS RILRJ4RK OXI XJ=XK
1 RFA RIZRJHRK RXTI XJ+XK
1 RFS RIJRJI4RK RXTI XJ=XK
1 IS RIJRJIHRK IXI XJ=XK
I FM RIRJIRK FXI XJ*XK
1 RFM RI,RJ4RK RXI XJ*XK
I DFM RI,RJ4RK DXI XJ*XK
I1 FMA RI,CA MXT JXK
I FD RIJRJIHRK FXI XJ7XK
1 RFD RIJRJIHRK RXI XJ/7XK
1 cX RILRJ CXI XJ

preey
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ines a label (IHW BSS
correspondence
NAME

Transait

And

Oor

Exclusive or

Transait coeplement
Stroke

Implication

Equivalence

Constant left shift
Constant right shift
Indexed left shift
Indexed right shift
Normatlize

Rounded normalize

Unpack

Pack

Floating add

floating subtract

Double floating add
Double floating subtract
Rounded floating add
Rounded floating subtract
Integer add

Integer subtract
Floating multiply
Rounded floating multiply
Double floating multiply
Mask

Floating divlide

Rounded floating divide
Count bits
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MEMORY PEFERENCE AND SEY INSTRUCTIIONS K l 5
Each IL instruction In ¢this group results in one machine

instruction selected from a specific set. The notation 2Z2(i) |s
used as shorthand to denote a3 choice of registers from the set
B8le Xi or A0 2nd, hence, a set of instructions. The selection of
the particular machine Instruction ls dependent on the context in
nhich the IL instruction is used (as explained In the definition
of the RS instruction). Within the machine Instruction
specification IH and H2 are used to represent the syabols that
corresponding IL IH and H2 point to.

HACHINE
JYPE  IL_INSIRUCTION INSTRUCTION NA ME
I1I LD RIJRF+CAyIH SAI ZJ+k Load

k=CA¢+IH
111 ST RILRF,CA,IH SAI ZJ+k Store

k=CA+IH
I11 STT RI,RF,CA,IH,H2 SZI ZJ¢k - Store Transait

k=CA+IH=H2

NOTES If H2 is non=zero then IH must be non-zero (negative relocation i:
not permitted). HZ may only point to the main symbol table.

I PLD RIJRJIWRFLCA,IH SAI ZJ*k Parametric tLoad
k=CA

NOTE: RF and IH do not enter into the machine jnstruction. They are use«
for determining the class of memory locations being referenced.

) 8 PST RIJRJIyRF,CA,IH SAI ZJ*k Parametrjc Store
k=CA

NOTE: As above for PLD.

11 S RILIN SZI k Set
k=1IN
1 SA RIGRJIHRK SZ21 ZJ+8K Short Add
1 SS RI,RJ,HRK SZI BJ/A0-8X Short Subtract
JUMP_INSTRUCTIONS

The tow order 6 bits of the CA field are used to hold the jump
type for the conditional jump instructions (JPX, JPBB, RJUXJ).
The Jjump types are defined in CMPLTXT (see Section 9.,2.1) by the
SVMbO's JCoa XX (XX = ZR'NZQPL’"IQOR’IR,DFQIDQEQ'NE’GE’LT)o
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UACHINE
IYPE  IL _INSIRUCTION INSTRUCTION NAME
IIX JPX RIe04JT4IH JT XI,IH Conditional X-Jumps
III JPBB RIZRF,L4JT,IH JT BI,BF,IH Conditional B-Jusps
111 RJXJ RI,RF,127CA, 7JT RI,*e¢d Conditional Return
6/JT,IH RJ TIHsCA Jumsp

NOTES 7JT [s the reverse test of JT (7ZR=NZ)., RF js the Repnuamber of
result that wmust not be used until the RIXJ |s executed, (Because th
RJIXJ isS not considered a boundary wmarker, code may fioat to either sid
of {te Uses of RF are prevented from floating in front of the RJXJ).

111 JIN RTIL0,0,IH JP Bls¢k Indexed Jumo
k=IH
Iv RJI 0,1IH RJ IH 30 Bit Return Jusp
IV RJ6 CA,IH ¢RJ IH 60 Bit Return Juap
VFD 12/CA,
18/7¢HCERJITBNZ

NOTES See Section 9,3 ftor definition of HCSRJITBN.

IV UJP 0,4 1IH EG IH Uncondi tional Juasp

SBECIAL CASE INSTRUCTIQNS

The Instructions In this group have been created to take care of varjiou
specjial casese.

MACHINE
IYPE  IL_INSIRUCTION INSTRUCTION NAMZ
I IAZ RIJRJIRJ IXT XJ&XK Integer Add Ze2ro
1 IAS RI,RJ,RK IXT XJ=XK Integer Subtract

Zero

In the above two instructions, RJ aust be the result of a CL
instruction. These Instructions are used when it is necessary to inhibi
the reduction ot the algebraic identities 0¢X and 0-X, The add/subtrac
is not optimized out.

1 IM RI,RJHRK DXI XJ®*XK Integer Mutltiply
It (s assumed ¢that this instruction will not cause an interrupt and
hence, may be moved from conditionally executed code, The operands ®aus

be such that an Interrupt will not occur (e.3., sSubscript calculationld.

11 CLR RI,O MXI © Clear a Register
or 3XI XI=-XI
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G.3.4

4e3.5

1 SXT RILRJ B8XI %XJ Shift Transmit

This instruction must be ¢the immediate predecessor of each KLS/KR'
instruction.

111 LOC RYI,0,CA,IH SAT k Load Constant
=CA¢INH

CA is an index into CVYT (see Section 2.2.2) and IH Is the symbol tabl«
ordinal of the predefined symbol CON. (see Section 2.1.4). Thl:
instructlon permjits the Code Trarsforser to evaluate constant expresslion:
and to compact the constant table when unused constants are detected. I
must be used for all references to constants In CVT,

III LOV RIL0,CA,IH SAYI K Load Vardim
K=CA+IH

CA {s an index into VO] (see Section 2.2.3) and IH js the symbo! tabl«
ordinal, This instruction atllows the host to minimize the number o
temporarjes needed to setup variable dimension initiatizatior code b
deferring the decision until end processing when it is known which one:
were actually used.,

Instruction Set Ryles

This section contains rules that apply ¢to certain instructions
and provides a few suggestlons for the use of the instructions.

1. The KLS/KRS instructions mustT be immediately preceded by an
SXT instruction (the RF of the KLS/KRS must be the RI of the
SXT) e Furthermore, the KLS/KRS instructions may not be used
as the source of a store instruction (a transmit waust
intervenel).

2¢ The SXT instruction wmay only be used as a constant shift
predecessSore

3., HWhenever a 0 in an Xe-register is needed, the CLR instruction
must be used,

4, Do not use the STT jinstruction when IH and CA = 0% use an SA
instruction instead. ’

5., Do not use an LD for reference to values in CVY, An LDC must
be used for these values.

Instcuctiop focmats

When CG3PAS is callied, a code seguence is presented to it in fthe
tabte TXT., €Each IL instruction occupies &% contiguous words of
memory. The words are called the R1 word, the R2 or IH word, the
descriptor word and the link word.

Interface Specltication Appendix 52



CYBER 170 COMMON CODE GENERATOR
Internal Maintenance Specifications May 25, 1978

B1_HORD

- The format of the R1 word varies from type to type, but the upper
Yo 12 bits always contain the IL iInstruction opcode with a bias of

20908 (referred to as P{0OCY)., The format of the word for the
different types is?

1 12/7/P(0C) 416/RJ416/RK,416/R1
I1 12/P(0C) y18/IN,14/S0,16/R1
IIT 12/P(OC)+18/IN,12/H2,270,16/R1
Iv 12/P(0C),18/CA,12/0,18/1H

Field definiftion macros for describing these formats aret
DESCRIBE R1.

0ocC DEFINE 12
RJ DEFINE 16
RK DEFINE 16
RI DEF INE 16

REDEF RJ
IN DEFINE 18
SO DEFINE 14

REDEF RJ
CA DEFINE 18
H2 DEF INE 12
IH DEF INE 18

22 _OR_IH _WORD

The oprimary function of the R2 word is to contfain the semantic
informatior required for memory reference resolfution (Section
3.1.1), Its format for altl Type TIII instructions and all memory
reference instruction (Type III, PLD, PST) iss

67/0,18/RF,18/CA,1871IH
Field definition macros for describing this format are!
DESCRIBE 1IN,
CCG DEFINE 6
RF DEFINE 18
CA DEFINE 18
I DEF INE 3
H OEF INE 15
IH DEQU He18
If OPT=2, the format for the R2 word for the RJ3I and RJ6

instructions is the FI., format discussed in Section &.,5., For all
other nstructions, the R2 word must be zero.

. DESCRIPIOR_WORD
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P
<
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The descriptor word contains property bits which are statically
associated with the ppcode. These property bits are provided in
the table FERDT, access to which is described in Section 8.4.2.

The only other bit in this word that the B8ridge is concerned with
is DeRF, In order for the \linear function test replacement
optimlzation (Section 3JI.1.4) to take place, reference to
variables that are deregister candidates must have this bit set,

LINK_HORD

This word ls used by the Code Transformer for various purposes
and must be injitlatized to zero.

CONTPROL_FLOW JNFORBATION

WKhen OPT=2, the code sequences that the 3ridge presents to the
Code Transformer are basic blocks (Sction &.2), The salijent
feature about a basic block (s that there is no transfer of
control into or out of the middle of the sequence, It is entered
at the topy and once entered, the entire sequence is executed,
The exit at the bottom may be 2 fall through to the next block, a
jump to another bilocky of (in the case of a conditional jump)
both a fall through and a jump, The Bridge must record all
transfers of control from one block to another in the table CFTY,
The format of a CFT entry is CF. format which is 1/JP,29/FROM,30/
Y0 The basic blocks are numbered sequentjally (starting with 2)
in the order they are presented to the Code Transformer. FROM s
the block number of the block from which control is transferred,
If JP=0, TO is the block number to which control jis transferred.
If JP=1, TO is a symbol table pointer indicating the {abel to
which control s transferred. Block number 0 is the pseudo exijt
block and block number 1 is the pseudo entry blocks CFT must
contain an entry (k,0) for each block, ¥k, which exits the
subprogram and an entry (l.k) for each block which is an entry
ooint,

The celil CCSCBN holds the current bdblock numbert? the Bridge |is
responslible for incrementing it at the beginning of each new
basic blocke When CGSPAS (s calted to process a basic blocky,
CCECBN must hold the block number of the block in TXT. CGSINIT
initializes CCSCBN to 2 and adds the entry (1,2) to CFT,

Hhenever a transfer tabel definjition is encountered, the Bridge
must call CGSLABD (Xi=IH) to define the bliock number associated
with the symbole.

USEZOEFINITION INFORMATION

Whern OPT=2, ¢the Bridge must ajid the Code Transformer in
collecting use/definition information (Section 3.1.4) Dby
suoplying information about the actual parameter |lists for
proceduyure calls, The protocol for collecting this Information

Interface Specification Appendix &&

L3




CYSER 170 COMMON CODOE GENERATOR
Internal

Maintenance Specificatijions May 25, 1978

for each Return Jump instruction is?

1.

2o

Je

Create a list of the varjiables referenced by the procedure
(actuat parameters) in a table in AP, format which ist
DESCRIBE AP,
I0 DEFINE 1 =1 i{f this s the parameter ljist for a
library read routine
USE DEFINE 1 =1 1f this is a read parameter but the
input may not occur (es gs +FORTRAN
NAMELIST, PL/I data directed GET)
P1 DEFINE i =1 for a double or complex variable
DEF INE 2
CR DEFINE 1 =1 if this is a class reference
(i @9 4 has 3 variable subscript)
DEF INE 18
CA DEFINE 18 Constant offset from base address
IH DEF INE 18 Svymbol table ordinat
CALL CG3CPLI(XE6=TBLP,XS=INDEXyB2=LEN) where
TBLP is the address of the table which contains the list.
INDEX is the index into the table for the start of the
1iste
LEN is the number of entries in the tist,

CGECPL returns

X1 2index to the list in the tadle IOL
X0 =length of the list it added to IOL
X7 =L SIOL
Create the R2 word of the RJI or RJE instruction in
Fl. format which is?
DESCRIBE F1I.
FI DEFINE 29 Function Type
1 = user function
2 = basic external function (I eo o
fibrary call that does not modify any
variables)
3 - I/70 tunction
REGP DEFINE 24 Bit mask of registers preserved - basic
external function only (0-80, 1°Biljeeel23~
xX7)
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INDX DEFINE 18 Index to list In IOL
LEN DEFINE 12 Length of list in IOLes Either 0 or

4.6

1S10 olus tengthe
Packing ot ST.°s (Functiop Yemoorarijes)

In FIN S the ordinal (CA) of the memory references to the
elements of the ST, array cannot be determined prior to calling
CGSPAS. To get around this problem, the bridge assigns tentative
vatues to the CA°s, Atter the code transform [s finished
eliminating redundant references, it calls BRSAFYT (in the bridge)
to scan the sequence in TXT and adjust the CA°s of the ST,

memory reference. '
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S.0

Se1

Sel.l

5.1.2

Se1.3

JHE _END _PROCESSOR

The End Processor is responsible for completing the SLIST ftitle
and for bringing all tables to the state required by tThe
Assembler, The specific functions that [t wmust pertora are
discussed in the following sections. Other functions may be
performed at the host®s discretion, For exaaple, if the host
wishes to take advantage of the MAT bit (Section 2.1.1.2) it
would delay storage reservation for all variables until end
processinge. End processing may be a convenient time for
producing a reference aap.

COMPLETING THE SLIST FILE

The End Processor may wish ¢to jissue prologue code., It must
output constants, reserve storage for temporaries and write an
ENN pseudo on the SLIST fjile,

Brologue Code

It desired, the End Processor may call on the Code Transformer fto
process code sequences. These sequences are c¢coflected and
presented to the Code Transformer jdentically as they were during
8r ldge processing except that CGECPC is caltled instead of CGEPAS,.
CG38CPC functions differently from CGSPAS In that it fully
processes each sequence and writes it to the SLIST file
immedjately, regardless of optimjization level (no global
optimizations are performed), The End Processor may intermjix
calis to CGESCPC with calls to CG8CUB to change local blocks as
desired.,. It may also call CG$0SA (Section B8.&.2) as necessary to
reserve storage for varjiables,

Constants and Temporacy Storage

The End Processor must call CGSEP (Section 8.4.2) which outputs
the used constants from CVT, reserves storage for the temporary
arrays, OT. and IT., and modifies CUT for use by the Assembler,
The host is responsible for the initialization code ana storage
reservation for the VD. arrays

END _Card

The End Processor must complete the SLIST file by writing an END
card to it (see Chapter 6 for format),
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5¢2

\

Sele1

Te2.2

Se243

-

COMPLETING THE TABLES

The End Processor |s resoonsible for completing L3T, Word C of
the symbol tables and the AD table (if used),

Ihe Local Rlogk Table

After all local code and variables have been written to the SLIST
file, the End Processor must complete LBT by calling CGSR8T
{Section B8.4.2)¢ This routine updates LBT from the enftry points
CC8LBO,y CCSEBLEN and CC$PCy, reformats L3T to contain prograes
relocatable addresses as required by the Assemblery and computes
the program tength, leaving it in N$SLB8T.

Horcd C of the Symbol Table

The End Processor must supply alt! address information for avery
symhol table entry., In particufar, it must change the address
for all local symbols from block relative to program rejocatable.

Jemporacy Storage

It stack storage is selected for temporary storage (Section
J.2:.1) 3and references are made to stack frame lengths, then the
AD table must be modified to contain final lengths. I1If COMPASS
compatibifity is being supported (Chapter 6), then for each AD
entryy, an SMACRO cally, “"AD.n EQU tength,* should be output to the
SLIST fite., The SMACROS deck should contain the definition

EQU SMACRO (S1,C2), LAB
ENOS

AN N Y

Atter the End Processor (s ftinished calling on the Code
Transformer ([t should release the code space that it occupies by
caltling CGSIEP (Section B8.4.2).
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INTERNAL_ASSEMBLER

INIRODUCTION

The CCG Internal Assembler (CG3$IA) performs the functions that
are usually operformed by the second pass of a full asseambler
such as COMPASS. It reads the formatted instructions froma the
file SLISYT, adds address inforsation that [Is supplied through
the symboil, block and constant - tables, and produces a
relocatable binary on the LGO file (If selected),

It the ootion |s selected, it will also produce a formatted
fisting of the ob)Ject code. An afternate option will produce 2a
set of COMPASS source statemerts on the file COMPS., This file
is suitable to use as I[nput for a COMPASS assembly, The
Assembler can produce ejther the object list or the COMPS file,
but not both,

CGSIA contains a limited macro capability that can be used for
generating data words containing display codedy, constant or
relocatable address fields, It can also be used for producing
some sequences Oof machine instructions In the object code if |t
is not embedded within the portion processed by the Code
Transformer,

ASSEMOLER _INPUY
Input to the Assembler comes from the following sources?

® SLIST is a tfite that contains machine iInstructionss pseudo
instructions and wmacro calls, Each of these |is
usually contained in one word, although a second word
might be used and some macro calls may require three
words (see Section 6.3 for the format),

e TABLES generated by the host compiler and the Code

Transforaer,
SYM « the main symbol table (see Sectlon 2.1.1)
CBT = the common block tabie (see Section 2.2.1)
LBT = the local block table (see Section 2.2.1)
CUT =« the constant usage table (see Section 2.2.2)
GLT = a special sysbo! tabie for generated symbolils

There is provision for additional special syabol
tables (see Section 2.1.1)

& MACROS -« A table of SMACRO detinitions that (s created by a
COMPASS assembly of the SMACROS common deck at?t
bulild time, This table ls loaded as an [ntegral
part ot CCG.
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Bels

® Miscellaneous ootion definitions and controls provided by
the host compiler (see Chapters 7 and 9),

SLIST FILE

The first part of the file contains the initial group of pseudo
instructions followed by the initial declaratjivese. This part
is written to the SLIST file by the front end or the Bridge.

The weachine instructions are written to SLIST by the Code
Transformer when it completes its optimizationse.

The End Processor then wrjites the final group of declaratjives
and passes contro! to the Internal Assembler which writes an
end-of-recordy, rewinds the file arnd reads it as inpute.

The Internal Assembler leaves the file positioned at the end-
of-record.

MACHINE INSTRUCIIONS
While the code transformer and the internal assembler are

intended to be used as a single package, either one may be used
without the other. Hithin the context of using the combined

package this portion ot the specification is internal j[nstead

of external specification.

It is possible to use the assembler without the code
transformer or vice-versa, In these casesy this section is
part of the external Interface of the assembler ofr code
transtormer.,

In ejther case, It does complete the specification of the SLIST
files,

The following 1list of machine instructions is an alphabetical
list of the instructions that will be accepted by the
Assembler,
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S1 COMPASS
Iostryction Instruction Group Nape
AND 8Xi X)*Xk a And
cx CXi Xk D Coaunt bits
DFaA DXi X)¢Xk [} Doubte floating add
DFM DXi X)}*Xk a Doubvle floating multioly
OFS DXi X)=Xk a Double floating subtract
NDRL RXi X} or
SU38 is)sFPsR P Oirect read LCM -
DHWL WXi X) or \ or
SUBO ls]+FPeN P Oirect write LCM _/SUBO
EQV BXi=Xk=X] ] Equivalence
FA FXi XjsXk A Floating add
FD FXiI X}/Xk A Floating divide
FM FXi X)*Xk A Floating multjiply
FMA MX1 ik E Form mask
FS FXi X)=Xk A Floating subtract
IA IXi X)exXk A Integer add
IAZ IXi X}+Xk A Integer add zero
ILD H Initial load
ILS LXi B)oeXk 8 Indexed left shift
IM IXi X}®*Xk A Integer multiply
IMP BXi =Xk-X) ” Implication
IRS AXi B),Xk 8 Indexed right shitt
IS IXi X}=Xk A Integer subtract
I1sZ IXi X)=Xk A Integer subtract 2ero
JIN JP Bitk J Indexed jump
JPB88B L Conditional B8 }umps
JPX ™ Condltionat X jumps
KLS LXi )k (3 Constant left shift
KRS AXi Jk E Constant right shift
LD H Load
L0oC 1 Load constant
LOV I Load Vardina
NR NXi B)o.Xk 8 Normalijze
OR BXi X)+xi A Or
PK PXi B)oXKk 8 Pack
PLD H Parametrjic load
PSY H Parametric store
RFA RXi X)eXk A Rounded floating add
RFD RXLI X}/Xk A Rounded floating divide
RFM RXi X)*Xk A Rounded floating aultioly
RFS RXi X}=Xk A Rounded floating subtract
RJXJ N Conditional return jump
RJ3 RJ k K Return Jump (30-bit)
RJ6 o] Return jump (60-bit)
RNZ ZXi Bl.Xk 8 Rounded normali ze
S H Set
SA F Short add
SOL G Short difference load
- SDS 6 Short difference store
SLD F Short {oad
SS G Short subtract
SST F Short store
ST H Store
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STR BXi =Xk*X}) C Stroke
STT H Store ftransmit
TLD H Temporary load
TST H Temporary store
uJe EQ k K Unconditional jump
up UXi BleXk 8 Unpack
XMT BXi X} 0 Transmit
XMTC BXi =X} 0 Transmit compliment
XOR BXI X)=Xk A Exclusive or

The format of the instruction depends upon which group it
belongs to, but there s a general format that [s followed. 1t
is the SI format and it is?

1/H2+11/0PC+18/CA418/IHy6/RJy6/R]

H2 It ¢this bIit j|is set there is a second word for this
instruction that contains a reference to a second entry in
the symbot table, The second reference is in the low 18
bits of the next word. It must refer to the main symbol
table., It only occurs in instructions of group H.

OPC This field contains the IL Opcode that aopears in the
above liste It is biased by 20008 because it is jinserted
using a pack instruction.

CA Constant address or vaflue,

TH Symbol table reference (see Section 2.,1.3 for reference
format).

RJ The |} register type and number,

RI The i register type and number.

For the three instructions RJ3, UJP, and RJB, the IH field is
not contained in bits 12 through 29, but is in bits 0 through
17 instead.

Instruction groups A through & are, in most cases, instructions
that wuse three registers, They are atl single parcetl
instructions that do not have any symbol table references. The
fow six bits of the IH filelid are used as an RK fjield for the
type ard number of the k register.,

For Iinstruction groups A through E, the machine instruction
opcode that js assembled corresponds exactly to the IL Opcode.,

Group A (AND, OR, XOR, FA, FSy DFA, DFS, RFA’ RFS, 1IA, IS, FiM,
RFMy, OFMy FO, RFD)
Ajso IAZ, ISZ and IM are processed as IA, IS, and OFM,
respectively,

These instructions each iInvolve three X registers.
The high order three bits of the RI, RJ and RK fields
are ignored. The register numbers are taken from the
tow order three bits,

f‘"-‘

Group 8 (ILS, IR’ NR, RNZ, UP, PK)
The RT and RK fields represent numbers of X registers.
RJ is a B register, Agajin, since the register types
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are known, the high order three bits ot each of these
fields is ignored,

Group C (STR, IMP, EQV)

Like group A3 RI, RJy and RK represent three X
registers, In this case though, the internal
representation conforms to the coamon conventijion ot
represent ing the register operands in the order 8%} -
Xk(®,¢,=)X], Consequentiy, the k register number |s
taken from the RJ field and the )} register number is
taken from the RK field.

Group D (XMT, XMTCe CX)
This group of linstructions Involve onily two X
registers, The register numbers for the ] and k
registers are both taken from RJe The | register
number js still taken from RI.

Group E (KLS, KRS, FMA)
This grour of j[nstructions involves only one X
register and a3 six bit constant, The constant |is
contained in the low order six bits of the CA field in
the SI format, It replaces ¢the | and k register
fields in the machine instruction format, The |
register number js taken from RI.

Groups F, G, M and I do not generate machine operation codes
corresponding to their SI Opcode. The SI Opcode
determines to which group the [nstruction belongs.
A1) instructions within a grouw will generate the same
set of machine operation codess The machine code that
is generated for any group 1Is dependent on the
register type portion ot the RI and RJ fields,

The register type is in the upper three bits of these
six bit fletds. 0 indicates a B registery, 1 indjicatas
an A registery, and 2 indicates that an X register |s
used.

Group F (SLD, SST, SA)

Produces the set of instructions?
SYl ZJ¢Bk
8¢ Ay OFf X are substjituted for both Y and Z.

6roup G (SOL, SOS, SS)

Produces the set of Instructionst
SYI 21-8Bk

8 Ay OFr X is substituted for Y.

B or X is substjituted for Z.

Group H DOy ST, STT, PLD, PST, S, ILD, TLD, TST)

Produces the set of instructions?
SYi Z})+¢k
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Group 1

Group J

Group K

Group L

Group M

Group N

By Ay Or X are substituted for both Y and 2,

k = CA+(IH)=(IH2)

CA is the contents of the CA fietld,

({IH) is the reftative address taken from the syabol
table entry IH.

If the H2 bit is set, a second symbol table pointer is
taken from the following worde The relative address
taken from that symbol! table entry Is (IH2)., When H2
Is present IH and H2 wmust both point to the naain
syabol tables The resulting value [s absolute,

It CA and IH are both zero, the group H instruction |s
changed to a group F iInstruction, changing an
SYiI 2)1+0 to an SYi Z)+B0.

(LOC, LDV)

Specjal lcad instructions for accessing the constant
and vardim tables respectivelys Prijor to processing
the instructions as type H, the Instruction processors
change the CA of the instruction by the formula CA=tow
18(TBLI(CA)) where TBL=CUT or VDI,

See the AAE directive in Section 6.6.2.4 for an
alternate means of addressing a constant in the CVT,

(JIN) )
An unconditional jump to (IH) as Indexed by ¢the B8
register specified in RI,

(RJ3, UJIP)
A return jump and an unconditional jump to (IH)., For
these instructionsy, IH is taken from bits 0-17,

{(JPBB)

The CA field must contain a 0,142y or 3 to form the
corresponding instructions €Qy NEy, GE or LTe This
foras 3 conditional juap (IH) using the B8 registers
specified in RI and RJ,

(JPX)

The CA fleld contains the three bit machine code
modifier that determines the X register condition that
is to be tested on the X register whose nuaber is in
the low order three bits ot the RI fleld.

(RJIXJ)

This conditional return jump is functionally similar
to the JPX except [f the Jum s done it is a return
jumpe This requires two instructjions to be generated,
a conditional Jump and a return jump, A fofrce upper
assures that the two [Instructions are placed in the
same word.

The first is a conditional jump to ¥*¢1 that Jumps on
the inverse ot the cordition specified by the modifier
specified in the 1ow order three bits of CA. The X
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register to be tested is specified in RI.

The return Jump s to (IH) plus an offset that can be
speclfied in the upper twaelve bits of CA,

Group 0 (RJ6)

Return Jump with trace backe A force upper assures a
new word, the upper halft ot which contains the return
jump to (IH). The lower hatf contains twelve bits
taken from CA and a reference fto the external
ZHCSRJITBNZ. For this instruction, IH Is in bits 0-17.
This expansion to a full word s performed by the
Assembler.

Group P (DRL, OWL)
These direct LCM read and write instructjions are
Iimplemented for the 7600 and CYBER 176 onty. They are
fifteen bit jinstructions in the formats 01&i) and
015i), respectively,

The instructions are also used to indicate a level 0
address sSubstitution if the IH field is non-zero. In
this case it holds the symtab ordinal of the formal
Parameter.

RJXJ and RJ6 are forced upper before the instruction.
JINy RJ3 and UJP are forced upper after the
instructione.

SLIST PSEU0Q INSIRUCTIONS

The general SLIST pseudo instruction format Is 12/P(0C),18/A,6/
0,24L/B, References to the format are in the forma 0Cy Ay8 where
OC is the pseudo instruction name and A and B are the two
operands in their order 0t occurrence, The A and B flelds wilt
usualily be designated as 0 to indicate that the fietd ls not
used, as SY to indicate that the field contains a symbol table
ordinal in IH format or as HWC If it contains a word count,
tven though 2& bits are allocated for the 3 fietdy its wuse |is
usually restricted to the 18 low order bits. In the cases when
24 bits are allowed, the fact is roted in the description,

The pseudo instruction descriptions are divided into three
groups that separate them according to where they can be
located on the SLIST file.

Initial &

This groun of pseudo instructions aust be grouped ftogether on
the SLIST file ahead of any other instructions for the
subprogram, The first five may appear in any order, and of the
five only the IDENT is required. The USBLK is required as the
fast Instructlion of the groupe.
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LCC 0,WC Loader directive
The LCC provides a3 means of including loader directives with
the ¢tables for a relocatable program. The directive is
contained in the fotlowing WC words on the SLIST file. It
is In display code, left-justified with zero fill with at
least twelve bits of trailing zeros.

TDENT 0,SY Program identification
SY is a3 pointer to the symbol table entry that contains the
program name, The name is placed into the foader tables.
The IDENT also causes the current time and date and control
card options to be included In the binary prefix table.

COMNT O0,WC Prefix table comment
HC is the number of words following the COMNT word. These
words contain comments that are to be included in the binary

prefix table, There is 3@ maximum of four wordse. The
message (s left-justified and padded with blanks,

LIB 0L => libname
This instruction causes the specified Llibrary name to be
added to those for which LIB= |oader djrectives are to
written, Multiple LIB Instructions are permitted in the

initial group. The format of the LIB instruction is 12/
P(OC.LIB) &k8/0L=->1]ibNname.,

TITLE 9,HC Program ljisting title
The following WC words contain a heading ¢titte for the

program listing, The message s left-justified and padded
with blankse.

USBLX 0,0 Terminate initial group
This instruction causes a set of (initializations to be
performed before processing the rest of the SLISY file.

LIB= directives for the 1library names specified by LIB
pseudo instructions and the prefix table are output to the
LGO filee

The binary controt cards, focal block and common block
information is put out on the initial page of the listing.

The symbo! table is scanned to append a ¢ to any symbol that
would bDe confused with a register name, If the name is
entered [n the prefix table, the $ Is not appended to the
name in that tadble.

Declarative Group

These pseudo instructions are used Iin the declarative portjions
of the SLIST fite. This is following the initjal group, ahead
of the machine instructions and/or after the machine
instructions, ahead of the END pseudo jinstruction.

USE 843N Define block to be used
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BN is the CBT ordinal if the block t0 be used is a cosmon

block or {t is the LBT ordinal plus 2%%15 ¢ the block to be
used is a local block,

BSS SYLHC Storage allocation
The BSS causes the current origin counter to be forced upper
and a group of HC words to be reserved. The content of fthe
reserved words is not defined.

I¢ an SY parameter s included, It s a symabol table
pointer, The address defined by the symabol table entry nust
be the same as the value of the origin counter aftfer the
force upper but before being incremented by WC., WC may be a
24-bit number,

B8SSZ SYyHC Storage allocated and set to zero
The BSSZ is the same as BSS with the additional oprovision
that the allocated memory is set to zero values.

CON SY,KC Relocatable constant
SY s an ordinal into the symbol table. WC is added to the
relocatable address from the symbol table and stored in the
low order end of a full word constant. HWC may be a 24-bit
number,

DATA WCL,CC Binary data
It WC [s zero, the data must be 1less than 2%%17 and is
contained in the fjeld CCe If WC iIs non-zero, it specifies
the number of data words that follow on ¢the SLIST file,
Each of the words contains 60 bits of binary data.

DIS 8, WC Display coded data
Each of the WC words that follow contains 60 bits of display
coded data.

HOL CC,F Display coded left or right
CC is the number of display coded characters that is
contained in °the single word that follows. The character
string is left=justified in that word on the SLIST file.
The format on the LGO file depends on the letter that is
contained in F.

It F ijs an Hy, the HOL is the same as the DIS with HC=1.,

It F Ils an Ly the portion of the word to the right of the CC
characters is set to binary zeros.

It F Is an R, the characters are shiffted so that they are
right-justified and the left end is set to binary zeroes,

F contains one of the display coded 1letters Hy, L, or R
rightejustified and zero tilled in the field of bits 0-17.

ORG SY,NWC Set origin counter
There are three different forms of the ORG oseudo
instruction. They are!
Form 1. SY designates a symbol! that has been previously
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defined.
Form 2. SY s zeroe.

Form 3. SY designates a symbo! that has not been
previously defined.

Forms 1 and 2 are used to manipulate the value of the origin
counter, There are two other special values that are saved
by the Form L ORG., They are K. and S.

Ke 1s the maximum origin counter value. It is saved by
a Form 1 ORG for the use of a Form 2 ORG,

Se is the resulting origin counter vatue, It |s saved
by a Form 1 ORG for the use of the REPI and VFOP
pseudo instructions.

Form 1 causes the following steps to occur?

(1) It the current origin counter value is greater than
Ke it isS saved in K,

(2) The origin counter is set to the address from the
symbol table plus the 2L-bit constant HC.

() The resulting origin counter is saved in S.

Form 2 causes the origin counter to be set from K.
Form 3 causes the symbol to be defined to the next location
in the local block indicated by the micro HCSUDVB (Section
9.%)e It is eaquivalent to the following sequence?

USE 2zHCsuDvVB:2
SY B8SS 0O

REPI DL,RCyINC,DA Instant replication

The REPI s a two=-word pseudo instruction. The first word
is in the format 12/P(0C),18/DL,12/0,18/RCs The second word
Is formatted 24L/0,18/7/INC,18/7DA,

The parameters are!

DL The number of words that are to be duplicated

RC The number 0f times that the data should be duplicated.

INC The Iincrement between successive copies of the
duplicated datae. '

DA The number of words that are to be added to the address
established by the ORG., The resulting address is where
the tirst duplicated copy iIs placed.

The REPI should always be preceded by an ORG., The ORG sets
the origin counter to a relocatable address that is saved as
a value called S.. DL words are copied from S. t0 S.¢DA
and repetitively to S.+DA+(n=1)*INC until n=RC.

The actual reptication of data is performed by Loader. CGIA
produces the loader table that directs the process.

nCsS CC,1 Define character string
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6.5.3
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-
B}

6.6

The CGIA MACRO system provides for the definition of four
micro strings that can be c3alled from within a MACRO
skeleton (see Section 6.,6.2.1). The OCS pseudo instruction
provides a means for defining the string of characters that
nilt be used mwhen the micro is catled.,

DCS is a twoe-word pseudo jJnstruction, The second word
contains CC characters, leftejustified with zero filt,
These characters are saved as w@micro number I, CC is a
number from 1 to 10 and I is a number from 1 to 4.

VFDP BNy LEN Partjial word data load
The VFDP provides the capabllity of directing Loader to

store a partial word field without disturbing the remajinder
of the word,

LEN bits of data (s left=justified in the second word of the
pseudo instruction., A loader table is written to LGO that
will cause Loader to sStore the data in a3 word whose address
(S.) is established by a preceding ORG. The data is stored
with its leftemost bit at bit BN of the word, BN is a
number 8 through $3,

END Instruction
This single instruction must be at the end of the subprogram,

END SYL,SYX End subprogram

SyL is the symbol table ordinal of the symbol for
the LWA of the program
SYX is the symbol table ordinal of the symbot! for

the program transfer entry.

BACRQ FACILITY

The 11imited macro facility which CG8IA provides makes possibile
the construction of words containing varjous partial word
tields., In order to use the macro facility, the host compiler
must orovide a set of macro definitions appropriate to its data
structures., For clarlty of discussion, these macro definitions
are termed “SMACRO"™ definltions, The SMACRO definitions are
constructed wusing SMACRO directives which are provided by
GG8IA., The SMACRO directives are simply macros written {n
COMPASS. The directives, together with the SMACRO definitions,
are assembled as an integral part of CGSIA, They result In
tabular data which CG3$IA uses interpretively to expand SMACRO
calls which appear on the SLIST file.
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6.6.1

2

6.6.2.1

SMACRO Calls
An SMACRO call appears on the SLIST file In the format:

12/X0R(77778,PL0C)),24/7A2,267A1

1270,24/AL4,204/A72
12/70,26/7A64,247A5
where
oC is the opcode assigned to the SMACRO
PLOC) is the packed opcode

XOR(7777B,PL0CY) is the exclusive OR of the packed opcode
and 77778B. This ]s required to distinguish
SMACRO opcodes from machine and pseudo-
instruction opcodes, Also, the SMACRO
opcodes start at 128 so0 they can be
distinguished from machine jinstructions
that have the H2 bjit set,

A1,A25 000 are argument values. The number of
arguments and the type of each must exactly
match the parameters specified In the
SMACRO definition. One, two or three words
are used as required by the number of
arguaents.

SMACR0 Detfinitions

An SMACRO definjition consists of three parts: heading, body,
and termlnator,

Heading An SMACRO definition is headed by an SMACRO
directive stating the name of the SMACRO and
ldentifying the substitutable parameters in the
SMACRO body.

Body The body of an SMACRO definition consists of SMACRO
directives (except SMACRO, ENDS, and DCSS). These
directives make reference to the substitutable
parameters. They may aliso make refgrence to
micros, local symbols and global syabols.

Terminator An ENDS directive terminates an SMACRO definition,

Micros. Local Symbolss and Global Syabols
The directives within the body of an SMACRO definition refer to
the substitutable parameters defined in the SMACRO directive.

They may also refer to micro names, local syabols, and global
symbol s,

4ICROS
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& timited micro facility is provided for passing string values
whose lengths are greater than the 24 bit 1imit on an SMACRO
argument. A micro table is defired within CGSIA which contains
entrijes for definition of four strings (Mi1,M2,M3, and M4),
Each string may be up to one word in tength, The DCS pseudo-op

. ({Section 6.5.3) and the MIC directive (Section 6:6¢2.3) are

used to define the values of the strings (i.e.y» place the
string value in the micro table). Hithin an SMACRO, the string
value [s obtained by referencing the appropriate entry in the
table.

LOCAL _SYMBOLS

An SMACRO definition may use up to 6 local symbolsy, designated
as L1y L29eeeslbs A valtue is assigned to a tocal symbo! by use
of a SET., directive (Section 6.6.2.,3) or by appearing as the
tabel on certain directives, A 1{ocal symbol may assSume a
constant value or a refocatable value. CGSIA contains a table
with entries for L1 to L6, HWhen a constant value s assignred
to Lie the value is retained in the corresoonding entry in this
table, When a relocatable value (s assigned to Liy the
corresponding entry contains a symbol table pointer which
points to the C68IA abbreviated symbol! table, SST, The
relocatable value is retained Iin the approporiate entry in SST.

CLOBAL SYMBOLS

When [t is desirable to reference a symbol from more than one
SMACRO definition, a global symbol is used. A global symbol |ls
defined by wuse of the DCSS directive, This dirsctive causes
reservation of a location (within CG$IA) with the specified
symbol ic name,

NAME DCSS VALUE,TYPE

NAME is the symbolic name

VALUE is any fegal COMPASS address expression. This
parameter is optional,.

TYPE specifies the use of the symbol. SYM specifies ¢that

it contains a symbo! table pointer in IH format. CON
specifies that it contains a constant, ‘CON is the
default [f this parameter is missing.

The vatue of the DCSS symbo! may be set to an initial value by
supplying the VALUE parameter. 1If the DOCSS symbol Is declared
as an entry, its value aay be set at run time by the host
compliler (prior to execution of CG3IA).

The value and type of the DCSS symbol must be appropriate to
its wusage, It its type jis SYM, the value maust be a syabol
table ordinalt In IH format, If its type Is CON, the value mus?
be a constant which is aporopriate for the reference to it.

Examplet
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ENTRY XYZ
L ¥4 DCSS 34SYM

XYZ becomes the name of a location whose initial value is 3.
Its tvype is declared to be symbol table ordinal. It is
declared as an entry, S0 the END Processor could change its
initial value, If not changed, all references to XYZ  witll
become references to the third ertry of the main symbol table.

Begin 3and End an SMACRO Defipnitiop

The SMACRO and ENDS directives serve to delinsate the beginning
and end of an SMACRO definitlon and to defline the number and
types of parameters within the definition,

NAME SMACRO PLIST,LAB
ENDS

NAME is the macro name (<6).

PLIST is a parenthesized |ist of parameter specifications
{(<6),

LAB, it present, must be the characters "LAB™. When present,
it specifies that the first argument is to be placed in
the label fjeld when the macro ls listeds In this case,
the first parzmeter must be of type S (discussed below).,

PLIST is of the form (PI=ANAMEjs eee)e

=ANAME is optional. When presenty, ANAME wmay be any symbolic
name and ¢$ANAME: wmay apoear in the macro definition
wherever the corresponding parameter may appeare.

P specjifies the argument type as follows?

B Acaqument Type

C 24 bit constant

S symbol table ordinal in IH formsat

B block table ordinat which is either a CBT ordinal or an

LBT ordinal plus 2%%*i§5,

micro table ordinal. An M type parameter is used for
listing purposes only. It (s not passed into the body
of the SMACRO.

x

I w®ust be an integer such that 1<1<6é, If the parameter s of
type M then I wesust be such that 1<I%4,. The 1 for each
parameter sust be chosen so that each paraseter specification
is unjque. For exampte, (C1,C2,M1,81) and (C1l,S2,M3,8k) are
legals (C1,C1) jis not legal,

©
Any dlrective except DCSS, SMACRO and ENDS may appear between
an SMACRO-ENDS pair, Furthermore, any COMPASS pseudo-op which
does nrot result in storage reservatlion may arpear between the
pair (e.g9e.y cordjitional assembly instructions).

The listing line produced when an SMACRDO call jis made is
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ARG NAME ARG,ARGescee
where ARG is dependent on parameter type as follows!

] actual constant

S symbol name from the symbol table

B8 block name from CBT (enclosed with slash marks) or from LBT
M

D

character string from the wmicro table encliosed in
arentheses.

val Specificati

Two directives are provided for associating vatues with
symbolS. The MIC directive associates the symbolic name in a
symbol table entry with one of the micro names ML to M&. The
SET. directive assigns a value to a local! symbol or to a syabol
table entry.

Ml MIC __FIPST-CHAR, N=CpAP, SEP-CHAR, SYMORD

MI is the micro jidentitier (Mi,.M2,M3, Oor ML), Note
that this 1Is a direct reference to the micro
table., It Is not interpreted as a substitutable
parameter,

FIRST=CHAR is a constant which specifies which character in
the symbol name should become the first character
of the micro string., It the character specifled
by SEP-CHAR is encountered dbefore FIRST=-CHAR, the
micro string becomes a null stringe.

N=~CHAPR is a constant which specifies the msaximum number
of characters that should be taken from the name
to make up the wmicro string. If the character
specified by SEP-CHAR (s encountered before N-
CHAR,y the string will terminate with the character
preceding the separator character. The remaining
characters through N=CHAR are replaced with
bltankse If NeCHAR=0, the string is not terminated
by a {ength specification, only by the separator
character, N-CHAR may not be greater than ejight,

SEP=CHAR is the separator charactere.

SYMORD speclfles the symbol table entry from which the
name should be obtaineds It must be an S ¢type
parameter or a DCSS symbol of type SYM,

Example?
M1 MIC 3,0,%,S51

The name from the symbol table entry designated by the S1
oarameter is wused to construct a string which (s to be
associated with the micro Mi. Assume the name in the symbol
table is 12ABC3. The resulting micro string would be ABC,
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X_SEX. YALUE

X specifies the symbol with which the wvalue is
associated, It may be a tocal symbol, an S type
parameter (restricted to the main symbol table),
or @ DCSS symbol of type SYM (restricted to the
main symbol table)l)e The value [s stored in HWord C
of the symbol table entry indicated by X unless X
is a tocat symbol and the value s absolute. In
this case, the value [s considered a constant and
is stored in the CGSIA tabie for local symbols
(Section 6.6¢2.1) ¢

VALUE is an expression whiche when evaluated, results in
the value to be associated with X An expression
consists of a single element or two or more
elements jJoined by the operators ¢,=,%,/, The
operators Joining elements are evaluated from lef?t
to right, An element can be a local symbols an S
parametery, a DCSS symbol, the origin counter (*),
a constanty, or a C parameter. The element value
used {s ejther the constant specified by the
element or, In the case of S type elements, is the
content of Word C of the indicated Symbo! table
entry. It ls not fegal for the expression, nor
any sub=expression, to result in negative
refocations Relocatable values may not be wused
with the ®* and /7 operators.

Exampl es:?

L1 SET. c1-C2
L1 assumes a constant value which is the difference
between the arguments represented by Ci and C2.

St SET, Si<2
Word C of the symbol table entry indicated by Si is
reduced by 2.

Detipe Part HWord Fields

The 3TH and ETH directives serve to delineate the beginning and
end of the specification for a text word ¢that contains part
word fields. BTH speclifies a tempiate word which is used as
the base of the definjtion. The ACI, ARI, and ASV directives
serve to add constant, relocatable and string data to the
templiate. They sust appear between a3 BTH-ETW pair.

DIW_ADDR
AODR s the address of the template word into which the part

word fields are to be added. If ADDR is absent, a zero
word IS used.
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Yhe BTW directive specifies the beginning of a text word
definition. It always begins a full word definition and,
hence, forces upper. The only directives that may apoear
between a3 BTW-ETW pair are ACI, ARI, ASV, MICy SETes IF XX,
ELSE.' and ENDIF..

EIN
The ETHW directive delineates the end of a text mord detinition.

ACI TOP-BIT,BIT-LEN,CON or
ACI RELOC,CON

TOP=3IT is 3 constant specifying the left-most bit of the

'le'do
8IT=-LEN is a constant specifying the length of the field.
CON specifies the constant value, It may be a C type

parameter, a DCSS symbol of type CON or a local
symbol with an absolute value,

RELOC is a shorthand notation for specifying TOP-B8IT and
3IT-LtENe It may be one of

U for upper relocation (bit &7, length 138)
M for middle relocation (bit 33, length 138)
L for lower relocation (bit 17, tength 18)

The ACI directive causes the value of the constant specified by
CON to be algebrajcally added to the value existing in the
specified field in the template word,

ART TOP=3IT,BIT=LEN,SYM or
ARI _RF1LOC.SYM

TOP=-BIT, BIT=LENy and RELOC are as specifjed for the ACI
directive,

SYM specifies the relocatable value, It may be an S
parameter, @ DCSS symbo! of type SYMy, or a focal
symbol that has been assigned a relocatable value,

The ARI directive causes the relocatable value from Word C of
the indicated symbo) table entry to be algebraically added to
the value existing in the specitied field In the template word,

AAE TOP-BIT,BI~LEN,SYMORD,CA or
AAE__RELOC,SYMORD,CA

TO0P=-8IT, B8BIT=~LENy and RELOC are as specjfied for the ACI
directive,

SYMORD is the symbol table ordinal.
CA is the offset into the table.
The AAE directive is provided to opermit the address of a
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constant from ¢the constant table CVYT to be added to the
specified field Iin the templtate word. If SYMORD 1is ¢the CVT
ordinal, CA s replaced by the corresponding CUY value,

A5y _TOP=31T. NC.MIC

TOP=-3IT is 3@ constant specifying ¢the leftemost bit of the
fi.eld.

NC is a constant specifying the number of characters in
the fleld. If NC=(C, the fle!ld length (s assumed to
be the same as the actual length of the micro stringe.
It NC Is less than the length of the aicro string,
the string is truncated to NC characters. If NC s
greater than the length of the micro string, the
string is padded with blanks to NC characters.

MIC is a mlcro name (M1,M2,M3,M4), Note that this is a
direct reference to the micro ftable. It is not
Interpreted as a substitutable parameter,

The ASYV directjve takes the specified characters from the micro
string and ORs them into the specified fiefd in the template
worde.

Examplet

a8C SHACRO (S1.M1)
BTH

My MIC 1,7+.S1
ASV 59,7,M1

ARTI L,S1

ETH

ENDS

DEF SMACRO (Si1,C1)

BTW THMPL

ARI U,S1

ACI L,C1

ETW

ENDS

TMPL SBO B2+0
SB0 8240

The ABC SMACRO causes generation of a text word containing the
symbolic name and relocatable address of a parametric sysbol
tabtie entrys Note that the M1 In the header tine is not wused
as a paraseter, It s wvused oniy to obtain a value for the
listing:, The second argument In the call must contain a one,

The DEF SMACRO causes generation of a word containing

SB0 B82+relfocatable address
SB80 B32¢constant
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Eyull HWerd Definitions

The CON., 3SS.sy and 3SSZ. directjives are provided for
definition of full text words.

LAR__CON. _SYMsHC

LAB may be a local symbol, an S type parameter or 3 DCSS
symbol of type SYMe. It assumes the current value of
the origin counter and may be referenced later In the
SMACRO definition.

SYM may be an S type parameter, 3 ftocal symbol with a
relocatable value or a DCSS syabol of type SYM,

WC may be a constant, a C type parameter, a DCSS symbol
of type CONy, or a local symbol with a constant value.

The CON. directive produces a full word of text containing the
relocatable address from HWord € of the symbol table entry
Indicated by SYM pilus the constant svecified by HWCs

LAB__B8353, _HC

LA3 and WC are as specified above for the CON, directive. The
ASS., directive reserves the number of words of storage
indicated by HC.

c
RSSZ. iS the same as BSS. except that the reserved words are
preset to zero.,

conditional Coptrol

The IF.XXy ELSEes and ENDIF. directives are provided for
conditional contro! of the assembly process.

LAB IF. XX Pi,P2
LaB ELSE.
LAB ENDIF,

LAB ls a label to distinguish IF.XX, ELSE. and
ENDIF. sequences.

XX is one of the conditions LTL,LE.GT,GE, EQyNE.

P1,P2 may be an S parameter, a C parameter, a O0CSS

symboly, a tocal symbol or a constant,

The IF.XX directive causes comrarison of the two parameters for

-the condition and, It true, the directjves up to ¢the ELSE., or

ENDIF, (It there jis no ELSE.,) are jnterpreted, It should be
noted that it the paraseters are of S type tThe comparison |Is
made on the symbol table pointers, not on the values in the
SYMDO' table,
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6.6.2.8 3lock Copntrol

M1l

The USE. directive is provided ftor changing blockse.

USE._ BN

BN may be a3 3 parameter or one of the fixed focal bilock
names listed in HCS$FLB (Section 9.3).

$.6.3 SHMACRO _Qpcodes

CGSIA expects the SMACRO opcodes to start at a predefined base
and to be assigned sequentially to the SMACRO definitions in
thelr order of appearance ir the deck SMACROS. The comdeck,
SMOCOEF (CCG PL), is provided to aid In the assignment of the
oncodes. It sets the base for opcode definition, defines the
opcode for each SMACRO name by defining the symbol MEname and
provides null definitions for the SMACRO directives. For
definina opcodes, any straight COMPASS code in SMACROS (i.e.y
anything besides SMACRO directives) must be <conditionally
assembled out.

6.7 COHPASS COMPATIBILITY

It the host compjiler supports the option of producing output
which can be assembled by COMPASS, it must supply an assembly
time macro text, This text must include?

o Definitions of macros which are focal to the host (i.e.s
transliiterations of the SMACROS to COMPASS).

e Definitions of macros which are pecullar to CCG, These
definitions are provided in the deck CGHCRMD (contained on
the CCG PLY. A

e Detinitions in HCDEFS (Section 9.3.1).
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7.9 CRADLE REQUIREMENTS Mlz

\.

This section detalls the entry points (flags, routines, equs,
etc,) that must be present in the host compiler®s cradle.

7.1 EETIS anND FILE_BUFFERS

The host must supply FET"s for the followingst

Eile ELl _Name Use Mode needed
QUTPUT F.0UT tist tile Test mode
SLIST F.SLSTY CG pre=bjinary All modes
LGO F.LGO relocatable binary HCSIA non-zero
COMPS F.CMPS 8CD tine images HCSIA non-zero

The host is responsible for openina the above files at the
beginning of compilation and closinag them at the end.,

The host must supply CIO file buffers for all of the above, File
buftfers may not reside in dynamic storage, LGO, COMPS and host
compiler token stream file may share 3 common CIO buffer, The

- recommended buffer sjize is 20038. It is possible for LGO and
COMPS to share an FET,.

7.2 LONTROL _STATEMENT OPTIQONS AND FLAGS

Control! statement option flags are of the form HO$XX where XX {s
the controt card option name. In generat flags have the value of

binary zero if the option is not selected (XX=0 on the control
statement) .

Note that 3 minus zero will be treated 3s a zero in CCG.

HCS$3 2 0 It LGO flile to be produced

HO$C 20 If COMPASS wilt produce LGO

HOSER £ 0 It error traceback information (is to be
output, It OPT*2 CCG forces upper at the
beginning ot each code sequence., It outputs
an SB80 B2 ¢ line number at the beginning of
each code sequence that begins in parcel zero.
This code wmay be wused In conjunction with
other code that the host must generate, and an
oblect time reprieve package to glve the user
the routine and 1ine number that was being
executed when an interrupt occurred.

- HOSOPT = Compiler selected optimization level shjfted
58 pits teft (0, 1S58, 2S558).,
HCgUO 2 0 It unsafe optimization selected, Permits the

prefetch ovtimization to be performed even
though the step is variable (Section 3.1.3).
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HOSLCM = LCM access mode

0 if direct (18 bit addresses)

+1 if Indirect (21 blt addresses)

-1 if giart (21 bit addresses and 21 bijit
subscripts)

HOBLO%0 2 O it object program (assembly) l]lst selected

HOSDATE A two word array containing the date and time in
disptay code. Set by <calling the DATE and CLOCK
system macros.

HOSTIME The second word of the array HOSDATE.

HOSPN A cetll that contains the current stack frame ordinal
(see 3,2.1),

HOSROP A cell that contains the addreSs of the reprieve dump
processor routine,

HOSCCOP A three word array {(30H format) containing the
display coded values of control card options that a
user might wish to see listed in the load mape. The
contents of HOSCCOP is polaced in the 77 table of the
relocatable binarye.

- HOSCSN A cell uysed to hold the line number or statement
rumber of the statement that CCG is processing. Set
py CCGy, interrogated by the compile time reprieve
package, It a3 seaquence contains more than one
executable statement, CCG sets HOSCSN to the first in
the sequence.

HOSPRGN Name of procedure that is being coapitled. Must be
less than 8 characters in *"0L" format. HOSPRGN {(s
part of the two word array HO$MSG.

ENTRY HOSMSG, HOSPRGN
HOEMSG DOATA I10HCOMPILING
HO$PRGN DATA 0

NSFEP® Number of fatal errors in the current procedure, May
be incremented by CCG in case of wemory overfiow or
assembly errors

NSEXST Number of executable statements in the current
procedure, Supplied by the host, printed when 0OPT=2
in debug mode.

CC3FT A communication cel! whose IiInitiat value is zero.
CCG set it non=zero the first time it js caliled.

- CP.AFLS Actual SCM field length

CP.NFLS Nominal! SCM field fength, Usually = CP.,AFLS-8, this

Lp—

may be made smaller prior to calling COMPASS to
protect information in high core.
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CP.AFLL Actual LCM field tength
LCM.FL Alternate name for CP.,AFLL

HOSOFLL Orlgin of aftocatabte LCM, LCM befow this value will
not be touched by CCG.

HOSMML LCM memory mode = 1S59 [f recuce mode, May be set by
. the following

HOSMML = 0

MEMORY LCM,HOSMML,R

HOEMML = SHIFT(HOSMML ,58)

HOSUFLL Amount of LCM memory used by the jJob set.

HOSMFLS Maximum SCM tield length avajlable to the compiler,
shifted left 30. To set this cell
HOSMFLS = 307270
MEMORY SCMsHOSMFLS,R

HO3$PMLS The flargest field tength wused by CCG for the
procedure being compiled,

FSSTITL Subtitle buffer, 12 words long

LSSTITL Length of BCD line in the subtitie buffer, initially
= 1.

NEF PS Number of formal paramseters (*FTN*® only):, The use of
this entry is yet to be specified.

CP.ERCT 3it 59 of this cell is the binary regardless flag.
If It iIs sety, 3 relocatable object deck is to be put

out when there are source language errors. Not
necessary i1f CGIA is not belng used.

HOSLVL2 Non-zero if program contains LCM direct read and
write references. Flag 1s necessary onty it host
suppliied memory reference expansion routine
references jte.

The following 2 cells are necessary only if HC3FPAS is non-
Zero. )

CCgsusB Non-2ero [ f CT generéfed any *"SU3"™ macro references,

CCeSURD Non-zero it CcT generated any level 0 *=Sus"=
references.

The following cells are necessary if the host is using the VD
facility (VD., symbols defined in SYMDEFS].

NSVD Number of VD. cells assigned, initially zero.

SsvD Symtab ordinal of VD.
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The following celils are referenced when 0OPT=2 is used.

HO$0RO Cell containing FWA of a buffer in static storage
that is wused by CPT=2 as a paging buffer,
Recommended size on the lower Cybers is 2000b words.

HOg0BL The tength of the 0PT=2 paging buffer,

FsLBY FWA of LBT

Z3Lar Length of LBT (number of fixed tocal blocks])

NSLINES nuaber of lines written on the current page,

CP,PS number of |jines per page.

UTILITY ROUTINES

The below listed comdecks reside on the COMPASS common comdeck
OLDPL. Macro names referenced are deflined in CPUTEXT,

COMDECK Entrcy Points fFupction or Called by
COMCSYS SYS= called by SYSTEM macro

RCL= called by RECALL macro

HWNB= called by RECALL wmacro

MSG= called by MESSAGE wmacro
coMCCDD c00= convert binary digits to decimal
COMCCOD coD= convert binary digits to octal
COMCMVE MVE= callied by MOVE macro
COoMCOX3 DXxB= convert B8CD digits to binary
COMCCIO CIo= called by I70 function macros
COMCRDC ROC= READC macro :
COMCRDNW RDH= READW macro
COMCHTC WTC= WRITEC macro
COMCHTH HT W= WR ITEW macro
COMCSFN SFN= RJ =XSFN=

There 1s another set of common decks that are intended for use
by several different compilers. These will be located on the
CC6 PL, The content of these cosaon decks will not be
modified in any way unliess the change has been approved by an
appointed representative of each of the affected compiler
development 9roupse.

COMDECK Eniry Points Eunction

CCONMRPY RPV= Compjiler common reprieve package
COMADEF none DESCRIBE, DEFINE macro definitions
CCOMGCM none Common compiler macro definitions
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7.3.2 Host Suppljed Utitljities

The routines FASLOL and FABNPG are provided by
compller,

the host

FASLOL will list one line of output, The calling seguence

st
B6 = first word address of the output line
B7 = length of the output {ine
X7 = number of blank lines to be output before the

line,

FASNPG - Start a new page on the listing

Appropriate page headings and subheadlngs are printed

on the new page.,

The foltlowinag miscellaneous entry point must reside irn the

cradlet

HESABT SX1 address of a 8C0
messajde RJ HESABT to abort a compilation because of an

unrecoverable system or hardware errofr,

7e3

7]

SLOPE_2 Comdecks

The following comdecks are the SCOPE 2 equivalents
MACEIO tisted above (COMCCIO to COMCWTH).

of the

FA=0EFS Macro definjtions to be included in

CHMPLTXT and CCGTEXT
FA=SET set up FET, F1Ts
FA=CLO Close a3 file.
FA=EOR Hrite a end-of-record

FA=FLSH Flush a file holding buffer,

FA=0PE Open 3 file.
FA=ROC READC macro
FA=RONW RE ADW macro in FA=DEFS
FA=PHX REWIND macro in FA=DEFS
FA=WTC WRITEC macro in FA=DEFS
FA=WTHW WRITEW macro in FA=DEFS

Tol QEBUGGING FACILITIES

The following debugging faclljties must reside in the host®s
cradie and be avallable to CCG when a test mode compiler |s

built. Al! of the following may be obtained from the CCG
o OLDPL {(sSee Ge2elelt) e
QUTPTK A deck to do FORTRAN formatted output.

QUTPTK (s assembled wlth CCG and the relocatable should be
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Teboel

positioned by the host so that [t (s loaded with the cradle,
SNAP routines are obtained from the COMPASS OLDPL., The IDP
reference manual should be consulted for comdeck names and
instaltation procedure. The deck also contains the FORTRAN
callable utility routine REMARK, to iSsue a3 daytile message,
and the routine GOTOER., to satisfy references to jt. The
PRINT macro may be used to output formatted lines to the 1ist
file via OUTPTK,

SNAP Contains routines to save and restore all
the registers, print the contents of the registers or core,
and FTN developed interactive debug facility. 1In addition to
entry polnts mentjoned in the previous sections SNAP requires
the foliowing

HOSSNAP will have bjt 1S(59=-1Ra) set, where "a" |s
any alphanumeric character (A-2, 0-9)
specitied with the host SNAP control card
parameter.

The alphabetics and numerjcs have separate
Rmeanings.

The alphabetics are generally wused *to
selectjively control debugging output, For
example, if the bit for the letter T is set,
table allocation information may be printed.

The numerjics are wused to aquatlify the
alphabeticss CCG is assigned to the number
two (2), Hhen bit 30 (1S(59-1R2)) is set,
CCG may use the remaining blts to determine
if debugging output is to be produced. If
the bit for number 2 Is not set, no
debugging output wil! be produced from CCG.

FPA= routine to find the relative address of a
routine. FRA= |s contained in the comdeck
CCOMRPY which also contains a compile time
reprieve package,

Macros to obtain register and core dumps are in the common
deck DBG=MAC., A description of the Interactive Debug Faciljity
is available from the FTN Project.

Hhen 3a mode error occurs during compiler execution of the CCG
overlay, the system should return control to the hosts

reprieve package and if the CCG overlay was executing then the
entry point CGEPTC in CCG should be called by an RJ.

Compile Time Reprjeve Macros
PPYDEF = detipe fwa ot routine for reprieve package,
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This macro must be called at the beginning of each routine
before any code has been generated.

RNAM RPVDEF ENAM

RNAN = routine name,

ENAM = entry point will be B=ENAM, 1If
ENAM (s null, then the macro defines
the entry point by tirst stripping ottt
any leading 8= from RNAM and then
prefixing a 8= to the result (max
fength of tive charactersl.

RPYFWA = detine entry tor routlpne nape/address_table,
RPVFHKHA NAM, FHA

ENTRY NAM = routine name
FWA = routine fwa., If nulil, B=xxxxx is
used, where xxxxx are the ftirst &
characters of NAM,

The following entry points must be defined,

(HOSCSN)

current statement nusber in blnary

(HOSFVT) = FHA of a file vector table. Format of the
table jis 42/7/0L->LFNy,18/FET ADORESS, 0 words

are ignored, terminated by a word containing
’1.

(HOEMSG) first word of =C format message "COMPILING
nase”

RPV= RPV system communlication word {n CCOMRPV,
This is the first word of the RPV exchange
jump package.

FRA= a routine to find a routine relative address
using the RPY Routine Name Address ftable
described below. It |is available for use at
any tlime, It is calied with a jJump (not an
RJ)e 1Its entry/ent conditions are described
in the comdeck CCOMRPV.,
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8.0 QPERATIONAL ENVIRONMENT

8.1 | HEMOPY LAYQUT

It all opieces of the code generator are in one overfays, then
the memory layout is as depicted in the fotlowing diagram.

RA+FL
focvcccaconsccscsssvssans
| Fixed Tables |
| SYM, CBT, LBT, etc. '
docnscacncossscsvwcscscascad
| Dyramjic Tables |
| Area |
tecccccscascacacscssssta=alSy
iBridge Code and OPT=2|
| Graph Analysis |
| Routines |
$emececccmcccccccccccateealS2
{ Code Transformer |
{ Routines |
tecceccscsssccscaccsasstass i3
| |
y | End Processor Code |
l l
dooscscccssassccscsccsnscoasad
| Assembier and Table |
| Manager |
docacscaceascasscscsncssccad
| |
| CCG Control! Routine |
| |
bocavcoccscoscadcscacvcasad
l |
| I0 Buffers |
{ l
fococovsccscnacssscassansd
| |
| Cradle |
l |
docooavscssasacocsscssacad
RA+OQ

It it is desjired to split CCG between two overlays, one may
place the assemblier (CGIA and MACROS) In @ separate overiay.
The table manager (CGTM) will have to reside in the cradie.
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MORKING SYORAGE

The working storage area which is used for table management jis
increased as executlion of the overlay progresses by releasing
space occupied by code which Is no longer needed. The initial
working storage consists of core from F,MEM (WS: Iin the above
diagram) to FL. When OPT=2, the Global Ootimizer reteases the
code sSpace occupied by the B8ridge and part of the Code
Transformer (WS2 in the above dilagram). The End Processor is
responsible for releasing space occupied by the Code
Trans former (WSJ in the diagram) after all code sequences have
been processed (CGSIEP (s called to release the space)e.

ESMEM

The host defines the static entry point FSMEM as the first
word of working storage after it inltiallzes itself,

TABLE MANAGEMENT

The CCG table manager moves tables within working storage to
obtaln space for any given table. It will obtain more field
length from the system when necessary to satisfy a space
requirement, If more field length 1is not obtainable, the
table manager increases NSFERR by one and exits to either
HESCTX, HESEPX or HES$IAS as aporoprjate (Section 1.3).

The table manager considers tables to be either fixed or
dynamice. Fixed tables are tables whose lengths do not change
during execution of the overlay. They are packed together in
high core and are moved as a group when FL changes. Dynamic
tables are tables whose lengths may grow and shrink during
execution of the overlay. The table manager moves them around
iIn core on an as necessary basis. The realfocation afgorithm
used by the table manager jis Garwick®s algorithm as described
In Knuthy, Volume 1,

Two paralliel vectors are used to malntain the locations and
lengths of the tables. The first word addresses are
maintained in the vector FTABS., The lengths are in the vector
LTABS. The following symbols are defined for accessing
individual entries in these vectorst

08XXX The location of the first word address of table XXX,
LEXXX The location ot the length of table XXX,
22XXX The ordinal into FTABS and LTABS for table XXX,

The table manager depends on the fact that the order of the
entries jin the vectors reflects the actual ordering of the
tabies in core, Thjis order, from tow to high core, is defined
to bes
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Iable Group Comdeck suopijied by
CCG Dynamic tables CCGTHMTY CCG
Host Dynamjc tables CGHCOTOD Host
Host Static tables CEHCSTD Host

Each comdeck consists of a series of macro calls of the form?
NAME TABLE EQUIV

where Name (in column 2) ls a one to 5 character table name,

A complete description of the TABLE wmacro may be found in the

tisting of CCGTMTY,

Certain tables are standard [nterface tables and amaust appear
ir one of the host supplied comdeckss They are -

CVYT =« Constant Value Table (Must appear in CGHCDTD)

CUT - Constant Use Table (Must appear in CGHCDTD)
CBT - Common Block Table
SYM =« Symbo! Table

GLT and other address definition tables

It is advantageous, from a per formance standpojint, if as wmany
host tabtes as possible are declared static.

The definition of the 1last dynamjc table is provjided by
HCSNDAT which specifies the number of dynamic abbrevjiated
symbol tables.

At load ¢time ¢the vectors are initialized so that the table
first word addresses indicate the beginning of working storage
and the tengths are 2zeroe.

The Bridge must jinjitlatize the table vectors and order the
tables before calting CGSINIT. Soecificatty, it must?

3. Pack all fixed tables in high core and record their
addresses and lengths jin FTABS and LTA3S, This must
include reserving space and recording the address and
length (8) for the CCG tablte SST.

be Record the addresses and lengths of any dynamic tables
which contain data (lengths are non-zero).

Ce MYodify additional FTABS entrjies as necessary ¢to assure
that the address plus length for entry n 1s less than or
equal to the address for entry n+i., This is requirea it
dynamic tables containing data are interspersed with zero
fength dynamic tables. The addresses of the 2ero length
tables waust be (initialized to reflect their placement
between the actual addresses of the tables with data,

The follomwing operatjions on the tables arz permjissibles
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a. Allocate additional space for a table at the end of it via
an ALLOC TNAMLLEN macro call! which expands to?

SAD =XZ$TNAM

SX1 LEN LEN & contents (LETNAM) /f0
RJ =XATSS

On exit from ATS$ X0, XS5, AS, B4, 85, and 87 are as
before the call. .

X1 = LEN

(A24%X2) OSTNAM, contents of OSTNAM

(A3,X3) LSTNAM, contents of LSTNAM, new fength
(B6) = value of LETNAM prior to the call.

be Add a single word to the end of a table by the macro cattl

ADNWRD TNAM,WORD which expands to
SAD =XZ3TNAM

IFC NE,/7WORD/X1/,1

SX1 WORD

RJ =XADHWS

On exit from ADWE one has the same exit conditions as
ATSS exceptt

(x1)

(X€) = WORD,

Ce Reduce the length of a table by any of the following ways?

LETNAM = 0
or
LSTNAM = LSTNAM=CON
or
OSTNAM = OSTNAM+CON and LSTNANM = LSTNAM - CON

The static tables should be jnitialized by the algorithm
FWATLTI) = FWALTI+1) - LEN[I*+1). This is necessary since the
table manager uses the FWA of the first static table as the
LWA+1 of working storage for the dynamic tables,

de Access/update an entry jin a table. A1l accesses to 3
table must be made jndirectly via the table vectorse.

LCC ENTRY POINTS OF INTEREST

This section summarizes the entry points within CCG that are
used by the hoste A section number apoears below each enfry
point name which Indicates the primary section {in which the
entry point [Is discussed. CCG will set B1 to 4 if it is
required by the subroutine,

These subroutines do not wuse calling seauences that are
compatible with SYMPL, It is the responsibility of SYMPL
cecded Bridges or €nd Processors to provide Interface routines
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to set registers where necessary.

.B-“-i Entry Points Referepced From the Bridge QOnily

These

entry points are not available after the End Processor

catlis CGSIEP,

Name

CGSINIT
Lol

CGsPAS
4.1

CGSLARD
Lok

CGSCPL
4.5

CCsPICL
4.5

Eunction and Callina _Seguence

(X1=L3T orciral of current block)

This routine iIs used to initiallize the Code
Transformer. X1 must contaln the LB8T ordinal ot the
local block which is in effect on the SLIST flle.
CGEINIT initializes the table manager and places a
skeleton 30S pseudo instruction in the table TXT,
feaving L8TXT=4,

This Ils the maln entry point of the Code Transformer.
It 1s called each time the Brjdge accuamulates a code
sequence.

(Xi=symtab ordinafl)
Host calis CGSLABD to define the block number
assocliated with a label definition in 0OPT=2,

(X6=LOC(TABL) s XS=INDEX,R2=LEN) returns (X1sSINDEX to
list in IOL, X2=0%3I0L, XO=LEN of list Iin IOL and
X7=LgI0OL)., CGSCPL is callied to enter a lilst of names
in the use/def dicticnary and add theam to the table
IOL. Initiatly the 1lst Is in a table that is
pointed to by the cell T3L. INDEX s the index into
the table and LEN s the number of entrles. On the
exit the tist of use/def table indices have been
added to the table IOL. Used ftor OPT=2 oniye.

(X1=CON) yreturns(X6=CRD)

Searches CVT for a previous occurrence of CON, adds
it to the table if necessary and returns ORD to be
used as the CA of a memory reference Instruction.

(X0=LOCFITBL)yXS=N],,returns [ X6=0RD)

T8L Is a vector of constant values, N words long.
CGSENC searches CVT for a previous occurance of the
constants in T8L, adds them to the table |f
necessaryy, and returns ORD to be used as the CA of
the first constant in the vector.

{X1=0RD)

Forces the constant in CVY at CVT(ORD) to be marked
as used so it will be part of the final constant
table,

A flagy it may be used to hold the previous length of
IOL., It is reset to zero on exit from CGSPAS., Used
for OPT=2 only. .
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CCSOPTL A flag, it is non-zero on entry to CGSPAS if TXT
J3e1.3 contains the body of an optimizable foop. The flag
is cleared on exit from CGSPAS,

CCEBRN A two word array holding the base and the limjit Re

5,3.1% numbers used in the sequence on entry to CGEPAS, On
exit from it CCEBRN(1) = CCEBRN(2),

cCcsBIR A two word array holding the base and limlt

GLe3ol intermediate Renumbers (CC3$BIR(1) = 1000028 always)
on entry to CG$PAS., On exit CC$BIR(2) = CC$BIR(1).

CCENIRN Next intermediate Renumber, this is another name for

e300t CC¢BIR(2)se Note that only CCS8BRN is referenced if
HCSROL = 0 and the range of Renumbers on entry to
CCSBRN is pbetween & and CCEBRN,

CC3ESRF This entry point js used to indicate whether or not a

3e262 code sequence contains any references which requijre
address expansion (Section 3.2.2), If it contains
Zero, Nno address expansion will take place,
regardless of the setting of the AET field in the
symbol table (Section 2.1.1.2):. The Bridge is
responsible for jinitializing its value.,

CCsCBN When OPT=2, this entry point contains the current

b code sequence block number, It is updated by the
Bridge and used by the Code Transformer,

Entry Points Referencable From Bridae or £nd Processor

Nape

ATSS
8.3

ADWHS
8.3

cGsavo

cCsLno
2¢2.1

Eupction

(ADO=ZETNAM, X1=LEN)
Allocate table Space

(AQ=Z8TNAM, X1=HORD)
Add a word to the end of the managed ftable

[X1=CA of a VD.)yreturnsiXb=final CA)

This subroutine marks the CA°th VD, as materjalized
and assigns a final CA [t this has not already been
done, The final)l CA s saved in the CA field of the
VDI table, The entry point N3VD hotds the nuaber of
VD.s assigned,

(X1 = LBT ordinal)

This subroutine is used to change the local block in
effects It l[ssues a USE declarative to the SLIST
file, updates LBT from the content of CCSLB30, CCS$3LEN
and CCe¢PC and re-ijnjtializes these entry points to
reflect the nem local btock.

This entry point contains the L8T ordinal of the
current 1ocal block,
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CCSBLEN This entry point contalns the current length

2201 of the current local blocke.

CCsPC This entry point contains the current parcel

20201 counter of the current local blocke

CGERBT This routine uses the information in LBT and

2¢201 CCsLB80, CC$¢BLENy, and CCsPC to update and reforsat LBT
so that it is In the state required by the Assembler,
It also provides the program length In NSSLBT.

CGsDSA (Xi=IH, X2=NWDS)

S.1.1 This routine outputs "IH B8SS NHWHOS™ for the symbol and
records its block relative address in the symbol
tables IH must be a local symbol In the malin symbol
table only.

FSRODT An array containing the descriptor words of

4.3,5 the IL instruction opcodes., SA1 sXFEgRDT+0C.opname
fetches the descriptor word.

NgSLBT A cell holding the sum of the local block

2201 fengths, it must be set orior to calling CGSIA,

CGSEP This routine performs the following functionst

5.1.? Qutputs to SLIST a “CON, 8SS 0™ folliowed by a DATA
statement for each value in CVT whose corresponding
CUT entry is non=zero., Modifies CUT to contain the
new ordinals of the constants for use by the
Assembler. Outputs to SLIST *0T7. BSS fength™ and
“IT. 8SS length®” to reserve storage for CCG generated
temporaries. Fills Word C in the symbo! table for
CON, ¢ 1tey and OT., to reflect thelr block relative
addressese. Updates the block length of the current
local blocke.

cG31IA The entry to the internal assembler,

6.0

SHLS {B7=FWA, X1=LEN)

A simple shell sort for 1 word entry tables in
ascending order.,

CGSPTC To print the contents of the compiler®s tables In
case of a compiler error only.

CGSIEP Initiatize table manager for end processing.

5.3 Causes all space occupied by Code Trans former code fto

be released to working storage.
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CCG wlll atways be assembled in the environment of the host.

The general procedure will be to

3. Mount/attach the necessary OLDPL®s which are the host’s,

CCG®*s and possibly COMPASS®s (for the
cradle),

be Build the relevant texts which are

assembly of the

ELPN2TEXT for the host ccmpilery CMPLTXT for the host and

CCGy and CCGTEXT ftor CCG.
ce Upndate and assemble the Prost.

4. Uopdate and assemble CCG.

e, Create a3 sujtable master blnary to COPYL the assembied

biraries onto and COPYL them.

f« Generate the overtfays and install them in system, etce.

SYSTEXTIS

The assembly of the host and CCG will require the fol lowing

texts for both NOS and NOS/BE:
cPUTEXT = systeas macros and symbols

IPTEXT

(referenced by CMPLTXT)

hardware dependent instatiation ootions

CMPLTXT - a3 text ftor compilers that use CCGy, it contains
various useful macross symbol definitlons of
compiler independent installation dependent
options and the definitions of symbols that the
bridge and the front end need to interface with
CCG.,

CCGTEXT - m@macros and symbol definitlons for CCG6

ZLPNZTEXT = macros and symbol definitions for the host

CMPLTIXY

The intent of CMPLTXT is to contain the
definitions that are common to both CCG and

macro and symbol
the host.,
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Macro Detinitions

RPVFWA Define entry for Reprieve FWA tabtla

RPVNDEF dafine FWA of deck for Reprleve utlitity

LISTL to tilst one line on the output fjile

NUPAGE force eject and title a new page calis FA=LOL and
FA=NPG in CCOMLOV

DEFINE, DESCRIBE, DEQUy REDEFy, and BFMW macros for field
definition,

Synbol Detinitions

0C. symbols to define the SLIST and IL instruction
opcodes

R1i. and IH, symbols ¢to define the IL Iinstructions format

JCe SYmMbols jump codes for JPX, JPBB IL instructions

SI. symbols SLIST instruction format,

CF. symbols control flow table format

AP, symbols APLIST format for use/def processing

FI. symbotls function information word for RJ
Instructions

SCe symbols register specification field

«CSET 2 0 it 64 character set selected

IPMFL maximum fietld 1length as set by the
installation

« 0S compile time opsystem 17273 for NOS,
SCOPE 24 NOS/3E

o IWT instruction interword time
=1 [f FCO 33261 installed on a 760

CP=RM compile time 1I/0 system
0 - use CI0y 7 = use 7RM

CT.ECS 20 If ECS/LCM is avajlable at comopijile
time

OT=RM execution time I/0 system
b~use ARM, 7 = use 7RM :
= SQ/54 type of loader taples for
compiler overlays
length of 0.0 overtay 50/54 table
tength of non 0.0 overfay 50754 table

CT.CPU vatue of compile time CPU

+CPU value of object time CPU

L.STACK fength of instruction stack

« DAL 20 if RIX/HXX instructions available

The symbols IP.MFL through DAL are from the host supplied
comdeck OPTIONS.
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" 9.2.1.3 Micro Detfinitions (from OPTIONS) N12
iJ: MOLS 2 char string of execution time CPU

0S.NAME op system name
0S. VER op system versior
SCMS CM or SCM

LCHS ECS or LCM

9.2.1.4 UPDAIE Optiopns

If the symbol TESTCCG is defined during UPDATE, a test version
ls generated.,

9.3 COMDECKS SUPPLIED BY TJHE HOST COMPILER

a. SMACRDS - this is described in Chapter 6.

be SYMDEFS <= ¢this consists of WA., WBe and WC. definitions
as described in Section 2.1.1. It also contains the
VD, definjtions {f that facitity is used,

Ce HCDEFS <« this is a8 coltlection of symbol definitions that
describe the host to CCG. Section 9.4 contajns a fisting
of HCOEFS,

e

des OPTIONS = host compiler installation options ([equs and
microsl)y see sections 9.2.1:.2 and 9,213,

ee CGHCDTD -« 3 collection of TABLE macro calls for the
dynamic tables that the host needs during CCG processing,
see section 8.3,

fe CGHCSTD - a collection of TABLE macro calls for the static
tables that the host needs during CCG processinge.

9.4 BCREES
HMC8ID - Host compiler identification, possible values are =
2 - FTN o 3 = PL71. ’

Used by CCG to conditionally assembie code in the
following areast

Memory reference resolution (3.1.1),
Address expansion and resolution (3.2¢2)y and
Temporary storage assignaent (3.2.1).

HCSID €qQu 2
HCSFLB = string of fixed local block names in the order that the
appear in *LBT* (Section 2.2.1)
HCSFL3 MICRD d+9/START.9oVARDIM,ENTRY,.4CO0E.»DATA.y DATA. s sHOL./
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HCSFPAS =« 20 if formal parameter address substitution is used

(Section 3.2.2).
HCSFPAS EQU 1

HCESLNT - 20 if host is using the tine number and symbol table
features for interactive debug ( *FID* ),
HCSLNT EQU b

HCEMCIS - max number of characters in a syabollc name (<8) that
iIs In the symbol! table (Section 2.1.1).
HCSNCIS EQU 7

HCSRJIXJ - 20 if ®RJIXJ® opcode iS used by the host compiler
{(Section o 303)0
HCERJIXY EQU 1

HCSRJE = %0 If ®*RJUB* opcde is used by host compiler (Section
L3030
HC3RJE EQU 1

HCSRJUTBN = name of cel!l that holds the traceback
information for a return Jump ( jee. &2/7LNAME, 18/ENTF
ADDR) (Section 4.,3.1).
HCSRJTBN MICRO 1,,/TEMPAD./

HCSROL = 20 if Renumbers range over two sequences (Section
44361} 0
HC$ROL EQU 1

HCSESTP « 20 if BRSAFT [s to be called from the code transformer
s0 the host can adjust the CA®s of the ST.®s.

HC$20C - 20 if CCGC is to be set up for use In a two overlay mode¢
HC$CTV = 28 if CCG shares the ftable manager vector with the hos!t
HCSIA « 20 if the host is using the CCG internal assembler.

HCEUDV3 <« micro name of local block that usage defined variablae:
are placed ine Used in ®*ORG®* pseudo (Chapter 6).
HC3UOVB MICRO 1,,/70ATA./ ‘

HCS$FRTP - abbreviated symabol! table names. GL must
occur as the first name (Section 2.1.2)
HCSFRTP MICRO 1,9/GL,AP,10/

The host must also supply the values of the following micro®s
LPNAMES - compiler name for use In title liney, etce This micro
Is 7 characters long.

LPNAMES MICRO 1,,/FTN ¢/
LPNg = truncated version that is placed in the 77 tablesetc,
Should be less than 7 characters
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VERS - processor version, 3 characterse.

-

VERS MICRO 14474.6/
MOOLVLSE = PSR level of the host,
MODOLVLS MICRO 144/L439 /

May 25, 1978

5 characters fong.,
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