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IN!RODUCTIOH 

The CYBER 170 Common Code Generator <CCGJ ls a progra• consisting 
of a code transfor■ er to do code ootimlzatlon and a one pass 
asseabler. It ls capable of serving as the back end of algebraic 
lan9uage coaoilers such as Pl/I, FORTRAN, etc. 

The al• of this part of the IHS ls 
explanation of the oroble ■s that CCG 
the methods lt uses. A current listing 
of al I mundane details such as register 

to give the reader an 
is atte■oting to solve and 
is the present description 
asslgn■ents, etc. 

The lo.!ec1a~-Sl2~ti.llia.li.AD Appendix discusses the for•at and 
content of the interface between CCG and its hosts. 

1n the environment of the host coffipiler CCG is responsible for the 
fol 1ollflng taskss 

Code Transfor•ation - transformation of the CCG IL seauences 
into CYBER 17x machine instructions. 

Code Optimization - l•proving the efficiency of the obJect 
code by oerforMing eauivalance oreserving transforaation. 

Address 1efinition for active transfer labels. 

Local block length coaoutation. 

Relocatable binary output (asse•bly phase». 

This topic is discussed in Minut~ detail in the Interface 
Specifications Appendix. Chapter 4 describes the Bridge input to 
CCG and A.~.2 describes the available CCG routines. 

Introduction 1-1 
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CCG runs on a Cvber 70 or 170 co ■puter and produces code for the 
aooroprlate Cvber co~outer. 

The available resources consist of the x, Band A registers, and 
small and large core •e■ory. 

2.1 !fSOURCE SET IRE~STERS AttP lNSTB~t.T1PNSJ 

' ' 

In general the complexitv of the problems increase as the number 
and variety (inhomogeneity) of the resources increase. 

One of the reasons that a code generator is more complicated than 
the front end of a complier is that it has to interface with the 
machine and its resource set. 

The code generator •av be looked upon 
resource allocation, scheduling ar.d 
an optl~izer attempts to minimize 
instructions by applying appropriate 

as a progra• that solves 
oacking probleMs. Likewise, 

the cost of a set of 
transformations. 

The methods used to solve these oroblems in CCG are fairlv 
general, and Ne will noM review soae of the theorv and ter•inology 
used. 

Graphs and networ~s appear in various contexts in CCG. 
Suborograms are represented as flows graphs in the global 
opti ■ izer. Seouences of instructions are treated as networks in 
the scheduler. 

•~~is a set of ooints or~~ and a set of agges ~hich 
connect the nodes. A ~Icected gcl.Qb has an order associated with 
the edges. which mav be represented as ordered pairs of nodes. 

Mathe•atlcal Iv, a graph ■ av be represented as a Aac.1.ii1- ordtr on 
the set of nodes. 1.e., a function fl r ~ RxR, where R is the set 
of nodes. Let x and v be nodes then xis the ~~ccessgr of y, 
and y ls the ~UUAC of x. 

Let S(x) denote the successors of x and s••-1<x> the predecessors 
of x. A graph is ~gnnecf.s,g if R can be obtained by successive 
a~otications of Sand s••-1. 

Throughout the IHS we wit I be Interested in directed, connected 
graohs. Tn global flow analysis we use contcQI ll~ graphs to 
analyze the prograffl. Here the nodes are the basic blocks of the 
orogram ar.d the edges are the control flow oaths. 
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B7 



CYBER 170 COMMON CODE GENERATOR 
Internal Maintenance Speclflcatlons 

l Qll.h in graoh 1s a set of edges (nt, n2, ••• ,nk> such that 
n(e+1) belongs to s(nle>>. 

{ 
' A cxclt or loop or closed oath is a path at such that n1 is in 

S(nk). 

A graph without cvctes is called a~~. 

The ooerand deoendencles of an arithme1lc expression ■av be 
represented as a ~Lcecteg_acycLic_qc.iUUl or DAG for short. 

A subgraph R ls subset of nodes G and edges E••t of E such that 
S l G , 1 s a subset o f G • 

A s.tco.oq,lx. CPOO.S~~t.i.Sll..sm of a directed graph is a directed 
subgraph in which there is a path fro• any node to any other node. 

~ro~ram floM graohs have 1wo distinguished nodes, the entry and 
exlt nodes. The entry node has no predecessors and the exit node 
ro successors. Progra■ flow graphs are drawn in too to bottom 
orientation, with backward branches or oaths on the teft side and 
forward branches on the right side. 

ENTRY 

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

♦ -> ♦-♦ J 10 IF ( A CI) • GE• O > GO TO 20 
I I 
o Ir. A(t)=-A (I) 

I 1 
·-- .. < •5 20 I=I•1 

I IF<I.LE.20) GO TO 10 
0 6 RETURN 

I 
EXIT ENO 
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For the above exam0le B9 
Edge Index Table Successor Llst 

I Index to Succ L.l st I Index I Pr edt I Succfl 
·-------~-----------~•-------·------♦-~---- ♦ 
I 1 I 1 I 1 I z I 
I 2 I 2 I 2 I 3 I 
I 3 I 3 I 3 I .. I 
I 5 I ,. I 3 I 5 I 
I f, I 5 I .. I 5 I 
I 8 I f, I 5 I 3 I 
I I 7 I 5 I 6 I 

' I 8 I 6 I 0 I 
~~----------~------~~•-~-----·------+-~----♦ 

X = A • B + C 

X= 0 
I 

♦ 0 
I 'o C 

/1 o ! 
A B 

A c,_etwoc~ ls a OAG wlth two distinguished nodes, a begin node, 
Nhich has no predecessors and a ter■ inal node which has no 
successors. 

Whlle graphs ■ av be represented by Boolean ■ atrices, where aiJ=1 
if there is an edge betNeen the nodes 1 and J, this is 
inconvenient slnce the graphs we will deal wlth would result in 
soarse Matrices. The Most conveneint format for our purposes is 
an edge index table pointing to a list of successors or 
predecessors. It is conpact, easy to for■, and can be sorted 
~asitv, lf it ls not packed too densely. 

Gra0hs are tNo dimensional in nature and in various ·instances we 
Mis~ to l•pose a one di ■ enslonal or total order on the nodes in a 
graoh. One exa~ple is the linear ordering of the instructions in 
an arithaetic exoressions. Let the nodes of a graph represent 
lnstructlons (operands or operators) and the edges operand 
deoendencles. An acceptable total order ls on• •here al I the 
predecessors of a node co■e before it. 

The outout of the sort 1s a 11st of the nodes ln the order that 
they Mere placed on the output list. 

~e now consider two wavs of obtaining such an order. The first is 
to reorese~t the graoh as a net"ork and oerform a 1000Joglc;.,i! 
uc.!• To do this we associate a predecessor count with each node. 
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Initial Iv the begin node is ~laced on the output list and the ored 
count of its successors ls decrefflented by one, and all nodes Nhose 
count goes to zero are added to the output candidate 11st. We now 
select a node on the candidate list, •ove it to the output list, 
decrement the ored count of its successors, and add nodes with 
ored count eaual zero to the car.dldate list and so on until the 
sort termlnates. 

During the sort a node may be ln one of the following statesa 

1• Pred count is now zero. 

2. Pred count ls zero and lt 1s not yet on the output 11st (on 
output candidate 11st). 

3. Pred count is zero and lt ls on the output 11st. 

Note that a topological sort is -

1. "bredth first" or •bottom up" 

2. the order ls not necessarllv unlaue 

3. time to sort is~ the nuaber edges 

4. •maxi~izes the use of resources" 

For a further discussion one may c4nsult ~nuth, Vol I, pages 258-
?65. 

A~other way to order the nodes of a DAG is a •top down• or "depth 
first•. In this algorithm Me start at the top and visit the 
successors of a node until we find a node that has none. It ls 
placed on the outout list. the successor count adJusted and we 
bac~uo to a previous successor, etc. The i•ple ■entation of this 
atgorithm reQulres a oushdoMn stack, for each node a count of 
successors not vet visited, and the successor lists for each node. 
The atgorlthm 1s as follOMSI 

i = 1 •1 node number 

1. IF (MSUCC(i)=0> GO TO 2 
NSUCC(i)=NSUCC(i)-1 
stack(l>, let 1 be a successor of l that has not been vlslted 
go to 1 

2. Cutout ( i> 
l=oush up stack 
If (i~0> go to 1 
end of algorithm 

A deoth first search is top down and oroduces a •narrow ordering• 
of the nodes. 

For a further descrh,tion, consult the Hecht-Ull11an article or 
1'hose by TarJan. 
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' 

0 ERT•TIHE A~Q INSIBUCIIDN SC~EDJJLI~~ 

PERT (Program Evaluation and Review) originated as a ■ ethod for 
managing large 0r0Jects, but lt ls also used ln the compiler to 
schedule instruction seQuences. 

A ?ERT network consists of a DAG with two dum~y nodes. The nodes 
are called activities arid the edges are de0endency constraints. 
Associated wlth each activity is a ti■e to perfor• the activity. 
Associated with the network is a total ti ■e to complete lt. 
Consider the FORTRAN state•ent X=A•B+CID. The lnstructions are 
the activities, the eKecutlon ti•e of the instructions are the 
activity times, and the operand dependencies are the edges of the 
graoh. 

The Questions •hich we are interested in are -- Given that a 661 
760~ has independent functional units which ■ay execute 
instructions in parallel. how May we reorder a seQuence of 
instructions so as to •inimize execution ti••• 

EOQ 
0 
I 

X= 0 8 
I 

NR 0 3 
I 

♦ 0 3 
I 

• o/ ~o 2~ 
/\ /\ 

A 8 C 0 8 

""'V~ 
The total time of all the instructions ls ~+S+10+29+3+3+8=85 
while the ti~e of the longest or '-C.1.1.lu! path is 8•29+3•3•8=51. 

We no" make the following definitions. 
<EST) of a node is the earliest oossible 
co•~ence. Hathe•atlcally 

The earliest start tiae 
ti•e the activity can 

EST(N) = Max (EST(p) • T(pt) -for all p that precedes n 
T(p) = tl•e to comi,lete activity P• 

The latest start tl•e of an activity is the last time that it can 
start without delaying the network. 
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Starting at •EoQ• coapute the negative late start ti~e, NLST 

NLST(EOQ>=O 
NLST(n) = HAX(NLST(s)+T(st) 

TOTALT=NLST(BOS), network tlme 
LSTCnl = TOTALT-NLST(n) 
for all nodes 1n the network. 

for all S, S succeeds n. 
then 

812 

Activities for which ESTCn)=LST<n> are on the critical path, since 
any delay in starting the activity will extend the total net•ork 
ti••· 
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ln ootl•izing transforMation of a co~putation (expression. loop, 
program, etc.> is one that ■akes it possible to compute it more 
cheaoty (faster) than the original, but produces the same results. 
That ls. we are lnterested in eauivalence preserving 
transfor•ations that ■ini ■ize the cost of coaouting a result. One 
can mlnlmize the ti ■ e or space cost of a co ■putatlon. Our prl ■arv 
eaohasls is on the foraer. 

Over the years a fairly standard ter•inologv has evolved for the 
various transformations and categories. 

Machine independent ooti ■ izations are those that are profitable 
(reduce the cost of a computation> on any co1110uter. A simple 
examofe ls the motlon of invariant (loop lndaoendent) code out of 
a I 000. 

00 10 I = 1, N 
10 A (I >=X•Y 

T=X •Y 
00 10 I= 1,N 

10 A(I>=T 

N•1 multlolies of x•v are saved in the above. 

~achire or architecture dependent ootlmizations are profitable on 
soffle machines, but not others. For example instruction scheduling 
is orofitable for 66 and 76oo•s but not for 6~oo•s. 

Local optl•izatlons are transfor•ations whlch are applied after 
analvsls of a s ■ all part of a progra•, such as within a state•ent 
or baslc block. Examofes are com•on subexoression elimination~ 
co•olle tiae evaluation of constants, etc. 

Global opti~izations are those that are applied after analyzing a 
suborogram or some •targe• part of it. Examples are code •otion, 
strength reduction, etc. 

Host opti•ization centers around improving the efficiency of code 
ln 1000s, since the code in it is usually executed witn a higher 
freauency than the code outside it. Lacking further informatlon 
fro• the progra■eer, thls ls the funda■ental assua0tion, and 
deter•lnes the strategy of all optlaizlng co•ollers. 

Optl•lzlng transfor■ations can be divided into following general 
categories. 

Code motion~ •hich aoves a coaoutation from a high freauencv 
region (of executlon> to one with a lower freQuency. 

Strength reduction, in which a computation ls replaced by a 
ch~aper one. 
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3.1 

~edundant ooeration elininatlon, ln which duollcate (co••on> 
operations are perfor•ed once. 

c; l III o I if 1 cat ion and eval uat lon at comoHe tl11e. 
seQuences. constants. etc.). 

Efi•inatlon of unused or useless operations. 

0 arallel computation of expressions (scheduling). 

Register assign~ent. 

<Calling 

Code ~otlon usually refers to the ■otlon of a loop independent 
co■ 0utation fro• the loop body to the loop orologue. 

Global register asslgn ■ent ls the motion of loads and stores of 
scalar variables in a loop to the entry/exit nodes of the looo and 
their assignment to machine registers in the loop. 

Strength reduction is used in two contexts. In general, it aeans 
replacing a comoutation Nith a cheaper one. For example, x••2 is 
cheaoer to do as x•x than to cal 1 the llbrarv function. Since 
addition ls usually cheaper than multiplication, X+X ls cheaper to 
comoute than 2.•x. The other usage of the ter111 ls the reduction 
of integer multiplies of a recursively (iteratively) defined 
lnteger variable ln a loop and replacing the• by adds. 

Exa..-ole, 

00 10 I-=1.10 
10 N(I) = 25•I 

IC -= 25 
DO 10 I= 1,10 
t.(I) = IC 

10 IC = IC•25 

Mhere I is iterativety defined ane 25•I is a linear function of I. 

Other types of loop optiMizations are discussed in Atlen•s article 
ir Pustin, and in Lowery and Medlock. 

~~QBI RffERENCtSa SEMANTIC INfOR~AIION ANQ QAJA IHIEBEERENCE 

The se•antlc infor•ation in a ■e•ory reference consists of the 

IH • sv■bol table oolnter 

CA - constant addend or Blas 

RF - subscript value 

The source code =A(F) produces the indexed toad LO RI, RF, •1, A 
which ls a reference to any one of the locations A(1), 
A<2>, ••• ,A<N>, Nhere N is the dimension of A, and RF ls the value 
of F. In the ensuing discusslon we wilt assu•e that different 

Introduction 3-2 



CTBER 179 COHHON CODE GENERATOR 
Internal Halntenance Speclflcatlons 

B15 

I 
\ 

naffles refer to distinct (non-intersecting) classes of memory 
locations. 

~uring ootifflization one may wish to move or reorder instructions. 
tn order to fflove me•ory references without changing the Meaning of 
the comoutatlon we must have rules for doing so. 

Two data references lnterfere with each other if 

a. at teast one is a definition 

b. the intersection or the classes of meaorv locations referenced 
by the• ls not the e•pty class. 

Consider the folloMing exa ■ples, where the values of I and J are 
unknown, so we must Make the worst case assumption that I=J ls 
possible. 

1. X=A ( I) ACI>,A(J) interference 
A(J)=B 

2. A<I+U=a no interference 
A(H=C 

3. A=a 1 nter f erence 
X=A <I> 

~. X=A<I,+A(JJ no interference 

Restated in terms of IH, CA and Rf•s~ two data ite ■s interfere if 

1. At least one is a store 

J. Rf•s are not the sa•e or 
Rf•s are eQual and cA•s are eQual 

"1inilftizing 
take place 
about the 
1000 

the data interference per~its maximum ooti•ization to 
without having to coll~ct and analvze extra information 
range of subscrlp1 values. As an examole, consider the 

00 10 I=1•N 
10 X(J):X(J) • A(I)•X(J•I> 

Nhlch ls not fully opti ■ ized by the co•oiler. By changing the 
references to X(J>, to a teNoorarv varlable inside the toop "e get 
rid of the data interference that l,t\e compllec ~ee~, and lmorove 
t-he code. 

T :: 0 
00 10 I=1,N 

1~ T=T•At!)•X(I•J> 
X(Jl=X(J)+T 
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Data interference considerations arise during me ■orv reference 
saueezing, code motion, global register assign■ent. scheduling, 
and use-definition analysis. In each case the specific definition 
of interference is slightly different. The above definition ls 
used for co111mon subexpression SQueezir,g and schedul lng. 

~ote that because of the sim0te structure of references in FORTRAN 
the co~putation of data interference is fairly siaple. In PL/I 
the probleffl ls comolicated by the existence of based arrays. 

3.2 ~,lSI~R ASSIGM~fNT A~O OEAOLOCX Sl.IVATIQNS 

Some optiMizations, such as coaaon subexpression SQueezing, •av 
give rise to deadlock situations that ■av beco■e apparent in so•e 
other ooti•ization process, usually register assign■ent. The 
cfassic situation that ~ay arise ls that of oversQueezing, 
followed by register assignment. During the register assign■ent 
ohase it ls found that two auantities are attem0ting to occupy the 
sa•e register at the same time. 

As an example, consider the seQuence 

R1; 14,82 

STT 2C.,1Q,2,A 

Which once case about from ■erglng the epilogue - prologue of two 
siallar looos and •oversaueezing• 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. 

~ost of the logic in CCG is setup to avoid these situations by 
constralnlng SQZ, etc. so as to avoid potential deadlock 
situations. Bv doing things in this fashion CCG aisses soae 
chances to produce optl ■ al code. 

As another exa ■ple, consider the seauence 

I= 1+1 
A(K) = SHIFT CW,I) 
X = A(l) 
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One "ould like to reNrite the seauence as 

IOLD: I 
I= 1+1 
ACK)= SHIFT (W,I) 
X = A(IOL0+11 

Which "ould shorten the critical oath, lf we could get rld of 
IOLO. aut by ~etting rid of it we would have one variable I, 
Nhose different values I and 1+1 are needed after its 
redefinition. Note that the load of A<I> cannot be moved up 
because of the interfering store lnto A(K). 
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The following books and artlclas were found to be useful. They 
~ay be co~sulted for algorithms, gereral background, terminology, 
etc. 

Rustin, •oesign and Ooti ■ ization of Co•pllers•, Prentice 
Hall, Excellent article by Fran Allen, •A Catalog of 
Opti ■ izing Transfor•ations• 

Gries, •co•piler Construction for Digital Co•puters•, Wiley. 
Good Text, Chapters 11•13 and 17•21 are of interest. 

Cocke and Schwartz, •Progra■■ lng Languages and Their 
Compliers•, NYU CCINS, Notes. Chapter 6 is of interest, 
beware of typoes and logic errors. Contains a description 
CSC LNRA, interval analysis, etc. 

Aho-Ull•an, •Theory of Parsing, ••• , Vo1 11•, Prentice Hall. 
Very abstract, good description of basic interval algorith■ 
and good bibliography. 

KNUTH, "Art of Computer Progra■ming, V~I I", Addison Wesley. 
Good reference. 

SIGPLAN - July 70, Vol 5, 11 •sy~posiu• on Co•oller 
Optimization•. Good articles by Allen, Bagwell, Frailey. 

SIGACT/SIGPLAN, Oct. 73 • article by Hecht and Ullman on 
the use of bit vectors for g1obol flow analysis. Good 
bib t lography. 

R. E. TarJan - article on Oepth first searches ln SIGACT 
Hay, 1973. 

F. Allen, -Progra• Ooti ■ ization•. Annual revlew in 
autofflatic progra••ing, Vol 5, Pergaeon Press, 69. Classic 
article on ootimization. 

Lowerv and Medlock, •obJect Code Optimization". CACM. Vol 
12, 11. Jan. 69. - Good reading, but not enough detail to 
be really useful. 

J. c. Beatty, •Register Assign■ent Algorith•••••• Jan. 7~ 
taM Journal of Research l Oevelop■ent. • Hairy, but worth 
trvlng to read. 

c. 
Jan. 

P. 
74 

Earnest, •so■e Tooics in Code Optlalzation•, JACH, 

Conway et al, •Theory of Scheduling•, Addison-Wesley. 
ls the classic text. 

This 

Beatty, "An Axiomatic Approach to Code Optiaization", JACH 
Vol 19, ti+, (Oct. 72>. Mini11u11 depth parses and such. 
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The •aJority of the code in CCG is written in COHPASS. The only 
exceotlons are the test ■ode routines that print foraatted 
structure and table duaps which are coded in FORTRAN. There are 
two •aln reasons why COHPASS was chosen as the i ■Dle■entation 
language; field length and execution speed. There is no high 
level language available that does not seriously l•pact both the 
size and speed of the resulting product. There are, however, 
sev•ral disadvantages to coding in COMPASS. Increased 
devetooment ti ■ e, ■aintenance exoense, and loss of readability are 
the •ost serious. Also the standard for■ of co•fflenting the action 
of a aachlne instruction ln English ls iaprecise. In an effort to 
minimize these disadvantages a low level algorith•ic language, 
si•itar in notation to Pl/1, was developed for use in designing, 
coding, and commenting CCG. This CCG Imote~entatlon Language is 
described in the following section. When it is used properly and 
faithfully throughout the code it gives visibility to the 
algorithms, the data structures being accessed, and the general 
proqram flow. It ls vital to ■ alntainlng the integrity of the 
code that all changes be ■ade to the algorithmic language notation 
as "ell as to the COMPASS instructions. For Quick reference to 
the algorithmic comments a utility orogram. FTNOOCK, has been 
dev~toped to produce concise for■atte1 listings of the routines as 
thev aooear coded onlv in the CCG I•Ple■entation language. 

To properly use the CCG I■plementation Language it is i ■portant to 
understand that it ls not Just a means of writing shorthand 
co••ents after the COMPASS code for a routine has been completed. 
3v using an algorith■ ic language to sketch the initial design of a 
routine, the oroble•s of register assign•ents, instructions. code 
seQuences, etc. are avoided un~it later. Once the routine has 
bee~ co•otetelv coded in the CCG Iapteaentation Language and 
thoroughly desk•checked it ls a fast. efficient procedure to 
,ranslate th@ algorith~ic tan~uage into assembly language 
instructions. Bv preserving the orlglnal CCG Imolementation 
Lanquage instructions in the co••ents field of the resulting 
COMPASS, the algorith■ used, data structures accessed, and general 
flo" of the routine are readily apoarent to the ·reader. By 
assoclatlng a variable na■e with the contents of a register its 
uses and lifetiae are ■ore obvious. The final co■bination of 
ass9•bly language 1nstructlons and algorith■ ic language co ■aents 
orovlde fhe readability of a higher level language while 
oreservlng fhe size and speed of the co■piler. 

The following rules describe the way the CCG I•ole■entatlon 
Language has been used in •ost of the routin•s• Since the 
lan~uage Nas extended as new uses were found it is not entlrelv 
consiste~t throughout all of the code. However, an effort has 
~een •ade to glve a complete and concise· description of the 
t anguage here. 

Introduction 4•1 

ca 



tY8ER 170 COMMON COOE GENERATOR 
Internal "alntenance Soeclflcations Hay 259 1CJ78 

~ 

GEM:PAL NOIATIQN ANO EARW 

The code should be punched with an 11-18-30-36-44 dru• card. The 
algorithmic stateaents begin in cotuan 30 or 36. Their com•ents 
field begins in or after column 44. To identify a comment the 
fir~t two characters ■ ust be•/ and they are followed by a blank. 
Variable names should be keot short (2 to 4 characters). Alt 
tables and data structures should be referenced by the sa•e 
mnemonic used in the COMPASS code to avoid confusion. All 
routines are also referenced by the sa■e na■e. 

The basic style of the stateaents ls si ■ llar to PLl1. Arrays ■ av 
be base~, while ■ost fixed tables are base t. Manv of the 
varlabtes represent address values. ConseQuently the to, lowing 
notation was adooted to indicate indirect addr•ssingt If X ls a 
variable then tXl •eans the contents of x. This notation ■av be 
used to indicate a load of a value as inl OI = R1•2; DIW = [Oll 
where 01 is the address that is the address R1+2 and OIH ls the 
name given to the contents of DI. The same notation is used to 
lndlcate a store: (OIJ = ROT(OC.XHT) v 1 ■ eans that the value of 
the co~putation on the right hand side is stored at location OI. 

Ef.ff.RElitES_Jo BII5 ANQ_fIELPS Of 2AJA STRU~IU~ES 

Bits and fields of 
OESC~IBE, OEFINE9 

data structures are defined bV using the 
and OEQU macros defined in the comdeck COHAOEF. 

For exa111ole, consider the follo"lng definition of the structure 
'Z • I 

DESCRIBE z.961J ZWCTB.,TF,HF.aF) 
TB DEFINE 1 Top bit 

OEFINE 5 unused 
Tf' DEFINE 18 Top field 
Hf' DEFINE 18 middle field 
B~ DEFINE 18 botto11 field 

This defines the z. structure to have four fields, TB, starting at 
8lt ~9, TF starting at Bit 36, which ls 18 bits long, etc. Since 
TB is 1 bit long it ls thought of as a logical uariabte. Now 
consider the folloMing co111■ents. 

X=A•2 
TtJ(Xl=t 
IF(TBCAJ, GO TO 10 
IF caF(AJi21 GO TO 10 
tX1=ZW(1,2,394) 

address co■putation 
f le Id assl gn■ ent 
field reference 
field reference 
field co•blnatlon and assign■ent 

~o •~ see that if F ls a field na•e, then FCXJ denotes extraction/ 
assign■ent of it. 

If zw 1s the structure name, then =ZW(A,B, ••• ,Z> denotes 
co~bination of the fields A through l. 

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 oreflx be 1 
or 2 characters. 

~. When a field Fin a structure X ls referenced, the word from the 
field is given the structure name, so for example a reference to 
the BH field in the descriptor word of an IL instruction would be 
~MCOIJ, where O ls the structure oreflx. 

Most of the data types used in the com~iler are integer, with the 
exception of the one blt fields which are logical variables. 

The operations are the basic arlth■etic and logical operations and 
sl~ole and Multiple asslgn•ent. Hultlole assig■ent to two fields 
in the sa•e word are indicated by• 

(A,8)(W] = (VA,va, 
OR 

(A,8) = (FA,Fa,cw1 

Peferences to the IL pervade CCG. The four IL words are 

P.1 - R or.e word 
R2,IH - R two or IH word 
O!,DJ - descriotor word 
LI,LJ - link word 

The l•0ortant fields of an IL instruction are the R-numbers or 
operand links, RI,RJ,RK,R,RN, etc. 

Looc counters and ti~its are usually given single letter names 
I,J,t<,L,~,N. 

Temoorary variables are used 
elefflent, field, etc. that 
definition. A coffl■on suffix 
word. For exa~ple 

to give a snort na■e to a table 
wi 11 be used in a tater reference or 
for ■ any v3riable na■es 1s w, for 

8IW = B!T(I) ls the block index word. 

As can b~ seen fro~ the above discussion, the notation is and can 
be ambiglous, but an understa~dlng of the structures being 
manioulated and an inspection of the comments should Make them 
c I e 3,- • 

BffERENCES IP I!BLE ELEMflil.S 
Table ele ■ents aay be referenced wlth two dlfferent notations, as 
A(Il or CA+Il • For exa•ple, the first notation ls siallar to 
FORTRAN array references. TI= TREE(It where TREE is a table and 
TI holds the current value of the element at index I. Suppose a 
1000 to scan the TABLE would be "ritten as follows ln FORTRAN 1· 

I = 1 
1'l I= I•1 

IF(TREE(Il.NE.Ol GO TO 10 

The same loop is ■ore freQUently written in the CCG.Implementation 
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TI: a.TREE 
LP TI: TI•1 

IF(tTIJt0) GO TO LP 

•1 Set up address register 
•1 Advance to next ele ■ent 
•1 Text for end of table 

This case illustrates how the index variable I can be subsu■ ed 
into the address reference of TREE(I> • This type of notation is 
mor~ comoatlbte with the assefflbfy instructions. 

Subroutine calls and function references are noted in the 
following ■ annerl 

CALL SU3(A,B,C) 
Z = F(X) 

•1 Call subroutine SUB 
•1 Reference function F 

w~ere A,B,C are the variables.being passed to or returned from the 
subroutine caf t and Xis the argument to the function reference. 
~asic FTN i"trinsic functions are called by their standard na ■es. 
(SHIFT, HASK, NOR~C, MAX, HIN, etc.) 

!F state~ents are used to show conditional branching. They are 
written ln the form IF •condltlon" • IF statements are also used 
to show a condltlonal test beirg used to determine a value. In 
this case an assignMent may be used in t~e algorithmic languages 

+ LT J=HIX(J 9 K) 

or 

A= IF(LOGEXPR) THEN rv; ELSE FV 

which is the ALGOL conditional assignment. 
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CCG contains extensive debugging facilities in test ~ode. In 
addition to the nor■ al register snap and core dump facilities 
available throughout the compiler., CCG has a large set of 
formatted table duaps. These debugging printouts are activated by 
inserting •aero calls and reassemblir.g one or more decks. In test 
mode there is the added feature that termination dumps of various 
co•Piler tabl~s and structures are printed whenever a co•pilation 
ls aborted. These are very useful in determlnlng Nhat tyoe of 
orocessing was being done when the error occurred. 

C7 

The SNAP, SNAPT, REG., and PRINT ■ acros are described in CCGTEXT • 
There are also several other special PRNTx ■acros that are defined 
in the CCG decks that use the■ (such as PRNTH 1n HIOJ. These 
aacros offer a convenient method of calling one of the FORTRAN 
coded debugging routines to print out a co■piler table or 
structure in an easily interpreted format co~plete with anemonic 
headings. The FORTRAN routines that produce the for ■atTed output 
~re grouoed together under the headlng CCG Utilities in the 
fol lowing section on Deck and ~outine Oescriotions. Host of the 
PPNTxxx routin~s are associated with a particular deck, while the 
~MPxxx routlnes are associated Nlth a structure. The TRACE macro 
is a convenient way of leaving table snaps in the compiler. The 
111acro format is 

TRACE LAB,TaL,BLK 

"here LAB is the trace label and TBL is the naMe of the table to 
be snapped in octal for~at unless T~L: RLIST, in which cas~ the 
table ls orinted as IL instructions which are assuaed to be in 
table TXT unless the BLK para ■eter is present and specifies 
another table. 

Standard sets of debugging snaps have been per•anently installed 
in all maJor routines. These have been selected to trace co ■oiler 
flow., sna0 IL seQuences in various stages of ■odificatlon, and 
du1110 pertinent tables during execution. The TRACER macro is used 
to soeclfv a list of debugging orlntouts to be activated within a 
routir.e. For exa~ptel 

T RA CE R (A , 8, C ) 

activates the printouts soeclfled by the TRACE labels A, B, and c. 
A cofflplete list of debugging labels in a routine aay be found by 
checking the sy ■bols ln the aual block DEBUG in the reference ■ao. 
To build a test ■ode co■piler with all debugging routines 
a~se■bled in and a DEFINE TESTCCG dlrectlve should be added to the 
OLDPl, and the co■oiler and the texts rebuilt. In the fol loNing 
routines a subset of these debugging snaps ■ ay be activated by 
reasse~bling the routines Nith an UPOATE •DEFINE deckname 
directives HIO, Fav, GPO, GRA. SQZ, MCG, aoT, CFA, and UDT. This 
will conditlo~ally uodate ln a T~ACER directive specifying the 

\ ~ost freaue~ttv used snap labels. Since snaos and formatted dUNPS 
can produce a large amount of output, it ls recoMMended that test 
cases be reduced as -uch as possible b!fore activating snao 

Introduction ~-5 



CYqER 170 COHHON CODE GENERATOR 
Internal "aintenance Soeclficatlons 

tabets. 

"av 2s , 1 w a CB 

The IL ls described ln sectio~s 4.3 to 4.3.6 of the Interface 
Soecifications Appendix "ith the exception that certain 
instructions that the host should not use are not discussed there. 

The follo"ing co•pletes the infor•atlon in those sections. 

The comdec~ OPROEFS deflnes the na.,e, order and properties of the 
IL instructions. In CCGTEXT and CHPLTXT the comdeck CGGILFO calls 
it to define the oocode values <OC. symbols). 

The IL instructions are divided into the follo"ing groups -

1. Pseudo insturctions EOQ - ENT 

i. Machine instructions XHT - ex 

J. He■ ory references and sets LO - OWL 

~. Conditional Ju■ps JPX,JPBS 

s. U~conditionat )UfflPS JIN - UJP 

6. Opti~izer instructions ILD - SXT 

The order of the instructlons in OPROEFS is critical and any 
change ■ust not violate the following constraintst 

OC.EOQ=O assuaed everwhere 

oc.00~=1 assu~ed everwhere 

OAR is the only type I instruction less than OC.RS (BOT/CRW) 

for group 2, the •achine opcode= IL opcode. 

He■ory reference lnstructlons at"ays occur ln the order load, 
store, set. 
LO 1~ the first •••ory ref. 
OWL is the last. 
JIN 1s the first unconditional Ju•o~ (BOT/FTLt and conditional 
Ju•0s co•e before JIN (HCG/PJII 
Add, subtract instructions are next to each other. Assumed in 
soz. Instructions? OC.CLR do not show UP as input to CII (CGIMI 
CI!t. 

Current definition of the layout of t~e fieljs for the various 
instruction types is in CCGTEXT. 

Introduction 4•6 
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OAR 

SLO 

SST 

SOL 

SUS 

Define A-register pseudo instruction. Used to associate an 
R•nufflber with an A-reglster of a previous load lnstructlon. 
This pseudo op will be used for prefetchlng/loop folding 
on1y (GRAICLB, HCGIPPI). 

Pt.RJ.Rt< SAI AJIBJ+BK SHORT LOAD 

IU • RJ, J:>K SAI AJIBJ•BK SHORT STORE 

RI.RJ.RK SAI AJ/BJ-BK SHORT DIFFERENCE LOAD 

RI,~J,RK SAi AJ/BJ-BK SHORT DIFFERENCE STORE 

C9 

·----♦ 
I 

ORL RI,QJ,PF,CA,IH RXI XJ OIP.ECT READ LCM 7&00 I 
I 

OWL RI,PJ,RF,CA,IH WXI XJ DIRECT WRITE LCN ONLY I 
♦-- --♦ 

ILO initial toad of a Quantity. Synonymous with a •Lo•, 
exceot that in •SQZ• a ST/ILO combination k 11 Is the store 
after soueezing the ILO. RF must be zero. 

TLO/TST Temp LO/ST instructions introduced by GPO. Always of the 
form TLOITST RI,O,CA,ORD(IT.) 
CA is an index to •TET•. 

4.2.3 1!1E so EIELD A~ □-EEGISTER SPEkXfIC!Irn 

The SO <Soecificatlon Ordinal) field exists ln all 
instructions, but ls ■eanlngful only ln the •RS• and •DEF• 
instructions. 

The for■ at of the SO field is -

4/unused,2/1nv bits,2tlock type, 3/reg type,Jlreg no. 

type II 
oseudo 

The register 
resoectively. 

type values are 0,1,2 
They may not be changed. 

for B, A and X registers 

The invariant bits are set by GPOIGRA and are used in GRA (ERC> to 
extend inner loop register assign•ents to an outer loop. 

The types of regls~er locks are -

O -UJP lock (prior to a function call RJXIJINIUJP> This type of 
tock ls used to ensure that the argu•ents are that are passed 
in reqisters. stay there during code scheduling until the RJX/ 
JINIUJP is issued. 

I 

\ 1 -temo lock. Place the result ln the specified register, and 
~eeo it there until its uses count goes to zero. Operations 
that orecede a te•0 lock RS ■av be ellmlnated in SQZ if they 
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~ -ful I I ock. This lock tyoe is used to hold a result ln a 
register until it is overidden by a second ful I lock RS Cand 
uses =OJ, or to end of seauence. Full lock RS•s and DEF•s are 
used by the global ooti ■ izers (GRA and AIS). 

J RJ RS lock. Tbis tyoe of lock and lts RS and are used 
following UP, NR instructions that produce 2 results (X and B>. 
The RS is used to soecify the a-register result and hold the 
uses count. For a RJRS the IN field ln the R1 word is 1. 

3 A-lock, used for full lock and definitions on A-registers that 
are setup by GRA (GRA/IRA and HCG/PII>. 

Whe~ tMo or more P.S•s to the sa•e register occur in a seauence, it 
ls necessary for •qor• to form logical links in the deoendency 
network between the instructions using the result of the first RS 
and the operation defining the second. When both Rs•s occur in 
the sa~e basic block, •BOT• does this automatically. When the 
second RS ls in a different basic block, then the first and 
redefinition links are necessary, as ln the case where a loop 
index is kept in a a-register, one •av place the value of the 
first R•number ln the RF field of the IH Mord of the second RS. 

EXAMPLEI 

$TT 
RS 
LAB 
SLO 
FM 
STT 
RS 

4,.,A 
,., , 87 
,LOOP 
20,4., 
24, 20 ---
30 ,It, 1 
30,.87 

(IH(4,0,A) 

87 = 87 + 1 
IH(l+,0,0) 

Other fields that may be set in the initial RS,OEF instructions 
are the IH.CA fields in R2 words to specifv the variable in the 
re~lster. 

In redefinition RS•s and initial OEF•s the CA field ·1s used to 
hold the oart of a constant that ls ln a a-register. The 
situation arises when an address ls placed in a a-register and the 
seQuence contains PLOIPST•s. Consider a tooo •1th references to 
A(tl and A(I•5) where A•I-1 assigned to a a-register 

DEF 
A (Il SLO 

A <I+5) PLO 

4,a1 
10,4,0 
14. ,., 0 

CA=-1 
I HW (I+, -1, A> 
IHW (4 9 4, A) 

The CA in the IH word ls the se•antic CA. the real CA is 4 -(-1) = 
c:; • 
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Cll 

\._ 

The general table layout for CCG is discussed 1n Chapter 8 of the 
Interface Specifications. What follows here ls a description of 
each table used by CCG. 

·Flxed• FWA tables in FWA order (OPT=2 only). 

HNT Header 
index of 
used by 
fro• one 

Node Table. For each loop it holds the blt 
the header and the HB (holding block). It is 

FXI it find the HB nuMber when an exit node 
loop Ju•os to the header node of another loop. 

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

IST/GST Interval (flow graph) 'Structure tables. For11ed i.n CFA. 
and used by GPO. It ■ay reside on disk if I arge. 

•FIXEO" FWA TABLES in FWA Order 

BIT Block Index Table - 2 words per entry for each basic 
block in the progra•. BI. and RI. word foraats. 
BI. •ord contains block prooerties. RI. word contains 
address of block on •ass storage or in core. Initially 
the table is built ln •SST• and the info filled in by 
•Paa•. Moved to low core and rena•ed by GPO. 

unT Use•def info table, final version, 2 words/entry for 
each referenced scalar variable or class of •e■orv 
locations. First Nord is in uo. foraat. second ls 121 
packed shift count 9 30/, 16/word index, that is used to 
access the entry for t~e variable in th~ bit vectors. 
Formed in •uoT•• •oved to tow core in GPO. Referenced 
ln GPO and GRA. 

MVL Marked Variable List. list of pointers to UOT of the 
var-lables that are r.eferenced in a block. Foraed ln 
GPO/FUD, referenced in CRB. 

BVT Bit Vector Table. Four bit vector~ oer block, for each 
block and holding block ln the orogra■• Bit vectors 
are ln the order DEF. ueo. USE, LX (llve exit>. A bit 
vector is a string of bits occupying contigious words. 
The UO descriptor word ls used to address bits in bit 
vector. Formed in Fav. GPO, and AUT. Referenced/ 
•odified in FBV, GPO. GRA. Note that each bit vector 
is •vL• words long. 

sav Soeclal bit vectors that are used by GPOIGRA. 

lntroductlon 5-1 
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8TT Block transition Table. Used to change a node number 
into a block number. Formed in GPOIIGP, referenced in 
GPO/FXI. 
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·oYNAHic· TABLES <•anaged by table manager in CGTH) 

8LK 

TXT 

GST 

RNO 

TSlEE 

PTT 

OTI 

Dynamic table used to hold core cooles of blocks. 
O.SEQ, L.SEQ ooint to the block that is currently being 
processed. 

IL instruction seauence. 

na•e of IST when being formed by CFA. 

R-number deflnltlon table in saz. Scalar load address 
table in PRE CIXFN processor) 
Scratch in various subroutines in GPO CHIP,DIF> and GRA 
(MTA,CRW,DXA,HFA,CLB) 

Successor index table in BOT/HCG 

Posted instructions in HCG and CGTMIUII. 
SI. format in MCG/SII. 

Ooti ■ izing temporary info in HCGIJAM. 

ML T Mod I 1st index tabte cutslde of HCG. U word per 
modification ln HL format (CHPLTXT)). 

MOO Table of Modifications (IL instructions> ~ words per 
instruction. First entry is a •aos•. Used in 
conJunction with HLT. 

c~T Control FloN Table, 1 word oer entry in CF. foraat. 
Contains the edges of the program flow graph (FROH,TO>. 
For ■ ed ln the bridge, used in CFA. Also used by GPO as 
a scratch table. 

aST Block status table, 2 "ords per entry for each block in 
the region belng orocessed. First entry is the holding 
block (if any>, and tast word ls O, a table ter•lnator. 
BST ls used as a loop control vector to hold the list 
of blocks that are being orocessed bv the optlrlzers 
(GPO, GRA), and to pass infor111atlon bet ... een the 
subroutines. The first word ls in BA. for•at and 
oolnts to the block. 

PSI Post store info, a collection of lists of variables and 
the registers they are ln, that are to be stored on 
entry to a block. Foraed in GRAISXC and referenced in 
GPO/IPS. The post store lists are in PS. foraat and 
are pointed to be the PII field in BIT. 

RCT Reglster candidate table. Setup and used by GRA to 
pick and assign candidates to registers in looos. 

RX! Region exit infor~ation. Setup ln GPO/FXI for use bv 
GRA (SEE, IRA and SXCt. 

TET TeMoorary e0ulvalence table, 1 word oer entry in 
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IOL 

I!T 

T. for•at. TET(C) holds information about the status 
of the global te•poraries (TLO.TST•s) with CA=C. 
Referenced in UII. SQZ,GPO, GPA. 

l/0 lists, 1 word 
block in the bridge. 
by PBB. 

per entry accumulated for a basic 
Appended to the end of the block 

Increment Infor•ation Table 
see GPOCOH for a descrltptlon. 

consists of three lists. 
For•ed ln GPO, GRA. 

UOI Use Def Info, 1 word/entry in UA. for■at. Initial for• 
of UDT. For•ed in UDT, refor■ atted in lUT. 

CVT Constant Value Table, 1 word/entry. Contains binary 
value of converted constants that are referenced by LDC 
instructions. 

CUT Constant Use Table, 1 Mordtentrv. parallels CVT. Entry 
is non-zero if corresponding entry ln CUT has been 
referenced in an issued instruction (CGTHICII) or an 
A p I i s t ( ar id g el , e t c • 

tu2s~ suootied ~static" 1al2.l.es 1n_~igb Cort 

The following tables •av be static or dynamic as the host chooses. 

GLT 

CBT 

GL address definition table. CGSLAao 
number ln the table durng phase 1 of OPT=2• 
used to hold the address deflnltlon of 

saves the block 
Nor11a I ly it "is 

the I abel in 
we. for ■ at. 

Com~on Block Table. 1 NOrdsle~try. 
common. For■ at ls described ln 
Specifications Appendix. 

First entry is blank 
2.2.1 of the Interface 

SYM Host Co■oiler Symbol Table, 3 "ords/entry. Described in 
section 2.1 of the Interface Specification Apoendix. 

SIBVGIVRES 

Various structures appear ln aost of the routines in PASS2. This 
section ls an atteapt at listing all olaces Nhere they are 
referenced. 

_BIT is an lncore table that is a repository of lnfor•atio~ about 
the blocks that ■ ust be available on a random access basis. Their 
is one entry for each basic block in the orogra•• an entry for 
each H89 and entries for the program exit block (block No. 0) and 
the pseudo entry block t1). Each entry consists of two "ords. 
The second word is ·the address of the block (disk, LCH, SCH>, its 
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length and where it is. This word is for HIO•s use and is rarely 
referenced by the 00ti•izers. It has the prooerty that t~e LEN 
field ls always correct and may be referenced. The first word is 
the block lnfor~ation word (at. in CCGTExr,, and it holds the 
block tyoe (reachable orogram block or HS), forMat (C8=1, then in 
St. format>, final parcel count whe~ coded, index to bit vectors 
in BVT, etc. This word ls referenced by •ost of the optimizers. 
One should note that the order of progra~ blocks in BIT is their 
source program order. The IH field of the BOS at the beginning of 
a block. 1s the BIT index of it. The block index of Bl is t"flce 
the block ne ■ber (BN) of a block. In order to avoid confusion, 
one shold know that the control flo• analysis code usually uses 
aN•s, while ■ost other code references at•s. 

Ourlng the bridge orocessing BIT ls setup in SST by UOTIPBB. 
After wa have for•ed the interval lists, and kno• how •any loops 
there are it becoMes a fixed tacte ln tow memory with pointers 
o.aIT and L.BIT. 

During the ootlmlzation phases BIT is referenced in FBV, HIO, GPO 
ar.d GPA. 

~it vectors or bit strips are used in the co•oller for structures 
that •av get very large. The USE/DEF bit vectors are one example. 
For each block in the program there are four bit vectors that ■ust 

be ~aintained during global optimization. They are the OEF, UBO 
(used before deflnlt1onl, USE and LX (live on exitt bit vectors. 
The first three are used to calculate the LX bit vectors. The LX 
bit vectors are used to eli ■ inate dead definitions, determine when 
variables aust be initialized or stored on exit fro■ a loop, etc. 
~urthermore, the blt vectors could also be used for global co■aon 

subexpression sQueezing, etc. 

Bit Jin word K (K=0,1,2, ••• , Of a bit vector corresponds to the 
60•K•J•2 entry in UDT. The second word of UOT holds the bit 
vector •address• in the for ■ at - 12/P (bit number,, 301,18/word 
index. 

"ost of the bit vectors are keot in BVT, which ls setuo as a fixed 
table in GPO initialization in SCM. Because of their relatively 
smat 1 indi vldual size and randoa referencing, they are keot in 
SCN. A •ore flexible sche•e •outd allow the• to be kept in ECS/ 
LCH. 

Su••ary of references• 

UOTIAUT Setup UOT, form soec ia I bit vectors in RX I ( co ■mon 
variab~e •spoil vector•, dead def co~plement vector and 
OEF, ueo, USE, LX vectors for the 0rogra• exit node). 

t GPO lnit allocate for ~VT, eove soecia1 av•s fro• RXI to BVT. Call 
FBV to form the bit vectors for the orogra~ blocks. 
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FUV catt FUO to form the OEF. uao. and USE sv•s for all 
program blocks, then compute the LX av•s. 

IGP lnltiallze the BV address of the holding blocks ln the 
loops to the loop entry block in cas~ the exit node of a 
loop ls a HB Mhlch has not vet been orocessed (needed in 
FXI) • 

IRP clear the HB av address field. 

TRP call FUD to for• the HB, DEF, ueo. USE ev•s. HB llve •xlt 
= region live entry av. Save region ev•s (DEF, LU, USE, 
LX) in header node slot for use by FUD, "II, etc. When 
processing an outer loop. 

FUO for• block DEF, UBO, DEF av•s lf aav = 0 and clear LX ev. 
If block is a HB, then find the header node, and adJust 
the region USE, DEF and LU vectors of this loop. 

CHS combine HB with natural pred, adJust bit vectors of both 
blocks, call AUV to adJust USE, UBO vectors to account for 
anv STILO SQueezing. 

ROD scratch vector, SV= LX or fOBU and USE>, dead defs = not 
SV and DEF. 

insert post stores, set OEF bit, clear ueo. 
\ AUV rescan block and recoMpute USE, UBD vectors lf no user 

extrefs in the block. ~akes the USE vector SMaller if any 
ST/LO SQueezing took place. 

FXI form entry/exit info for the looo being orocessed. live 
entry = UBO or (not DEF and LX> in header, coeoute live 
entry at successors of the looo. Compute region live exit 
= OR LX over all successors. Movable defs = DEF in region 
ANO not llve entrv. over successors that can•t be post 
stored into. 

HI!/ST 

HIIIEOQ 

GRA/IRP 

clear bits in block OEF vector, and set RF in ST so ROD 
doesn•t kl.I I it. 

accullt\Jlate region DEF and USE bit vectors. 

Set IST for variables used in an inner looo (LU>. 

SEE Reference L entry, LX, aovable def lnfo and places lt 1n 
RCT. 

ERC References UOT, add variable to LUV if not entered as a 
candidate. 

sxc 
IRAIEOQ 

P.eference RXI to for• post store lists adJust LU, LE av•s. 

output eollogue post stores for variables that are LX fro~ 
the epilogue, set bits in LUV. 
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llI - Global Temporary EQulvalence Table. 

Ouring ,~variant code •otion and strength reduction GPO for ■ s 
alobal temporaries. During execution ti~e they are keot in the 
IT. bloc~ and during compile time they are referenced via TLD. TST 
and ILO instructions. Since they are subJact to eli•lnation, 
SQueezing and packing, the CA of the TLOITST instruction ls an 
i~dex lnto TET, the teaoorary/eQuivalence table. 

~.GT ls the nu•ber of global temps at the beginning of a loop, 
base of t~•os created in 1h1s loop. Su~aary of referencas1 

GP02~ - level of optimization, assign CA•s to the non•eQuivalent 
entries in TET (packing algorith•>• 

HIE• for~ tT.(K) = EXPR in HB, save TST tyoe and oointer to TLO 
ins~rt point in TET. 

CIF - Point fro■ TET to IP formula info ln IIT for strength 
reduction temos. 

EIE - form variable increment temps and add to HS 

ATT - clear REG field for TET•s created in this looo for GRA, 
ucdate lnfo of eaulvalenced entries. 

UPS - use TET as a control vector to insert TLO•s of the removed 
exoressions in the looo body. 

SH8 • call SQZB to SQueeze the HB and the TST•s. 

SOZISTS - saueeze te•oorary stores to ell•lnate those that are the 
same type and pointing to the sa•e expression ( ■ulti•block and 
out~r looos>. and assign tesp nuMbers to the TET entries. 

MTA - set RE; field of TET•s that were assigned to a-register for 
Hf A. 

MFA - Reference REG field •hen address differencing. 
TET when setting flnal test replace■ent decision. 

SUP - Reference TET.IIT if TRo=,. AdJust TET by caearing HaN 
field of TET•s created in this loop. Scan HB and set HBN number 
of it•s defined in this looo. finally scan TET backwards and 
re•ove trailing entries with a zero HBN field. 

OIL - issue tlO of a TET entry if cre3ted in current loop. 

CGTM/WII - assign storage locations to when first 

Introduction 5•7 
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encountered. COPT=1 only) 

Core Layout During CCG Processing 

RA+O 

OPT:2 
Phase 1 and 2 Phase 3 

code (CRADLE, ENDPROC, ASSEHBLER, 
Code Tr ans for■er> 

BRIDGE 
CFA 
UOT 

Fixed 
Tables 

♦- IST 
BIT 
UOT 
HVL 

uoe Buffer 11008) 
OPT=2 Buffer (20018) 

BVT and SBV 
BTT 

Dvnaaic Tables 

Static Tables 

LCT 

•• BLK 
Dynamic TXT 
Tables •• RNO 

Static Tables 
RA+Fl 

CCGSCR - 26fla words are scratch for use in a routine. Pest is 
userl by GPO and GRA. Flrst 100B words used by SQZ, BOT, HCG and 
PRO SEQ. 
GPOGRA - used for co•munlcation betMeen GPO and GRA. 

See· section 1.1 through 1.3 of the Interface Specifications 
Apoendlx. 

fBIHARX [UNCTION ex QtC! 

The Bridge controls the accu•utatlon of IL instructions and calls 
CGS~AS to process the accu■ulated seQuences. 

CGIA is the internal asse■bler. 

CGTH contains the table ■anager, utility routines and the host 
callable entry points that are used during END processing. 

PROSEQ controls the processing of the 
,~. expansion of aeaory references. 

accu11ulated 
It calls 

seauences and 
SQZ to re11ove 

Introduction 5-8 

02 



CYBER 170 COMMON CODE GENERATOR 
Internal Malntenance Speclflcatlons May 25, 1978 

redundant instructions and collect uses counts, etc. 

tn OPT=0,1 PROSEQ then calls ESR to exoand references to format 
oarameters and level 2 variables, HCG to code the seQuence and WII 
in CGTH to write the machine instructions (in SI. format> to the 
SLI~T file. Flnalty, lt resets varlous flags for the next 
seauence and returns. In OPT=2 PROSEQ calls PBB ln UOT to process 
the baslc block. P88 calls subroutines to chain the Me~orv 
references to the UDI, the use def infor■ation table; to for• a 
block table entry for the block~ and to save lt on secondary 
storage (lCH or disk). 

SQl does co••on subexpression reduction, 
reduction, instruction sl ■oliflcatlon 
eli•lnatlon on an extended block basis. 

co•oile ti ■ e constant 
and dead instruction 

MCG is responsible for scheduling and local register assignment. 
It cal Is BOT for for ■ the dependency graoh, or to reorder the 
instructions. 

GPO ls ttie global ooti•ization controller. It contains the 
~achlne lndeoendent ootl~lzers for invariant code motion, strength 
reduction and dead definition elimination. 

GPO calls AUT to adJust the use•def table. CFA to analyze and 
refor•at the control flow infor ■ation, and FBV to fora the use, 
def and live exit bit vectors. 

~IO is the block ■ anager and ls responsible for paglng blocks ln 
and out of core as necessary during global ootimization. 

~av is called by GPO to for■ the llve exit bit vectors. 

GRA is called by GPO to do •gtobat" reglster assignment for a 1000 

after the machine indeoendent optl ■ ization has been perfor■ed. It 
bulfds a table of candldates for reglster asslgn■ent, ~akes 
assign■ents based on freQuency, usage and availability, and 
~ttefflpts to code th4! loop with the asslgn•ents until it is 
successful. 

CFA analyzes the control flow information and for•s the interval 
lists that direct the ooti■ lzation in GPO. 

UOT contains •iseellaneous subroutines that are used during the 
first phase of global ooti■ ization. 

GENERAL fLow 6Y PPI LEVE~ 

QPI=P 

The controller calls the bridge to process the output froe the 
front end. The bridge accuaulates the IL instructlons for a 
stateMent and then calls CGSPAS in PROSEQ to orocess it. 

PRO~EO is the seQuence processing controller, and it calls SBB (in 

Introduction 5•9 
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SOZJ, ESR (in PROSEQ>, HCG and WII (ln CGTH). It then resets a 
few flags and exits to the aridge • 

"-., When th~ end of f 11 e 1 s encountered the Bridge exl ts to the 
controller (in the host) who then does the end processing and 
catts the assembler (CGIA). Flnally the controller exlts the 
overt av to the host batch controller. 

tlf'I=1 

The basic flow of control ln OPT=1 ls sl•ilar to that of OPT=O, 
exceot that 

a. The Brldge accu■ulates longer seQuences of code for PROSEQ to 
orocess. 

e. When a •well behaved• inner most 1000 is encountered the 
Bridge will attemot to collect the whole looo ln •••ory, and 
PROSEO wil I cal 1 COL Un GPO) to 0pti11ize lt. 

The controller calls the Bridge to process the front end output 
and accuaulate basic blocks ln TXT ar.d control flow 1nformat1on in 
C~T. It then calls PROSEQ who then calls SQZ and Paa. PBB calls 
C~R to chain the me ■ory references in the block into UOT, and lt 
the~ saves the block on a random file on mass storage. 

This process continues until the entire file has been processed. 
The Bridge then exlts. 

The controller then calls GPO to ooti•ize the IL and generate code 
for it. 

Upon return froM GPO the controller calls the end processor and 
the asserwbler. 

Introduction 5-10 
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Because CCG ls assembled and executes in the environment of its 
host compliers, lt ls dependent on the■ for certain comdecks. The 
decks and the COMPiler/CCG build environ•ent are discussed in 
Chaoter q of the Interface Soecificatlon Aooendlx. 

The following co ■decks reside on the CCG OPL. 

CCOHGCH General Co•piler ■ aero definitions for LXQ, RPVOEF. 
RPVfWA, LISTL and NUPAGE. 

CCO~RPV Prototype version of the RPV package and associated 
subroutines. See section 7.4.1 of the Interface 
Specification Appendix for a description. 

CGHCRMO Code Generator Host Comelier Reauired Macro Definition. 

FA=OEFS 

Contains the definition of aacros that the host must have 
1~ the asseMbly text that is used to assemble the COMPS 
file if the C option is selected. It contains 
definitions of the USEBLK, RJT, ORG, REPI and SUB Macros. 

macro definitions for 
that parallel the •MACE" 
etc.). 

t~e 7000 (SCOPE 2l I/0 routines 
I/0 routines CREAOW, WRITEW, 

COHAOEF Structured Field Oefinltion Hacros. A set of ■ acros to 
facilitate the definition of part-word fields. These 
•acros are used extensively in CCG and the texts. 

OPRDEFS CCG Internal Language Instructions Oefinltions. OPROEFS 
contains the definitions of all the instructions used in 
the IL ln the for• of a macro call with the for ■ atl 

NAME OPR (orooerties> • 

The deck also contains other •acros that are used to 
orocess the parenthesized list of instruction properties. 
In most cases OPROEFS is used to setup an oocode 
processor address Ju■p table. In CGTH 1t is used to 
build the descriptor table. A listing of OPROEFS ■av be 
found in CCGTEXT and CGTH. 

PSOOEFS CCG Pseudo O~eratiion Definitions. 
■ aero call lines of the forffll 

oona•e POD co ■■ent, 

PSOOEFS contains 

for alt the pseudo instructions in the IL. The deck is 
listed in CCGTEXT and CHPLTXT where it is used to define 
the opcode values of the pseudo instructions. 

COHOECKS 6•1 
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CCGOBGH CCG Debugging aacros. 
test aode to debug CCG. 

A collection of macros used ln 

PPINT - si•ilar to a FORTRAN 0rint statement. It calls 
OUTPTK to print out values in A, I, O or Z (octal with 
leading space fill) forMats. X, T and asterisk delimited 
string formats are also available. The PRINT macro calls 
SVP:~ RSR: to save and restore the registers unless the 
Nosave para•eter ls specified. 

TRACER - the TRACER ■aero defines symbols that activate 
the appropriate trace ■acros in the code. For exa~ple, a 
TRACER XY Nill activate the TRACE XY, TBL (i.e. cause it 
to print snaps). This al IONS TRACE and PRINT calls to be 
placed at aporoprlate points in the code and activated as 
necessary when debugging. 

SNAPRL • calls OHPRLST to print out a 
instructions in a ■ne•onic readable fora. 

table of 

OCALL - calls an arbitrary routine. 
is setup in FORTRAN Aplist format. 
saved before and restored after. 

The oaraeeter list 
The reglsters are 

SWAPT - prints out the contents of a table Nith pointers 
o.TBL and L.TBL in octal. 

CCGtLFO CCG Internal Language Field Definitions and Table 
Formats. This comdeck defines the symbols and ■ icros 
that are necessary to ■anipulate the IL lnst~uctions and 
associated tables. CCGILFO calls OPROEFS and PSOOEFS to 
define the 00code values. It is called by CCGTEXT and 
CMPLTXT. 

CONOECKS 6•2 

06 



CY8ER 170 COHHON COOE GENERATOR 
Internal ~alntenance Specifications 

7.1 

7.2 

There are 
CHPLTXT ls 
co1110ilers. 

two systexts on the CCG PL, CHPLTXT and CCGTEXT. 
a subset of CCGTEXT and ls for the use of the host 

CCGTEXT ls used along with CPUTEXT to asse ■ble CCG. 

~t,PLTXT 

Contalnst 
OPTIONS• 
COMAOEF • 
CCGILFO -

Insta11ation deoendent EQU•s 
Describe. define ■aero definitions 
CCG IL field definitions 

and 111acro definitions for the basic table ■anager •acros ALLOC and 
AOOWRO. 

tttiIEll 

Contains: 
OPTIONS 
COHAOEF 
FA=OEFS - File action Macro definitions 
CCOMGCM 
COUNTS - Count number of names in a micro string 
~XX•X - Select ~ax of 2 integers 
MXX•X - Select 111in of 2 integers 
CALL - Call a routine 
ENTRY. - Declare a word of data as an entry ooint 
EOENT - E0uate sy ■bols and declare as an entry point 
HOVE - Hove a block of data 
PLUG - Modify code during execution 
ROUTINE - Oefine local entry/exit line 
SETCOPE - ·set a block of 11e11ory to a given value 
SETZERO - Set a block of memory tc zero 
ccGryaG~ - CCG debug macros 
OBG=MAC - Interactive and Batch debug oackage (IOP) ■acros. 

CCGILFD 
Oescribe defines for the fol lo~ing structures1 

HL. • Hod list foraat 
T. - Te•p eaYivalence table for ■at 

LC. - Label change table 
we. - Word C of the sy•bol table 

The following aacrosl 
WRITEP • Write a pseudo op word to SLIST 
ADDWRO - Add a word to the end of a ■anaged table 
ALLOC - Allocate table space 
PROCESS - Define a processor address 
EXT - Declare name5 of externals with an eQulvalence slgn 

appended 
TABLES - Declare names of dynamic tables referenced ln a 

routine as external 

TEXTS 7-1 

01 



CYBER 170 COMMON COOE GENERATOR 
Internal Halntenance Speclflcations Hay 25 9 1978 

CtGTEXT also calls the host suoplied co■ decks HCOEFS and SYHOEFS 
to define the host dependent symbols and the host 

TEXTS 7•2 
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In test or debug aode the following FORTP.AN coded routines are 
used to print out various tables and structures in CCG in a hu•an 
readable format. 

PQUTIN~S 

0~~!11 Prints out the IIT (integer oolyno■ ial incre•ent 
lnformaion table> that is foraed by GPO during looo 
optimization. It also contains the secondary entry point 
PRNTRXI which prints out the region exit information 
formed by GPO/FXI. 

D~P~LST Prints the contents of a table (TXT, SEQ, HOO, etc.) 
that contains the IL instructions in the 4 word per entry 
for•at. Any words that occur after a EOQ are printed in 
octal. 

OMPSIT Prints out the successor index table for ■ed by BOT. 

OMPTPEE Print out the dependency tree prior to reformatting it as 
a successor index table (BOTICIP>. 

DMPUOI Prints out the symbol classes in UOT prior to 
reformatting by UOTIAUT and the OPC naaes in the symbol 
tabl~. 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 prlnt out RCT (register candidate 
table>, ~AT (register assigrfflent tabte) and the values of 
fflisceltaneous flags and eel Is. 

PPNTHIO Prints out the tables (aIT, asr, 8LK> or parts of tabtes 
that MIO ■ odified. 

PRNTUOI Prints the bits set in UOT during global optl ■ization 
CGPO and GRA>. 

PRNTABV Prints the value of a single blt vector. 

PRNTav Prints out the USEy uao and DEF bit vectors for•ed by 
GPO. The entry point PRNTLX prints out the llve exit bit 
vectors after FBV has for ■ed the ■• 

PPNTRLI Prints a s1ng1e IL instruction called by OMPRLST, 
PRNT~CGY etc. 

PRNTMCG Prints out the issue candidate 11st, the functional unit 

CCG Debug Mode Print Routines 8-1 
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OUTPT1( 

SETST 

available ti•es, the issued instructions in the order of 
lssue and tl•ing information, and the R-nu■ber in the 
registers. PRNTHCG also perfor■s various consistency 
checks and they can usually olnpoint errors in the HCG 
logic. 

(PRINT state■ents> ls a soeclal version of the FORTRAN 
output routines. OUTPTK co•bines the logic of OUTPTC and 
KOOER. It also contains a special feature called line 
co~tinuation ■ode which ls discussed below. OUTPTK 
contains all the facilities of the standard package 
except E, F, G, V and =•s for■at descriptors. 

routine in OUTPTK to set or clear the subtitle line. 

same as fORT~AN library routine which sends a •essage to 
the day f ii e. 

SYM given a IH, this function returns the OPC naae in the 71 
for111at. 

GET~SYH used by OMPUOT to obtain the nuaber of sv ■bols in the 
symbol table SYM. 

8.3 R.m!!.U'E STRUCTURE ANO,COO!NG CON~E!ill.tl.liS 

The basic structure of the routine is 
SUBROUTINE card 
Storage declarations 
State•ent function deflnitlons 
Executable code and for■ats 
ENO line 

T~e FIELD statement function, FIELO<x,B.L> extracts a field ~ith 
rightmost bit a (0 to sq) and length L from a word x. It is 
basic, since all other part word fleld state~ent functions are 
defined in teras of it. For exaaple the RF field ln the R2 word 
of a IL lnstructlon has the following deflnltions 

The naae of a state■ ent function which extracts a field is the 
sa•e as the na•e of the field in the OESCRtBE, DEFINE. 

Llne continuation •ode was added to OUTPTK so the results of 
different PRINT state ■ents could appear on the sa■e line. In 
essence lt suppresses the auto■atic end of llne •ark that is 
outout at the end of each print state•ent. To ter~inate a I ine in 

I ' this fflode the format associated with the PRINT statement •ust have 
a slash (I>. Line continuation •ode is controlled as follows: 

CCG Debug Mode Print Routines e-2 
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'· 

1. to enter line contiuation ■ode 

lINECMC1) = LINECHC2) 

2. to ter•inate it 
L INEC MC 1 t = fl 
Nhere 
COMMONILINEILINECHC2) 

The address•s of dynamic tables, etc. that are needed by a print 
routine are passed as arguments to it. Where necessary co ■■ on 

blocks declarations are duollcated in FORTRAN. Care should be 
taken so that a •odification to a COHPASS routine doesn•t thro" 
the associated FORTRAN coded orlnt routine out of _sync. 

The executable code ln the routines is straight forNard. It 
consists of assign■ent state■ents to extract the appropriate 
fields fro• the tables, etc. followed by a PRINT statement. 

~ecause the registers have to be saved and restored prior to 
calling the debugging routines, and the FWA of dynamic tables have 
to be placed in an Aotist, ■ ost of the ■ are called via •aero 
(PRNT, PRNTav, SNAPRL, etc.) which calls a routine CPR (call print 
routine> to setuo a parameter 11st. Versions of CPR exist in MIO, 
G~A and HCG. 

CCG Debug Mode Print Routines 8-3 
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CCG Internal Asse111bler (CGIA> is responsible for the final 
conv~rslon of SLIST declaratlves, •achine lnstructlons, and ■ aero 
references into one of the outputsl 

A loadable executable binary code written t~ a seQuential 
blnary file LGO. 

A stream of COHPASS source statement that could be assembled 
by the standard COMPASS com0iter written to a seQuential file 
COHPS • 

The following figure shows 111aJor blocks of CGIA and the overall 
control f tow: 

CGIA - Code Generator Internal Asse ■bler q-1 



CY8ER 170 COH"ON CODE GENERATOR 
Internal Maintenance Specifications May 25, 19715 

1 
1 
1 
I 
1 
I 
P"AIN 
ILOOP 
t 
1 
j 

'1 

I 
1 
1 
I 

I Fr-011 the Hain 
I Comoiler Control 

CGIA 

IInltialize CGIA processing. I 
lopen files, read first block I 
ffrom SLIST to an input bufferl 
IIBUF. I 

1 ' tGet the next SLISTI 
ten~ry from IBUF I 
I I 

CONTROL 
- GNTW 

Us it a y 

I 

' I 
I 
I 
I 
I 
I 
I 
I 

N +--------- ♦ 
•--------• Is IBUF I 
I I e■p t y ? I 
I •----•----• 
I I Y 

I •-----------------~• I IRead next block I 
I I fro ■ SLIST to IBUFI 
I +•--------+-~--~-~-+ 
I 

lmacro ref. -------------•------------1 
PROCESS I 
■ aero I 
ref. (PHR>I •------•~---+ I •--------+ 

I N I I I 
•~----..,..-~•~---• I I 

N fis it a oseudol Y I I 
•-~-•instr. Cdirec••----------~ I +-----------------------~-> 

ltive)? I 
•---~---------~• I 

IEnter a •achine instr.I IEnter a oseudo instr.t 
torocessor for the I torocessor for the I 
lcurrent SLIST machine I lcurrent SLIST I 
llnstruction. I ldirectlve.• I 

•Note that the Pseudo Instruction Processor for the ENO directive 
does not return to the ■ aln 1oop. 

CGIA - Code Generator Internal Asse ■bler 9-2 
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Initial processing activates CGIA for the processing mode reauir~d 
by the Host Compiler and perfor~s other fynctionss 

Returns to the 111ain co■ piler control ia11ediately 
the options listed below has been specified 
C0111p l I er I 

if none of 
by the Host 

• CGIA output should be binary obJect code in LGO file 
CCOSB=U • 

• CGil output 
CCCOSC=U • 

should be COHPASS lines in COMPS file 

• ObJect code listing is reaulred CCOSL0=1>• 

a. Internal controls are activated to set C6IA in one of the 
modes as instructed by the HOST: 

• ObJect code listing reauired only 

• LGO output, no obJect listing 

• LGO outpu~ with obJect listing 

• COMPS output. 

c. Writes the end-of-record on SLIST and then the file ls rewound 
for input reading. 

The first block of SLIST entries is read into the input buffer 
IBUF and the Buffer Index ls set to point at the first word. 

E. If an e~d-of•file was encountered on the read, the compilation 
is ter111lnated. Otherwise the main control loop (GNIW> is 
entered to start processing of SLIST instructions and 
directives in IBUF. 

CGIA - Code Generator Internal Asse•bler 9-3 

014 



CYBER 170 COHHON CODE GENERATOR 
Internal Maintenance Specifications Hay 25, 1978 

GNlW reads the first Mord of a curre~t IBUF entry as pointed by 
the Buffer Index. The word ls checked for its OP code vatue 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 specify a correct 
0rocessor for the particular pseudo-instruction, the OP code 
vatue ls used as an lndex into a table that contains addresses 
of all pseudo-Instruction processors. 

B. A ■achine instruction processor lf the current IBUF entry is a 
machine (executable) instructlon. Again, OP code value is 
used as an index into a table of addresses for all •achine­
instruction processors. 

c. A Process Macro ~eference (PHR) local routine if the current 
IBUF entry is a ■ aero reference. PHR is entered for any macro 
reference. 

Once control has been trar.sferred to the appropriate 
instruction ~rocessor or to PHR, these are responsible for 
reading subseQuent words that belong to the current SLIST 
entry in IBUF (if entry consists of tMo or aore words). The 
GWtW ■ aero is always called to get subseQuent "ords fro• the 
SLtST file. It takes care of lncreMenting the buffer pointer 
and refilling IBUF when necessary. 

When processing of an IBUF entry is completed, the instruction 
processor or PHR returns to GNIW to process another entry. 
The onlv exception is the ENO Pseudo Instruction Processor 
that returns directly to the Hain Co•piler Control. 

9.3.1 !f~~SSING Of lMlIIAL PSEUDO 1~SIE1.l.trns 
Initial Pseudo-Instructions are directives generated by the Host 
Comolter Front-end and Bridge. They •av appear in any order 
except the USEBLK Mhich aust be the last one. Two are always 
re0uired - IOENT and USEBLK; others are optional. The fol lowing 
functions are perforaed by Pseudo-Instruction Processors. 

A. LCC (Loader Control) Processor allocates a space for LCC table 
ln the dyna•ic •orking storage. Then loader directives are 
transferred fro■ IBUF to LCC table. 

~. IOENT (Progra■ or. Subprogra11 Identification> Processor 
transfers the following information to the local table IDT (77 
table)t 

• the program name from the SYM table entry, word A 

• da.te and ti111e fro11 the glotal eel Is HOSDATE (2 .. o,rds) 

CGtA - Code Generator Internal Asse■bler 9-4 
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\ 

• control card ootions from the gfobaf cells HOSCCPP (3 
words). 

c. TITLE Processor transfers the listing title from IaUF to the 
global table STITL to be used by the routine that tists tines. 

~. COHNT (Comment lines> Processor transfers the co•ment lines 
from rauF to IDT table (following the infor•ation set up by 
the IOENT Processor>. There can be uo to four words of 
co••ents. 

E. USEBlK Processor oerfor•s various functions according to the 
•ode of CGIA operations. For exa•ote, if obJect code output 
ls reauired LCC and IOT tables are written to LGO. Then the 
PIDL table is for ■ed and also written to LGO. If COHPS output 
ls reaulred, COMPASS state■ents for IDENT, COHNT and other 
directives are written to the COHPS file. 

Oth@r functions perfor ■ ed for any •ode are the space allocation 
for a Lin~ and Fill Chain Table (LAFT), setting the table overflo~ 
exit ln the Dynamic Table Manager, and initialization for the Main 
Control Loop GNIIW. The latter involves initial setting of the 
"current block nu~ber•ln-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 a 
current local or com•on block-in-use and current values of ORGC, 
NPR are keot in a local variable AI. 

Unlike the pseudo-instruction processing, there are co ■■on 

orocessors for groups of si ■ ilar lnstructionl 

a. Processor for XIBJXK instructions (any register instruction 
whose RJ ooerand ls a e register, such as ILS, IRS, NR, RNZ, 
VP, P~t. 

e. Processor for XIXJXK instructions (all arith~etic and some 
Boolean instructions). 

c. Processor for XIXXXJ instructions 
instructions STR, IMP, EQV). 

(remaining 

o. Processor for XIXJ instructions (XHT, XHTC, CS>. 

Boolean 

E. Pproc•ssor for shift and ■ask instructions CKLS, KRS, FHA>. 

F. Processor for Read/Write LCM instructions (ORL. OWL>. 

Their function is to recognize each instruction by lts OP code and 
get the nu•bers of ■achlne registers assigned to operands. Each 
processor exits to a co•mon routl~e TYI1 that comofetes the 
instruction processing by catting WRTEXT to place the binary in 
the current t~xt table and for•at a line for the obJect listing if 
selected. 

CGIA - Code Generator Internal Asse■bler q.5 
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There are several co••on processors entered for groups of similar 
instructions 1 

a. Processor for the 15 blt set instructions (SLO, SST, SA, SOL, 
SOS and SSJ • 

a. Processor for the 30 bit set instructions LO, ST, STT, PLO, 
PST and S). 

Thelr function is to get the OP code value, types and nuabers of 
registers asslgned to operands and, if a00licable, values of CA 
(Constant Addendt and IH ltabte ordinal and pointer to the 
corresponding table entryt. Then each processor exits to a co■mon 
routine PL02. 

PL02 comoletes the instruction processing as foltowss 

• Fi~al OP code is generated fro• the input OP code value ~ith 
regard to the tvo~ of registers used for instruction operands. 

• If the final instruction is one-parcel (short set or load/store 
with address operands in registers only>, PL02 exits to TYI1 to 
complete the ~rocessing, otherwise the final relative address 
ls cofflputed by adding the CA value (if non-zero> to the 
relative address (RA> of a symbol lndlcated by IH and WRTEXT is 
called to output the binary and for~at the obJect listing. 

g.~.~ ?ROC~SSING Pf Jl.Llif.IMStRUCTIQNS 

There is one processor for each Ju•p instruction JIN, JPBB, JPX, 
PJJ, UJP, RJ6 and RJXJ. Basic functions listed below are similar 
for each processors 

• Final OC code value is comouted and a relative address (RA> of 
a destination label ls fetched fro~ SYH table (if source label) 
or from GL table (compiler generated labet). 

• Final relative Jumo address is co~outed as 
K = RA for JIN. JPaa, JPX and an RJ part of RJXJ 
K = CA•RA for RJ3, UJP 
K = O for an RJ part of RJ6 
K = RA+RA(HCSRJTBN> for a lower ~art of RJ6 Nherel 

El 

CA - value of CA field fro■ Ju•o SLIST instruction 
RA(HCSRJTBNJ - value of RA for a sy■bol defined by the Host 
co~plfer ln HCSRJTBN. 

• Processor gets the register numbers assigned to register 
operands Rl, RJ ("here applicable). 

• The binary lnstruction(s) associated wlth the Jump type is 
generated I 

JP BJ+K for JIN; BJ is soecifiej by RI 

CGIA - Code Generator Internal Asse ■bler q.5 
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JT1 BJ.BI.K for JPBB; BJ ls specified by RJ and 
BI by RI 

E2 

"'·"·· JT2 XJ9 K for JPx; XJ ls soecified by RI 

for RJ3 RJ I( 

EQ I( for UJP 

NJT2 XJ 9 •+1 for RJXJ;XJ ls specified by RI 
RJ K 

RJ 0 for RJT; CA ls taken fro• CA field by RJ6 
12/CA.18/1( 

Nherei 

JT1 is one of the Ju~p conditins EQ, NE, GE. LT 

JT2 is one of the Jump conditions OF, IO, IR, MI, 
NG• NZ, OR, PL 

WRTEXT is called to output the binary and format a line for the 
obJect listing. FPU is called to force the position counter to 
the beglnr.ing of the next •ord after the JIN. UJP and RJJ 
1 ns'truc t l ons. 

' ··-:..3.5 PE~~SSING PE SIUQAED PSfJJD.C-Xt:!~lflJCIION,,S 

This paragraph describes processing of standard pseudo• 
instructions (directives> except the ENO pseudo and those that 
belong to the DELIHITERinitial group described in section 9.3.1 or 
to the aacro pseudo instruction group (see section 9.3.&). 

USE and Calls CUB to do the block switch. then lt selects the 
USELCM correct OPC oocode and cal ts LPO to for■ at lt. Finally it 

calls WRTEXT to list the line. 

13SS Cal Is SLP to substitute anv I ocal (macro) 0ara11eters and 
list the line. Then it calls FPU to force upper. If a 
label is present, then it gets its address and checks it 
against the current value of the org counter.· If they are 
not the same it puts a ■essage in the obJect listing and 
increments NAE, the nu■ber of asse■bly errors. If the BSS 
ls not fro■ ■aero exQanson lt 1s listed. Finally OTT ls 
called to flush out the current text table and a new text 
table is setuo Nlth the org counter advanced by the •ord 
count of the ass. 

LAB 

essz 

The LAB oseudo ls si ■oty a BSS ln a different for■ at. 
ls converted into ass for■ at and processed. 

It 

Reserve a WC location initialized to zero. Initial 
processing is similar to the ass processing (param 
substitution, force upper). In order to ■ ini~lze the size 
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CON 

OATA 

OIS 

of the blnary file, the processor outouts zero words to a 
text table if WC is less than~. and one or •ore REPI 
tables in the other case. 

Set the flag FHCA to a•+" so that the obJect listing is 
•coN SY•CA". Call SLP to substitute parameters. Pestore 
FMCA to a coama. Fora RA(sy•J+CA and call WRTEXT to 
outout lt. Call AXR to add the relocation lnfor•atlon to 
the tf!xt table. 

Input to the data processor consists of a word count ewe, 
followed by MC data words. In the case WC is zero, the 
to• 18 bits contain the data iteffl. In the WC non-zero 
case the processor goes through a loop to get, for~at and 
output each word. 

The input for~at is si•ilar 
consists of lnputtlr.g up 
"DIS 0, words" outoutting 
listing fine. 

to DATA. The processing loop 
to 5 words, for~atting a line 
the binary and the obJect 

HOL The HOL Processor perfor~s one of the following functions: 

• If COMPS outout is re au ired, a character data 
declaration is written to the COMPS file to r•present 
one of the following constantst 

nH •string" i f FF para■ eter in HOL SLIST pseudo 
if H 

nl •string" i f FF is L 

nR •string• l f FF ls R 

where n 1s the nu•ber of characters in •string," 
"string• is a string of characters fro ■ the next SLIST 
word following the first word of HOL SLIST pseudo. 

• If oblect code is reQuir~d~ the character constant 
defined bv "string" converted to the binarv for• and 
WRTEXT is cal led to output it. 

ORG The O~G cseudo in CCG is a ■ aero which is defined in the 
co~dack CGHCRHD. A co•ptete description of its function 
ls in 6.5.2 of the Interface Specification Appendix. The 
processing of an ORG directive is straight forward in that 
CUB is called to switch blocks and SOC ls called to set 
the new value of the ORG counter. 

REPt The REPI 
functionst 

Processor perfor•s one of the fol lo~lng 

• If COMPS output is reQuired, REPI COMPASS pseudo is 
generated from inforwatlon supofied by the REPI SLIST 
pseudo. Oestlnatlon location of the replicated code ls 
defined by the preceding ORu SY,WC pseudo. 
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• To output the binary, the REPI orocessor co•pletes the 
current Mord ln the text table (forces upper) and du~ps 
lt to LGO. It then resets the text table header word 
and writes the REPI table directly to LGO. 

OCS The OCS Processor function is to get the •icro na~e 
specifid ln the next SLIST Mord folloMlng the first word 
of OCS pseudo and to transfer it to a Hicro Na•e Table 
(MIC). This table is used bv a eacro processing facility 
of CGIA. 

A" integral oart of CGIA is a ■ aero processing facility that 
orovldes the ■eans to orocess SLIST references to user defined 
macros. The external definitions of the facility ls contained in 
section 6.6 of the Interface Specifications Appendix. 

The complete macro facility consists of -

MACQOS The static user ~aero definitions 

GNMW 

The fflacro reference orocessor 

The •ain loop aacro exoansio~ and the •aero only pseudo op 
processors caTW,ACI,ARI, IF.XX, SET, HIC, etc., 

Here we will discuss the last three parts. 

PHR (Process Macro Reference) ls cal1ed by the •ain 1000 CGNIW) 
when a fflacro reference is encountered. PNR reads the •aero 
•ords and unpacks the actual arguaents Into PBUF, one per 
Nord, which is used by the other processors to reference 
thee. 

Next the text of ~aero expansion is ■ oved from MACROS to 
t~e Macro input buffer, starting at o.MXB. ~n EOM (end of 
a3crol opcode is placed at the end of the expansion to 
force return to the ■aero processor. Then PMR substitutes 
the oara~eter values in the expansion for the specified 
words. If the obJect list flag is on FMC is called to 
format and 11st the ■ aero call. Finally A5 is set to 
O.HXB-1 and a JUIID to GNHW1 starts the ■aero expansion. 
Note that the flag HIW ls non-zero during the expansion, 
and serves as a no-list flag to LPO for the pseudo ops in 
the e><1>ansion. 

When the EOH opeode ls encountered, the processor restores 
the SLIST lnput buffer pointer, clears MIW and exits to 
GNIW. 

The ~3in 1000 for •aero processing at GNMW is very similar 
to GNIW. It fetches the rext lnout word fro• the •aero 
expansion buffer and uses the opcode to Ju■p to the 

CGIA - Code Generator Internal Asse■bter 9-9 
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i3TW 

ACI 

aoorooriate orocessor. On return GNHW checks the 
instruction address to see lf the previous instruction was 
the last instruction in a BTW/ETW oalr, and if so calls 
WRTEXT to output the blnary. 

Loads an initial •Template Word" fro ■ a location specified 
bv BTW Pseudo into the local variable VFDW. The word will 
be modified by other pseudos in the BTWIETW range to for■ a 
final bl~ary Nord that will be written to LGO. Then an 
address of ETW Pseudo is co•outed and saved in VFOW+1 word. 
It ls used by GNHW to ter ■lnate processing of the current 
8TWIETW range. 

Gets the constant 
order blts of an 
LEN long field ln 
BIT oosltlon. 
parameters of the 

value CON defined in 
ACI Pseuco. The value 
the current VFDW word 
(Note that TOP-BIT, 
ACI Pseudo.) 

the BIT-LEN 
is added to a 

starting at a 
BIT-LEH, CON 

low 
BIT­
TOP­

are 

If the ACI Pseudo specifies one of the sy•bols u, M, L 
'"stead of values TOP-arr, a1T-LEN, the ACI Processor 
l"teroretes this as 

TOP-aIT=~7,BIT-LEN=18 for U 
TOP-BIT=33,BIT-LEN=18 tor H 
TOP-BIT=17,BIT-LEN=18 for L 

aPI Gets the RA value of a symbol identified by SYH field of an 
ARI Pseudo. The value is added to a BIT•LEN long field ln 
the current VFOW Nord 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 s0eclfles one of the sy■bols u, H, L. lt 
is interpreted in the sa•e way as in the ACI Pseudo. Note 
that each group of 15 obJect text words written to lGO ls 
accomoanled by an address relocation word that indicates 
locations of program-relocatable address information within 
the group. 

ASV Gets the ■ icro naMe pointed to by a HIC para■ eter of an ASV 
Pseudo. The na■e ls fetched fro■ HIC table. (See OCS 
Processor or a HIC Pseudo Processor that sets HIC entries., 
The na•e ls •1oglcally added" (OR ooeratlonl to a NC•e long 
fleld in the current VFOW word starting at a TOP-BIT 
posltlon. If the ■lcro na•• ls shorter than NC characters, 
it ls extended by blanks to the right. If lt has ■ore than 
NC characters, lt is truncated on the right side. 

!FT Tests the parameters P1,P2 for a condltion soeclfied bv the 
paraaeter IF.xx. If the condition is ■et, the processor 
returns to GNHW with no further processing, so the ~aero 
pseudos follo•ing the IFT Pseudo are processed by GNHW. If 
the condition ls not met, a oointer into the ■ aero buffer 
o.MXB ls advanced oast a corresponding ELSE or ENDIF Macro 
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' 

ELSE 

Pseudo, so the •aero pseudos in the IFT/ENOIF or IFTIELSE 
ra"ge are skipped. 

Advances the O.HXB pointer part to the corresponding ENOIF 
Macro Pseudo, so the aacro pseudos in the ELSE/ENOIF range 
are skipped by GNHH. 

Note that no processing is done for ENOIF pseudo by GNHW 
since lt serves ■erely to ter■ inate an IFT/ENOIF or ELSE/ 
ENOIF range. 

ETW Pseudo has no processor since its processing is done by the 
■aln loop GNHW. It consists of transferring the completed 
binary NOrd fro• VFOW variable to LGO. 

Processor •akes a micro 
identified by the SYHORO 
FC (First Character>, NC 
(Separator Character. 

na•e fro• a sy■bolic name 
parameter according to parameters 
(Number of Characters> and SC 

For instance, if FC=NC:SC=O, an entire symbol na■ e e~tended 
by blanks to 8 charaaccters (if necessary) is used to make 
a Mlcro name. See Interface Specification Appendix, 
paragraph 6.6.2.3, for the set of rules on how to use FC, 
NC, and SC paraMeters. 

The •lcro name is then stored into the HIC table entry 
identlfied by the HI parameter. 

SET Gets the operands identified by the argueents 01,02 of a 
SET Pseudo. Each argu~ent can identify a SYH table symbol 
(in which case the operand value ls a relocatable address 
value RA>, a constant, a local sy•bol defined ln MACROS 
■odul e, OCSS syabol or a current ORGC • value c••• See 
Interface S0ecificatlon Appendix, paragraph 6.6.2.3 for 
~ore details. An ooeratior identified by OP code para•eter 
is performd upon the ocerands and a result operand stored 
to a location specified by an x oarameter. 

It is oerfor•ed by the ENO Pseudo Processor. 
following functions. 

It involves the 

• tf any errors are encountered by CGIA, an error ■essage is 
wri~ten to the standard output llstlng file. 

• If COMPS output ls reauired ENO COHPASS line ls for•ed and 
written to COHPS file fotlowed by EOF record and the COHPS file 
ls closed. Then the ENO Processor returns to the Hain Co~oller 
Control. 

( • If an obJect listing is reauired, ENO COMPASS line is ~ritten 
to the standard output listing file. Then the ENO Processor 
returns to the Hain Compiler Control lf obJect code generation 
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ls not reauired. 

• If obJect code is reauired, the ENO Processor generates the 
final LINK and FILL loader tabl~s by sorting the LAFT table. 
They are written afong with the XFILL table to LGO file. In 
addition, if the ENO Pseudo soecifles an ordinal of the sv•bol 
for the program transfer entry, the symbol 1s obtained from SYM 
table, XFER loader table foraed and written to LGO. Finally 
EOR ls written on LGO and the END Processor returns to the Hain 
Coapiler Control. 

Notess 
• LAFT table, as generated during CGIA processing, represent 

loader bytes for referenced variables in co••on blocks and 
loader bytes for referenced external symbols. The 
Processor calls OAT to sort and for ■at it as FILL and 
I o ad er t ab I es. 

fill 
link 

ENO 
LINK 

• If the ENO Pseudo defines a label sy11bol (in CA field), it is 
olaced in the label field of the END COHPASS line generated to 
COMPS or outout listing fife. 

El 

When an obJect 11st ls selected (HOSLOSO) APT (WRTEXT) ls adJusted 
so t~at the listing processor ls called fro• it after the current 
instruction is placed in the text table. The •ain listing 
orocessor, F90 (for ■ at Blnarv Data>, ls responsible for for~atting 
and outoutlng a print line in a for•at similar to COMPASS. In 
terms of FORTRAN print and for■ at state•ents it would be descrlbed 
byl 

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

Where AOOPESS ls only prlrted at the beginning of a new "ord, etc, 
etc. FBO calls FHI to format t~e- SLIST ir.structlons as a OPC lin~ 
i~aqe if this has not already been done. It tn£n converts the 
bin~ry to octal, gets the relocatio~, adds the binary address and 
outouts the line. 

The rest of th• ■acros and subroutines are discussed in their 
listing order. 

BFN A •aero to blank fill a string of character in X& •here the 
bit count 1s in 83 (6 tlaes N.charst. Result register ls the 
argu•ent to the ■aero. 

lOC Adds a string of up to 10 characters to the current line 
l•age -hich ls being built ln the buffer LBUF. On entrv to 
LBUF A7 ooints to the last completed word in LaUF, X7 holds 
the current word (partially filled) and 84 the unused bit 
count for X7. The caller sets the string to be added in X6 
in zero L for■ at and the bit count in 83 and calls ADC. 
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TS8 Terminate String Buffer. 
current llne and wrlte 1t 
selected. 

TSB ls 
to COHPS 

called to ter■ inate the 
if the C option is 

CMA Convert Hacro Argusent to display code. CHA is called with 
t~o arguments. the parameter value and lts type code (see 
SHACRO definition in HACROS>. It uses the type code as an 
index to Juap to the appropriate processor. which converts 
the vatue to OPC and exits with it in X6 and the bit count in 
BJ. 

CON Convert Octal Nu■ber to display code. Convert a number less 
than 24 bits long to octal display code ln the for~at zero 
l1nnn8. The colon ls used so a •lnus sign or co ■■ a can be 
placed before the nu■ber. 

~MC format Hacro Call. Called by PHR to convert the ■ aero call 
to disotay code, lt first checks to see if the first argument 
is to be placed in the label field. and if so converts the 
argument and otaces lt there. It then a~ds the •aero name to 
the asse•bled string and loops to convert the arguments and 
add theffl to the string. Finalty it calls TSB to terminate 
the line and exits. 

COO Convert Data to Octal. Given a tilt word 5AOOOOO or 10HO••· 
O, it converts the binary di;its to octal and adds the• into 
the f i I ' Nord. 

CFW Convert Full Word. Does an 020 for•at conversion by calling 
COO twice. 

Convert Relocation Infor■atlon. Given the RL 
RSWORO. CRI set up 10 blanks (ABS>• 2A+ 
relocation>, the co•■on block naae or 10H<ext>. 

field in 
(progra ■ 

fMI Format Machine Instruction. Given the binary and the nuNber 
of parcels (1 or 2>, FMI decodes the instruction and places a 
COMPASS instruction in display code in LBUF. The algorith~ 
is a fairly straight forward conversion that uses some tables 
to save space. The routine ls a aodlfied version of the one 
in the TS version of FTN 4. 

lQQQEB TA3lE ou1eur ROUT~ 
The oreli ■inary binary output. 77, PIDl. ENTR and LDSET tables are 
out out by the USEBLK processor. The LINK• FILL and XFILL tables 
are outout by the ENO orocessor. In the case that table aanager 
needs soace it ~av call OAT to du•o th••• All writes to the LGO 
file are do~e vla the MRLGO ■aero which calls WWL. A ·TRACER LGo· 
will cause every write to LGO to be printed. APT is called bv 
Most of the orocessors to place uo to 4 oarcets of data in a text 
table. It cat1s FaO to print the ob]ect listing and ATR to add 
the relocation information to t~e text table under construction. 

ATR Adds the text retocaton to the text or link and fill tables 
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for 18 bit address•s 
only. For progra■ 
1nfor~ation is added 
For common and 
information is saved 
outout by OAT. 

that occur in the standard positions 
relocatable address•s the relocation 

directtv to the current text table. 
ext~rnaf relocation the appropriate 
in LAFT until lt is refor ■ atted and 

UTT Terminates the current text table and writes it to the LGO 
fife. The caller is expected to setup the header word (RB 
and ORGC> of the new text table. 

FPU ls called to •torce upper• after an unconditional Ju■P, 
etc. If the current Nord is non-e ■pty and not full, then 
it tilts the re•alnder with no-ops and stores it in the 
text table. If the text table is full, it writes it to LGO 
and sets up a new one. 

AXR Add Extended Relocation is called to olace non-standard 
relocation information in the binary file. This includes 
address fields that are not 18 bits tong or those that do 
not have a low bit or bits 0, 15 or 30. The routine first 
checks its arguments to see if the address field can be 
har.ded by the standard relocation subroutine, and if so it 
calls ATR to record the relocation. 

Since 
types 
case 
table 

the for■at of the relocation word ls the same for all 
we set it up, and in the co••on/orogra ■ relocatable 
save lt ln XFT. For external symbols a short XLINK 
is written to LGO. 

OAT (Oump Accu,r.ulated Tables) OAT ls catted by the table 
•anager or the end processor to wrlte the XLINK, LINK and 
FlLL tables to LGO. They ■ ay aopear on the binary file 
anywhere after the initial tables (77,PIOL,ENTR). The 
routine first writes the XFILL table to LGO. It then sorts 
lAFT into t"o tables, one holding the external references 
and the fill refereces sorted by block nu■ber. It then 
loops to form the FILL and LINK tables and write the• to 
LGO. Finally it resets the table lengths and exits. OAT 
calts AFT and DLT to add words to and write out the LINK 
and FILL tables. 

This section describes for■ats of various tables and variables 
generated, referenced9 and ■odified during CGIA processing. The 
SLIST asse•bler input as wel I as input for■ ats of ■ aJor static 
tables are not included since their descri0tlon can be found in 
Int~rface Specification Appendix, sections 6.1-6.6 (SLIST> and -5.2 
(Static Tables). 
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\ 
IDT ClOENT) Table ls set UP during the Initial Pseudo 

Instructions processing and written to LGO by the USEBLK 
Processor. It contains prograffl name, date and time, 
operating syste• 10 and version number, Host Compiler ID 
and version nu~ber, PSR level, relocation type, control 
card ootions and up to four comment lines. 

LDSET Table is set UP and Nrltten to LGO if 
defined by the Host Co■piler. It 
library na■es. 

any libraries are 
contains a 11st of 

PIOL 

ENT~ 

LRIT 

LAfT 

Table 1s set uo and written to LGO 1f any co•mon blocks are 
defined in the source prograa. It contains the co ■■ on 
block descriptors. Each descriptor soeclfles the co■■ on 
block na•e and length and whether or not the block is LCM/ 
ECS resident. 

Table is set uo and written to LGO if any ENT~Y points 
d@ctared in the source progra~. It contains ENTRY 
and their RA values. In addition. if an ENTRY is 
co~~on block, the block relative address is supplied. 

are 
na~es 
in a 

Table is generated by the USEaLK orocessor fro■ the Host 
defined LBT table. There is a two-word entry per each 
local block. USEBLK processor initializes each entry to 

W1 = 12/P(INPR),1510,9/IRB,24/IORGC 
W2 = 60/0 

Nhere --INPR=4 - Initial Parcel Count (Packed) 
--IRB=1 - Initial etock Nuaber 
•-IORGC=O - Initial Orgln Counter Value 

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

W1 = 12/P(NPR),1,/0,9/RB,24/0RGC 
W2 = CW 

where --NPR, R8, ORGC are current values of parcel count, 
block nu■ber, and origin counter of the local block 
whose usage is being susoended by USE or ORG 
pseudo. 

Note that NPR, RB and ORGC for a new •block-in-use• are 
loaded fro• LBIT entry of such block into the local 
variables At (first word> ard OW (second word). See next 
paragraph for ~ore details about AI,CW. 

Table ls initialized by the USEBLK processor (soace 
reserved). Then an entry ls ~ade each tiae an obJect code 
instruction referencing an external symbol or a symbol 
residing in a co•~on block is generated. The LAFT entry 
contains: 
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"~ere --LCBN loader number for a common 
-- EXN external nuaber 
-•FILL or LINK byte cor.talns a 

block nu•ber or the current 
current ORGC value. 

Hay 2s. 1978 

block 

relocation factor. 
block•in•use and the 

FILL Table is generated fro■ the LAFT table and written to LGO 
by the ENO Pseudo Processor. (See also description of ENO 
Pseudo processlng.t It contains relocaton lnfor■ation for 
referenced sy ■bols in co■mon blocks. 

L!NK Table ls also generated fro~ the LAFT table and Nritten to 
LGO by the ENO Pseudo Processor. It contains information 
about referenced external sv•bols. 

XFILL Table entries are generated during CGIA ■ ain loop 
processing to represent referenced variable in co•mon 
blocks that reside in LC~/ECS. The table is "ritten to LGO 
by the ENO Pseudo Processor. 

XFE~ Table written to LGO by the ENO Pseudo Processor represents 
a syebol for the orogra• transfer entry. 

XTXT (Binary Text> Table is used to hold the obJect binary code 
(instructlons. constants) being generated during CGIA 
orocesslng. When the table 1s full, it ls transferred to 
LGO and reinitialized for another code block. A full table 
contains the following lnforeation1 

• TH (Text Header Word) contains table IO. word count for 
the following binary text (TO words>, block nu•b~r of 
the current •btock•ln•use• and a current ORGC value. 

• TR (Text Retocation Word> contains relocation bytes for 
anv relocatable address references within the 
following binary text. 

• ro•s (Text Words) contain binary code. Note that 
norfflally there are 15 text words in full TXT table, 
unless fewer words have to be written to LGO because 
the usage of the current block is • suspended or 
ter•inated. 

In connection with orocessing of so■ e oseudo instructions. 
CGIA also generates and writes to LGO the following loader 
tabless 

• XREPL Table for each PEPI Pseudo 
• VFOP Table for each VFOP Pseudo. 

Note that XREPL table ls also generaed by 8SSZ Pseudo 

CGil - Code Generator Internal Asse ■bler 9-16 
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E12 
T~e fottoMing teKt describes those variables only that are 
mentioned ln the CGIA functional descriotion. 

At contains information about the current block-in-uses 

2/01,10/NP~,1/LCH.,1~10,9/RB,2~/0PGC 

wheres NPR •nu•ber of parcels available 1n the current text 
word cw. 

LCH •if 1, the current block•in•use is a coaaon block 
residing in LCM/ECS. 

RB •block number of the current block•in•use. 

ORGC •current origin counter value. 

CW contains a current text word beln9 assemb1ed. 
decre3sed to O) or Mhen "forcing upper" 
transfer-rad to the text table (XT~T>. Forcing 
any of the following conditions arisest 

When filled (NPR 
occurs, it is 
upper is done if 

• one parcel available only for 
instruction. 

a current two-parcel 

• a current instruction ls RJG, RJXG. 

• a new block specified bV ORG or USE instruction is a common 
block. 

Note t~at empty parcels are fl lled with NOP Instructions when 
cw ls partially filled. 

CGIA - Code Generator Internal Assembler 9-17 
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1e.o ~ACPQS - HQSI CO~PILER SJORAGE rACfil2 SKELIONS 

~ACPOS contains the definitio"s of the host coapiler•s aacros that 
qenerate storage reservation and initialization directives in the 
relocatable binary. MACROS consists of a set of static tJbles 
that are accessed by the ■aero expansion code in CGIA. The deck 
contains ■ aero definitions whose function ls described in section 
6.6 of the Interface Specification Appendix, followed by a •CALL 
SNACROS, which is the na■e of the COMdeck on the host•s oldpl 
containing the SHACRO definitions. 

PBUF 

FSMIC 

A 7 word buffer to hold the actual arguments (oaraaeters) 
of the current •aero call. The first word is always 
zero. The format of the other words are 36/0,2~/arg 
value. 

Micro string value table, t•o words per entry. Format ls 
60/0L string,6016•Nchar. 

ORG CTR Current value of the origin counter in AO. for■ at, it ls 
setuo and used by the SET. processor. 

FSMACS FWA of the SHACRO oocode index table. The index table 
co~tains one word for each SHACRO in the foraat 

where n.PR ls the nu■ber of oara•eter references that 
have to be relocated, ten is the nu~ber of words in the 
macro skelton and fwa is its first word address. 

SS g1AS The difference between LO, the beginning of the special 
symbol value table ar.d PBUF. 

FS~XB 

LITORO 

5MACRO 

The first word address of the ■ aero expansion buffer that 
CGIAIPHR •oves the •aero excanslon to. It ls contained 
in the co•mon block CCG.SCR. 

When a literal appears as an argu■ent in IFIZ, SET., 
etc., LITORO ls called to place it in the PARANB block 
and give it a na ■e so it car. be referenced as if lt was a 
•aero argument. 

Defines the beginning of a storage •aero definition. 
First it sets up the macro informaton word in the block 

MACROS - Host Co■oiler Storage Hacro Skeltons 10•1 
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ENOS 

FP8 

BTW 

SKELS in the for■at 

36l6L HAC•NAHE.3/LAB,18/PARAH•TYPES.3/0 • 

LAB is 1 if the first argu~ent does not appear in the 
label field when the ■aero is listed and zero if it does. 
The oaram-types field contains·a three bit field for each 
~aero argu■~nt which is its type (CON, SYN, etc.). The 
macro also sets uo the formal argument na■ e as a cell in 
PBUF so the _other ■acros can reference it. Finally it 
lnltiallzes a group of redeflnabte sy•bols that the ENDS 
macro will reference to set up the index word. 

The ENOS aacro ter■ inates a SHACRO definition. tt 
deter ■lnes the length of the SHACRO definition, sets up 
para■eter relocaton bytes at the end of the Skelton and 
pointer, length Nord in the block INOEXT. The last is 
used to find the ■ aero skelton when the opcode ls 
encountered by the asse■bler. 

Form a RELOC byte for a reference to a 
from a pseudo oo. When a CON, ass or 
SMACRO the •aero para•eter values must 
into the pseudo •ord prior to oassing 
processor. This ele■ inates special code 
whose arguments co•e fro• both the input 
expansions. 

~aero paraNeter 
USE appears in a 

be substituted 
it to the opcode 
in the orocessor 
stream and macro 

The argu•ents to FRB are the type of sv~bol (L, s, C, a, 
••• , And the oositlon of the botto• bit. For ■ aero 
parameters it for•s the sy■bots PR.1, PR.2, ••• , whose 
values are 6/botto■ blt.6/lndex from last relocation to 
this relocaton. The ENOS ■ aero sets up the relocation 
lnforaation at the end of the ■aero skelton as a series 
of 12 bit bytes. 

of a Mord of 
with machine 
BTW must be 
to BTW ls the 

Begin Text Word. BTW begins the definition 
data Mhose fields ■ av be filled in 
instructions, address- or string values. A 
fol lowed by a matching ETW. The argument 
address of a background word or teaplate. 
absent, then a background of zero ls assuaed. 

If it is 

In either case the ■aero foras a word 

where ElWA ls the ■ aero relative address of the last word 
in the BTWIETW pair and TWA ls the address of the 
template word. BTW also sets the SYfflbOI .VFD and the 
micro BTW which so•e of the other aacros use to d•tect 
errors in the SHACRO definitions. 

End Text Hord definition. 
SHACRO definition and defines 
arw. 

It checks for errors in the 
ETWA for the preceeding 

MACROS - Host Coapller Storage Macro Skeltons 10•2 
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ARI Add Relocation Infor■atlon to a text field. The ARI 
macro sets up a "ord of the for•• 

Where LEN ls the length of the field, BOT•BIT the loMest 
(rightmost) bit and SYH ls the address of the word 
holding the IH of the symbol. 

ACI Add Constant Inforaalon to a text field. ACI foraat is 
the saae as ARI. 

MACROS - Host Compiler Storage Macro Skeltons 1D-3 
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CGT~ contains tne CCG Table Manager and other ■iscellaneous 

rou•ines that are comaon to the code transformer and assembler 
ohases of CCG. Since CCG ■ ay be sol it between overlays, CGTM may 
be thought of as the cradle of CCG. In the following the routines 
are discussed ln their listing order. 

!USCELLA~EQUS 8Q!Jl~ 

CGSIEP 

DUNT 

CGSSCT 

CGSENC 

CGSFCU 

Initializes end orocessing. Sets a new low •emory li•it 
for the table manager, ctoses the OPT=2 rando• file and 
resets soffle other flags associated with the table 
manager. 

Terminates CCG processing when insufficient •efflorv is 
available. It incremer.ts 1he host comoiler•s fatal error 
counter and exits to a host suoolied exit address. 

Search constant I iteral table (CVT) for orevious 
occurance of a constant (the input argu•ent>. Add it to 
CVT if none. In either case the routine returns the 
ordinal of the entry in the table for use ln the CA field 
of LDC instruction. The code consists of first adding 
the constant to CVT followed bv a search ter ■ inator looo 
to look for the first occurance of the constant. On 
finding a •atch it adJusts the length of CVT and returns 
the ordinal in X6. 

Enter n•~ord constant literal in CVT. Si~ilar in 
function and logic 10 SCT, except that the argu■ent is a 
mufti-"ord constant. 

Force use of K•th constant in CVT. FCU sets the Kth Nord 
in CUT non-zero to indicate that it is •used". The aain 
capability provided by FCU is the ability to use constant 
literals in AP and IO 1ists. 

MPW Writes a pseudo op Nord to SLIST. 

11.1 tND P~ocEssoR BPUIIUt~ 

CGSRBT 

CGSCU8 

Relocate Block Table. Tereinate alt blocks (force uooerl 
and convert the block table <FSLBT) fro• a block length 
for•at to a block FWA for ■at. Saves the su• of the local 
block lengths in the cell N$SLBT. 

Change use block. 
block to another. 
oseudo op to SLIST. 

Switchs code output 
It updates LBT 

from one local 
and outputs a USE 

CGTH - Code Generator Table Manager 11-1 
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f'SU 

CGSEP 

CGSOSA 

Force next seQuence upper. 
transformer to force upoer. 

Ca 11 ed by the code 

End Processor. Called by tne host. It first scans CVT 
to eliminate unused constants fro• CUT, and then outputs 
the table (CUT) to SLIST as CON. BSS O, followed by the 
table as a series of OATA words. Finally it defines the 
address•s and reserves storage for the soecial svmbols 
IT. and OT• • 

Oeflne sv•bol address. Defines the address of a sy ■bol 
(its first argueent) and outputs storage for it C" second 
"> to SLIST in ter•s of a 8SS pseudo. 

W!I Wrlte Issued Instruction to SLIST. MII ls called by CGSPAS 
after HCG(OPTi2) or _by GPO. Its orlmary functions are flnat 
conversion of the SLIST instructions, address definition and 
uodating the sub counts. 

WII consists of a main loop to e~tract the oocode processors for 
the instructions that have to be inspected and a return point to 
adJust the oarcel and block length counters. The fol lowing 
instructions are given special processing in WII. 

NOP 

ORL,OWL 

TLO,TST 

ILO 

A NOP is placed at the end of the seauence by MCG. 
Where it is encountered by WII, it ter•inates 
orocessing and writes the seouence (contents of PITt to 
SLIST. 

These instructions are orocessed only if level 0 
address substitution is being used by the host. tn 
this case a ORL/DWL with a non-zero IH is really a 
•suao•. In thls case the suao count for that for■al 

oara~eter has to be increeented. 

In these instructions the CA is an index into TET, and 
are converted into a real CA at this ti•e so that the 
co~piler generated temps occupy a minimum a~ount of 
space. The code checks to see lf a final assign■ent of 
a CA has been ■ade, or if one has been assigned 
(OPT=1), assigns one and in either case adJusts the CA 
field in the instruction. 

Processed a5 a TLO if the IH is IT., else processed as 
a LO. 

LO,ST,STT If IH and CA are zero, then orocess as a one parcel 
instruction, else extract IH and if tis zero then set 
the HAT bit in sv ■ tab for this sv•bol so that the host 
will issue storage for it. 

If IH is a formal paraaeter, then CSR is cal led to 
count the sua refererce. Finalty, if there is an HZ 

CGTH - Code Generator Table Hanager 11-2 
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i 
' 

lOC 

LDV 

JPX,JP88 

JtN,UJP 

RJ3 

RJXJ 

RJ6 

LAR 

CSR 

RLV 

CGSAVO 

CSN 

word, then lt 1s skipped over. 

The CAth entry in CUT ls set non-zero to lndlcate usage 
of the constant. 

CGSAVO is called to assign and return a final CA and 
the instruction is converted to a LO. 

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

Call RLV and then force uDper. 

Force upper after. 

Force upper before and increase the btock length by 
one. 

Force uooer before, increase the block length by one, 
and count a SUB ref if the IH ls a for•al parameter. 

Force uooer before and define the address of the IH as 
the current block length. 

(Count Sub Referencet Gives an IH whlch is a format 
parameter. It ups the sub count fleld ln FPI and sets 
the subs encountered flag non-zero. <CCSSUa>. 

Checks a referenced label value for substitution in 
(OPT=2>. The label wlll be changed if the LC bit ln 
word b of the sv•tab entry ls on. 

Given an index into the Vardiffl table (VOI> it checks to 
see if there has been a previous use of this entry, and 
if so returns the CA valu•• Otherwise it assigns the 
next available value (NSVO> as the CA9 •arks the entry 
as used and increMents NSVO. 

Converts an IH to its OPC na•e ln zero L for■ at. 

~C~LLAMEOUS BOUTI~ES 

/OP~OEFS/ A co•aon block that 1s used by PRNTR~t ln debug 
Mode to print out the IL Instruction opcodes. 

F.ROT (FSROTJ The table of IL instruction descriptor words. The 
OPROEFS co■deck ls used to for• lt. 

ISC= 

SST 

Initialize Small Core. Routine that ls called by 
the SETCORE/SETZEqo aacros to initialize a btock.of 
■ e•ory. 

Fancy version of SHL 9 it is a shel I sort of a 
single word/entry table that allo~s a key mask and 
shift when sorting. 

CGTH - Code Generator Table Manager 11-3 
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SHl A si•ple shell sort for single word/entry tables. 

The CCG table manager consists of the table vector comdecks 
(CCGTHTV, etc., and the table •anager routines which consist of 
ATSt, AOWS, HTUS, AFT , CWS , the table overflow processing 
routines (TOV, TOB, ~OREFL, AST I and the test aode table du•p 
(CGSPTC). 

The table ■anager was adapted fro• an early version of the MACE 
table ■anager, and was revised and expanded to ■eet the needs of 
FTN ~.x and CCG. The atgorlth■ used to reallocate the dyna■ lc 
table when one table overflows is Garwick•s, and it is described 
i~ Knuth, Vol ,1. 

The CCGTMTV co•deck conslsts of the BSTBL macro definitlon to 
setup the table vectors FTAa and lTAa, the basic list of tables 
use~ by CCG as TA8LE macro calls, followed by cal Is to the host 
suoolled comdecks CGHCOTO and CGHCSTO. The FTAB vector holds the 
FwA•s of the tables and LTAa vector their lengths. 

ATSS 

AFT 

HTUS 

ls called by the AOOWRO (in CHPLTXT) •aero to add 
word to the end of a ■ anaged table. If there ls 
enough roo• between the tables lt calls ATSS to get 
space. In elther case it then adds the Nord to the 
of the speclfled table. 

one 
not 
the 
end 

ls called by the ALLOC ~aero to allocate n extra words 
for a table. If there is sufficient space between the 
requested table and the one after it, lt updates the 
length and exits. If a reallocation is reQuird, it saves 
so•e registers and co■putes the re•aining table space~ 
which is the length of the dynamic table area minus the 
suM of the lengths of the tables. If there ls sufflclent 
space bet~een 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 caller. In the case 
insufficient space is available, ATS Ju■ os to ATS8, which 
calls one of the table overflow processors (TOV, TOB, 
etc.,, which atte11pt to get •ore space. ·A successful 
return from one of the overflow processors is to ATS9• an 
unsuccessful return ls to PUNT:. 

is called by GPO to activate the first table (BLK> which 
is used during looo optl ■ lzation. 

■oves all the tables up to the top of •e ■ory fRA+FL>, 
■oving the last table first. 

CWS ls called by CGSINIT to deteraine how Much FL is 
availabl~ and what the working storage li•its are. 

TOV9 TOVA and TOB (the table •anager overflow routines> are called 

CGTH • Code Generator Table Manager 11-4 
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AST 

CGSPTC 

by ATSS 
table. 
shrink 
enough 
static 

when there is insufficient s0ace to ex0and a 
They attemot to get •ore soace by first trying to 
tables that are in core 9 and then if this wasn•t 

they call HOREFL to increase the Fl and move the 
tab I es UP. 

makes a HEM call to the systeM to increase the compller•s 
field length. It then calls AST to aove the static 
tables uo. 

ls an internal routine that ls called by HOREFL to uodate 
the oolnters to the static tables and ■ove the• up. 

ls called by the host•s co~olle ti ■ e reoreive processor 
in test •ode to ~rlnt the contents of the coMpiler tables 
in octal and a for■atted duao of the current IL 
instruction seQuence in TXT. 

CGTH - Code Generator Table Manager 11•5 
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12.~ MIO - QPI=Z HASS-STCBAGE I/0 RPV!Itlt~ 

~n~cal Qvccuu 
This set of subroutines handles dyna~ic storage allocation for 
exte~ded basic blocks during OPT=2 processing. Blocks are paged 
fro• LCHIECS or the disk file ZZZZZOP into an SCH table (page 
buffer> DJ.1 as they are requested. The rando■ index words ln all 
(block address and status table> and the block address words in 
BST (list of active blocks) are updated for each block that ls 
~oved. They contain current positional information including the 
SCH first word address of the b•ock text, disk address, LCH/ECS 
address, length, and status bits for each block. These routines 
are also used in a aore liaited ■anner to allocate block storage 
for OPT=1 orocessing. This type of simulated virtual storage is 
necessary because the orogram text blocks ara processed by the 
gloha1 ootlmizer ln a non•seQue~tlal manner and lt •av not be 
oossible to keep them all in core at one time. It is also used to 
read and "rite overflow graph tables to the disk file ZZZZZOP. 

~IO allocates space for blocks in the tabte lll.~ and ln LCHIECS 
using Knuth•s boundary tag ■ ethod. This techniQue is described by 
Gries in Cgmol1sc Coo~tcyctloa,_.Joc Dlq1tal Computec~, section 
s.10. !t reouires header and trailer words for every block that 
are used for keening track of free and allocated areas of space. 
The advantage of this ■ethod ls that essentially a fixed amount of 
tlM@ ls necessary to free an area and collapse lt wtlh adJacent 
free areas lf possible. Other methods reaulre so•e type of list 
search to identify ad]acent free areas. The for ■at of each used 
and free area ls shown in the diagra• below. The header Nord 
indicates whether the area ls free or currently allocated and the 
tenQth of the block (including header and traiter words). For 
allocated areas it also contains Jill and .as.I table indices for the 
block and a set of status bits giving the purging priority final 
write flag, and holding block indicator. The trailer words are 
used to keep a doubly llnked list of available space. The forward 
lin~ fi~ld points to the next area as the list, while the backward 
link fiefd points to the previous one. The list ls ter■ inated by 
a zero link field. The use of header and trailer words also 
si•olifies garbage collection orocedures. 

The follo~ing diagra• illustrates s~orage allocation for three 
blocks. One ls a holding block which was created during 
optlMization and consequently has no cooy on disk or in LCHIECS. 
The other two sho• hoM the address type bit in the rando■ index 
word ls used to deter ■ine whether the out-of-core copy of the 
block is in LCH/ECS or packed lnto a disk record. It should be 
noted that table entries referring to the FWA and length of a 
basic block ln a.LK pertain to the text of the block and do not 
include the header and trailer words. This is because the other 
routines of the optifflizer that use these table entries do not 
allow for the two extra words per block. HoNever, the pointers 
used with blocks on disk or ln LCN/ECS are to the header words 
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since these are internal to HIO. The dlagra■ also shows hoN the 
linked lisf of available space ls structured. The storage 

(~ allocation illustrated is for basic blocks in the SCH table ,au. 

£UI - Block Information Table 

OFS FWA RA LCM 
IC AT LEN 

c 11 > t 1 1 1 I I 51t I 42102 320 

C13t I O I O I 1100 I 22 I 112 

' I 
' 

<17> I 1 I o I I 24 I 42262 

( 0) 

.ail - Block Status Table 

8LK PRI Ha FW at LEN FWA 

' 1 I 1 I 1 I o I 17 I . 24 I '+2262 
♦----♦ ---•--~•----+---.... ---- ♦-----♦--------♦ 

11 111010 

,o 111010 

I 

' 

I 11 SC. I '+2102 

I 13 I O I o 

---- -------------
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LAS,• Header for List of Available Space ln BLK 

LKF 

C.2260 

3'3 16 

JJJ. - Meader for List of Available Space in LCM/ECS 

LKF 

·---~------------~-----♦----------•-------- ♦ 317 

35 18 

Hay 2s. 1978 
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'42101 

,.211'2 

Ct2155 

lt2156 

'42157 

421611 

4 22'57 

I 
I 
I 

AV 

I AV 

0 

1 AV 

I 

I 
I 
I 

1 

I AV 

PRI HB FW BI 

Block Text 

lKB ll<F 

0 0 

Aval I ab I e Space 

Lt<B Lief 

SST 

42?.~0 1 0 f 42355 t 

42?f>1 

42262 

a.2101 

a.2110 

I 
I 
I 

AV 

I AV 

I 
I 
I 

0 

AV 

I AV 

I 1 

I 
I 
I 

PRI HB FW 81 SST 

Block Text 

Ava i I ab I• Soace 

LKB LKf 

lt2260 0 

LEN 

LEN 

56 

LEN 

102 

LEN 

102 

LEN 

LEN 

26 

LEN 

LEN 
,.,. 

I 
I 
I 
I 

I 
I 

' 
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!AUJ.Z 

22 BI 

13 

Block Text 
123 

Hay 25., 1CJ78 

f9 

LEN 

102 

LEN 

102 
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317 

321 

AV 

I 1 

I 
I 
I 
I AV 

AV 

AV 

1 

AV 

1 

LCMlECS 

Ava.llable Space 

LKB LKF 

81 8ST 

Block Text 

Ava i I ab I e Space 

LKB LKF 

317 0 

LEN 

102 

LEN 

LEN 

LEN 

56 

LEN 

20 

LEN 

20 

I 
I 
I 
I 

I 
I 
I 
I 

t 
I 
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~.UIItJES FJJ 
A. Initialization routines 

1. IMP - Initialize Hass J/ Processing 

This set of 5 subroutines perfor■ s lnitlatizatlon 
functions for the tab1es9 flags and linked lists used by 
the routines that handle dvna~lc storage allocatlons. 

I~PA - Called fro• the Bridge initialization to ooen the 
rando• f11e ZZZZZOP and set the flags for LCHIECS 
usage. 

IHPB • called fro• GPO to duep the last 
blocks to disk and· initialize 
buffers RRB and RWB. 

of the phase 1 
the two packing 

IMPC • called from GPO to initiatlze 31.K and LAS for the 
11st of available space for OPT=2 processing. It 
also sets the OPT=2 table overflow exit. 

IHPD - called fro• GPO to initialize .fll.~ and LAS for OPT=1 
processing. Since only one seauence loops are 
being processed, Bi~ ls set uo with the available 
soace at the loMer end and the block at the top to 
reduce garbage collection. Theil.I entry for tne 
block is stored here. 

res - an internal routine called by IHPC and IMPD to do 
the free space initialization in AJ.l• 

a. External Routines 

1. WM8/WF8 - Write Modified Block to aJ.K 

This routine has two entry points, WHa and WFa, and is 
used to write a modified block from another table l"to 
fil.K• The difference between the two entry points is that 
WFB sets the final write bit in the block header word and 
the~ entry. It is called for blocks that have been 
coded into save instruction for•at (SI>. For this entry 
ooint the FWA and length of the block are specified as 
entry oara•eters9 while WMB assu■ es the block resides in 
lll• A call is aade to ASB to allocate space for the 
block ln m.K• The actual transfer is then done, the block 
header and tra11er words are stored9 and the il.S.1 and ill 
entrles are u~dated. There ■ust be an entry for the block 
in the current Bil• 

2. RTB • Read Text Block into ~ll 

This routine is used to read a block specified by the 
l. current SSI index to BST_fcom LCt1'~L.s2c. di:t!s into_BLK~ 

If the __ c,.egugsteq__block u_atready in D.U, the exit 
oarameters O.SEQ and L.SEQ are set to the FWA and length 
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of the block respectively. Otherwise, a 
ASB to allocate space for the block 
called to read the block. The ail and 
uodated and a.SEQ and L.SEQ are set. 

3. RBS - Release Block space 

Nay 25, 1978 

cal I is ■ade to 
in ,au and GHB 1s 
an entries are 

This routine is called to release all space in aU or LCM/ 
fCS associated with a block specified by the current BSI 
index to Bil and change the BS.I and Bil entries to ooint 
to a du■■ Y block which consists of a BOS and EOQ. 

~. RNB - Read Next Block of ZZZZZOP File ln a SeQuentlal 
Hanner 

This routine ls called from FBV to read al I basic blocks 
for a progra• either fro■ LC~/ECS or disk. REAONS is used 
to read the file in 6000 mode. The routine GHB is calted 
to read blocks fro• LCHIECS or for 7000 ■ ode disk files. 

s. SMB - Save Memory Stock 

This routine is called to write a block to the random 
write buffer, LCHIECS, or disk. The entry paraMeters give 
the FWA and length for the block and also the old LCN/ECS 
address so that the space can be reused. Blocks are 
transferred directly to LCH/ECS to orevent writing short 
records to disk, blocks are packed into a randoffl write 
buffer, RWB, and full buffers written to disk. Bfocks 
that are longer than RMB are written directly to dlsk as a 
single record. The random index word ls for•atted and 
returned as an exit parameter. ASL is called to do the 
actual transfers to LCH/ECS and disk. 

6. GHB - Get Heaory Block 

This routine ls called to read a block fro• the rando• 
read buffer, LCMIECS. or disk. The entry oarameters give 
the FWA of the space. The block is to be ■oved to and the 
rando~ index Mord for t~e reauested block. Depending upon 
the address tyoe. the routines GBL or GBO •av be cal led to 
read the block from LCH/ECS or disk. N.RRB ls checked to 
see lf the record contalning the block ls already in RRB 
so that only a transfer is necessary. 

7. O~B - Ou■o He■ory Blocks 

This routine is called fro• ASB or the table aanager 
(PROSEQa to dumo blocks fro• RLK to LCM/ECS or disk when 
additional space is reQuired. Blocks are duaped on the 
basis of oriority - first those ~1th the final write flag 
set, second those not included in the as.I for the current 
region, and finally all others except the block that o.SEQ 
currently ooints to. Blocks are du~oed until the amount 
of free space reQuested as ~n entry oaraaet~r is obtained 
or until all possible blocks have been du~ped. A flag 
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denoting success or error is returned uoon exit. 

c. Internal ~outines 

1. Asa - Allocate Space in ,W.K 

F13 

This routine allocates space for reading or writing a 
block into~. The entry para~eters give the address of 
the block header word and_ old length of the block if a 
previous cooy is already in Jll.K• The new length being 
re0uested ls used to deteraine whether the block can be 
rewritten ln olace. If not, the space occupied by the old 
copy ls added to the 11st of available space and the list 
ls searched for a larger available block. If enough 
available space exists, but not as a contiguous area, the 
garbage collector GGB ls called to co■pact lt. Otherwise, 
0MB is called to free up the necessary space. The FWA of 
the allocated space is returned as an exit para•eter. 

2. ABB - Add Block to aLK List 

This routine adds a block of available space to the linked 
list of available space headed by LAS. The FWA and length 
of the block are given as entry conditions. The blocks 
i••ediatelv physical Iv preceeding and following the block 
to be added are checked to see if they are also available 
space. If so, all contiguous available space li combined 
into one block and made one entry on the linked list. 

3. R8B - Remove Block Fro• flLK List 

This routine reaoves a block of available space from the 
linked list of available ~pace headed by LAS. 

~. CGB - Collect Garbage ln a,u 

This routine collects the fragaented blocks of available 
soace into one contiguous area. Entries in as.I. and a.II 
are uodated for alt blocks that are moved. The list of 
available scace is updated to contain only one entry, and 
HX.AVS, the •axl•um amount of available space ls reset. 
CGB is called from ASB or the table Manager if the size of 
the table BLK ls to be reduced. There is currently no 
logic to allow the size of BLK to be increased. 

~. ASL - Allocate Space in LCH 

This routine allocat@s space for a block in LCHIECS lf lt 
ls available. The entry parueters give the FWA of the 
old copy of the block ln LCM/ECS if one exists and the new 
tength belng reQuested. The FWA and the length of the 
block assigned are returned as exit para■ eters. The logic 
ls similar to t"at of, ASS exceot that each block ls 
allocated Mith a •paddi~g factor• (initially 20 words) to 
allow a modified block to be rewritten in place Nore 
often. When the available.soace is greater than 1/~ of 
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the total LC~/ECS field length and no •ore space is 
available at O.Lc~. a garbage collection ls done. 

6. ASL• Add Block to LCH List 

This routine adds a block to the lln~ed list of available 
LCM/ECS space headed by LAL. Al I contiguous areas are 
collapsed into a single entry. The logic is slMilar to 
ABB. 

7. RBL • ReMove Block Fro• LCH list 

This routine re•oves a block fro• the linked 11st of 
available LCHIECS space headed by LAL. The logic 1s 
si ■ ilar to ABL. 

8. CGL - Collect garbage ln LCM 

This routi~e is used to compact all blocks or available 
LCMIECS space into a contiguous area beginning at HOSOFLL. 
Entries In !UI are updated for all blocks moved. Thls 
list of available space is ~pdated and MX.AVL is reset. 

MVL • Hove Block of LCH Oata 

This routine uses a 100 word SCM buffer to ■ ove a block of 
LCM data. Entry oara■eters are the Nord count. source FWA 
and destlnatlon fWA. 
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IOJ3Ln - ~ando• t/0 Table Forfflat Definitions (co•deck>. 

1. RI.• Rando• Index Word 

IC Bit 5q 
AT alt 58 

Bit 57 
LEN alts (39-56) 
CFS Blts (J~-38) 
JU Blts (0•29> 
FWA Bits 118-35> 
LCM 9lts co-111 

=1 in core, =O on HS 
address type, =O disk, =1 LCH 
unused 
block length (incore copv, 
block offset ln record 
disk address of block 
FWA of block in f1U 
LCH address of block 

The random lndex MOrd ls the first word of the two word entry 
for each block in llll• 

2. BA. - Block Address Infor•ation Word 

BLI< 8it 59 =1 if block ls in au 
PP! Bit 58 b1 ock priority for ourging 
H~ Bit 137 holding block 
FW Bit 56 f inat write ft ag 

Bits (54-55) unused 
BI Bits (36-153) llll index (=BN•2> 
LEN Bits (18-35) block length ( l ncore copy) 
FWA Bits (0-17) f'WA of block in W.S 

The block address inforaation word is the second word of the 
two word entry for each block in ill• 

3. BH. - Block Header Infor•ation Word 

AV Blt 59 
P~I Bit c;s 
He Blt 57 
FW Bit 1H, 

i3 l t s I 51+-S5 > 
BI Bits (36-53> 
BST Bits (18-35) 
LEN Bi ts (0·17> 

=1 block is available soace 
block Qrloritv for purging 
holding block 
final write flag 
unused 
BIT index C•BN•2) 
index to BST table 
block length <Including header 
and trailer words) 

The block header information word i••ediately preceeds the 
first word of the block • 

... BT. - Block Trailer Word 

AV Blt 5g =1 block is avail ab I e soace 
Bits (5a.-58) unused 

Lt(B Bits CJ6-~l ABS link backward 
LKF Bits (18-3'5) ABS link forward 
LEN Bits (0-17) block lengtt\ ( l l"IC I u d 1 n g header 

and trailer worcs> 

The bloc~ trailer word i ■mediatetv follows the last word of 
the block plus any extra words allocated. 
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GlOBAl FLAGS 

,ux.tct1 
O.DISK 
lOT 
O.RRB 
O.RW~ 
RLEN 

N.R"RB 
MX.AVS 
HX.AVL 
LAS 
LAL 

MIN. A::\ 
HIN.AL 
LC,-..XL 

ENTRY. 
ENTRY. 

DATA 
DATA 
8SSZ 
BSSZ 
VFO 
BSSZ 

BSSZ 
ENTRY• 
8SSZ 
assz 
assz 

EQU 
EQU 
EQU 

0 
0 

Next available LCH address 
Haxi•u~ size of au 

LOCAL VARIABLES 

2000008 
1 
1 
1 
ft2l.18/FWAB 
1 

1 
0 
1 
1 
1 

408 
1008 
ZOB 

Nax LC~ compiler uses 
Next available RA on dlsk 
Address type, O•OISK, 1=LC" 
FWA of randoa read buffer (RR8) 
FWA of rando■ write buffer 
Length or current record ln wrlte 
buffer 
RA of record in RRB 
Haxi•u• available space in .au 
Haxi ■u• available space in LCM 
Head of aLK tlst of available space 
Head of LCM list of available space 

Hin size block added to LAS 
Min size block added to LAL 
Extra length added to LCH blocks 
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FBV forffls the use/def and live exit bit vectors to be used in 
phase 3 of global ootiaization. It is called by GPO after the 
control flow 1nfor•ation has been aralyzed. On exit fro• FBV the 
blt vectors for all reachable program blocks have been for•ed. and 
the soace occupied by FBV is used as a buffer by HIO for LCM to 
LCH transfers. 

Fav consists 
FUO in GPO 
subroutl~es. 
which ls used 

of a ■aln loop to read to the progra• blocks and call 
to for• the USE. U0O and DEF vectors. and two 
SNO calculates the node order of the program graph, 
in CLI to calculate the live on exit bit vectors. 

SNO is a depth first search of the program graph that assigns a 
nu~her to a node the last ti~e it vists it. and is straight• 
forward. CLI consists of two loops. First it sets up a loop 
control vector which is a list of the nodes of the flow graph in 
SNO order. The sec~nd loop calculates the live exit bit vectors 
by repeatedly iterating the eQuation --

LX(n) = V((lX(s) A OEF(s))V UBO(s)> 
sis a successor of n. 

The Hecht•Ull ■an pacer shows that thls algorltha will converge ln 
~K+2 iterations where K is the nu•ber of derived graphs. 

To si ■Plify CLI the c,rogra ■ entry node ls ■ ade a successor of the 
oroqram exlt node and the bit vectors are fiddled with ln UOTIAUT. 
This has the affect of allowing side effects, which in some cases 
causes the comoller to ger.erate so ■e extra post stores. Consider 
the examole --

SU8POUTINE X 
REAL A(lO) 
00 10 I= 1,N 

10 S=S•A(I) 
ENO 

S is live on exit by the eQuatlons and it is not realty. It 
should be diagnosed as an error. 

FBV 13-1 
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GPO contains the control toglc for phases two to four of the OPT=2 
global optimlzatlon (code ■ otlon and strength reduction), and the 
control logic for the OPT=1 loop opti ■ izatlon. 

The algorith ■s ln GPO are an a■alga• of interval analysis. the 
CSC•lNRA Cllnear Nested Region Analysis) algorlth•s described ln 
Cocke and Schwartz, and Allen•s article in Advances in 
Progra■mlng. 

The global optimization consists of a oass over the progra•, 
"orklng froffl the lnnerfflost loops out to •ove out invariant code, 
reduce integer polyno■iats to si ■0te adds, eli•inate dead 
definitions, and assign aachine registers across the loops. 

After the entire orogram is processed, the blocks are then 
processed in their crogra• order, addresses are assigned and the 
global tefflooraries are packed. 

The subsections of GPO area 

utility subroutines - WTB, PCC, SRI, StI, SMI, HPa, HTB 

OPT=1 looo optl ■ lzation - COL 

OPT=2 initialization and control - GPO, CIC 

graoh processing routines - IGP. FNLe GNG 

region initialization IRP, TRP, IH8. CST, ATT 

block COMblnation - CBS, CHB 

use/def and bit vectors - CRa, Eav, FUD 

global ooti•ization ROD, IPS, AUV, FXI, SHB HII, FII, HIP, 
NIE, C!F, OIF, FIMe EIE, UPB 

Overall flow of OPT=2 processing 

Phase 1 • (Bridge, PROSEQ, SQ2e UOT) 

Process front end output, subdivide orogra• into basic blocks 
collect control flow infonaation, eli•inate redundant expressions, 
forM use/def variable dictionary, save basic blocks on a random 
fite. 

Phase 2 - (GPO initialization, UOT, CFA, FaV) 

GPO 14-1 

62 



CYqER 170 CONHON CODE GENERATOR 
Internal Haintenance Specificatlons Hay 25. 1978 

Call AUT to refor11at the use/def dictionary, call CFA to analyze 
the control flo" infor11ation and for111 the inter-val lists. Set uo 
th~ fixed tables in low •~mory. Call Fav to read the progra• text 
seauentiatly, and form the USE. UBO, OEF and live exit vectors. 
Ini•ialize BLK, the incore page table, for phase 3. 

Phase 3 - (GPO, GRA. SQZ, NCG, AISJ 

Process the orogra■ loops, working fro• the innermost out to 
@ll•inate dead definitions, ■ove out invariant/strength reduceable 
cod~ and assign registers across the loops. 

Pha~e ~ - (GP01J-GPOJ6, CGTHIWII> 

linearize the coded blocks so WII wlll orocess the• 
source program order. Process TET and assign 
eauivatenced entries. Call WII in CGMT to 
lnstructlons and assign addresses for CGIA. 

in ln tnelr 
CA•s to non­
convert the 

Final Iv, return control to the host so it can ~o the end 
processing and catl the asseabler. 

Phase 5 - ENO Processor, CGIA 

Final address definition and assembly. 

Cal 1 IGP to set uo the graoh tables and interval I ist c:,olnter. If 
there are no loops in thls graoh, exit to the straight llne code 
orocessor (GP011t. 

looo processing starts with a call to FNl to find the next 
interval that contains a 1000, it sets the pointer IBA to th'! 
address of the interval list. IRP initializes processing by 
allocatinq and setting up BST, the block status table, which is 
use1 as a "loop control vector• to point to blocks in the SCR 
(strongly connected r•gion). The second word of each BST entry is 
used to oass infor■ation between the various opti•izing routines 
in GPO and GRA. It also lnitiatizes the flags and tables, etc. 

FUO ls called to 
lnfor■ation in UOT. 
E8V ls called to 
varlables, etc., so 
involving them. 

Qf"'ocess the blocks and collect the USE/OEF 
If there were any user function calls, then 
set the region definition bits for co■■on 

as to lnhlblt ootialzatlon of any expressions 

ROD calls IPS to insert any post stores that were created during 
ln~er loop register assignaent. Then it scans the bloc~ for dead 
definitions, and eliminates t~em. 

HlI processes each block to ■ark the invariant instructions, and 

GPO 1ft-2 
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add the• to the block IIC. It also foras STC, the cha1n of 
ootential recursive definitions. Hit also foras the region use 
and def blt vectors. 

!HB initializes the holding block, moving the loop label out if 
necessary. 

~XI forms the region exit inforaatlon for GRA, which includes the 
region live entry bit vector, the movable definitions, and the 
live entry bit vectors for the exit nodes. 

Global optiMlzation continues with Flt, Nh1ch scans the store 
chains for recursive definitions and for■s a list of their 
increment values i~ IIT. If there are any then NIP is called to 
orocess each block in the region to •ark the integer polyno•ials; 
a linear function of a recursively defined variable; and to add 
them to the IIC. It also collects infor ■ atlon used for test 
r ep I ace• en t • 

MIE scans all the blocks to aove out invariant and strength 
reducible exoressions that are profitable, to the holding block, 
and to mark the places in the blocks where teaporary loads should 
be inserted. 

SH8 is called to SQueeze the hotdlng block and eli ■lnate redundant 
te~oorarles, whlch ls done by calllng SQZ. If any ter•lnal 
oolvnoMials were •oved out then CIF. DIF, FI~ and SH8 are called, 
CtF collects the IP and increme~t formulas associated with a 
tert11ina1 integer colynoaial (TPl and saves the111 in IIT. FIH 
rescans STC, and for each recursive definition lt bullds a I ist, of 
the TP•s that have to be incre■ented at the store and for■s the 
increment value by calling EIE. SHB 1s called lf any variable 
incre~ent code has to De added to the holding block. 

UPB 0rocesses at I the blocks 
te1110 1 oads ( Tto• s> and 
instructions after recursive 
blocks. It ls the final 
ootimizatlon. 

to replace the aoved expressions with 
insert the compensating incre■ent 

deflnltlons, and rewrite the modified 
phase of the •aehine independent 

C88 combines the baslc blocks in the region into 
blocks and calls RIO to •1a■ order• the EBB•s. 
any level 2 references. 

extended basic 
It al so • xpands 

GRA ls called to do global register assign■ent and code the 
~•Quence. 

finally, TRP is called to ter■lnate orocesslng of the region. 

Blocks outside of all loops are processed bY CIC. who assembles an 
EBB and calls CHS, ROO, CBB and CXB to code the blocks. 

Ohase ~ scans BIT to order the blocks i" source progra~ order. 
calls asslgn address and writes them to SLIST. 
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Subroutines (listing order, 

AF3 

STO 

Af locate storage for a fixed table in low •••orv. GPO 
initialization only. 

Set ~anaged table origin 
lnitiallzatlon only. 

ae11ory ll ■ i U, GPO 

WTff Write Text Block in TXT back to BLK after lt has been 
modified. Exits with L.TXT=4 caos onlyt. 

PCC Process Coroutine Call. This routine is called by the CLCH 
■aero to call the routine that ls lts entry argu■ent for 
each bfock ln the reglon (ln BST> exceot the holding block. 
It calls RTB to ■ake the block accessabte (put lt in aLKJ, 
sets uo a.SEQ, L.SEQ, BN, BSI and the registers and calls 
the routine. It updates esw and SST which the called 
routine ■ av have •odlfled. 

SRI/SI1 Store an IL instruction in a table, B6, 87 = table indet, 
table FWA. 82, XG, X7 = opcode, R1, ~2 words. SlI sets 
the INC bit in the descriptor word of the instruction. 

SMI Saffle as SRI, but also uses a ■eaory reference and sets FP/ 
LZ bits ln descriptor. 

COL Code opti~izable loop (OPT=11, a Quick and dirty trip 
through GPO and GRA. 

GPO Initialization, •aln loop, phase~ of global ooti ■ ization. 

IGP Initialize graoh processing. Setuo graoh table pointers 
used in GPO• inltiallze BTT and HNT. 

FNL Find next looo. Scan interval lists for next one with a 
SCR (loop>. 

GNG Advance graoh table pointers to next graph, or read it fro~ 
disk• 

IRP Initialize region orocessir.g. Set up SST for a region. 
Setup HB in atT, initialize ftags in /uPOGRAI. set LGL if 
~ultL•pred IF loop. 

IH8 Inltlallze the holding block CHB> ln TXT. 

TRP Ter■lnate region processing for a loop. Final processing 
of HB, reset UDT. clear tables, collaose BST. 

CtC Convert interval to code. Meant to be used pri•arily for 
straight line code. Accu•ulate Eaa•s. do so■ e opti•ization 
and code the11. 

ATT AdJust temporary table lET to clear ~EG fleld and uodate 
IPI fields of eQulvalenced entries. 
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CBS Combine basic blocks In an Interval to EBB. Expand level 
2/F.o. references, ■erge the blocks, resQuaeze and Ja• 
order. 

Clear region bits UOT. 
region. 

Resets UDT after processing a 

E9V Expand bit vector to set bits in UOT. Given a set of 
elements ln UOT. Expressed as a bit vector, and bits to be 
set ln UOT for ele■ents in the set, EBV scans the bit 
vector and sets the bits. 

FUO For• use/definition lnfor•ation and bit vectors. FUD scans 
a basic block (with IO list info> for ■ e■ory references and 
Jumps and sets usage bits in UOT and collects a list of 
marked variables. The list of ■arked variables is used to 
save tiae in resetting UOT, and in for■ lng the bit vectors. 
Bit vectors are for■ed if the flag eav = o. When FUD 
encounters a HB it ls processed soecially, and CHS ls 
called to see if it can be co•bined with its predecessor. 

CHO Combine holding block with iMmediate predecessor. CHa ls 
catted fairly early, so that code ■oved out of inner loops 
ls sub)ect to code ■otion out of outer loops. It checks to 
see if the block it ls processing ls a HS to an .eaoty 
block, and adJusts the bit vectors of both blocks so that 
further ooti ■ lzation can take place. 

ROO Remove Dead Definitions from a block. Call IPS to insert 
oost stores and adJust DEF, UBO bit vectors. Flrst check 
the block bit vectors for stores that are dead on exit and 
not used in the block, i.e. X =AS Y: SIN(B) C = x. If 
there are any ootentlal dead definitions. then scan the 
block backwards for dead stores, changing any to NOP•s, and 
ad)ust the PS bit of store predecessors. Flnally if any 
dead stores or dead co■putations were found, resQueeze the 
block to remove them. 

IPS Insert post stores that were created in GRA into a block. 

AUV 

During register assignment GRA may ■ ove the definition of a 
variable from the toop body to its exit nodes. The ■oved 

definitlon ls cal led a post store. The list of oost stores 
for a node is keot in PSI and the PII field ln • PIT ooints 
to it. IPS checks the PII field of the block and if zero. 
exits. In the case that a post store tlst is present, the 
block DEF and ueo bit vectors are adJusted, the store 
instructions are setup and inserted at the beginning of the 
block. Finally AUV is called to adJust the USE vector. 

AdJust USE bit vector of a block after a SQZB cal I to 
account for any store/load saueezing that took pl ace. 
Rescan the block and refor11 the USE vector in SVA. Exit l f 
block contains any user or I/0 external references. 
Ot herwlse. set b I ock use vector to SVA~ and the UBO vector 
to SVA and ueo. 

GPO 1 .. -5 
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FXI For• looo entry/exit infor•ation for use by GRA. Co■oute 
region live entry bit vector (LEA». For• tist of exit 
nodes of the SCR. Scan the exit list and for• the 11st of 
exit nodes, their live entry bit vector and whether the 
exit node can be post stored into or not in RXI. Also for ■ 

the moveable def blt vector which the set of definitions 
that can be aoved out of tNe 1000. FXI for■ s the region 
exit information in RXI which is printed out be PRNTRXI. 

SH8 SQueeze Holding Lock. Ter ■inates the HB with an EOQ and 
calls SQZB to eli ■ inate redundant instructions and 
redundant te■o stores. Rewrltes the HB back to BLK. 

HtI Hark Invariant Instructions and collect infor■ation for 
strength reduction. Forward scan cf a block to form a list 
of invariant instructions ln the link words. ■ark stores as 
not recursively defined in UDT. collect a list of possible 
recursive definitions9 substitute label references (multi• 
pred IF toopsl, count nu■ber of references to the loop 
header. When EOQ ls encountered9 save the invariant and 
store chain oointers in the tink word of the BOS and the 
block status Nord. Accu ■utate the SCR USE and DEF bit 
vectors. 

FII For11 Incre11ent In f or• at 1 on • Process blocks with STC•s. 
Scan the STC to eli111inate non-recursive de f i n i t i on s, and 
save the lncre■ent va I ues of the RD•s in IIT • Poln t the 
store instructions to the11. Hark the ST and its 
predecessor as INC in the descriptor NOrds for GRA. 

NIP Hark Integer Polyno■ ials. An integer potyno■ ia! is a 
llnear function a single recursively defined integer 
varlabte. HIP consists of a forward scan of the block to 
■ ark the IP•s, co■oute their cost and for■ a 11st of the• 
ln RNO. When a JPX is encountered, we check for a 
reference to the header "ode, and if so collect infor■ation 
for test reolacement for GRA. When EOQ ls encountered the 
IP t ist is ■ erged with the IIC chain in the link words. 

M"TE Hove Invariant Expressions and terminal integer polynoMiafs 
to the holding block. First the IIC is scanned for 
ter111inal invariant or strength reduceable expressions that 
are profitable to ■ove out, and a forward chain of the• is 
for•ed in the link words. Next space ls allocated ln the 
HB Cln rxr, and the instructions are ■oved out and setup as 
IT.cK, = EXPR in the holding block. The link word of the 
te•p stores are chained• and they point to the DI ace ln SEQ 
where a TLO of the ■oved instruction should be placed. The 
ooerand R•numbers of the instructions added to TXT are 
adJusted to bring the ■ to canonical for ■• The chain of 
aoved instructions in SEQ ls rescanned for stores and RJ•s 
and they are changed to aos•s so SOZ will eli ■inate the• 
when the block ls uodated. Finally9 the inforMation about 
the insertion 0oints of the tem0 loads is saved in TET for 
use bV SQZ9 UP89 etc. 
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Ctf Collect Increment For ■ulas. CIF collects infor■ation about 
terminal polynomials in IIT that is needed later in GPO to 
develoo the lncre•ent of the IP when the lndeoendent 
var i ab I e i s i n er e II en t e d , and i n GR A for the t es t 
reolacement, counting method decisions. CIF develoos the 
informatlon ln th-. B 11st of IIT (see GPOCOH and CIF 
snaost. for each ter■ inal polvnomlal 1n the Ha. First a 
special cal I is ■ ade to HII to ■ark the invariant 
lnstructlons ln the HB. The HB ls scanned a chain of the 
TSt•s that define TP•s is for•ed. The chain is scanned and 
the lncre ■ ent and oolyno■ial for•ulas are developed in IIT 
by calling OIF. The ITI field of the TET entry for the TST 
points to the IP infor•atlon in IIT. Finally, the IP lists 
ln IIT is scanned for sl•ltar IP•s; those with the same 
incre■ent for■ulas; and the IP•s are marked as similar. and 
the first ls •arked as a base ■ ember. 

OIF Oeveloo Increment For■ula of an IP of a single variable or 
extract an IP foraula. OIF is called by CIF to extract the 
IP formula or increment formula of an IP in TXT and place 
lt in IIT. To thls end it uses RND as a scratch table. 
The algorithm consists of t"o phases. A too do"n parse (to 
extract the for■ula fro■ TXT and for• an outout 11st 1n 
RND. and an output phase to expand and move the 
instructions fro■ RNO to IIT. In order to for• the 
increment formulas of an IP "e note that 

~IP= IP(J+~JJ -IP(J) = DERIVATIVE IP• ~J 

FIM For• Increment Hodlfication lists. Process blocks "lth 
src•s to for• a 11st 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 is scanned for IP•s that 
deoend on the variable being defined. The incre■ent 
for~ula ls evaluated at this point by a catt to EIE and the 
increment value ls saved ln IIT. The ST is uodated to 
point to the list of increment values in IIT. 

EIE Evaluate Incre ■ent Exoresslon. Evaluates del IP (del I>. 
Attemots to evaluate the expression itself or calls SIE in 
SOZ and adds the expression to the holding block. 

UPS Update Prograa Blocks in the loop to reflect - effects of 
code aotion and strength reduction. UPa ■odifies the 
blocks by inserting TLO•s of the ■oved expresslons, IP•s 
and adds co ■oensatlng lncreaent lnstructlons to the blocks 
by setting up instructions ln Hoo. and •od insertion tist, 
and calling MPB to ■erge the ■ ods in, and res0ueeze the 
block. First TET ls scanned and inserts are set u0 for 
TLO•s of the •oved expressions. Next STC ls scanned and 
the co•pensatlng incre■ent instructions are for ■ ed. 

Flnallv, the bl~ck is uodated. 

H09 Merge Program Block (ln BLK> with TXT and mods to block ln 
M00 9 MLT. HPB is a ge~eral subroutine to ■erge two blocks 
(concatenat~,. and/or a •odlfy a block. On entry TXT ■ av 
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contain seauence of instructions (BOS••• EOQ> or Just a 
aos. The pointers a.SEO, L.SEQ defina a block in BLK that 
ls to be •odified according to the insert/delete info in 
HLT and the lnstructions ln ~00 and appended to TXT, after 
the last instruction in TXT is re•oved. On exit, the 
result is in TXT, or ~ritten back to BLK, with the R• 
numbers adJusted, the resultant block SQueezed, 
etc. according to the value of the entry flag. 

The algorith• is• 

Allocate space ln TXT. Scan MOO list and ■ark 
instructions in SEQ that are to be ■odlfied and save 
HlT info in the link words of the instructions. Move 
the lnstructions fro• SEQ to TXT, and insert the new 
instructions fro• ~oo. Scan TXT and adJust the operand 
R•numbers of alt the instructions to bring them back to 
canonical for•• Call SQZ8 if reauested, rewrite block 
back to 8LK if reauested. 

NTg Move Text 81ock from SEQ to TXT and clears the link words 
in the process. 

GPO 1~-8 
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GPA ls the •achlne dependent loop opti•izer. It is called bv GPO 
after it has oerformed any possible Machine independent global 
optlmlzations. Optl•lzations perforffled by GRA are -

The Motion of loads and stores of scalars fro• a 1000 to its 
entry/exit oaths and the asslgnaent of the Quantity to a 
register in the loop. 

Prefetching of indexed loads in saall lnner■ost loops to 
reduce the critical oath tiae. 

Code size reduction in the loop body by assigning SCH 
address•s and constants to the registers. 

Reduction of IA to SA instructions. 

Elimination of useless variables. 

Linear function test replace•ent. 

During the devetop~ent and testing of the COfflPiler. GRA was the 
hardest to write, and the buggiest of the routines. Nost of the 
orobl••s stem from the non-ho~ogeneous nature of the machine. 

AJggci!bm ovec~lu 
MARA, the ■axi~u• number of A-assignaents ls initialized to~. 
The blocks ln the loop body are scanned for potential candldates9 
a"d their usage aode. The usage of a candidate deter•ines what 
type of register it will 90 in, and whether lt can be subsu■ ed 

(have an address aopended). The candidate table is scanned and 
e~try/exit information collected by FXI ls fi1 led in. The 
register assignments are then selected from the candidate table in 
the order • variables that are R•candidates9 X•candidates9 
0ref•tch candidates. The candidate table is rescanned, and 
address candidates are picked. Finally s•alt constants are 
assigned to the B•regs and the final tooo counting ••thod decision 
is ~ade. The blocks in the loop body are aodified and HCG is 
cat led to code th••• The lniticlization code is setup in the HB 
and the post store lists and other exlt conditions are setup. 

The basic a1gorith■ used is local register allocation (REG width>, 
1 to 1 global assignment, followed by local assignaent. The 
atgorlth~ ls a sl ■pler version of the on• described by Beatty. 

GRA 15-1 
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s.tc~ctyc~~ DELIMITER 

~AT Register Assignment Table. Fixed table of 2~ words that 
hotds the 1nlt1alizat1o~ formula for the registers. 

RCT Register Candidate T3ble. Variable length in •anaged table 
area, 3 words per entry. 

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

Link NOrds 
hold the 
t1av be ln. 
are set if 

are used to point to RCT, and during IRA they 
R•numbers of the different registers that a value 

The INC bit of sr•s and ra, IS, STT lnstructlons 
they are incre•ents. 

IGPOGRA/ holds information about the loop that Mas collected 
by GPO. 

The blocks are "JAM- ordered, and the max reg width of the 
tooo is in MAXW. 

G~A control, calls atl the •aJor eodules. 

IRP initialize processing. Set up RCT, zero scratch area. 

DUH Determine Usage Node and candidate type of instructions. 

EPC 

Backwards scan of the blocks to deter ■ ine how the resutt of 
an instruction is used. The possiblities are: 

EU - exolicit usage cannot be biased by an address~ aav 
have X•us~s ln the seauence. 

RF - short usage - lower 18 bits used as RF of an indexed 
LO/ST. 

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

TU - Test Usage - used as part of a loop back test Nhen tooo 
ls 00 loop or recognized as one. 

The inforaation collected in DUH is used to decide •hat tyoe 
of register (X or Bt a candidate may be put in. The usage 
~ode bits are kept ln the link words during DUH. 

Enter Register Candidates. A forward scan of the blocks to 
enter candidates in RCT and extend assignments that were 
■ ade in inner loops. Whe~ a possible candidate is 
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encountered (LO,ST.S,FHA, etc.> SCT ls 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 loc~ 
RS is encountered, its predecessor is checked to see if it 
is in PCT, 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. 

~CT Search Candidate Table. SCT ls the search and enter routine 
for RCT that ls called by ERC. It searches RCT for a ■atch, 
and if none, ■akes a new entry. The link word of the 
candidate ls set to the RCT ordlnal. When an lncre■ent 
store <I=I+INVl ls entered• SCT collects lnfor•ation about 
the incre ■ent value, nu■ber of ti ■ es the variable is 
incremented, etc. 

5EE Set entry/exit information for the value candidate. SEE 1s 
called after ERC has er.tered all the candidates in RCT. It 
scans RCT and fills in the entry/exit bits that were setuo 
by FXI in the region bit vectors. It also checks for 
candidates that are defined in the tooc, dead on exit, and 
have no ua1 uses in the loop. These are marked as RA and 
KO. so that they are killed. Finally RAT is scanned for 
•oved assi gntRents (ER C/RS) and the INV bit is set if 
necessary. 

HTA Hake tentative a-register- assign•ents. and select a ■ethod 
to count the loop (00 1000s>. Setup a sort table of value 
candidates that are RF (short usaget and RD, and sort it on 
the sort key fields (TU.PRFT,SUSE ,etc.) If the 1000 ls a 
00 fooo. then the •firstM entries in the sorted table -111 
be the loop index, ti ■ lt and incre■ent. Assign the ■ to B­
reqs first, and based on the setting of the bits 
(LX.SUSE,etc.) Oeter ■ lne a possible counting Method. Next 
the rest of the candidates in the sort table are assigned to 
the remaining a-registers. Finally if no test replace ■ent 
will be done then the EU bit is set for candidates that are 
TU, and games are played with the NOCC field of the 
incre■ent values to force the• to registers if they are 
con st ants. 

AIR 

'lXA 

Assign Index Registers. Assigr.s a 
available lndex register if it 
assigne1. 

candidate 
has not 

to the 
already 

next 
been 

Oeter•lne x-Asslgnaents. 
for an innereost loop, 
Made in an inner loop. 
formed 9 and sorted on 
The HIN (4,X-candldates) 
the~. The x-candidates 

OXA selects x-register candidates 
and validates candidate selections 

First an X•candldate table is 
the sort fields (PRFT, SUSE, etc.). 
are selected and the RA bit set for 
are regarded as tentative. OXA now 
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calls CRW to see lf the max reg-•idth with the B and x­
assignments is less than q. If it isn•t then the nu■ ber of 
candidates ls decreased and the above reoeated. The result 
of this orocess ls that we have assigned the max number of 
x-candidates in the loop for a seQuenti31 machine. Next CHR 
is called to count the number and type of •emory references 
remlning in the loop. Finally XCT ls scanned, and registers 
are assigned to the candidates based on their usage in the 
I 000. 

C~W Co•0ute Register Width. Co■pute5 the •ax X•reglster width 
of a block with the asslgnments made in HTA and OXA. The 
algorith• is si ■llar to CRW in BOT9 except that the register 
width is not changed for candidates that are locked in 
reg! sters. 

SLM Save Link Words (teaporaritvi in RNO) in case they are 
needed again. 

RLW Restore Link Words. 

CMR Count remainin1 memory references in a block. Scans block 
to count the nu~ber of ■eeorv ref~rences that will re•ain 
after register asslgnMent. This inforaatlon is used bv OXA 
to determine x-asslgnaents, and OAA to deter ■ ine the ■ ax 

nu~ber of A-regs that can be allocated. As an example if 
anv block ln th~ loop contains a store it would not be "ise 
to tie UP both X6 and X7. 

OAA Determine A-register Assignments. After Band X assign•ent 
have been made, the code ln small one or two seouence loops 
can be speeded uo substantially by prefetching indexed loads 
that are on the erltlcal oath9 and overlaooing the fetch for 
the next lteration with the tooo back Ju•P• Because of the 
excessive amount of code in the co•oiler reQulred to produce 
opti~al code, the logic in OAA is rather si ■ple, and 
oroduces subooti■ al code 1n so•e cases. 

OAA first check to see that the loop ls •small" and based on 
HARA and the counts developed by CHR computes HAA, the max 
nufflber of A-registers that it Mill assign. Next lt reads 
and scans instructions in the header node (skipping the BOS 
and LAS»; until it hlts a boundary ■arker; for indexed loads 
whose index ls not constant and RO. The class the LO ls 
fro• ■av not·be defined In the region. Infor■ ation about 
the candidates ls saved 1n ACT. the A-candidate table. At 
this point we should run a critical path calculation, and 
sort the A-candidates on thelr •slack•, but we don•t. The 
order that the candidates in ACT are in is the same as their 
order in the seQuence, which ls JAH order, which is an 
aooroxi ■atlon to critical path order. 

The candidate table is no" scanned to re•ove candidates with 
large constant or variable increments (UO not selectedt. 
Finally ACT is scanned X•registers are assigned, RCT and RAT 
entries are updated, and a-registers are deallocated if 
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necessary. 

Nay 2s. 1978 

~FA Hake Final B-Assign•ents. Up until this point candidate 
selection has centered about vc•s (value candidates>, whose 
affect, when assigned to registers in the loop ls aulte 
profitable. MFl concerns itself with reducing the size of 
the loop by assigning constants a"d addresses to a­
registers. appending addresses to value candidates that have 
no explicit uses, and reducing the nu■ ber of lncreaents by 
address differencing. As far as the design iOes, it is 
somewhat weaker than the previous 00 processor, ■alnly 

because lt doesn•t catch so■ e coaaon cases, but it ls fairly 
difficult to do a very good Job here. 

The algorith• is as follows -

614 

Scan RCT and for• a list of constant candidates in RCT 
and a sort table of CBC> of unassigned address 
candidates in RNO. Sort BCT on RF and IH and build an 
index table for each RF class and sort it on whether the 
RF class is BASE (base mefflber of a si•ilar class or 
not), etc. 

Starting at HFA use the RF index table as control. 
apoend addresses to the assigned vatue candidates, for• 
constant differences and enter new con candidates, do 
address differencing, etc. Until we run out of B• 
r-egisters. 

Finally scan the constant list, form a sort table and 
assign constants. Then go back and •odify any 
Instructions of the for• PlO RF+CA that ■ ight be 
affected by the constant asslgnaents. Finally check the 
too0 test replaceaent decision, ad1ust it, and set the 
necessary flags for IRA, SUP. 

The RF classes type processed bv HFA are -

1 RF, IH in class. 

Ther-e are two possible cases deoending on whether the RF 
is BASE or not. Consider a loop on l Mith the 
references U(I). U(I•Na. The flrst ref would be the 
base, and second could be written as the first +N. 
During GPO these are separated into 2 separate integer 
funclons, Mith their ONn incre•ents. HFA eli ■ inates the 
second incre■ent by assigning the difference I (l ♦ N) 
to a register instead of I+N. 

1 RF, IH, 2 or ■ore OA•s 

E x a mp I e A C I -1 > • A ( I ) • A CI• 1) 

call PSC to. find the center of the class, and change the 
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refs to ACI-1•Ct, etc. Where C ls the center. Enter 
constant candidates for the difference entries, and ■ark 
them to be setup as PLO/PST•s. 

Hore than one IH 

Trv address differencing lf there are enough B-registers 
to go around. 

Partial assign•ent case.tries to out IH+CA in a register 
if subsu■ption ls ! ■possible or their is no RF. 

PSC Process Si•ole Class. Process a class wlth 1RF,IH and ■any 
CA•s. 

AA'1 Assign Address Difference to a register. Change a ref to 
CAIH,RF "here RF, CAIH, ls in a register to express lt as an 
address difference. Set up a second register as CAIH, 
-CAIH(2t or the reverse. 

EOC Enter a difference candidate in RCT. 

SOC Search a-registers for previous occurance of a difference 
candidate. 

AfA Assign full address to a 8-register. Change a 8-reglster 
asslgnment from the RF to assign CAIH+Rf to the re~ister. 

ECC Enter a constant candidate. Search con list and enter a new 
constant or bump numbers of occurances of lt <used as sort 
key in deter•lning assign■ents). 

CLB Code loop aody (control>. Because of the various 
difficulties MCG can get into, the register assign■ents ■ade 

1n OXA ■ust be regarded as tentative until we have 
successfully coded the loop body. The basic function of CL8 
is to ~odify the loop body to reflect the assign■ent •ode in 
the candidate selection phase and call MCG to code it. If 
x-assignme~ts Mere ■ade, the coded blocks are saved i~ PIT 
until all the blocks in the looo body have been coded. Then 
they are written back to BLK. When MCG cannot code a block 
in the loop because there are too ■any x-assignaents, the 
last one is re■oved~ the tables adJusted, and CLB tries 
again. If the failure is due to too ■any A-assigneants then 
MARA is set to NAA-~ the tables cleared and CLB exits to the 
■aln toop (GRA0). 

The •ain loop ln CLB is -

Inltlal ize flags, for111 post store I ist. For each non­
e■oty block cal I IRA to ■odlfy the seauence Cinsert the 
register assignments>. Call cue to set the uses counts 
and delet~ any useless i~structions inserte1 by IRA. 
Call CIS to set th~ initial parcel count and code the 
seauence. Collect the set of registers used in the 

GRA 15-6 



i 

CYffER 170 CONHON CODE GENERATOR 
Internal Halntenance Speclf1catlons Hay 25, 1978 

1000. Save the code length info in BST and advance to 
the next block. 

\ . .. On exit from the loop (success) the coded blocks are 
transferred from PIT to BLK. 

CX8 Code Extended ~lock. ·Code a block that ls outside of all 
looos. AIS is cal led to assign a-reglsters ln the sequence, 
if profitable, CIS to code the btocks, and WSC to •rite the 
coded btock back to BLK. 

CIS Code Instruction Sequence. Check BST, BIT to set initlal 
parcel count and call HCG to code the block. 

WSC Write Saved Code from PIT to 8LK. Rewrites a block that has 
been coded back to BLK, and sets/updates flags in BIT. 

IRA Insert Register Assignfflents. IRA ls functionally si ■ ilar to 
UP8 in GPO. It modifies the seauence to reflect the 
optimizations performed and places a cooy of the optimized 
seauence in TXT. Because of .the variety and complexity of 
the optimizations perfor•ed in GRA lt was decided that it 
would be slmoler to do a cooy/modify on the tty, then to set 
up mods and call HPB. Other factors that influenced the 
decision Mere that the nuMber of mods ls approximately the 
saffle as the orlglnal seauence, and that the IRA approach Mas 
More fleKlble. 

The basic algorith~ ls to allocate sufficient space in TXT 
for the ~odified block. Copy the P1 word of the eos. any 
initial label, and setup initial full lock DEF•s and OAR•s 
which are the seQuence initial conditions. 

Now scan the rest of the sequence fro• begin to end. If the 
instruction ls not a candidate, then copy it to TXT. If it 
is. then ■odify it, etc. During the coov the R•nu■bers in 
TXT are setuo in canonical order. referencing the proper 
registers by keeping track of the R•nu•bers that a result 
~av have in differe~t register types ln the link words of 
the instruction in 8LK. An instruction •av have up to 3 R• 
numbers assoclated with lt. The R-nu~ber or value that is 
in an X•register, a B-reglster. and a store register. For 
axa•ole, suppose a candidate is assigned to a a-register, 
but one of the instructions that uses it needs its operands 
ln an x-register. When we process a LO or ST of the 
candidate we setup the basic R-nu■ber as the in B value. 
output a SA lnstructlon, and set its result as the x-value 
ln the LO or ST predecessor instruction ln BLK. In thls way 
useless instructions aay be introduced. but a backward pass 
by CUC ls sufflcient to detect and eliainate the• without 
involving SQZ. 

IRA contains a special orocessor for •ost of the 
instructions, some of them are -

EOQ - output any loop e0lto9ue post stores. 
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IA,IS • reduce to SA,SS if possible. 

XHT - delete 1·f possible. 

~S - delete if ored is a candidate that was assigned to 
register (IRA>. 

OEF - skio OEf if outer 1000 and IRA 

JPX - output pref etches for next lteratlon, convert to 
JPBB if test replace ■ent. 

lO,TLD • change to address load or PVC 

STT - change to SA, ss. etc. 

ST,TST • change to short store, or process redefinition 
of a register the Bridge (candidate), output ST if 
it cannot be moved. 

PVC - initial definition of value candidate encountered, 
output SA if necessary, setuo link word. 

PAC - Process address candidate to change a LD,ST,STT to 
an approprlate 15 blt instruction. 

APO AdJust previous definition to make old value unavailable in 
case a use exgends past a redefinition. 

CUC collect uses counts. Backwards scan of a seQuence to 
collect uses counts and ■ ark useless instructions. If no 
useless instructions then exit, etse compress and renuaber 
the seQuence. 

ElU'1Y COPE 

SUP Set Uo Preloads of locked registers in the holding block. 
SUP controls the output of the looo lnltialization code, 
The strategy is setup the initialization code in HOO, insert 
lt at the end of the holding bloc~, and call SQZ to 
eliminate the redundant code. For all this to •ork 
SMoothly, without a large a~ount of special code in SQZ a 
new IL instruction, the IlO had to be added. The ILO is a 
type III toad, that has the oroperty that when a ST/ILO 
co•blnatlon ls encountered, not only ls the ILO eli ■ inated 

as redundant, but the ST is also eli•lnated. In this way we 
refflove TST•s of It.•s that have been assigned to registers, 
and tater when the H8 is ■erged with its natural predecessor 
ln GPOICHB we kil 1 off the ST•s of variables that are 
Initialized in the prologue wlthout having to use ROD. The 
code in SUP does the follo•ing - insert the values of UXR 
and MRA in the P2 of the HB BOS for use by outer loops. Get 
space in HOO Coveresti~ate) to setuo the i~itialization 
code. If TRO=~ CFCl>, F(n) in the reglsTers>, then setup 
the upper llMit register as F(N) by looking up the 
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polyno~ial for•ula in IIT. substituting N and •oving the 
formula to HOD. Scan RAT and setup code to initialize the 
a-registers. Scan P.AT and setup preloads of the x­
reqlsters. Herge the inltiallzation code with the HB, 
saueeze out redu~dant expressions, and write it back to 
SL~. Flnaltv, clear the HBN field of it•s created in this 
loop, scan the HS and set the HBN field of ,t•s defined in 
the HB, then scan TET backNards and re•ove trailing entries 
wlth a zero HBN field. 

LIV Load Initial Value. Output S/fHA/CLR or LO of initial 
value. Calls OIL and s1v. 

OIL 

SIV 

Output Initial LO. 
deoendlng on whether 
not. 

Output LO or ILO of a candidate 
lt is dead on exit fro• the loop or 

Set Initial Value. Generate STT, etc. 
vatue of an address candidate. 

To for• initial 

OSI Outout STT Instruction. Given CAIH and H2 it generates an 
STT i~struction. 

ORS Outout full 
initialize a 
RAT. 

lock Register Store (RS> instruction to 
register. Sets INV bit in SO field if set in 

SXC Set exit Conditions. SXC oresentlv has two functions -

a. To setup post store lists for the variables that were 
defined in the loop and live on exit fro ■ it. 

B. To accu•ulate LUV, the loop usage bit vector, of 
variables that were referenced in the loop, so as to 
inhibit assignaent of the• to registers in an outer 
loop. 

The post store ■echanis~ is described in GPOIIPS. SXC scans 
RXI and setups the ~ost store lists in PSI for the variables 
which w~re defined ln the loop and live on entry to an exit 
block. In the case of a nest of loops that have the saMe 
exit node, and variables are live on exit fro• both the 
inner and outer looos, SXC ■erges the previous tist "ith the 
one belng built. To accuaulate LUV we scan RCT and set bits 
1n it for variables whose values were not assigned to a 
register in the looo. We also clear blts ln LEA, the loop 
live entry bit vector for variables that are KO, useless 
lncreMents. 
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16.0 ~~D.$£0 - SEQUEMtt..PRDCESs.IlfG CDNIRW. 

PP.OSEQ contains the seQuence processing control logic for pass two 
and many of the utility subroutines. 

CGSPAS ls the seQuence processing controller that ls called by 
when a seauence ls accumulated. It ter ■inates the accumulated 
seauence "1th an EOQ, and depending on the OPT ■ode calls the 
various code generation routines. In OPT=O or 1, lt calls SQZ, 
PS8 and NCG. In OPT=2, it calls Pea. After processing the 
seQuence it resets the flags for the next seauence and exits. 

~SR - propagates bits fro ■ sy■bol table to descriptor words 
fflefflory references for later use by other processors. 
idea here was to reduce the nuaber of references to 
symbol table ln the •tanguage independent• oarts of the 
generation phase. Presently, the format para■ eter (FP) 
level bits are placed in the descriptor. 

A!S - Assign Index Registers in Straight line Seauences 

of 
The 
the 

code 
and 

This routine accepts a nor.•loop sequence of IL instructions in 
tabte SEO, and exits leaving a transfor•ed copy ln table TXT. The 
transformation consists of B•register utilization for SCH address 
values ln portions of the seQuence which are tlable to •Jam" at 
scheduling ti~•• We ascertain this by exa■ inlng the register 
width of the seauence at each instruction, placed in the IL 
descriptor words prior to AIS entry. This offers so■ e Cnot 
o@rfect> forecasting of the nu■ber of pseudo X•reglsters which HCG 
could use when issuing the seQuence. If this width exceeds actual 
resources extra effort to place •short• 1nter9ed1ate values in a­
registers Milt probabty be profitable. In fact, the nu•ber of 
registers reaulred by the seauence fflust exceed a machine-dependent 
value, row, before a-register asslgnaent wil I be atte•oted. 

The seauence as passed to AIS aay actually consist of several 
basic blocks. The boundaries between basic blocks ■ ust first be 
determined, as B-register assignments and uses are ■ ade on a basic 
block basis. 

AIS ls co•oosed of tNo passes over the seauence. The first oass 
(or prepass, is subroutine L8H - locate boundary ■arkers. It 
aakes a backwards scan over SEQ chaining baslc•block de•arcating 
instructions through the llnk words. In this chain (elements of 
whlch are described by the BM. DESCRIBE/DEFINE structure) ls also 
installed the ~axl•uM register width encountered in the fol lo•ing 
basic btock and the nu•ber of •RF• or short values defined in the 
basic btoc~. These RF definitions are our B•register candidates, 
and have been orevlously aarked RF by SQZ because they appear as 
address modifiers. 

PROSEQ 16-1 
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Following the l8H pass the various tables that are reau1red are 
allocated, based on various counts aade ln the prepass. These 
tables are reformed for each basic block during the final pass of 

\ AIS. 

BCT - a-register candidate table. The 
regarding each RF candidate•s 
subseauence (basic block}. 

BCT contains 
oro fl tab i Ii t y 

infor111atlon 
within the 

and MOO contain the 
assignment. These 
They are cuMulative 
~ restarted for 
before AIS exits to 

actual jnstruction ■odifications after 
tables are described in HPB (in GPO). 

throughout AIS pass 2, that is they are 
each subseauence. "PB is called once 

Modify the seQuence. 

OUT - Oefinition•use table. 
which ls used to 
candidates. 

A prl~itlve •tree• of the basic block 
locate_ use spans for the various 

0 3T - Preassigned a-register Table. This table contains B• 
register uses that are incoming with the seQuence in the 
form of DEF or ~S instructions. So•e are te■porarv, as 
indicated by a TXT index in the LU (last use> field of the 
PBT entry, while others are full•locks for the entire 
seQuence, as indicated by a •1nfinlte• LU. 

In 3ddition to the dynafflic tables, two 7-word tables are usedl 

' CAT - Current Assign~ent Table - •arks a a-register as assigned in 
this basic block. 

PeI - Preassigned B•register Index Table. This table contains 
oointers for the B•registers to the next pertinent PST 
entry. It also contains an •NA" bit which ■ arks that 
register per■anently unavailable (full•lockedJ. 

The second (actual assign■ent pass consists of a •ain loop, 
iterated once for each basic block. If there are RF candidates in 
the subseauence CBH.NRF.NE.O> ard the maximum subseouences 
register width is greater than T~W, we proceed with the fol lowing 
ohasesa 

aou - Build the Def-use •Tree" (OUT> and insert·the range of 
entries for each R•nuaber definition ln the defining 
lnstructlon•s link word. BOU also for■s the basic BCT with 
RF definitions encountered and the PST with RS and DEF to a­
register encountered. BOU is the final exa■ ination of the 
•source• seQuence and represents pass 2 oroper of AIS. 

IXU • Install Extended Use Spans. IXU completes the BCT by 
tnstalflng the extended uses (soan of uses of all uses> for 
each entry as Mel I as the •aximu ■ register widths over the 
extended use span Ca pri~e profitability criterion). 

!f IXU indicates that a1 least one candidate exists with a large 
enough {greater than TRW> ■axi~um register "idth over its extended 

PROSEQ U,-2 
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use soan we continue withl 

Hay 25, 1978 

IUP - Insert Use InforMation into PBT. This routine completes the 
\~ PST by including the use soan for each preassigned a­

register value, indicating the length of time that each 
register ls unuseable in this subseauence due to inco•ing 
I ocks. 

Finally, ABR - Assign a-register ls called to assign as ■any BCT 
entries as posslble to actual a-registers. Short uses of the BCT 
definitions are ■edified to use the a-register copy. We orevent 
reuse of that B•register until uses of the uses of the register 
have all gone to zero. This ensures that the Ja• scheduler Mill 
not have to store out the chosen value for later use (as long as 
the seauence ls not reordered by the scheduler., While AaR •akes 
no soohistlcated attempt at achieving an ooti ■al packing of the 
candidates into the available a-registers, it does carefully 
allocate and deallocate the registers taking advantage of any 
uhotes" left by incoming assignments. Thus, if B1 ls used by 
unoack - left shift combinations, it may nevertheless be assigned 
as an RF intermediate by AIS between such teffloorarv uses. 

Si111ilartv, ■any ass igninen ts of one a-register 11av be fflade ln the 
same basic block, as long as they are for non-overlaooing RF 
def inl t l on-use extended use vie inti es. It is clear that any 
reordering of RF defs or their uses subse0uent to A IS •av cause 
deadlock situations in HCG. 

After the 80U-ABR phases have been executed for each basic block. 
HPa is called to 111erge the •odlfications in HOO into the seauence 
under the direction of HLT. Finally, CUC ls called to reset the 
USES field in the instruction descriotors. 

ESR - Expand Special References 

Subroutine ESR is responsible for expanding •special• ine■orv 

references on a seauence-by-seauence basis. Depending on 
ervlronmert (OPT level, looo nestin~, etc.>, ESR ls instructed to 
exoand ore of three sets of reference classes: 

a. LCH (level 2 or 3> references only 

b. LCM references .and al I .for ■al oara■eter references 

c. LCH references and f.p. ,1gm:J:.ll references only 

H5 

Exoanslon 111ode is deter•lned by X5 on ESR entry. Address 
r@ferences are •set x• (STTJ instructions, Nhlle •reference• 
i•olies address or ••~ory (load/store> instructions. 

The philosophy of LCM and t.o. processing is one of isolation of 
soecial casi~g. Pass 1 does not diffentiate between f.p. or LCM 
ard other sy~bols except for syntax checking. 

All expansions including references of AO for f.o. addresses and 

PROSEQ H,-J 
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SCH oointer cells for LCH=I ■ode level 2 references are performed 
by ESR. ESR guarantees bit 59 js preserved for LCH addresses as 
wet I as 2~•blt i~tegrlty for LCH=I mode reference. 

The first oass of ESR is HSR - Hark Speclal Reference. 
It ls a backwards scan over the input seQuence (in table SEO> 
which chains af I special references to be exoanded through the 
instruction link words. 

The second oass ls GSR - Generate Special References. 
GSR loops through the ■ arked instructions generating seQuence 
•odlflcatlons to table HOO. These modifications include all 
necessary addresses loads, 60-bit adds, sets and LCH•access 
instructions to properly reference the special symbol. Extraneous 
lnstructlons are avoided for adds of zero, etc. If 18•bit 
arithffletlc has been oerfor■ed on an LCN address (for a LOCF or 
store to APLIST>, instructions are generated to OR ln bit ~9. The 
task of generating special references is divided into several 
inc1udln~ 

ISC - Issue set code oerforrs f.p. and LCM address reference 
exoanslon. 

ISI - Issues set instruction 

1AL • Issues f.p. address toads 

I~A - Adds in variable index to address calculators 

!SX - Issue set or trans~lt following address toad 

IPR - Issue PLO or PST foreed parameter reference instructions 

!OR - Issue direct LCM references 

!HOE - issue •ask and bit 59 

T~E • terminate reference expansion files Mods to HOO table for a 
single inout reference 

After al1 soecial references have been processed. HPa is cal led to 
~erge "00 wlt~ seQuence and ESR is exited. 

PROSEQ 16-~ 
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8G is responsible for scheduling of a seauence of instructions and 
the asslgn~ent of registers (locally). which ls usually shortened 
to scheduling and local register assignaent. 

The input is an IL instruction seauence in TXT with the various 
fields in the descriptor Mords set (SQZ output). The output is 
the posted instruction seQuence in PIT in •s1.• Format, ~here the 
first word of PIT ls a BOS and the last is a NOP. 

Constraints - "hen ~L.io JA~ Mode t~e R1, R2 and descriptor words 
~re csad onlv_uQ.$:e co ,oox of lb~-i~Y.dlon se~'4-,Cnce_J.Lheot, 

MCG uses the PERT•Ti•e ordering of the instructions along with a 
siMutatlon of the machine resources (registers and functional 
units) to schedule the instructions. 

In PERT termlnologv the instructions are activities to be 
scheduled, a~d the edges of the netMork are the operand 
dependencies and logical constraints between the instructions. 
BOT forms the PERT netMork for MCG in TREE and computes the late 
start tiffles. etc. MCG then orders the instructions via a 
topological sort that uses the earliest start tl•e as a sort kev 
in addition to the late start ti ■e <LST) that is inherent in the 
order of the instructions on the issue candidate fist. 

The TREE or USES index table is a list of the successors of a node 
(instruction> sorted by predecessor and tate start tlae. Exa•ples 
of the successor index table, etc. Hay be obtained by asseabling 
BOT with snaos on. 

The link word of an instruction holds the •INDEX• to the successor 
list, the late start ti ■ e of the instruction CLST>. the nuaber of 
re~aln1ng uses of an lnstructlon after issue. The NPRED field 
lnitlally holds the nuaber of oredecessors of a node that have not 
been issued. When it goes to zero. the instruction is added to 
the Issue candidate 11st and the field is used to point to the 
next instruction on the 11st. This ls done ln AIL. Hhen an 
instruction is selected for issue it is r••oved fro• the issue 
candidate list and the NPREO field now holds the register nufflber 
<~•27a) that the •RI• (result> ls in. 

Note that since the operand R-nuMbers 0oint back to the 

HCG 17•1 
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Instructions that define the result no search ls necessary to look 
uo the operand R•numbers. 

~- SVL holds the saved tink words for short instruction seQuences so 
aoT doesn•t have to be called again in case of a failure in 
sch~duling •ode (because the delta Tis too big). 

AX~ is a bit strio of the available X and 8 registers 1n the order 
xo, X7, X6, ••• x1, 87, 86, .•• eo whlch search order when looking for 
a~ availabte register. lXR and ALR are Si•ilar in structure. RSV 
ls a table of the register bit values in SO register order. FXRA 
is a table that translates the noraalization count of a X•register 
bit value into the register nu■ber, and bit value. The techniQue 
of selecting an available register uses the normalize instruction 
to find the leading bit set in the avallabte registers 1n the 
aoorooriate class (AXRACLASSt and to translate the shift count to 
a register nu~ber via FXRA. The normalize instruction is also 
use1 to determine the type of result register that is needed for 
an instruction. In this case the bits are in the descriptor JFT 
to qJRS bits, and ordered so t~at context dependent situations 
such as oreceeding a store or register store take precedence over 
the baslc instruction properties. In both of the above cases the 
data structures Mere designed for speed and code s,mpticity. 

RVT ls the register value table. RVT(il points to the instruction 
that is ln Register I. RVT and the PEG field of an issued 
instruction are cross linked and the condition 

REG(TXT(~VT(1)+3)=I 

must hol1 for I, such that RVT(II * o. 

SVBP.OUTINEi 

MCG controller, deterffllne schedulir.g ■ode and ■ axi•u• look ahead 

~IS schedule an instruction seauence, call SNI to select the 
next instruction to be issued, then call AIL,OUC,ASC,SII to 
issue instructions and update the issue list, available 
resources, clocks, etc. 

PRS preset storage, clear cells, allocate for PIT, CTI, 
initialize issue 11st (ICL> by issuing the BOS. 

SNI select next instruction fro■ tCL to be issued by finding the 
first one with the earliest start ti ■e whose late start ti ■ e 

ls~ T+DT. Calls ORR to deter•ine the result register. 

ORR deter•lne result register of an instruction. Oeter ■ ine 
result register class fro■ bits set in descriptor and Ju~D 
to the aporopriate processor. Pseudo instructions are 
orocess~d in the subroutines that OR~ calls. On exit fro• 
ORP it has found a result register for the instruction and 
calculated its execution ti•es CT issue and T execute>, or 
has not found a register (instruction cannot be issued now). 

HCG 17•2 
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CRU 

CRU, FXR, PJI and PPI are subroutines of ORR, and their 
register usage is consistent with it. 

check the remaining uses of a specified register to see if 
the instruction under consideration can be issued now. 
Catted for Instructions which PRS. 

FXR ls both a ~aero and a subroutine. The ■aero is invoked and 
lt cal1s the subroutine lf the register selected ls not 
available at the current tl ■e T, or no result register ls 
available. In the first case it tries to find the register 
with the best TRA. In the second lt checks the operand 
registers of the instruction to see if they can be used as a 
result register for this instruction. 

PJI and PPI process the Jump and pseudo instructions. 

arL ad9usts ICL to remove the Issued instruction from it and to 
add anv ne" instructions that have become logically issuable 
to it. It is the heart of the topological sort. 

OUC decrement the uses counts of the ooerand registers of the 
issued instructions and uodate the register availability 
list AXR, and RVT. 

ASC advances the sl111Ulation clocks for general instructions and 
memory references, and changes long memory refs to short 
ones. 

AVC advances the clock after issue of an unconditional Jump or 
boundary marker. 

SII saves the issued instructlof"I in PIT in SI. format by 
transforming the R-nu■bers to register nu~bers and 
condensing the 4 "ord instruction lnto 1 Nord in ■ost cases, 
2 if a type III with an H2 fie1d. CLR•s are changed into a 
mas~ or a exx-x and sxT•s are changed into Boolean or shift 
XMT • 

11.1 J!l:1 

When the basic scheduler fails it calls JAH to code the seauence. 
JAH assumes the IL seouence ls intact and can be ■odifled. A 
descrl0tlon of the strategy aooears at HCG.2350. 

Since RIO has placed the instruction seauence 1~ a narroM order 
and co11outed the nuMber of registers needed at any point, the only 
auestlon left to answer is what to do "hen "e run out of 
registers. Here we have a page reolace■ ent proble• and we have 
all the lnfor•ation Ne need, Mainly the 11st of uses of a 
lnstructlon (ln the successor index table). Glwen all this JAM 
oroceeds to issue the instructions in RIO order and create 
temporaries, reloads as necessary. 

t1CG 17-3 

H9 



CYBER 170 COHMON COOE GENERATOR 
Internal Maintenance Speclflcatlons Hay 25, 1978 

t_ 

In JAH mode Ne go ~hrough the instruction issue cycle as ln HCG 
(SNI, AIL ••• SII> and ln addition Ne keeo track of the next use of 
the active re9isters (SNU) after every ti ■e a register is used and 
not cleared we check its next use. If it ls far away, then save 
the register at that point. 

" 
' 1 

' Regw 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I • 

• 

• 
• • 

• 
• 

• 
• 

.a 
J___ __________ • ___ _ 

I 
I 
I 

definition 
(2 uses> 

• 

• 
• 

first use next use 
(create a teMolreload 
at this point> 

• 
• 
• 
• 

• 
• 
• 
• 

• 
• 

instr No. 

Oata structures for JAM ■ ode are so~ewhat ■ ore co~pJex. RVT holds 
the TXT index of the next use of an instruction and the late start 
times of an instruction are its TXT index over 2. 

JAH aode subroutines CQUAL/JAHl,1 lsting order> 

~NI identical to scheduler ■ode SNI exceot that the look ahead 
is very li11ited. 

I~I issues a specified instruction: if a result register can be 
found calls AIL,OUC,ASC,SII,SNU. 

CNU check next use of operand registers of issued Instruction to 
see if they should be released now because their next use if 
•tar away•. By releasing the registers now instead of later 
1n a crlsis situation Ne ■av avoid first order conflicts. 
On the other hand, due to the local nature of CNU we ■ av 
release a register that is expensive to restore, while if we 
had walted we aight find so■ething cheaper. 

SSR save result in soecifled register (called by CNUI. 

SUR stores away results that have been •arked to be stored out 
when the store registers were tied up. 

HCG 17-lt 
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UJR un1a~ the registers when a crlsls situation occurs (SNI 
cannot find an issuable instruction.t. UJR frees up a 
reqister so the specified instruction can be issued. It 
calls ORT. CSR. CRA. FRR. 1s1. RII. SRH. 

RII reset issued instruction (LO or type II> with •no operands• 
for reissue. 

CSI check for possible issue of a store instruction so as to 
free up a store register. 

ORT determine result register class (tyoet needed to issue an 
instruction. 

FRR find a result register ln a specified class that ■ av be 
freed up so the instruction can be issued. 

CRC compute the restore costs of establishing a result in a 
register and exit with the number of the register whose 
restore cost ls the least and the furthiest distance to its 
next use. 

CRA change register assignaent. Called by UJR when an x­
register ls available but it ls not in the desired class. 
CRA issues an XMT to free a register ln the reQuested class. 

SXB set uo for XMT back to original register when the result in 
the reglster freed by CRA ls PS or PRS. 

OXI outout a X~T instruction to ■ove a result fro■ one register 
to another. 

~IL reset issue list to reeove an issued instruction from the 
registers and place lt back on the issue list. RIL ls the 
inverse of AIL. 

SH8 set HUC, ■ultiuse 
computations and 
instructions Mill 
be ptaced in store 
X HT Mhen they are 

co~putation blt for instructions that are 
whose uses are soread out. These 

probably be stored into or.•s and should 
registers if possible so as To avoid an 

stored. 

SNU set next use of operands of an issued instruction updating 
the NU field in RVT. Scan successor lists of operands to 
find next use of operands and update RVT. Add issued store 
instructions to the issued store chain and uodate the last 
result 1n B•reg table. 

. SRH 

OTS 

GOT 

save a result in ae■ory and set for reload of it. Calls 
GL!, ISI, and ors. 

outout a store to a te■porary. Call GOT to get an OT. Cell 
and OEI to issue the ST instruction. 

get an OT. cell. 
use. 

Scans OTI for a location that is not in 

MCG 17-5 
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GLI generate lO of saved result. and oosslblV an XHT to aove the 
result back to a store register. 

OFI output an extra instruction. calls ASC and SII. 

AtS altocate instruction space for extra instructions when alt 
the extra space oreallocated ln PRS ls used up. 

AIP ad1ust PIT pointers. reset 87. 

MCG 17-6 
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18.~ soz - REHOYE CQ.MtQN suaEXPRESSIONS 

saz is resoonsible for co•oile tifte evaluation of constant 
subex0ressions9 reductlon of algebraic ldenties such as O•X=09 
X.,t1=X9 0/X=O, etc.9 eli11ination of redundant (duplicate) and 
useless instructlons9 and re ■oval of redundant temporaries 
generated by the global 00ti ■izer. 

On entry to SQZ the sequence to be processed is in TXT9 the 
Mords are zero9 and the uses and precedence fields 
descriptors are zero. 

link 
ln the 

On exit the link words are cfeared9 the USES, STRS and RJRS fields 
are set in the descriotors and the R•nu■bers are in canonical 
order (result R•nu~ber (RI> eQual to TXT entry index). 

saz has three entry 0oints9 

SBB - to renumber the •IL• instructlons prior to SQueezing (called 
from PROSEQ). 

saz~ - which is called by GPO to SQueeze a seauence. 

SIE - which is called to GPO to SQueeze a variable incre•ent 
exoression. 

Ouring the entire algorithm RNO is used as a scratch table to hold 
the 0r0Qerties of the instructions and their addresses. 

Aft~r initialization which is uniaue for each entry point, they 
all Join for co ■•on processing at SBBSA. 

The soueeze algorith• consists of four passes over the instruction 
seouence plus a call to ~NI which is two passes. The SBB entrv 
oolnt makes an additional pass over the seauence to renumber the 
instructions. 

The four passes are: 

1. Forward oass to setup RND. back chain the store instructions 
and chain the RS instructions. A pass over the RS 
1nstructlons to set the PRS or RJRS bits. 

2. A forward pass to eli ■ inate redundant instructlons9 evaluate 
constant subexpressions. and collect uses counts for the non­
redunaant Instructions. 

J. Backward pass to aark the useless instructions as dead and 
decreMent the uses counts of thelr 00eran~s. 

~. A forward or backward pass to saueeze out the dead (redundant 
or useless, instructions by physically coapressing the 

SQZ 18-1 
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sequence. 
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Finally RNI ls called to bring the R-numbers to canonical order. 

Ouring pass 1 RNO is setup to hotd the definition address of an 
instruction which defines a result (Rlt, and the RI or R•nu•ber it 
defines. RNO(RI) points to the instruction which defines the R­
nu~ber PI. During pass 2 the uses field and property bits are 
filled in RNO, and the R•nu•ber field of a redundant instruction 
ls set to the value of the ■ aster. When an instruction with 
operands ls encountered its operand R-nu■bers are adJusted to 
account for any eli•lnation of previous instructions that took 
0lace by fetching the current values fro■ RNO and substituting 
the~ ln the instruction. 

Instructions are ■ ar~ed as dead by setting the descriptor word of 
the instruction to +O, or -o in the case of a ST or RS 
instruction. 

The information set u0 in pass 1 allows us to look at the operands 
of an instruction, properly SQueeze instructions which PS or PRS, 
and eliminate STIST combinations. 

Because the CYBER machines are not single register. and because of 
the subdivlslon of x-reglsters into load and store registers the 
e0uivatence between two identical instructions ls a XNT 
i~structlon. If both have ldentical precedence bit settings then 
the XMT is unnecessary. As as example. consider the state■entsl 

Y = A•B 
Z = SIN(A•a> 
OR 
z = x••x 

CCG constitutes the •aJorlty of the code ln SQZ, and we discuss it 
now. The order of precedence is to 

a. Evaluate an instruction (constant operands) 
h. $lmplify or reduce to a cheaper instruction 
c. Eliminate instruction as redundant (search for a previous 

occurrence). 

Instructions are processed by individual processors as they are 
encountered. 

Non•red\l\dant ■e•ory references and Ju■os are kept on a backward 
llnked chaln, HRC. When a new •e■orv ref ls encountered, lts 
operands are adJusted, and the chain, if non-eaotv, is searched 
backward until a ref with an identical IH (R2> word ls found or an 
interfering ref is fo~d~ or end of chain is encountered. In the 
case that no ■atch is found the ref is added to the chain and the 
uses counts adJusted. If a aatch ls found, there are four 
oossible combinations -

LO/LO - the second load is redundant. 

SQZ 18-2 
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ST/ST - the first store is to be eliainated. 

Nay 25, 1978 H15 

LO/~T - eliminate store lf ~x=x", LO wilt be ell•1nated in EDD. 

ST/LO - c~ange LO to an XHT and try to eliminate it. The case of 
a ST/ILO is a s0ecjal one introduced to soeed up OPT=2 
compilation. Not only is the ILD changed to an XHT, but 
the ST is eliminated. 

Processing of the Jumps and boundary ■ arkers consists of clearing 
t'RC, etc. 

Type I instructions are not kept on a chain. Since a redundant 
occurrence of one aust occur after the definition of both their 
operands, the search range can be narrowed sufficiently to make a 
si•ole linear search efficient. 

The constant shift instructions are chained for searching 
purposes, as ar~ the miscellaneous irstructlons (STT,S,CLR,FMA). 

aecause SQZ was the first program written using the algorithmic 
commenting language it is some•hat difficult to read. The ■ ain 
orobtem ls that the RJ,RK words of a type I instruction are called 
qJ,~K ins~ead of RJW (=RNO(RJ(R1)) and R~W, etc. 

The code ln SQZ is fairly tight and care should be taken not to 
destroy any of the pass Z dedicated registers (XO, X4, X5, 81, 82, 
36, 87) • 
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aOT contains routines to for~ the dependency graoh (a network) and 
to reorder an instruction seQuence. The current version 
represents the fourth version (rewrite) of aor. 

The deck 80T contains four entry points• 

BOT• which for•s the PERT network of an lnstruction seQuence. 

~IO - reset instruction order, Nhich reorders an instruction 
seauence so that the instructions are in a narro• order with 
resoect to register re0uirements. 

CRW - compute register width of an instruction order. 

QNI - renumber instructions, which brings the 
canonical order. 

to 

90T forms the PERT•Time network of an instruction seauence by 
treating the IL instructions as activities, the execution time of 
the instruction ls the activity time, and the operand and logical 
lin~s between the instructions are the activity constraints or 
edges of the graph. 

On exlt from BOT the successor index table has been forMed in 
TREE, and the link words of the Instructions point to the 
successor list in TREE, etc. 

During the first phases of 80T the temporary tree is for~ed ln 
T~EE, starting at the end of TREE and working towards the 
beglnnlng. The eaulvalence (data interference> links are for■•d 
fir~t since this phase •av be the •ost space consu■ ing. Note that 
a seauence with K Memory references ■ay have uo to KZ/2 eaulv 
lin~s. ~IL for~s the •tH• info table starting at a.TREE by a 
forward scan of the seauence. Then the IH info table is scanned 
for interfering parts of ~••orv refs. (FIL3J, and when one is 
found an edge is added to the tree. Next the edges that 
corresoond to operand links are foraed ln a forward scan of the 
instructions (FOL>. This phase also for•s a 11st of the boundary 
•arker and "slnk" (stores and RS•s> instructions for the next 
ohase. 

FTL for■ s the ter■ inal links by a backwards scan of the BH list 
that FOL built. It also for ■s r•deflnition links for the 
oredecessors of RS•s Mhen two or ■ore Rs•s occur in a basic btock. 
At the end of FTL the te■porary tree ls sorted to group the edges 
by successor. This ls done to si ■Plify the PERT ti ■ e 
calculations. FJL for■ s logical li~ks froa a conditional Jufflo to 
an instruction that appears after it, but that has no operand 
ti~~s to previous instruction in the sa ■ e basic block. For 
examole, consider 
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where the multiply aust be linked to the Jump to prevent it fro• 
belng issued before it (prevent spurious ■ode errors). CIP 
cafculates the instruction late start times9 that are co•puted by 
the formula -

late start time (it = totime - neg late start tl•e (i) 
where totlme = neg late start ti•e of the BOS. 

In JAM ■ode the late start ti~es are setuo as the TXT index of the 
instructlon over 2. and dupllcate edges are a11 ■inated fro• the 
tree for MCG/RIL. 

SIT reformats the tree as a successor index or uses index table by 
shifting the oosltion of the SUCC and PREO fields and resorting 
the tree. Finaf1y the index to the SUCC lists ln TREE are setup 
in the link words of the instructions and BOT exits. 

GAS is entered by any one of the phases in aor when it thinks that 
their is not enough storage to build the tree. Host of the ti ■ e 
this ha0oens when there is excessive data interference. After 
at locating extra soace it resets the registers and starts al f over 
again. 

~.1 lU.2 - RES;! INSIPUCJION Qfllf! 

PIO reorders the instructions to bring them to an order that is 
•mini~um width" •1th respect to its ,-register reQulreeents. The 
atgorith~ used is straight fro■ Aho-Ull•an Volu•• II, and achieves 
a •ini•u• only if the seauence contains no ■ultiple uses. 

After a seauence has be passed through RIO it ls sald to have been 
•JAM ordered... The infor■at ion col I ected by RIO ls used by 

1. HCG to decide what order to issue instructions in JAH9 and the 
reg widths are usad to determine when to unload a register. 

2. AIS to determine when it may be profitable to •ove a result to 
a a-register. 

3. GRA to determine if X•register asslgr■ ent ls possible and how 
■ any can be assigned. 

The 9@neral oroble• of Ja■ ordering a sequence ls presently a 
Thesis topic. Wulf suggests a extension of the Aho•Ull ■ an 

a1gorith ln his article on Bliss. which ls worth looking at. 

In order to co■oute the ne• order for the instructions. RIO calls 
aoT to for• the TREE (without te~olock RS redefinition I inksa~ 
co■outes the node labels or weights (number of registers needed to 
code the instruction and its oredecessors)9 refor•ats the tree and 
sets uo the link words. 

SIO yses a deoth first search of the dependency tree9 whose• •dges 

BOT 19-2 
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have been sorted by the node level derived in RIO. to develop the 
new instruction order. It ocerates in one of two aodes, general 
reordering. or with a subseQuence defflarcated by sink instructions. 
8ecause of difficulties ln the initial design, the activation of 
general reordering mode had to be oostponed. and the other ~ode 
was created. The intitial orobleas that caused the postponing of 
it were the lack of variable redefinition links in the tree, and 
the fact that it would seperata stores from their definitions C RI 
,. The lack of redefinition links for ■emory redefinition links 
for memory references would allow the uses of scalar variables to 
extend oast a redefinition of it, and this would cause incorrect 
code, or deadlock situation if GRA made any a-register 
asslgnaents. The other oroble• would cause spurious XMT/SA 
instructions to be generated by GRA. 

In general reordering •ode, 

~OT adds variable redefinition lirks to the tree. 

RIO forms c~alns that link from store oredecessors to lts stores. 

S!O when encountering a ST oredecessor, adds its ST•s to the stack 
l f necessary to ensure that they wi 11 fol low tne predecessor. It 
atso •akes a special check for deadlock situations (see exa•ole in 
section on deadlock situations>. and in this case wlll seperate 
the store fro■ the definition of the RI in the case that the 
seauence ls going to be processed by GRA. 

After deriving the new order, SIO copies the instructions to TREE 
and moves them back to TXT in their new order. It then cal Is RNI 
to adJust the operand R-numbers and CRW to co■pute the register 
width of the order. 

CPW - computes the x-register width of an instruction order at 
each instruction in a seauence and the ■ ax wldth of the seQuence. 
The •REGw• of an instruction se0uence at an instruction is defined 
as the number of results that are in x-registers whose uses have 
not be~n exhausted. The REGW•s are comouted by forward scan of 
the seQuence, followed by a forward pass to clear the link words 
of th• instructions. 

19.2 !!:II - RENUMBER_ltfSI&VCIION R-NurBE&S 

QNI transfor■s the operand R•nuebers in a seQuence to bring the■ 
to canonical for•• that is if the instruction has an RI which 
defines a resutt then it is given a new value eQual to its index 
ln TXT. R-nu•bers are assu■ ed to be ln canonical for ■ ln al I 
parts of pass 2 except PRE. SQZ and parts of PROSEQ. 

RN! consists of two passes over the instructions. the first one 
forms the e0uivalence table such the TBL (old Rl> = New Rl old 
~i and the second pass i~stal Is thE new ~-nu•bers. !f it wasn•t 
for RJRS•s. then RNI coud be done ln one pass. 

BOT 19•3 
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zo.u CCG_YTILITIES - B..QUilil~ IP fQBN!l-DE!l.U.GGJNG outPUI 

Hay 25• 1978 

CfA orocesses the control flow infor■atlon collected by the Bridge 
to for• the graoh structure tables. which consists of the interval 
lists and the backdo■ lnator lnfor■ ation. The theoretical basis of 
the algorlth•s used in CFA are discussed 1n Allen (July 70 
Slgolan>. Aho-Ullman Vol. It, and other places in the literature. 
Over the years different groups have developed various algorith•s 
for processing a program flow graoh to find the loops, 
backdoainators. etc. 

The interval method was picked for use in the coapiler since the 
author had so~e previous experience with it and it aopeared to 
work reasonably well. In the process of i•olementlng it for the 
comelier various oroble~s. never fflentioned bv Allen et at, were 
discoverea and corrected, as discussed below. 

In the cofflpller a ~odified interval aethod is used to find the 
looos in the prograa, and to direct the global optimization, which 
consists of an inner to outer 0ass to ■ ove out invariant code, 
str~ngth reduce integer expressions and register asslgn•ent of 
scalar varlabtes. The differences between the Interval Method as 
orooosed by Allen and Cocke and as l~pleaented in the co•oiter are 

1. No outer to inner pass 

2. No global expression dlctionary 

J. Only the strongly connected parts of the intervals are 
processed during loop ooti•ization and then reduced to a 
point, instead of processing ard reducing the whole interval 
to a ooint. This is done because Intervals ~av have a long 
•tails" which •av be unrelated to the looos within the 
lrterval. 

4. The node splitting ■ulti-entry loop process is bypassed by 
terminating the deriv•d graph develop■ent process when the 
current graph has no loops. 

Proble■s encountered wlth the interval ■ethod were 

1. looos wlthout exits. This tvoe of IOOP occurs in so■ e odd 
cases, and was a nuisance case to handte. 

2. Order of the nodes within the intervals~ while far fro• 
randoffl, was not always orogra~ order, in the case that the 
interval contained ar extended block and an •error exit", the 
bredth first nature of the interval formation process tended 
to get the nodes out of order. Thls necessitated sorting the 
nodes within the interval after it was for•ed. 

CFA 20-1 
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~. In order to for• the intervals in orograa order the 1ntervat 
header list was searched for the s•allest node number on it. 
This is done ln order to mlni•lze the nu•ber of page faults in 

~- "LK when processing s ■all innermost loops. 

~. Extensive fiddling around with the node nu■bers had to be done 
in the derived graph processor so as to keep the proble~s 
memtioned in 2 and J fro■ arising. 

SU8ROUTlNES 

CGT - check graph table size prior to exiting CFA and flush the• 
to disk if they are taking up too ■uch space in CK. 

OGS - Derive Graoh structure. This is the •ain entry point to 
CFA. AFT is called to adJust the flow table to re•ove 
references to symbols. FGS ls called to form the graoh 
structure tables. FIS forms the interv31 lists and coMputes 
the backdomlnators. HR8 checks the graoh for dead code and 
issues messages if there is any. The orocessing continues 
to form the derived graph o f the interval, the graph 
structure tables and interval lists of the derived graph as 
long as the current graph has loops. On exit the graoh 
tables are ln TXT, and •av be on dlsk. 

AFT - adJust fJow table CCFT> to replace the •IH• ordinals. fro ■ 
forMard references, with nod~ ruabers. Scan CfT for edges 

l where the TO field ls an IH and replace it with the node 
nu~ber of the block. The node numbers of blocks with labels 
are kept in bits 0-11 of word B of sv•bol table entries and 
blts 0-17 of the GL table. 

HRR - Hark Reachable Blocks. Scan interval lists and set RB for 
blocks that are reachable. If all blocks are reachable then 
exit, else refor• CFT to ell ■ inate the dead nodes fro• the 
graph and call FGS9 FIS to refora the graoh structure tables 
and interval lists. Finally issue aessages to the dayfile 
and list file about the dead code. 

FGS - Form Graph Structure Tables. Reformat CFT for ■ successor 
and oredecessor lists. the edge index (EI.> And edge tables 
CET.). 

FIS - For ■ interval structure lists of a progra• flow graph. Thls 
routine is subdivided into two ■aJor parts. FIS where the 
intervals are for ■ed and ceo which co■putes the back 
do■ inators. The basic algorlth• ls that described in Aho­
Ull~an with e•beltlsh■ents. Ourlng the interval for■atlon 

orocess particiapting blocks are given •node nu■bers" from 1 
to the nuMber of blocks ln the graph. For the first graph 
node num = block nu•l2. Created nodes (looo prologue> are 
given the next available block nueber9 and node nu~bers i~ 
FOG when the derived graoh is for•ed. 

CFA 20-2 
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FOG - Forffl derived graoh 
The SCR of the 
resulting graph is 
renu~bered and the 

of the interval structure of a graph. 
intervals are reduced to points and the 
called the derived graph. The nodes are 
edge table formed for FGS. 

CFA 20-3 
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2n.2 Y.tll.- VSE-PEfllililON IABLE PROCES~lJia 

Hay 2s. 1978 

UOT contains ffliscellaneous routines for the preorocessing ohase of 
OPT=2. :xceot for P8ij• the function of the routines is to for• 
the UsetOef table which is used during the global optimization 
phase. 

During processing of a region the Use/Def table serves as a 
repository for the USE/DEF inforaatlon associated with each me ■ory 
reference. The entries in UOT represent a single •••ory location 
(CA.IH) or a class of ■eaory locations that •ay be referenced by a 
indexed memory reference IIH only). 

Exa~oles of ele■ent references are A(~>. x. v. and A(I>. A(J) 9 

call ZZ{At are exa~ples of class references (which atl represent 
the same class>. During the preprocessl~g phase all unloue 
reference classes appearing in the program are entered in UOI, and 
the IL instructions, AP and 110 llsts elements are chained to it. 

In order to speed up formation of UD!, a simple hash procedure 
with an 3uxiliary base table <UOa) ls used. At the end of the 
oreorocesslng ohase AUT refor•ats UOI and chains class members 
(A(2>) to the class representative entry. Each class is chained 
together from the class representative so that a deflnltlon can be 
orooagated to the class. 

AUT - adust Use/Def table to brlng to UO•for•at. Form a sort 
table from UOI and sort by IH. Refor ■at UDI, chain class 
members to class reo, etc. For~ word index, bit number 
values for each entry and co•~on variable •spo,1• bit 
vector. For• special bit vectors for use in live-dead 
analysis. 

CMR - chain me~ory references in IL seQuence to UOI. Scan 
seauence for •emory references~ search UOI for entry or make 
a new one, chain ref to UOI by olacing ordinal in IN field 
of the Ri word. 

C?l - chain oara•eter list entries CA? and 1/0 listsl to UOI. 

Pea - Process basic block for OPT=Z. Called by PROSEQ after the 
block ls SQueezed to chaln i~ to UOI, aopend the I/0 lists 
to the end of it, and to Nrite to ■ass storage and create a 
BIT Index for it. 

UOT 20-,. 
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1.0 .llil.RCDVCIIJlli 

\ 

This chapter provldes an overal I picture of the structure and 
functions of the code generator and provides a descrlption of the 
structure of this docuaent together Nith notation conventions 
which are used in lt. 

Th~ basic parts of any co~pifer ■ av be described as a front end, 
a code generator, and a cradle, as deolcted in the figure below. 

♦----------♦ Source •->lFrontl•-Intermediate-->I Code l••>Executabte 
Program I End I Text fGeneratorl Code 

Cradle 

It is the functlon of the cradle to provide an environaent for 
the co•piler including com■unlcations cells, service routines, 
overlay loading and the like. 

The front end cracks the input stream, oerfor•s syntax and 
sema~tics checking, supplies defaults, completes data 
descriptions, resolves references, Makes all operations explicit, 
simplifies where approoriate, eay oerfor• some language dependent 
storage mapping, and produces ~n inter•ediate text which is 
exoandable into aachine instructions and pseudo operations. 

The code generator oerfor■s opti ■ izatlons (strength reduction, 
dead code ell■ ination, co■•on subexpresslon analysis, 1000 
analysis, etc.,, allocates ■achlne resources includlng registers 
and functlonal units, issues executable code and perfor■ s the 
fl na t as se fflb t v. 

'-C!Jt GENERATOR ~~PONENll 

The code generator contains the package referred to as the Common 
Code Generator (CCGl but code generation ls accomplished as a 
cooperative effort bet~een CCG and routines su00tied by the host 

Interface Specification Appendix 1 
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comoiler. CCG •av be considered to consist of two partsl the 
Code Transformer and the Asse•bler. The Code Transformer• in 
turn, consists of two partss the SeQuence Optiaizer which is 

,_ always executed, and the Global Optimizer which 1s executed only 
when the aooropriate (OPT=2> ootimization level is reaueste1. 
The ~ost supplies two sets of routines to interface with CCG1 the 
Bridge and the End Processor. The flow of control through the 
code generation process is depleted belo"• 

Host CCG Host CCG 

ICode Transfor•erl End I I I 

19 

Entry••>IBridget-•>IGlobal Optimizerl••>I l••>IAssemblerl••>Exl· 

• ♦ 

CCG 

t l(OPT=2 only) 1 IProcessorl I I 

ICode Transformer I 
ISeauence Opti~izerl 

CONJBPL ELQ!i 

The Bridge gains control and drives the Code Transfor•er by 
reoetitively calling the Seauence Qpti ■ lzer to hand off code 
seouences. When the entire source orogram has been processed, 
the Bridge gives up control and t~e Global Opti ■ izer takes over 
(OOT=2 only). After the Transfor•er ls through, the End 
Processor ls given control. folloMlr.g the End Processor, the 
Assembler flnlshes the code generation process. 

The flow of data through the Code Generator is as shown in the 
following diagram. 
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Front 

End 

Bridge 

1------------------••0ectaratlves-•---~------•--•---+ 

,----------------------------------♦ ,-------------· 
.. 

Symbol Table BR I 
I 

IAssociated Tablesl 

.. 
IInter11ediatel 
I I I Text., _____ .., 

I 

l••------~-----------Oeclaratives•-------------•••• 
1----...-----------------------------· 1--------~----

1---------- -- ♦ .. 
Symbol Table CT I 

•----------• I !Associated Tabfesl 

.. 

Code I 
I 

Seauences I 

·-----------♦ I Code l<••--------------------------------
1 1------------Machine Instructions•--------------+ 
ITransfor•erl•------------- I 
•----------~• • I •--------~--------+ I S v 111b o I Tab I e E P I I 

•-~--------• I I IAssociated Tabtest I 
•-------------~---+ I 

♦ ♦ ♦ 

I End 1--------------------oectaratlves------------> SLIST 
1 ·---
1 Processor 1-------------• •-----• 

Sy•bol Table AS I 
•~--~------• I 
I IAssociated Tablesl 
I •-~--~-~----~-----• 

I l<•••------------••Entire Progra■--------------• 
I Asseabler I 
I I +~--~----~~-+ 
I 1------~--~-~-----------~---------------•->IRetocatablet 

I +---.-+ 
10inarvl 

OllA fLQ~ 
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The SLIST file is used to accuMulate the entire source program 
reoresented in the language reauired by the Asse•bler. The Front 
End and/or Bridge write initial declaratives, the Code 
Transformer wrltes the machine lnstructlons and the End Processor 
writes the final declaratives. Symbol Table SR and the 
Intermediate Text is strictly a function of the Front End. Fro• 
these inputs, the Bridge ■ ust orovlde Symbol Tabl9 CT, whose 
format and conter.t is as required by the Code Transfor■ er. The 
8ridge ~ust also segment the program into seauences, translate 
the~ lnto the Internal Language of the Code Transfor■er and 
oresent them, one at a tl•e• to the Code Transfor ■er. Fro• these 
lnouts, the Code Transfor■er perfor•s ooti ■ izing transforaations 
on the code seauencas and provides addlt!onal lnfor■ atlon in the 
SVfflbOI table to brlng it to the state of Symbo, Table EP. The 
End Processor ~ust provide any lnfor■ ation which is reauired to 
brlng the symbol table to the state of Sy ■bol Table AS9 whose 
content and format ls as required by the Asseabler. 

The decks comprising the Code Generator •av reside in one or ■ore 
overlays. The restrictions are that lf it resldes in two 
overlays, then the asse ■bler (CGIA and HACROS> ■ ay reside in a 
secondary overlay and the deck CGTH •ust reside in a ■aln or 
orimarv overlay that ls common to both CCG overlays. If the host 
suoplies hls own asseabler t~en CGTM resides in the overlay with 
the rest of CCG. 

The host orovldes the control routine. The control se~uence •ust 
be as followsz 

1. Call the Bridge. The Bridge, in turn, calls the Code 
Transfor■ er. 

2. If OPT=2, call the Global Optialzer. 
3. Call the End Processor. 
~. Call the Internal Assefflbler (CG!At. 
5. If the cell NSFERR is nor-zero, it contains the nu~ber of 

fatal errors encountered. An aporoprlate message should be 
issued. 

Three entry points should be provided within the control routine. 
If the Code Transfor■er, the End Processor or the Internal 
Assefflbler irrevocably runs out of ■e■ory, it will exit by an EQ 
Jump to the aooroorlate entry point. 

These entry points arel 

HESCTX for Code Transforaer 
HESEPX for End Processor 
HESIAX for Internal Asse•bler 

Interface Soeclfication Appendix ~ 
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SIRUCTUPE Pf THIS QOCU~E'Jil 

Fro~ the precedi~g discussions. it can be 
four ooerationally distinct sets of 
generators 

saen th at 
routines in 

there 
the 

• The Code Transfor•er which is discussed in Chapter 3. 

• The Bridge which is discussed in Chapter~. 

• The End Processor which is discussed in Chapters. 

• The Asse•bler which is discussed in Chaoter 6. 

are 
code 

It can also be seen that there are three ■ alor data structuresl 

• The symbol table and associated tables. These tables persist 
throughout the code generation process, so are presented 
sep~ratelv in Chapter 2. 

• Code seouences. It is the primary function of the Bridge to 
produce code seQuences, so their description is contained in 
Chapter 4. 

• The SLIST file. Although this file pervades the entire coda 
generation process, a comprehensive discussion of it reQuires 
a discussion of the Assembler, so ls delayed until Chapter 6. 

Th-. re~ainder of the docuaent is devoted to oerloheral sub)ects. 
Chapter 7 describes the reauireaents that CCG i ■ ooses on the 
Cradle. Chapter 8 discusses the operational environ■ent, and the 
comoller build environment is described in Chapter q. 

A concerted effort has been expended to structure the docuaent so 
that it •av be understood by reading it straight through. 
However, the reader should be aware that a full understandi~g of 
some subJects cannot be realized 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 understanding process. 

Certain coding conventions which are used in CCG are aaso used in 
this docu■ent as notation conventions as described in the 
following sections. 

Th~ following aacros are used in this docufflent to specify table 
structures. They are the saae Macros which CCG expects the host 
cofflpiler to use to set up svmbol definitions. 

Interface Specification Appendix 5 

112 



CT~ER 170 COMMON CODE GENERATOR 
Internal Maintenance Specifications "ay 2s. 11:178 

DESCRIBE• DEFINE, REOEF, DE~U MACROS. 

These macros facilitate field descriotion. where fields are sub­
word e~tities. The DESCRiaE •aero is used to provide a prefix 
for names suoolled in subseauent DEFINE, REOEF, and. OEQU 
references. For each na~e specified, the following svabols will 
be defined: 

the bit position of the right aost bit which 
coaprises the na~ed fleld (wlthln a word bits 
are nu ■ bered according to the power of two which 
thev represent) 

PFX~NAHE~l -- the length in bits of the field 

Fields are not oer•itted to span word boundaries (a fatal•to­
asse~bly error will result) or to go beyond the total number of 
blts which the entire set of fields ls supoosed to occupy. 

The definitions of these •acros are contained in the co•deck 
COMAOEF, which ls called by CHPLTXT and CCGTEXT. 

~tStPieE ceteceOJ:~ 

DESCRIBE PFX,BITSLONG,TOPBIT 

where 

PFX 

BIT SL ONG 

TOPBIT 

NAME DEFINE 

where 

N4t1E 

LENGTH 

ls the prefix •entioned above. 

is the total length in bits of the structure. 
If not present a value of 60 ls assu■ ed. 

the beginnlng 
s tr uc t u re • I f 
default value. 

LENGTH 

(i.e., 
absent 

left■ ost> bit of 
l8ITSLONG-1i is 

the 
the 

is the na■e of the field •entloned above. If 
not 0resent, then the reference will act as 
f i I I er. 

is the bit length of field (or filler». A value 
one is assuaed lf this para•eter is o ■ itted. 

E~ch DEFINE is considered to reference a field beginning to the 
immediate right of the preceding field. 

REOEF" NAME 
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~ 

where 

NAHE is the na•e of a orevlouslv declared field. The 
next field to be defined begins at the leftmost 
bit of the field NAME. If NAME is omitted, 
redefinition begins at the to~ of the entire 
structure. 

!lf ruJ - de ~J!L• QM i ya~~ g fi 1,lg-UJ.SlUJlU 

A OEQU B9LEN 

where 

8 is the na■e of a oreviously defined fl e Id 

A is the name of the field being defined 

LEN ls the length of the A field, 1 f oniitted the fength of 8 
ls used. The bottom bit of A 1s the bottom bit of B. 

COr"ISider the folloMing examoJe: 

TABLE X 

• TYPE VALUE. suav • (say for TYPE /g 1001 

OR 

.. 
59 

.. 
47 

.. 
17 

.. 
0 

• TYPE • HESSAGE • ( for TYPE > 100) 

.. 
59 

OE5CRiaE x.,60 

TYPE 
MSG 

VALUE 
SUBV 

DEFINE 12 
DEFINE 48 
REOEF MSG 
DEFINE JO 
DEFINE 19 

The sy111bols def .if'ed llfOUI d 

X.TYPEP EQU .. a 
X.TYPEL EQU 12 
XaHSGP EQU fl 
X.HSGL EOU 1+8 
X • VALUEP EQU I 8 
X.VALUEL EOU JO 
x.suavP EQU 0 

♦ 

1+7 
.. 
0 

TABLE x. the prefix to be used 
is the two characters x. 

bet 
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X.SUBVL EQU 18 

In this document, references to a particular for•at are aade by 
referencing the orefix fro• the DESCRIBE •aero. For example, if 
the format of table X above were to be s0ecifled, it would be 
referred to as •x. for ■ at." 

1.5.2 NAMING CONVENTIONS 

Since CCG is intended for use by any nu■ber of host compilers and 
thus has the potentlat for name conflicts, a na■ ing convention 
has been established which applies to the asse ■ bly ti•• and load 
tiffle environment. 

The special character_ U) is reserved for internal symbol use 
by CCG. 

A set of standard comdeck entry ooints is used. the names of 
which terminate with=• 

Every interface sy11bol (with the exceotlons noted below> has a 
na~e confor•lng to one of the fol lowing classes. 

HCSXXX 

HOSXXX 
HESXXX 
CGSXXX 
ccsxxx 
0$XXX 
LSXXX 
zsxxx 

FSXXX 
NSXXX 
M$XXX 
ssxxx 

Host compiler asse~bly options (SyMbols and 
micros) 
Host coapiler option cells 
Host comoiler entry points called by CCG 
CCG procedure entry ooints 
CCG comaunication cells 
Contains table origln 
Contains table length 
Ta0le ordinal or other small asse ■bly ti ■ e 

constant 
Absolute table FWA 
Address of a cell containing an integer constant 
SHACRO opcodes <not referenced by CCG> 
Contains a syMbol table ordinal of a soecial 
symbol 

The following naaes, which do not conform to the above 
conventions. are reserved for use in the CCG interface. 

R1. XXX 
R2. XXX 
IH. X XX 
o.xxx 
WA• X XX 
WA. XXX 
we. XXX 
CP. XXX 
oc.xxx 
JC. XXX 

R1 word des er lbe 
R2 Nord describe 
IH word descr 1 be 
Descriptor Nord descrlbe 
Word l describe 
Word B describe 
Word C describe 
COHPCOM symbols 
IL opeodes 
Ju•P codes 
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St. XXX 
AP. 'XXX 
CF• XXX 
F J. XXX 
F.XXX 
so.xxx 
I Pa X XX 
• CSET 
• OS 
.IWT 
CT• ECS 
CT .CPU 
• CPU 
L .STACK 
.DAL 
CP:RH 
OT:RM 
AOHS 
ATS$ 
PQNTXXX 
r\MPXXX 
CCGXXX 

?Uccos 

OS.NAME 
OS.VER 
MOL$ 
SCt-1$ 
LCM$ 
LPNS 
VERS 
"100l VL S 

CGIA 
MACPOS 
CGTM 
MIO 
FBV 
GPA 
GPO 
PPOSEQ 
SQZ 
BOT 
HCG 
CFA 
UOT 
l>RINTMIO 
PRN TMCG 
PRNTGRA 
P~NT~LI 
P~NTUOI 
PRNTABV 
OHPIIT 

SLIST describe 
APLIST describe 
Contr-o 1 flow describe 
Function inforaation describe 
FETS 
Register designator describe 
Installation parameter 
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OHPRLST 
0"1PSIT 
'JMPT~EE 
OHPUOI 

Hay 25, 197 8 
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The symbol table and the tables that are associated with it 
oerslst throughout the code generation orocess. This chapter 
oresents the specification ofl 

• The main sy■bol table - SYH 
• Abbreviated symbol tables - GLT, APT, etc • 
• aaock tables - CBT, LBT 
• Constant tables - CVT, CUT 

CCG reaulres a main syfflbot table, SYH; an abbreviated table, 
GLT; and also permits other abbreviated symbol tables for 
certain classes of syabols. 

!bl Hain sxmbgl Table-=-S.:u1 

fach symbol table entry is 3 words long. The eel Is OSSVH and 
LSSYM hold the FWA and length of the sy•bol table. The syebol 
table groMs froM RA towards FL. Entry 0 is a du•~Y entry for 
the use of CCG; it contains three words of binary zero. The 
symbol table aay not grow during CCG ~rocesslng Cafter CGSINIT 
is called). 

The general use of the words in CCG ls1 

Word 1 (Word A> - BCO na~e word 
Word 2 (Word B> - Sy~bol attributes word 
Word 3 (Word C) - Address definition information word 

Syabol table formats are 
within limits, the host to 
oosltlons within Word e. 

language deoendent and CCG allows, 
place fields at arbitrary bit 

The sections folloMing d•scribe the for ■ at and usage of the 
fields Nithin the three words. Each fiel~ definition has a 
oarenthetical I ist following the OEf'INE ■ aero. The ■eaning of 
the lteas in this list isl 

CT 

E? 

AS 

The field value is supplied by the aridge and used by 
the Code Transforaer 
The field value ls suoolled by the Code Transfor•er 
and, hence, available to the End Processor. 
The field value is suppfled by the Bridge or the End 
Processor and is used by the Assembler. 
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NAHE 

'3N 

DESCRIBE WA. 

DEFINE 6•HCSHCIS US) 
Thls field contains the 6•b1t dlsotav code name of the 
s V fflb O 1 1 n • 0 L. '0 r II at • I t II us t b e a I e g a I C O H PA ss n a II e • 
The AsseMbler Mill apcend as to any na•e that conflicts 
with a register na•e• 

DEFINE 48-6•HCSHCIS (unused) 
This field is simply a spacer. 

DEFINE 12 (CT, EP, AS) 
This field is used for internal 
Transfor•er and the Asseabter. 
use it, but the Bridge 11ay not. 
not pertinent. 

DESCRIBE wa. 

purposes by the Code 
The End Processor •av 

Its initial setting is 

The following one bit fields •av occur in any bit position in 
Word B. 

LAB DEFINE 1 (CT,AS) 

LC 

This bit ls set to 1 if the entry ls for an internal 
transfer label which does not have any of the properties 
reoresented by the fields nor11ally found in the rest of 
this word. When it ls set, neither the Code Transfor•er 
nor the Asse•bler deoends on the setting of the rest of 
the Mord with the exception that the Code Transfor•er 
uses MB.LC for internal purposes and expects it to be 
set to O lnltlafty. 

DEFINE 1 < en 
This blt is used by the Code Transformer if LAB is set 
to 1. It aust be initialized to zero. 

MAT DEFINE 1 (EP> 
The Code Tra'\sfor■er sets this bit if it sees a ■e ■orv 
reference to the variable after it has perfor ■ ed all of 
its optlaizing transformations. It ls intended for use 
by the End Processor to eli ■inate storage associated 
Nlth variables that are not 11aterialized. The host is 
responsible for setting this bit for references that the 
Code Transfor■ er does not see (e.g., actual parameter 
lists). 

LOO DEFINE 1 (CT) 
This bit is set to 1 if all references to the symbol are 
loads. It is used when OPT=2 to reduce table space 
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.---

LOCF 

WEXT 

reauire•ents. 

DEFINE 1 (CT) 

This bit is set if the variable May be referenced by 
so ■e Method which the Code Transformer cannot be aware 
of. It is used to inhibit certain optimizations when 
OPT=2 (dead definition ell•ination and invariant code 
motion. described in Section 3.1.~,. Examples of such a 
vari ab 1 e ares 

a. X = l 
Y = LOCF(X) 
CALL USER(Y> 

If the LOCF blt were not set for x. the Code 
Transforaer would ellainate the statement X = Z 
because there are no apoarent uses of the deflnitlon 
of x. It does not see the use of X (in the 
Y=LOCF(X) state~ent) because lt does not appear in 
one of the toad or store instructions of the 
Internal Language CLO. ST, PLO, PST, described in 
Section 4.3.3). 

b. FTN handles the returns value for a function by 
storing the value in VALUE. and on exit from the 
function it loads VALUE. into X6. However, it 
handles the exit code as a canned macro which ls 
never passed through the Code Transfor•er. Hence. 
the Code Transformer never sees the final use of 
VALUE. and would probably optimize out the stores to 
it, if the LOCF bit Mere not set. 

DEFINE 1 (AS> 
This bit is set to one if the entry is for a •eak 
external. When this bit is set the EXT bit ■ust also be 
set. 

The following one bit fields aust occur in the listed order. 

LCM 

s:-p 

1 < CT> 
is set to 1 if storage for the variable resides 
(not ECS). It is oart of the definition of the 
expansion type for FORTRAN (see AET field 

DEFINE 
This bit 
in LCH 
address 
belOM). 
111ust be 

For languages with a different AET, this bit 
set to o. 

OEF'tNE 1 (CT.ASJ 
This bit ls set to one lf the variable ls a for11a I 
paraaeter. It is part of the definition of the addr~ss 
expansion type for FORTRAN (see AET field below). For 
languages Nith a different AET, this blt ■ust be set to 
o. 

COM DEFINE 1 (CT> 
This bit ls set to one if storage for the variable is in 
a common block. It is used to lnhlbit certain 
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optlaizations (dead definition eli•lnation. invariant 
code aotion and address differencing, described in 
Section 3.1.4). 

DEFINE 1 (CT,AS> 
This bit ls set to one if the definition of the sv•bol 
ls external. It is used by the Code TransforMer to 
inhibit address dlfferenclng. 

ENT OEF!NE 1 ( AS) 
This blf ls set to one lf the syabol ls an entry point. 

The following fields •av reside any.nere in Word e. So•• of 
the fleld lengths are specified "1th a Question •ark. It ls at 
the discretion of the host compiler to specify these field 
lengths. 

FPO OE FINE ? ( en 
This field contains the formal para•eter ordinal. It is 
used in conlunction 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 ? (CT) 
This field ls the address expansion type. It defines 
the address aechanls• that •ust be generated by the Code 
Transfor•er to access the base address of a •e•ory 
reference. The meanings of the values that the field 
•av take on are encoded in CCG as host comoiler 
dependent code that ls conditionally asse ■bJed. If 
there is no aeaning to the fleld (l.e., no address 
expansion at all)~ the field itself ■ust not be defined. 
See Section 3.2.2 for further discussion. 

OE SCRIBE we. 

Rl DEFINE 2 (CT,EP.AS> 
This field specifies the relocation for the sy ■bol as 
followst 

0 - ABS sy11bol 
1 - Prograa relocation 
2 - Co■■on relocatable svabol 
J • External (Neak or regular> 

It aust be defined for all syabols that are not labels 
at the beginning of the CCG pass. 

DEFINE 25 (unused> 

This field is sl~ply a spacer. Use of thls field bv the 

Interface Specification Appendix 14 

J5 



CYAER 170 COHHON CODE GENERATOR 
Internal Halntenance Soeclfications Hay 25, 1CJ78 

\_ 

host ■ ighi be allowed u0on reQuest. 

DEFINE 9 (CT,EP,AS) 
Thl5 field specifies a 
ordinal to LaT or CBT (see 
defined for all sv■bols 
beginning of the CCG pass. 

block nu•ber by containing an 
Sectlon 2.2.1,. It must be 

that are not labels at the 

?.A DEFINE 2~ CEP,AS> 
This field contains the Aas, prograa, 
relocatable address if RLt3. 

or coa111on 

For internal transfer labels, the Code Transforaer sets up the 
we. ttord as2 

RL = 1 
RB= local block nuaber at tl•e of definition 
RA= btock relative address. 

The End Processor ls responsible 
relative address for all sv ■bols 

address. 

A~bcev1ate1 Sxmuol ta~ 

for changing the block 
to a progra• relocatable 

Certain classes of sv ■bols are eligible for representation ln 
an abbreviated syabot table. An abbreviated svabol table entry 
ls one word long containlng the address definition lnfor ■atlon 
in the we. format for Word C as described in Section 2.1.1.3 
above. The sy■bol na•e is ■echanicatty generated to be XX.NNN 
where XX ls the na•e of the table (see HCSFRTP, Section q.3a 
and NNN ls the ordinal of the symbol within the table. Sv■ bols 
represented in an abbreviated syabol table ■ av not have any of 
the properties represented ln Word 8 of the ■ ain sy•bol table 
(except internal label). 

One abbreviated symbol table, GLT, aust exist. It contains 
co~pller generated labels and the Coda Transforaer ■ akes 
entries into lt tust as lt does for Word C of label entries in 
the ■ ain sv ■bol table. Other tvoical uses for abbreviated 
sy■bof tables are AP list locations and IO fist locations. 

Within each sy ■bol table, the first entry (ordinal zero) ls 
reserved for the use of CCG. Sy■ bol entries begln at ordinal 
one. 

~mboJ IabJ1 R1r1ceo,u 
Since there ls orovision for aore than one symbol table, a 
reference to a syabo1 table contains a table designator, I, and 
an ordinal into the table, H. IH is used in this document as a 
ffi~emonlc to refer to symbol table oolnters. 

The for~at of a syabol table reference isl 
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"'here 

I is the tab I e designator. 

0 - SYH 
1 - GL 
2 thru 6 - abbreviated symbol 

HCSFRTP (Section 
7 - reserved 

tabfes 
9 .3) 

as specified by 

XX ls reserved for the Code Transfor■er and must be set to 
zero initially. 

H is the ordinal lnto the table. 

The Code Transformer generates instructions which use the 
symbots discussed below. Each of these sv■ bols •ust have an 
entry in SYH and its ordinal ln SYH •ust be in a Cradle entry 
ooint as follows. 

SSC0N CON. 

SSOT OT• 

SSIT IT. 

ASSOCIAIED UW.U 

The array of constants whose values are in 
the constant tabte. CVT (Section 2.2.2,. 

The ar-rav of temporaries ienerated bY the 
Code Transfor ■er scheduler (see Section 3.2.1 
for further discussion,. 

The array of temporaries by the Code 
Transfor■er oc,ti~izer (see Section 3.2.1 for 
further discussion>. 

The tables discussed ln thls section are associated in various 
ways with the symbol tables. Each Nas ■entloned briefly ln the 
orevlous section. 

CCG provides for the use of COMPASS style co■ ~on blocks and 
local blocks. The tables described in this section are used to 
record the na■e and length information about these blocks. 

~rHON aL □CK I!aLE - rn 
The coffl•on block table. car. is used to record the na■ es and 
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lengths of the coamon blocks. It is used by the Assembler only 
and is not •odified by CCG. Its for•at isl 

60I0Lna111e 
1/R,3~/avl,24/length 

where R=1 if the block is LCHIECS resident. 
avl=available for use of host. 

The flrst entry in CBT ls used for the blank co~•on block. The 
na ■e ■ust consist of 7 blanks. If the length is zero, it is 
assu■ed that blank co ■•on 1s not used. 

LOCAL BLOC~-IJ..BLE - LIU 
The local block table, LBT, ls used to record the lengths for 
local blocks. It contains a one word entry for each local 
block in the order soecified by HCSFLa (Section 9.3). Its 
co~tent changes during the code generation process as ls 
described below. 

On entry to the code transfor~er each entry ■ust contains 

2~/0,18/parcel count,18/length 

I 
LSLBT contains the number of local blocks increased by one. 
The last word of the LBT is reserved for the use of CCG. 

Ouring Code Transfor~er processing the current block is 
reflected in the entry pointsz 

:n • 

CCSLBO -
CCSBLEN -
CCSPC -

LBT ordinal of the current local block 
current length of the current block 
current oarcel counter of the current block (Q to 

The End Processor is responsible for bringing LaT to the format 
reauired by the Assembler, which isl 

,2,n.18/first word address (progra• relocatable address) 

The use of thls table 1s discussed further in Sections 3.2.4 
and 5. 2. 1. 

lBT 1s a static table that resides 1n the host•s cradte. 
orlgin and length are the entry ooints FSLBT and ZSLBT. 

CPoi!tD! Tab1es - cyr, CUI 
There are two tables associated with constants, the constant 
value table, CVT, and the constart use table, CUT. 

Each entry in CVT contalns a one word (load only> constant. 
The Code Transfor■er extends this table. The Bridge mav add 

Interface Soeclflcatlon Appendix 17 

JB 



CY8ER 170 COMMON CODE GENERATOR 
Internal Maintenance Soeclfications 

entries to it by calling CGSSCT (Section 8.~.1,. 

Nay Z5, 1978 

CUT is a parallel table to CVT which is used to eli•inate the 
reservation of storage for constants which are not used. Its 
format changes during the code generation orocess as follows. 

Ouring Bridge/Code Transformer orocessing each CUT entry 
signifies whether or not the corresponding CVT entry has been 
used <non-zero signlfies use,. The host co■piler ls 
responsible for setting the CUT entries for constants whose use 
ls not seen by the Code Transfor•er. It ■av do so by calling 
the routln• CGSFCU <Section 8.~.1,. After perfor•ing its 
00tl11lzlng transformations, the Code Transfor■er sets (to non• 
zero, the CUT entries for constants whose uses ha~e not been 
opti11ized out. 

After alt constants and constant references have been 
orocessed, the End Processor cal Is 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 t~e SLIST ordinal ln a constant 
reference as an ordinal into CUT to obtain the ne~ ordinal. A 
special Machine instruction, ACC, and a ■ aero directive, AAE, 
are 0rovided for accessing the constants. 

l£.iciab1: c11ension Iofocmatioa_I.ible - YPI 
The VDI •ust exist if the host ls using the LOV opcode. It ls 
lnltializ9d and added to by the host. Its foraat is described 
by the host ln the co•deck SYMOEFS. When an LOV opcode is 
encountered in the code transfer output strea■, CCG calls the 
subroutl~e CGSAVO to set the "MAT· blt (VO.HATP) in the CA•th 
entry of VOI and asslgn a final CA to the reference "hich is 
also saved ln VOi. The output processor then changes the 
opcode to an LO since no further special orocessing 1s 
necessary. 

During end processing the host is resoonsible for setting uo 
the final value of the CA of the VOI. entries in the lower 18 
bits of each referenced entry. 

Ourlng assembly (CGIAt the instruction LOV AI,O,CA,IH ls 
transforaed into a SAI IH+K,- •here I( is the lower 1B bi ts of 
VO!CCA). 

f.QrmaJ faraeeter Xot 0r■at1°o table - EPI 
F~I is necessary on if HCSFPAS is no"•zero. 

FPI contains one word for each for ■ al oaraaeter in a prograM 
unit. 
the 
LEN 
the 

Th e en tr i es cont a i n the s y"' tab or di n a I of the F • P. i n 
ONT field~ the nu~ber of SCM address substitutions in the 

fietd, and the nu■ber of •tevel O" address substitutions in 
~uao field. All of the above fields are 18 bits long. The 
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LEN and suao fields are incre■ented by the code transfor ■er. 

The FPO field in Word B of the syabol table is an index into 
fPI. The host 1s resoonsible for defining the FP. sy~bots 
(PNT. suao and LEN] in the comdeck SYHOEFS. 
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3.9 lliE...CQDE lB!HSfnB~EB 

Hay 25, 1978 

The orl~arv function of the Code Transforaer is to perform 
ootlmlzlng transforfflatlons on the code presented to it. These 
are eauivatence-0reserving transfor~atlons which reduce the ti ■e 
and/or space cost of a co■putatlon. Auxlllary functions that it 
performs are storage assign•ent for CCG generated te ■ooraries, 
address exoanslon and substltutlon, asslgnaent of addresses to 
labels, code length c011putatlon and record keeping on the 
■aterlallzation of variables. 

The Code Transfor~er ooerates in two distinctly different •odes, 
deoending on the ootlmizatlon ~evel called for by the Bridge: 
OPT=2 and OPT<2. When OPT<2, the Code Transformer perfor ■ s 

ootialzing transfor•ations on one code seQuence at a ti•e, 
co~oletlng each seQuence as it is presented to it and writing it 
to the SlIST fife. Hhen OPT=2, the code seQuences are opti ■ ized 
as individual unlts but. in addition, the entire progra~ is 
accumulated for global analysis and global ooti•izations are 
performed. The code ls written to the SLIST file only after the 
entire orogra• has been analyzed and transfor■ed. 

The general categories of ootlaizations which are performed aret 

• Straight Line Code Opti ■ izations • oerfor■ed on all code. 
• Innermost. Well•behaved Loop Ooti•lzations perfor•ed on 

demand. OPT<2 onty. 
• Global Opti ■ izations - performed only if OPT=2• 

These categories are discussed belo" but are preceded bv a 
di$cusslon of me■ ory reference resolution which is a central 
concept to most of the Code Transfor•er•s al~orithms. 

J.1.1 Bcso1ut1O0 Pt-~uocx B1f..1U!l.-'.ll 

Virtually every algorith■ used for perfor■ing the opti ■izlng 
transfor•atlons deoends on belng able to resolve ■emorv 

references. Given any t•o ■e■ory references it is necessary to 
deter■ lne whether , 

• they absolutely refer to the same ■e ■ ory location, or 
• they possibly refer to the sa■ e ••■ orv location (cannot be 

determined at co•oile tl ■e>, or 
• they absolutely do not refer to the same ■e ■ory location. 

J11 

Th@ algorithm for the resolution of ■emorv ref•rences ls 
dependent on the host language. This algorithm is supplied by 
the host and encoded lnto CCG as conditional code lsee HCSID, 
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Section 9.3>. The design of the algorith• should take into 
consideration that it is executed on the order of nz ti ■ es, where 
n ls the number of variables involved. 

Certain se ■ antic lnfor•ation about a •eMory reference is basic to 
all langua9es and is reQuired in the Internal Language load and 
store Instructions CLO, ST, PLO, PST - Section ,.3.J> as follows: 

IH ls the sy ■bol table Dointer which reoresents the base address 
of the reference. 

RF Sl)eclfles the variable (cannot be deter•ined at co■pile tl•e> 
offset fro• the base address. 

CA soacifies the constant offset fro■ the base address. 

The semantic infor■atlon is sufficient for the resolution of 
references for FORTRAN. Other languages might reaulre additional 
lnforaation ln the symbol table. 

Th@ FORTPAN algorithm ls suaaarlzed by the following four cases: 

~il 

IH•s are 

2. tH•s are 
Rf•s are 

IH•s are 
RF•s are 
CA•s are 

tH•s are 
Rf•s are 
CA•s are 

Consider the ref•rences 

different 

the sa11e 
different 

the sa•e 
the sa11e 
different 

the sa■e 

the saae 
the sa■e 

8 ( 1+2> 
A ( I•2l 
A(J+2) 
A (J•3) 

Absolutely not the sa■ e 

Possibly the saMe 

Absolutely not the sa■e 

Absolutely the sa■e 

Case 1 states that the reference to Bis absolutely not the sa~e 
as all of the references to A. 

Case 2 states that the reference A(I+2) ls possibly the sa■ e as 
alt of the other references to A. 

Case 3 states that the reference A(J+2) 1s absolutely not the 
sa11e as ACJ•3>. 

Case~ states that A(J+31 ls absolutely the sa■e as A(J+3>. 

A si ■p1e9 correct. but u,reflned algorlth• for PLII introduces a 
storage class bit into the sy■bol tab••• This bit ls set to 1 if 
the storage class of the variable ls static, auto■atic, or 
controlled and set too for all other storage classes. If the 
ANO of the storage class bit for tMo variables results ir. a 1. 
then the FORTRAN algorit~• •av be used. If it results in 0, then 
it ~ust be assu~ed that the references are possibly to the same 
I ocat ion. 
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Slcjjqbt Liae,C<Uft QotlmizitlonJ 

These optimizing transforMations are perforffled unconditionally on 
all code, regardless of ootlalzation level. The aaxl ■ al unit of 
code over which each of these opti ■ izations is perfor•ed is 
bounded by labels and unconditional Jumos (including Return 
Jump,. That is to sav, an opti ■ ization is not peraltted to 
oropagate across a label or an uncordltlonal Ju■ P• 

EEnUNQAMI INSIE~IIP~ ELlMI~ATIO~ 
The orocess of redundant instruction ell ■ination can be logically 
thought of in three steps. 

1. Eliminate Redundant He■ ory References. 

When two instructions are known to •ake reference t~ 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 ellr.inated as foltowsi 

• Load-Load, the second load is eli ■ inated 

• Store-Store, the flrst store ls eliminated. (NOTES This 
ootimlzation ls not oropagated across a 
Jump, conditional or unconditional.) 

• Load-Store, the store ls eli•lnated if the value being 
stored ls the resutt of the load 

• Store-Load, the load is eli ■ lnated 

2. EllMlnate Redundant Register Operations. 

When t•o instructions have the sa~e oocode and identical 
ooerands the second of the t•o instructions ls eliminated. 
The instructions being co■oared for redundancy are two 
operand instructions. This fact ll•its the extent to which 
redundant expressions can be recognlzed 3nd should influence 
the •anner in which code ls selected by the front end. For 
exa~olet A+B and B+A can be recognized as redundant, but 
A+CB+CJ and (A+B)+C cannot. 

Extraneous trans■ it instructions (8Xt XJ> are considered 
redundant register operations and are ell■ inated. 

3. Eli ■ inate Unused Results. 

Operations which produce a resu1t which is 
eliminated. For example. after load-store 
state•ent X=X is reduced to sl ■ply a load of 
is never used and is eliminated. 

never used are 
el1m1nat1on, the 
x. The result 
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When ooerands of an instruction are constants the instruction is 
' reolaced by an eauivalent load of a constant. The evaluation 1s 

done on an instruction by instruction basis and Mill propagate 
throvgh a seauence of instructions. as long as all operands are 
constants. A non-constant operand stoos the constant evaluation. 

Exa11pless 

a. I = 3+ft+Z 
be I= (3•ftt•J•1 
c. I = 3 

J = .. 
K = I+J 

ooerands. 

!l.~.eeaI~ IDfrillll~ 

&G~d_Q¥ 
I = CJ 
t = 7•J•1 
I = 3 
J = .. 
I( = 1 

If ter redundant loads 
are •Ii •inated. I•J 
has constant 

Expressions containing algebraic identities are reduced to 
simpler instructions as indicated in the fol lowing list. The 
letters in the list indicates 

ZIQZ->Z 
ZlaO•>O 
(-7)/QW->BXI •XJ•XK INSTRUCTION 
OIPZ•>Z 
ZloZ•>Z 
XOR(Z.Z)->O 
XOR(O.Z>->Z 
O•t•>O 
1--I->I 
2•t->I+I 
-t•I•>•I 
l+'l•>I 
I•O•>I 
0-I•>• I 
I-I•>O 
I+<•JJ•>l•J 
(J•.Cl+K•>J 
(J+Kl•J•>K 
(J+10•K•>J 
(J•tO•J•>•K 
J•(J+K)•>•K 
J-(J•K>•>K 
fl•X•>O 
OIX•>O 
X+O->X 
X•O•>X 

Integers 
Floating Point 
In deter• in ate 
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X•X•>O 
1.•X->X 
2.•X•>X+X 
-1.•X•>-X 
X/1e•>X 
X/z->•X 
X+X • NORMALIZE IS DELETED 
X•(•Y)•>X-Y 
09L ( X• 0 l •> 0 
OBL ( 0•X) •>0 
SHIFT(O.Z>•>O 
SHIFT(Z,o,->z 
SHIFTCZ,6D)•>Z• 
J=I+CON' A(JJ•>J=I+CON; ACI+CON> 

Nay 25, 1978 

Co1e ls scheduled for paral let oceration to Minimize execution 
time. Comollcated code sequences are processed to minimize the 
nufflber of temporaries reaulred because of register set 
ex '"'aus t l on • 

~.1.J Icogcmpst& we1J-behaved Loop 0P1WllllRJn 

Innermost, well-behaved looc ootimizations are performed when 
OPT<2 and they are soeclflcallv reQuested by the Bridge (see 
CCSOPTL, Section 8.~.1 for reauest •ethod>. An inner ■ost well­
behaved loop contains only one entrance which ■ust be at the top, 
contains only one exit Nhich is either fall through at the botto• 
or a Ju~p to a label at the botto ■, and does not contain any 
inner loops (including backward Ju•ost nor return Juaps to 
external routines with side effects. 

llil,A RI AN I ~~llm:i 

Subexpressions that are Independent of the execution of the loop 
ar9 ~oved out of the loop and evatuated in the orologue, if the 
excression is unconditionally executed or is conditionally 
executed but ls incapable of causing an interrupt. 

Invariant library function references are also aoved (see 
Ft. for•at, Mord R2, Section ~.5>. 

Exa11plel 

00 10 1=1,N 
A(1):X•Y • O(J> 
B( I> =SIN(Y+z, 
IF ( A ( I> • NE • 0, GO T O 1 0 
C(Il=XIY 

10 CONTINUE 

"oved 
£valuation of SIN is moved 

Not ■ oved 
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For the ouroose of 
defined to be an 
iteratively defined 
register-. 

this docufflent, an integer 0olyno111la1 ls 
exoression "hich ls a linear function of an 

variable and which is a candidat• for a B 

A linear function of I isl 

k1•I+k2 Nhere kl and k2 are invariant (during the loop) 
expressions. 

ln iteratively defined variable 1st 

l=I+kJ Nhere k3 is a constant or an invariant (during the 
looc:,t variable. 

An integer oolyno•ial is reduced to remove the integer ■ultiplies 
and replace them by adds. The lnltlal value of the polynomial is 
1<1•I+k2 a~d each time through the loop, lt ls incremented by 
1<1 •k 3. 

LQQP REGISIER_!SSlGNHENI 

Addresses, short constants and integer polynoaiats are assigned 
to B registers. Scalar variables that are not in LCM fflay be 
assigned to X registers in inner ■ ost loops. Array references in 
s~all loops ■av be •prefetched- lf they are unconditionally 
executed, the subscript is an integer polynoalal and the 
increment is saa11. •Prefetching• is a speed ootlmization which 
permits execution in oarallel of the arrav ele•ent fetch with the 
increment. test and Ju■P• 

Exa■plel 

S=O 
00 10 I=1, 1000 

10 S=S+A(l) 

Icaditi,oa.a.LUSlQ 

loop 

sa1 
S82 
MX6 
S8ft 
SA1 
FX5 
NX6 
S82 
LT 
SA& 

1 
A•1 
0 
A ♦ 999 
81•82 
X6+X1 
XS 
82+81 
a2,ar...Loop 
s 

Wait for fetch occurs 
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Pr1t,:tc;h_L~11 

sa1 
S82 
HX6 
SA1 

Loop FX5 
SA1 
NX£, 
SB2 
LT 
SA& 

1 
.ggg 
0 
A 
X6•X1 
At+B1 
X5 
82+61 
a2,Looo 
s 

Pref etch 

Fetch executes in paraltel 
with next three instructions. 

The ooti•lzing transfor•ations discussed in Sections 3.1.2 and 
~.1.3 are acco~olish~d strictly by looking at one code seQuence 
at a time. The global optimizing transformations which are 
oe~formed when OPT=2 make use of two additional data structures 
which oermit analysis of the entire program: control flow 
information and use/definition information. 

Th@ Bridge suoolies sufficient infor■ation for the Code 
Transformer to analyze the program flow. It does so by dividing 
the source prograM lnto code seQuences which represent the nodes 
of the control flow graph and providing a table whose entries 
reoresent the edges of the graoh (see Sections ~.2 and~-~>. 

Th~ Corle Transfor~er, aided by the Bridge (Section ~.s, 
constructs a table which records the uses (loads> and definitions 
(stores) of every •e ■ory location or class of ■ e■ ory locations 
referenced in the progra■• The infor■atlon is extracted fro■ the 
instruction seouences and froffl lnforaatlon about the actual 
oarameter lists of procedure references supplied by the Bridge. 
Each ■ e•ory refernce has a use/definition class u(l), associated 
•1th it as folfowsa 

a. The ref9rence May address a set of locations, indexed by a 
subscript function. The reference A(I) ■ av reference anv of 
the locations A(1), A(2>, ••• ,A(N) and it is called a class 
reference. 

b. The reference ■av onty address one location. Exa■oles are 
single orecision scalar variable x, which is called an 
.ete■ent reference, and A(2> which ls called a class ■ e■ber of 
class A. Hultiple precision scalars generate n ele■ent 
references. For exa•pte, a reference to a double precision 
variable, 0, generates the use/definition classes for the 
locations O+O and 0+1. 

Let U(1), U(2) be two usetdefinltlon classes. Present CCG 
atqorithms assuae that if the intersection of U<1> and U(2J ls 
r.on-em0tv, then one is a subset of the other, and if they are not 
id@ntical then the smaller set has only one eleNent. Thls 
assumotlon ls not valld for PL/I nor other languages whose 
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storage c I asses are ■ or·e general than those of FORTRAN. The 
Global Optimizer cannot acco•modate such languages until the~e 
algorithms are changed. 

The control floN information permits the Global Opti ■ izer to 
detect every single entry loop. Looo optifflizations (discussed in 
Section J.1.Jt are then performed on every loop starting with the 
lnner110s t I oops and working outwards. Invariant code, for 
examote, might be moved fro■ an inner•ost loop clear out of a 
nest of I ooos. 

The use/definition infor■ation oer■ its the Global Ooti•izer to 
determine for every reference ln a code seQuence whether it ls 
used. defined, used before definltlon, and/or 1s live on exit 
(used ln a subseauent seQuence without orior definition,. This 
perfflits detection of definitions Nhich are not subseauently used 
and. he~ce, aay be eliminated together with their associated 
co~outations. It also permits delaying eligible stores to the 
orooer exit path from a loop. 

An additional optiMization. linear function test replaceaent, ls 
accomplished utilizing the control flow infor•ation and use/ 
deflnltion information. If. after register asslgnaent in a looo. 
the looo control variable has no uses other than in the increment 
and test, then lt wlll be eliMinated and replaced by a linear 
function. In order for this ooti ■ lzatlon to take place. all 
references to the control variable. the lncre•ent, and the li ■ it 
~ust have the O.RF bit set in the instruction descriptor word 
(see Section ,.3.5). This bit indicates the varlables are a­
register candidates. 

10 

REAL A(10.10) 
00 10 1=1,10 
A(7,I>=X 10 

DO 10 11=7,97,10 
A(I1>=X 

The Global Ooti ■ izer perfor■s ■ore extensive register assignment 
algorithms than are perfor ■ed for OPT<2. Subscript calculations 
are assigned to B•registers ln long seQuences of straight line 
code to free uo X•registers for use by 60 bit auantities. 

3.2.1 kQdt Icaostoc•tc Geoecateg Ie1ooc.1ries 
During the scheduling process and during so ■e opti ■lzing 

fransfor•ations, the Code Transfor■er generates instructions 
which reQuire te■oorary storage. Two ■ethods of te■ oorarv 

storage ■anage■ent are orovldedz static storage and stack 
storage. The ■ethod used ls selected by HCSIO (Section q.3>. 

The oredefined' SVMbol OT. (Section 2.1.~> is used as the base 
address of the temQorarles generated by the scheduler and IT. is 
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used as the base for optl ■izer generated te•oorarles. The Code 
Transfor•er •anages tefflooraries to orovlde ■axi ■um overlap of 
storage use. It will be seen later that the End Processor is 
responsible for reserving storage for the two temporary arrays. 

A reference to stack storage is defined to be to AO•offset. The 
8ridga directs the Code Transformer ln its use of offsets by 
providing an abbreviated sv•bol table~ AD and an ordinal into the 
table. The AD table contains a one word entry for each stack 
fra•e (Plf1 activation descriptor> whose content changes during 
code generation as follo•s• 

The Bridge supplies the table in the formats 
~210,18/initial length 

The Code Transforaer char.ges lt tos 
2~10,16/temoorary length,18/irltial length 

The End Processor changes it toz 
~210,18/flnal length (lnitiat plus te ■Porarles> 

Each tlme the Bridge calls the Code Transforaer it indicates 
which stack fra~e is in effect by placing the appropriate AO 
ordinal in HOSPN. The Code Transfor■ er aakes reference to 
temporaries by AO+inltial length+i where i is a running counter 
of the temporaries in effect for the code seauence. It records 
the maxlmuffl i in the te~oorary length fleld. If code is re0ulred 
to reference the length of the stack fra•• (e.g., calling 
seauences for runti ■e storage ■anage~ent) the reference ls aade 
bv using an IH which indicates the appropriate entry in the AO 
table. 

Th~ Code TransforMer provides for expanding r-.ferences to certain 
tvoes or variables and orovides a mechanls~ for doing 
substitution of addresses at runti~e. These ■echanisms are host 
co•oiler deoendent and are encoded lnto CCG as conditional code 
(c~ndltioned by HCSIO, Section q.3,. They will be fully 
i•ole•ented for any language upon receipt of a specification. If 
no address exoanslon is to take place, the AET field in the 
sy~bol table (Section 2.1.1.2, ■ust not be defined. If address 
substitution is not used~ HCSFPAS (Section 9.J> ■ust be set too. 

The FO~TRAN AET field consists of the LCH and FP bits in Word B 
of the symbol table (Section 2.1.1.2,. A reference to a 
variable, whose LCM bit is set, is changed to the appropriate LC~ 
access instruction. A reference to a variable, whose FP bit is 
set, is •odifled to indirectly addres~ the variable via AO and 
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the APlist. The position in t~e APlist is specified by the FPO 
fietd in Word e. 

CCG determines which for•at paraffleter references are referenced 
directly <subbed>, keeos track of the nu■ber of •suss• for each 
oara■eter in a host supplied table (FPt>. and at asse■blv ti ■e 
outputs the reauired code FOR the SUB ■acros. 

Al1 level O F.P. references are subbed. The count of the nu•ber 
of level O references for a given F.P. are also kept ln FPI. 

Each time the Code Transfor•er encounters a LAa pseudo operation 
(Section 4.3.3)• it records its block relative address in Word C 
of the sv~bol table. The End Processor must change all block 
retative addresses to prograa relocatable addresses (discussed in 
Section s.2.2,. 

Th~ Code Transfor■ er incre■ents block len1ths for those local 
blocks that it proce~ses. When it is initialized (via a call to 
CGSINIT> tMe Code Transformer is informed of the local block that 
is currently in effect on the SLIST file. During initialization 
the Code Transfor■ er lnltiatizes the entry points CCSLBO, CCSBLEN 
and CCSPC. After initialization, but prior to processing any 
code seauences, the Bridge •av ca11 the routine CGSCUB (Section 
8.4.2) to change the local block. This routine updates LBT, 
reinltiallzes the above- ■entioned entry points and writes a USE 
declarative to the SLIST file. During the Bridge/Code 
Transformer operation, the local block ■av not be changed. It 
wi1 I be seen in Chapter 5 that code may be issued to different 
blocks during end processing. 

At the end of code transformation 
bl~cks except the current one. 
reflected in CCSBLEN and CCSPC. 
ls left to the End Processor and 

LBT reflects the lengths of all 
The current block length ls 
LBT has not been updated. This 

is discussed in Chaoter 5. 

M1tec1a11zatiRO-S2t vari~I1s ang Cgostaots 

The Code Transfor■er provides a record keeping service which 
oermits the host compiler to eli•inate storage reservation for 
variables and cons~ants which are not used. After it has 
oerforMed all of its opti•izlng transfor ■ ations it sets the MAT 
bit (Section 2.1.1.2) for each variable which ls referenced and 
the CUT entry (Section 2.2.2> for each constant which is 
referenced. The host compiler •ust keep track of variable and 
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constant references that the Code Transfor■er does not see (e.g •• 
actual parameter lists>. 

CCG does not "rite to the output file. When OPT=2 detects dead 
code, the host routine •HRSLOC• will be called with the table 
-RNO• containing the list of line nu•bers (in binary] which are 
unreachable. The host should put out an error ■ essage siallar to 
the fo II owing -
•statements beginning at the below line nu■bers are unreachable 
tdead codel and will not be processed• 
fo,towed by the list of line ru•bers. On returning to CCG the 
tabte area will be released. 
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The 8ridge is the first routlne to gain control in the Code 
Generator overlay and as such ■ust initialize the overlay. After 
initialization the primary function of the Bridge is to segment 
the lnter•edlate text lnto code seQuences. translate them into 
the Internal language of the Code Transfor■ er and present the ■ to 
the Code Transforaer one at a time. If OPT=2, the Bridge ■ust 

also collect control flo~ lnfor■atlon and use infor ■ation. 

If the Front End has not done so. the Bridge •ust bring the 
sv~bol table and associated tables to the reQuired state as 
described in Chapter 2. It ■ust also assure that text which does 
not generate machine instructions ls written to the file SLIST as 
is described later in Chapter 6. 

The general flow of the Bridge ls as outlined in the steps below. 

a. If the Front End has not don~ so. bring all tables to the 
state reQuired by the Code Transformer, as discussed in 
Chaoter 2. 

b. Initialize the table vectors and ■ ove tables as reQuired to 
bring thea to the state described in Section 8.3. 

c. Initialize CCSSRF (Section 8.4.1) to indicate whether or not 
address expansion ls reQuired. 

de Call CGSINIT (Sectlon 8.4.11 to initialize the Code 
Transformer and inform it of the local block which is in 
effect on the SLIST file. 

e. If desired~ call CGSCUa (Section 8.4.2) to soecify a new 
local block into which al I code processed by the Code 
Transfor~er will be placed. 

f. Cottect a code seQuence (Section 4.2) and translate it into 
the Internal Lan~uage (Section 4e3). If OPT=2, collect 
control flow lnforeation (Section 4.4) a~d use infor■ation 
(Section 4.5). 

g. If the code sequence is an opti~izable loop (Section 4.2> set 
CCSOPTL (Section 8.4.1> to so indicate. 

h. If stack storage has been selected for teaporaries (Section 
3.2.1t, set HOSPN to indicate the current stack fraae. 

1. Call CGSPAS which is the ■ ain entry point of the Code 
Transfor•er. 

I• If the entire source progra■ has not been processed. go to f. 
k. Exit. 

The Bridge segments the orogra• into code sequences and presents 
them to the Code Transformer one at a time. The selection of a 
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code seauence ls influenced pri•arlly by the desired level of 
ootlMlzatlon but must also be constrained by core reauire ■ents. 
Each instruction ln the code seauerce reauires four words to 
represent lt and during the schedulng process an additlonat 
average of four words oer instruction is reouired. The various 
alternatives for code seauences are discussed belo•• 

™LE SOURCE SlAIEMENT 

A slngle source state■ent is nor ■ally the •ini•at code seauence 
that ls presented to the Code Transformer and ls usually used for 
the lowest ootl ■ ization level (OPT=Ot. A stateaent can be broken 
into segments and the segments used as code seQuences as long as 
it ls broken at boundary ■arkers (JUIIIPS and labels> and follows 
the restriction (that will be seen later 1n the discussion of the 
Internal Language) that every operand in a seauence ■ ust be 
defined as the result of a precedi~g lnstruction in the sa~e 
seauence. 

E!!fNOED 6ASIC BLOC.K 

An extended basic block ■ av begin with a label and ■ay end with 
an unconditional Ju110, but it ■ av not contain any additional 
labels or unconditional Ju■ps. It has the property that if a 
statement ls executed for so~e execution then so have all of its 
predecessors. 

As was discussed in Section 3.1.2, the straight line 
ootimizatlons do not take advantage of a seauence which includes 
aor-e than an extended basic block.· Hence, a seauence which is as 
close as possible to an extended basic block (but does not break 
in the middle or a statement) ls ootl ■al for the straight line 
ooti ■izations and ls usual Iv used for OPT=t. 

An lnner~ost, well•behaved loop cor.tains onlv one entrance which 
must be at the top, contains only one exit which is either fall 
through at the botto• or a Ju■p to a label at the botto•• and 
does not contain any lnner loops (including backward Ju■ps) nor 
return Ju■ps to external routines with side effects. 

When such a loop is encountered, it is used as a code se0uence if 
the lnneraost loop ooti ■izations discussed in Section J.1.J are 
desired (generally OPT=1>• 

BlllG BLOCK 

A basic block ■av begin with a label and ■ av end with a Jump, but 
mav not contain any addltior.at labels or Jumps Cconditlonal or 
unconditional). It •av contain a return Ju•o if the return is 
guaranteed. It has the orooertv that if one instructiQn in the 
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block is executed, all are executed. A basic block ls the code 
seouence that •ust be used for OFT:2. 

,.3 !lit..._IMIER~!LL!.HLY~ 

The internal language (IL> of the Code Transforaer consists of a 
set of elementary instructions. ■ost of which correspond to 
machine instructions, some of "hlch are pseudo instructions to 
direct the code transformation process. The IL ls a loM level 
language •here all operations are explicit to the ■achine 

instruction level. Each Il instruction contains an opcode 
identlfvlng the instruction and 1nfor■at1on fields Mhlch may bel 

• operand finks (R-nuMbersl between 2 instructions 
• sy~bol table pointers 
• constants 
• machine register ordinals 
• miscellaneous infor•ation (pseudo instructions only). 

An understandir.g of the concept of operand links (R-nu■bers) is 
basic to the understanding of the IL. Every ■achlne instruction 
which oroduces a result has associated with it an P.-nueber which 
is used as a label (or link> in succeeding instructions which use 
the result. For examples 

A= s• C is reoresented in IL as: 

LO R10,,,B 

LO R11,,,C 
fH R12,R10,R11 
ST P12,,,A 

•Load B C10 is arbitrary for this 
exa■0lel" 
•Load c• 
•e•c - Result 10 ti••s Result 11• 
"Store into A - Store Result 12" 

When a Machine instructio~ is finally assembled, the R•numbers 
result in x-registers unless they are speciflcal ly forced to 8-
registers or AO (via the RS pseudo instruction discussed below,. 
R-numbers r.ever reoresent registers Al through A7. That ls to 
sav, the IL does not oeralt explicit ■anl0ulatlon·ot Ai to A7. 
Control of these registers is i ■Plicit to the code transforaation 
process. 

As was stated earller9 the IL is explicit to the ■achlne 
instruction level. Instructions are not i ■Plicitly inserted by 
the Code Transfor■ er. This l ■ooses the restriction that the uses 
of an R-number be constrained to a coapatible register set. For 
example, the result of a load instruction cannot be used as the 
source of a ~tore instruction. The load results (X1 to X51 are 
incompatible "1th the store reQuire~ents (X6 to X7>. A trans~it 
instruction ■ ust intervene. On the other hand, the result of a 
floating ooint ooeration can be used as the source of a store 
since it is oossible for. the result to be in a compatible 
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register (X6 to X7). 

Conventions which must be observed in the use of R-nu■bers ares 

a. Oefinition before use 

An P•number •av not be used as an operand unless lt ls 
defined as the result of a preceding instruction in the same 
seQuence. There ls an exception to this rule in that there 
is th~ provision for pre-defined R•nu•bers. R•number O 
represents BO (or no operand). R•nu•ber 1 represents AO. 

b. Un 10ueness 

No R•nu■ber may define aore than one result ln a seQuence. 

c. Range 

R•numbers must be contained within ranges according to one of 
the two methods described below. The choice of aethod is 
defined by the value of HCSROL (see Section 9.3>. 

1. This ■ethod assu■ es that the Front End assigns a large 
range of R•nuabers over the entire source progra■ (range 
1> and that the Bridge superiaposes a separate range of 
R• nut1bers for each code seQuence (range 2>. By 
convention, the Front End starts assign■ent at the 
beginning of the program with R•nu■ber ~ and continues to 
77777B. The Bridge starts assign■ent at the beginning of 
each code seQuence wlth 1000028 and continues to 177777B. 
Note that for a very large progra■, the Front End R• 
nuMbers aay need to start over. The Front End and Bridge 
aust have soae protocol to cause the startover to haopen 
at the beginning of a code sequence. It ■ av not happen 
in the •idd1e of a seQuence because this •outd produce a 
range of R•nuabers which is very large. The Code 
Transfor•er uses an n•word table, where n is the su• of 
the slze of the two ranges for the seouence. For this 
reason atso, the P.•number ranges should be kept as 
co~oact as possible. When a code seauence is passed to 
the Code Transfor ■er, the two arrays CCSBRN and CCSBIR 
<see Section e.~.1) •ust contain• 

•CCSBRN (1> 
•CC Si3RN ( 2, 

•CCSBIR(U 
•CCSBIR (29 

S■allest range 1 ~-nU11ber in the seQuence. 
Larges~ range 1 R•nullber in the se0uence plus 

one. 
1000028 • 
Largest range 2 R•nu•ber in the se0uence. 

After each call to CGSPAS, CCS8RN(1) is set eQual to 
CC$8RN(2) and CCSBIR(2)=10000ZB. 

This •ethod assu•es that only the Bridge assigns R• 
numbers and that lt starts over with R•number at the 
beginning of each seauence. When a code seauence is 
passed to the Code Tran5foraer. the array ccsaRN ■ust 
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contains 

•CCSBRN (U 
•CCSBRNf2) 

,. 
Largest R-nu■ber in the seauence. After each 
call to CGSPAS, CC$8RN(2>=~• 

IL instructions are divided into four types, each having its o•n 
distinct format. The types ares 

I 

II 

III 

IV 

OPC RI,RJ,RK 

0 PC , ~I , IN, S 0 

OPC RI,RF,CA,IH,H2 

OPC CA,IH 

D1scc1otion 

Two and three address 
instructions such as BXI XJ 
and FXI XJ•XK. 

One aj1ress instructions 
such as SXI con and MXI con. 

TMo address instructions, 
memory references and 
conditional Ju•ps such as NZ 
XI,sy■bol or SAI RF+CA+ 
sy11b ol. 

Soae pseudo instructions 
and the unconditional Jumps 
such as EQ LAB. 

The mnemonics in the above for•ats are used to represent the 
fol1011dng ite11ss 

HNEHONIC 

QPC 

Ite ■ • 

Operation code identlfylng the instruction. 

R-nuabers. 

RI reoresents the result register for those 
instructions w~ich produce a result. For 
stores and conditional Ju■os, Rt is an 
operand register. Pseudo instructions vary 
in their use of RI. 

RJ represents an operand register. 

RK represents an ooerand register. 

RF reoresents the register containing the 
variable portion of an address calculation. 

18 bl t con st ants. 

IN is used to represent constants that appear 
in lnstructlons such as the •ask instruction. 
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so 

CA reoresents the constant portlon of an 
address calculation or the index into an 
auxiliary table. 

Used to specify a particular register. This 
field exists in all Type II instructions but is 
•eaningful only 1n the RS and DEF oseudo 
instructions. Its description is contained with 
the definitlon cf the RS instruction. 

Symbol table pointers. 
H2 contains an ordinal only and 1•ol1c1tly 

references SYH ( ■ay not reference an abbreviated 
s VII bo I tab I e ) • 

Each instruction of the IL is discussed in this section. 

~E.UDO INSTRVCilil:i~ 

T~e pseudo instructions are used to direct the code 
transforMation process. They do not result in the generation of 
a machine instruction. 

llll 

IV 

IV 

QP~Cllf 

aos 

EOS 

aeginning of Statement. 

This instruction ~ust be the first 
instruction in a seQuence. BOS instructions 
which appear ln the ■ iddle of a seQuence are 
eliainated by the Code Transfor•er. The 
format of this instruction does not confor• to 
the for ■ at of lts type so it is presented 
heres 

12/P(BOSt,16/statement 
flags, 

1010,18/avaltable. 

number,2/list 

When the obJect listing ls selected, the 
80S causes the generation of a co■•ent line 
Mith the state■ent nultber in it. The 11st 
flag field is used· to toggle the obJect 
listing. Its vatues ■ay bel 

0 no change 
1 ob)ect list on 
2 obJect 11st off 

End of SeQuer.ce. 

This instruction 1s used to artificialtv 
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II RS 

\ 

stoo code ■otion durlng the 
process. Code is guaranteed to not 
either direction across an EOS. 
■ust both be zero. 

Register Specify. 

scheduling 
drift in 
CA and IH 

This instruction is used to specify that 
the result of the immediately oreceding 
instructlon ls to be assigned to a specific 
register. The RI of the RS instruction •ust 
be the sa■e as the RI of the i••ediately 
orecedlng instruction with the following 
exception. If the oreceding instruction is an 
Unpack (UP, or Nor ■alize (NR) instruction with 
a non-zero RJ (two results, the RS instruction 
serves as a specification of this RJ (and is 
called an RJRS>. In this case, the RI of the 
P.S ■ ust be t~e sa•e as the RJ of the UP or NR 
instruction. The IN field of the RS is set to 
1 for an RJRS ar.d set to O otherwise. 

The SO field ls used to specify the 
register and provides lock infor~ation about 
the register. The for•at of the so field isl 

6/reserved.2/lock tvoe,J/reg type, 3/reg 
no. 

The register type fiel~ takes on fhe values 
of o. 1, 2 for B, A. and X respectively. The 
register nuaber field takes on the values O 
through 7. Please note that registers A1 
through A7 are not per•isslbte. 

The lock tyoe fletd has the follo•ing 
■ eanlng, 

O This type of lock is used to soecify 
that ~he register content must re ■ ain 

unchanged until the next Return Juap, 
Unconditional JuMp9 or Indexed Ju•P ls 
lssued. It 1s intended for use to tock an 
arguaent in a register until the call ls 
■ ade 9 even though the argu■ent has no uses 
Nhlch are apparent to the Code Transfor■er. 

1 This type of lock oer•its the content of 
the soeclfled register to be released •hen 
there are no aore uses of it. 

2 Reserved for the Code Transfor■ er. 

3 This value must appear if the RS ls an 
RJRS. 
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II OEF 

Soae exa•ples of the use of 
i"struct ion area 

the RS 

a. Assu11e 
in x1. 

that an argu■ent is to be oassed 
The stateaent CALL PROCCAt looks 

I i~el 

LO P10.,,,A 
RS P1O.o,x1 lock type=O 
RJ PROC DELIMITER 

b. For this exa•cle, olease look ahead to 
the He ■ory Reference and Set lnstructlons 
and note that a nuMber of the• have a 
choice of A., 8, or X reglsters for the I­
reglster. Thls register will al"ays 
result in an X•reglster unless the RS 
instruction ls used to force it to a a­
register or AO. Note also that a nu■ber 

of them have a choice of registers for 
the J-register. Selectior of this 
register is deterffllned by the RI of the 
instruction that the RJ links to. 

The following exa■ole using the Set (S) 
and the Short Add (SA> instructions 
illustrates the effect of the RS. 

IL.Instcucti,o~ 
S R10,5 
RS R1O,0,82 
S R11,6 
SA R12,R11,R10 
RS R12.,0,B4 

&lllLllinL~iot In :a tc.lluiD.Cli 
S82 5 

sxn 6 •xN.,avallabte x-register• 
SBlt Xn•82 

c. This exaaple 11 lustrates the use of an RJRS. 

UP R11,R12,Rl~ Unpack R10 into two results. 

RS R12.,1,B2 This instruction must aopear 
to speclfv the R12 result. 

Register Oeflne. 

R11 cannot be speclfled. The 
lock type field aust contain 3. 

This instruction ls used to define an R• 
nuaber and to specify that it is assigned to a 
soeciflc register. It is used. for examole, 
to specify a value returned after a function 
call. A OEF may only occur at the beginning 
of a seauence, or after a DEF or a boundary 
•arker (Jumps and labels>. The IN fie4d is 
always O and t~e SO field is as specified in 
the RS instruction except that the lock type 
is always zero. 
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IV LAB Label Definition. 

This instruction defines a label <IH ass 
CA) and reserves storage. 

The IL instructions in this group have a one-to-one correspondence wltl 
fflachine instructlons as followst 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
III 
III 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 

IL INSIBUCTlJW 

XHT 
ANO 
OR 
XOR 
XHTC 
STR 
IHP 
EQV 
KLS 
KRS 
ILS 
IRS 
NR 
RNZ 
UP 
PK 
FA 
FS 
OFA 
OFS 
RFA 
PFS 
IA 
IS 
FH 
RFH 
IJFM 
FHA 
FD 
RFO 
ex 

RI,RJ 
IU,RJ,RK 
Rt,FU, RK 
Rl,RJ, RK 
RI,RJ 
RI,RJ, RK 
RI,RJ,RK 
RI,RJ,RK 
RI ,RF, CA 
RI,RF,CA 
RI,~J, RK 
RI ,RJ, RK 
RI,RJ,RK 
RI,RJ,RK 
Rl,RJ,P.K 
RI,RJ,RK 
RI,RJ,RK 
RI,RJ,RK 
RI,RJ, RK 
RI ,RJ, RK 
Rl,RJ,RK 
RI',RJ,RK 
RI,IU, RK 
RI,RJ, RK 
RI,RJ,RK 
Rl,RJ,RK 
Rl,RJ,RK 
RI,CA 
RI,RJ,RK 
RI ,RJ ,RK 
Rl,RJ 

9'J:W£ 
.lliil&!Jillmi 

BXI XJ 
BX I XJ•XK 
ax I XJ+XK 
BXI XJ•XI( 
ax 1 - XJ 
BXI •XJ•XK 
BXI •XJ+XK 
BX I •XJ•XK 
LX 1 JK 
AX I JK 
LX I BJ, XK 
AX I BJ, XK 
NX I BJ, XK 
ZXI BJ,XK 
UX I BJ, XK 
PXI BJ,XK 
FX I XJ+XK 
FXI XJ-XK 
OXI XJ+XK 
OX I XJ•XK 
RX I XJ+XK 
RXI XJ•XK 
IXI XJ+XK 
IXI XJ-XK 
FXI XJ•XK 
RXI XJ•XK 
DXI XJ•XK 
MXI JK 
FXI XJ/XK 
RXI XJ/XK 
CXI XJ 

Trans11it 
And 
Or 

tW1t: 

Exclusive or 
Trans■ it compleaent 
Stroke 
I110llcatlon 
Eauivalence 
Constant left shift 
Constant right shift 
Indexed left shift 
Indexed right shift 
Nor11a Ii ze 
Rounded noraalize 
Unpack 
Pack 
Floating add 
Floating subtract 
Double floating add 
Double floating subtract 
Rounded floating add 
Rounded floating subtract 
Integer add 
Integer subtract 
Floating Multlolv 
Rounded floating ■uttiply 
Double floating multiply 
Hask 
Floating-divide 
Rounded floating divide 
Count bits 
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Each IL instruction in this group results in one aachina 
instruction selected from a soeclfic set. The notation Z(il ls 
used as shorthand to denote a choice of registers from the set 
Bi, Xi or AO and, hence, a set of instructions. The selection of 
the particular Machine instruction 1s dependent on the context in 
Nhich the IL instruction is used (as explained in the definition 
of the RS instruction). Within the ■achlne instruction 
specification IH and H2 are used to represent the sy■bols that 
corresponding IL IH and H2 point to. 

MACHit:IE 
nu IL l~SJRUCTIOH JNSTBUCI urn ~ 

III LO RI,RF,CA,IH SAI ZJ+k Load 
k=CA+IH 

III ST P. I • Rf' , CA, I H SAI ZJ+k Store 
k=C,H IH 

III STT RI,RF,Cll,IH,H2 SZI ZJ+k Store Trans11it 
k=CA..,IH•H2 

K15 

NOTEI If H2 is non-zero then IH ■ust be non-zero (negative relocation 
not perinitted). H2 may 

I 

onl v point to the 

SAI ZJ•k 
k=CA 

main sv•bol table. 

Para ■etric Load 

ii 

NOTE: RF and IH do not enter into the •achine instruction. They are use< 
for determining the class of ■ eaorv locations being referenced. 

I PST RI,RJ,RF,CA,IH 

NOTE I As above for PLO. 

II S RI,IN 

I SA RI,RJ,RK 
I ss RI,RJ,RK 

JJJ~e IUSIBUt.IICUS 

SAI ZJ•k 
k=CA 

SZI k 
k=IN 

SZI ZJ+BK 
SZI BJ/ AO•BK 

Para■etric Store 

Set 

Short Add 
Short Subtract 

The low order 6 blts of the CA field are used to hold the Juao 
tyoe for the conditional Ju•o instructions (JPX, JP9B, RJXJ). 
The JufflD types are defined in CHPLTXT (see Section 9.2.1> by the 
symbols Jc.xx (XX= ZR,NZ,PL,HI,OR,IR,OF,1O,EQ,NE,GE,LT). 
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HACH Xtl~ 

lleE IL It:lllB.UCTIOtf INSTRUCT~ t!Alit 

I II JPX RI.O.JT,IH JT Xl,IH Condi ti on al X•Ju■ ps 

III JPBB RI,RF,JT,IH JT BI,BF,IH Conditional B•Ju■ ps 

III RJXJ RI,RF,12/CA, 7JT RI,•+1 Condit 1 on al Return 
6/JT,IH RJ IH•CA Ju■ p 

NOTEI 7JT is the reverse test of JT (7ZR=NZ). 
result that ■ust not be used until the RJXJ 
~JXJ ls not considered a boundary aarker, code 
of it. Uses of RF are prevented fro• floating 

RF is the R-number af 
ls executed. (Because th 
■ av float to either sid 
in front of the RJXJ>. 

III JIN RI,0,0,IH JP BI•k Indexed Ju110 
k=IH 

IV PJJ D,IH RJ IH 30 Bit Return Ju ■p 

IV RJ6 CA,IH •RJ IH &0 Bit Return Ju ■ p 

VFO 12/CA, 
18/iHCSRJTBN, 

NOTES See Section 9.3 for definition of HCSRJTBN. 

IV UJP O, IH EQ IH Unconditional Ju■ o 

The instructions in this group have been created to take care of variou 
soecial cases. 

MACHIN~ 
~ IL l.HSIRUtTXQtl lliil.RVtI IQN 

I IAZ RI,RJ,RJ IXl XJ+ XI( 

I IAS RI• RJ, RK IXI XJ-XK 

In the above two instructions, RJ ■ust be 
instruction. These instructions are used when it 
the reduction of the algebraic identltles 0+X and 
is not opti ■ized out. 

I IH RI,RJ,RI< OX I XJ• XK 
I 

ti!l1t 

Integer Add Zero 

Integer Subtract 
Zaro 

the result of a Cl 
ls necessary to inhibi 
o-x. The addlsubtrac 

Integer Multiply 

It is assu•ed that this instruction will not cause an interrupt and 
hence, ~av be •oved from condltlonally executed code. The operands ■us 
be such that an interrupt wilt not occur (e.,., subscript calculation>. 

II CLP RI, 0 HXI 0 Clear a Register 
or ax I Xl•XI 
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Shift Transait 

ll 

Thls Instruction ■ust be the i~••diate predecessor of each KLS/KR'. 
~- lnstructlon. 

III LDC RI,0,CA,IH SAI k 
k=CA+IH 

Load Constant 

CA is an index into CVT (see Section 2.2.2> and IH ls the sy■ bol tabl• 
ordinal of the predefined sy•bo1 CON. (see Section 2.1.~t. Thii 
instruction per■ lts the Code Trarsfor■er to evaluate constant expression! 
and to co~oact the constant table Nhen unused constants are detected. I· 
aust be used for alt references to constants ln CVT. 

III LDV RI,0,CA,IH SAIK 
K=CA+IH 

Load Vardi• 

CA is an index into VOI (see Section 2.2.3) and IH is the symbol tabl• 
ordinal. This instruction allo"s the host to aini ■ ize the number o· 
temporaries needed to setup variable dl~ension lnltializatior. code b, 
deferring the decision until end processing when lt is known which o~e~ 
were actually used. 

This section contains rules that apply to certain instructions 
and provides a few suggestions for the use of the instructions. 

1. The KLS/KRS lnstructlons ~ust be l•medlatety preceded by an 
SXT instruction (the Rf of the KLS/KRS Must be the RI of the 
SXT). Furtheraore, the KLS/KRS instructions aay not be used 
as the source of a store instruction (a transmit ■ust 

intervene). 

2. The SXT instruction aay only be used as a constant shift 
predecessor. 

3. Whenever a 0 in an X•reglster ls needed, the CLR instruction 
must be used. 

4. Do not use the STT instruction when IH and CA= o; use an SA 
instruction instead. 

5. Oo not use an LO for reference to values in CVT. An LDC ■ust 
be used for these values. 

4.3.~ Jostcyctloo ERcmits 

Wh~n CGSPAS is called, a code seQuence is oresented to lt in the 
tabte TXT. Each IL instructlon occuoies 4 contiguous •ords of 
memory. The words are catted the R1 word, the R2 or IH word, the 
descriptor word and the link word. 
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The format of the R1 word varies from tyoe to type, but 
12 bits always contain the IL instruction oocode with 
20~0a <referred to as PCOC>>. The for■ at of the word 
dlfferent types isl 

I 12/P(OC),16/RJ,16/RK,16/RI 
II 12/P(OC>,18/IN,1~/S0,1&/RI 
III 12/P(OC),181IN,12IH2,210,16IRI 
IV 12/P(OC>,18/CA,12/0,18/IH 

the upper 
a bias of 

for the 

Field definition ■ acros for describing these for■ ats aret 

DESCRIBE Rt. 

oc DEFINE 12 
RJ DEFINE 16 
RK DEFINE H, 
RI DEFINE 16 

REOEF RJ 
IN DEFINE 1a 
so DEFINE 1~ 

REOEF RJ 
CA DEFINE 18 
H2 DEFINE 12 
IH OEFINE 18 

Qz a R rH l:il2Bll 

The primary function of the R2 word 1s to contain the seaantlc 
lnformatlor. reQuired for •e•orv reference resolution (Section 
3.1.1,. Its for■at for al I Type III instructions and all ■ e ■ory 
reference instruction (Type III, PLO, PST> 1st 

Field definition macros for describing this for~at are: 

CCG 
RF 
CA 
I 
H 
IH 

DESCRIBE IH. 

DEFINE 
DEFINE 
DEFINE 
DEFINE 
DEFINE 
DEQU 

If OPT=2, the format for the R2 Mord for the RJ3 and RJ6 
ins,ructions is the FI. for ■at discussed in Section ~.5. For all 
other instructions, the R2 Nord ■ ust be zero • 

.C, SC pr PI OR ttDRO 
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The descriotor Mord contains prooerty bits which are statically 
associated Mith the opcode. These property bits are provided in 
the table FSROT. access to "hich ls described in Section 8.4.Z. 

Th@ onlv other bit in this "ord that the Bridge is concerned with 
ls O.RF. In order for the linear function test replacement 
optimization (Section J.1.4a to take place 9 reference to 
variables that are a-register candidates aust have this bit set. 

~INK HQRD 
This •ord ls used by the Code Transfor■er for various purposes 
and ~ust be initlallzed to zero. 

When OPT=2, the code seauences that the arldge presents to the 
Code Transformer are basic blocks (Sction 4.2>. The salient 
feature about a basic block is that there is no transfer of 
control into or out of the middle of the seauence. It is entered 
at the top, and once entered. the entire seauence is executed. 
The exit at the bottoM •av be a fall through to the next block, a 
Jump to another block. or (in the case of a conditional Ju•P> 
both a fall through and a Ju■P• The Bridge •ust record all 
transfers of control fro• one block to another in the table CFT. 
The for~at of a CFT entry is CF. format which is 1/JP,29/FROH.30/ 
TO. The basic blocks are numbered seQuentially (starting with 2} 
in the order they are 0resented to the Code Transfor•er. FROM is 
the block nu■ber of the block fro~ "hlch control is transferred. 
If JP=O, TO is the block nu ■ber to which control ls transferred. 
If JP=1, TO is a sy ■bol table pointer indicating the label to 
which control ls transferred. Block nu•ber O is the pseudo exit 
block and block nu■ber 1 ls the pseudo entry block. CFT ■ust 
contain an entry (k,O) for each block, k, Mhich exits the 
suborogram and an entry (1,k) for each block which is an entry 
0olnt. 

The cell CCSCBN holds the current block nu~ber; the Bridge is 
resoonslble for incrementing it at the beginning of each new 
basic block. When CGSPAS ls called to 0rocess a basic block, 
CCSCBN ■ust hold the block nu■ber of the block in TXT. CGSINIT 
initializes CCSCBN to 2 and adds the entry c1,2a to CFT. 

Whenever a transfer label deflnltlon ls encountered, the Bridge 
■ust call CGSLAao (X1=IH1 to define the block nuaber associated 
with the SYMbol. 

YSf!PfEIMX!lPH INEORMAIIQN 
the Bridge aust aid the Code Transfor■er in 

use/definition infor~ation (Section J.1.~, by 
infor■ation about the actual para■ eter lists for 
calls. The orotocol for collecting this lnfor■ atlon 

When OPT=2, 
co1tecting 
suoplyl~g 
Drocedure 
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for each Return Jump instruction isl 

1. Create a list of the variables referenced bv the procedure 
(actual oarameters) if'I a table in AP. for111at tithlch isl 

2. 

IO 

USE 

CR 

CA 

IH 

CALL 

T8LP 
INDEX 

LEN 

DESCRIBE AP. 

DEFINE 1 

OEF1NE 1 

DEFINE 1 

DEFINE 2 

DEFINE 1 

DEFINE 18 

DEFINE 

DEFINE 

18 

18 

=1 if this ls the paraaeter list for a 
library read routine 

=1 if this is a read para■eter but the 
ir1put ■ ay not occur re. g. ,FORTRAN 
NAHELIST, PL/I data directed GET> 

=1 for a double or co•olex variable 

=1 if this is a class reference 
(i.e. , has a variable subscriptt 

Constant offset fro• base address 

Sv•bol tabla ordinal 

CGICPL(X&=TBLP,X5=INDEX,B2=LEN) where 

is the address of the table which contains the list. 
ls the index into the table for the start of the 
list. 
ls the nU11ber of entries in the list. 

CGSCPL returns 

X1 =index to the list in the table IOL 
XO =ler1gth of the list it a1ded to IOL 
X7 =LS IOL 

3. Create the R2 word of the RJJ or RJ6 instruction in 
FI. for•at which isl 

FI 

DESCRIBE Ft. 

DEFINE Function Type 

OEFINE 

1 - user function 
2 - basic external function (i.e., 

library call that does not ■odify anv 
vari 3b I es) 

3 - 1/0 function 

24 Bit •ask of registers preserved - basic 
exter~al function ontv (O-BO, 1-01, ••• 23-
xn 
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INOX 

.LEN 

DEFINE 

DEFINE 

18 Index to list ln IOL 

12 Length of list in IOL. Either O or 
1S10 olus length. 

In FTN S the ordinal (CA) of the ■e ■ory references to the 
elements of the ST. array cannot be deter ■ lned prior to calling 
CGSPAS. To get around this probleM, the bridge assigns tentative 
values to the CA•s. After the code transfor• ls finlshed 
e I im inat Ing redundant ref er enc es, it ca I Is BRSAF.T ( in the bridge> 
to scan the seQuence in TXT and adJust the CA•s of the ST. 
meMory reference. • 
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The End Processor is responsible for completing the SLIST fit• 
and for bringing all tables to the state reQuired by the 
Assembler. The specific functior.s that it ■ust perfora are 
discussed in the following sections. Other functions ■ ay be 
oerformed at the host•s discretion. For exaapfe, if the host 
wishes to take advantage of the NAT bit (Section 2.1.1.2, it 
woutd delay storage reservation for all variables until end 
processing. End processing aay be a convenient ti ■e for 
producing a reference ■ ap. 

The End Processor •av wish to issue prologue code. It •ust 
outout constants, reserve storage for temooraries and write an 
EN~ os•udo on the SLIST file. 

If desired, the End Processor ■av call on the Code Transfor~er to 
orocess code seauences. These seauences are collected and 
presented to the Code Transforaer identical Iv as they were during 
8rldge processing except that CG$CPC is called instead of CGSPAS. 
CGSCPC functlons differently from CGSPAS in that it fully 
orocesses each seauence and writes lt to the SLIST file 
imffledlatety9 regardless of optimization level (no global 
ootlffllzations are performed). The End Processor •av interMix 
calls to CGSCPC with cal Is to CGSCUB to change local blocks as 
desired. It ■ av also call CGSOSA (Section 8.4.2> as necessary to 
reserve storage for variables. 

The End Processor ■ust call CGSEP (Section 8.4.2) which outputs 
the used constants fro■ CVT, reserves storage for the t••oorarv 
arrays 9 OT. and IT., and aodifies CUT for use bv the Asselllbler. 
The host ls resoonslble for the initialization code and storage 
reservation for the vo. array. 

The End Processor ~ust co■plete the SLIST file by writing an END 
card to it (see Chapter 6 for for ■ at>. 
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The End Processor is resoonsible for completing LaT, Word C of 
the symbol tables and the AO table (if used>. 

After al 1· local code and variables have been written to the SLIST 
file, the End Processor aust co ■plete LST by calling CGSRST 
(Section 6.~.2>. This routine updates LBT fro• the entry oolnts 
CCSLBO, CCSBLEN and CCSPC, reformats LaT to contain progra■ 
relocatable addresses as reouired by the Assembler, and computes 
the program length, leaving it in NSSLBT. 

The End Processor- ■ ust supply all address information for every 
SY"'bol table entry. In particular, it must change the address 
for al I local Syll!bols from block relative to progra11 relocatable. 

If stack storage is selected for temporary storage (Section 
3.~.1) and references are Made to stack frame lengths, then the 
AO table must be •odified to contain final lengths. If COMPASS 
compatibility is being SuQported (Chaoter- &>, then for each AO 
entry, an SMACRO call, "AO.n EQU length,• should be output to the 
SLIST file. The SHACROS deck should contain the definition 

s.~ ADJUSTING tE~QRY LI~IIS 

EQU SHACRO (St,c2,, LAB 
ENOS 

After the End Processor is finished cat11ng on the Code 
Transformer it should release the code s0ace that it occupies by 
calling CGSIEP (Section 8.~.21. 
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6.1 INTRPQUCI.10~ 

The CCG Internal Asseabler (CGSIA) perfor•s the functions that 
are usually oerfor•ed by the second oass of a full asse■ bler 

such as COHPASS. It reads the for•atted lnstructlons fro• the 
file SLIST, adds address inforaation that is supplied through 
the symbol, block and constant -tables, and produces a 
relocatable binary on the LGO file (if selected>. 

If the option is selected, it wilt also produce a for•atted 
listing of the obJect code. An alternate option Mill produce a 
set of COMPASS source statemerts on the file COHPS. This file 
is suitable to use as input for a COMPASS assembly. The 
assembler can oroduce either the obJect list or the COMPS file, 
but not both. 

CGSIA contains a li~ited •aero caoabillty that can be used for 
generating data MOrds containing display coded, constant or 
relocatable address fields. It can also be used for producing 
some seauences of Machine instructions in the obJect code if it 
is not e~bedded Mithin the portion processed by the Code 
Transfor~er. 

ASSEMSL~R I~e\J.I 

tnout to the Assembler coaes froffl the following sources& 

• SLIST is a file that contains ■achlne lnstructions9 oseudo 
instructions and •aero calls. Each of these ls 
usually contalned in one word9 although a second word 
~ight be used and some •aero calls aay reauire three 
words (see Section 6.J for the for•at,. 

• TABLES generated by the host co■piler and the Code 
Transfor■er. 

SYM • the ■ ain symbol table (see Section 2.1.1> 
CST - the co ■•on block table (see Section 2.z.1, 
LBT - the local block table (see Section 2.2.1> 
CUT - the constant usage table (see Section 2.2.2, 
GLT - a soecial sy ■bol table for generated svabols 

There is provision for additional special sv ■bol 

tables (see Section 2.1.1> 

• HACROS - A table of SHACPO definitions that is created by a 
COMPASS assemblV of the SHACROS co•mon dee~ at 
build time. T~is table ls loaded as an integraf 
part of CCG. 
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• Miscellaneous oction definitions and controls orovlded by 
the host comoller (see Cha0ters 7 and q1. 

The first oart of the file contai~s the initial group of pseudo 
instructions followed by the initial declaratives. This part 
is written to the SLIST fife by the front end or the Bridge. 

The •achine instructions are written to SLIST by the Code 
Transfor•er when it co■oletes its opti•lzatlons. 

The End Processor then writes the final grouo of declaratives 
and passes control to the Internal Assembler which writes an 
end-of-record. rewinds the file a~d reads it as input. 

The Internal Asseebler leaves the file positioned at the end­
of-record. 

While the code transfor•er and the internal assembler are 
intended to be used as a single package, either one ■ av be used 
wlthout the other. Within the context of using the coMbined 

-oackage this portion of the soecification is internal instead 
of external specification. 

It ls oossible to use the assembler 
transformer or vlce•versa. ln these cases, 
cart of the external interface of the 
transfor111er. 

without the code 
this section is 

assembler or code 

In elther case. it does complete the soecification of the SLIST 
f i I e. 

The fol lowing 
list of the 
Assemb I er. 

list of aachine instructions is an alphabetical 
instructions that wil I be accepted by the 
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ll 
I0stcus;tlS2D 

ANO 
ex 
OFA 
DFH 
OFS 
ORL 

OWL 

EOV 
FA 
FD 
FM 
FMA 
FS 
IA 
IAZ 
!LO 
!LS 
IM 
IMP 
IRS 
IS 
ISZ 
JIN 
JPBB 
JPX 
l<LS 
KRS 
LO 
LDC 
LOV 
NR 
OR 
Pl( 

PLO 
PST 
PFA 
~FD 
RFH 
RFS 
RJXJ 
~J3 
RJ6 
RNZ 
s 
SA 
SOL 
sos 
SLO 
ss 
SST 
ST 

~HPASS 
Ics!c~tign ~.s.m 

ax1 XJ•Xk A 
CXi Xk 0 
OXi XJ+Xk A 
OXi XJ•Xk A 
OXi XJ-Xk A 
RXi XJ or 
suao 1,J,FP,R P 
WXl XJ or 
SUBO 1. J ,FP,W P 
BXl-Xk-XJ C 
FXi XJ+l(k A 
FXl XJ /Xk A 
FXi XJ•Xk A 
HXi J k E 
FXi XJ-Xk A 
lXi XP·Xk A 
IXi XJ+Xk A 

H 
LXi BJ,Xk B 
lXi XJ•Xk A 
BX! •Xk•XJ C 
AXi aJ,Xk 8 
IXi XJ-Xk A 
!Xi XJ•Xk A 
JP Bi+k J 

L 
t1 

LXl J k E 
A Xi J k E 

H 
I 
I 

NXi BJ,Xk B 
BXl XJ+Xl A 
PXi BJ,Xk B 

H 
H 

RXi Xl .,Xk A 
RXi XJ/Xk A 
RXi XJ•Xk A 
RXi XJ-Xk A 

N 
RJ k I( 

0 
ZXl 8)9 Xk B 

H 
F 
G 
G 
F 
G 
F 
H 

LlO 

And 
Count bits 
Doub I e fl oat ing 
Doub I e r, oat ing 
Doub I e fl oat ing 

add 
11ultioh 
subtract 

Direct read LCH 
\ or 

Direct write LCM _,sueo 
EQuivalence 
Floating add 
Fl oat Ing divide 
Floating •ultiply 
Fora 11ask 
Floating subtract 
Integer add 
Integer add zero 
Initial load 
Indexed left shift 
Integer aultiolv 
! ■plication 
Indexed right shift 
Integer subtract 
Integer subtract zero 
Indexed J U■P 
Conditional B Jumos 
Condltlonal X Ju•ps 
Constant left shift 
Constant right shift 
Load 
load constant 
Load Vardl ■ 

Noraalize 
Or 
Pack 
Parametric load 
Para•etric store 
Rounded floating add 
Rounded floating divide 
Rounded floating ■ultiotr 
Rounded floating subtract 
Condltlona1 return Ju•0 
Return Ju■p (JO•bit) 
Return Ju•0 (60-blt) 
Rounded nor■alize 
Set 
Short add 
Short difference load 
Short difference store 
Short load 
Short subtract 
Short store 
Store 
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STR BXi •Xk•XJ C Stroke 
STT H Store trans111it 
TLO H Temporary load 
TST H Temporary store 
UJP EQ k K Unconditional J ump 
UP UXi 81,Xk B Unpack 
XMT BXi XJ 0 Transnil t 
XMTC 8Xi -x, 0 Tr-ansait compli•ent 
XOR BXl XJ-Xk A Exclusive or 

The fora at of the instruct 1 on deoends upon wh 1 ch gr ouo it 
be longs to., but there 1s a general for11at that is fol lowed. tt 
is the SI f oraat and l t i SI 

M2 If this bit is set there is a second word for this 
instruction that contains a reference to a second entr-v in 
the symbol table. The second reference is in the lo• 18 
bits of the next word. It must refer to the Main sy111bol 
table. It only occurs in instructions of group H. 

OPC This field contains the IL Opcode that aopears in the 
above list. It is biased bv 2000B because it is inserted 
using a pack instruction. 

CA Constant address or value. 
!H Sy•bol table reference (see Section 2.1.3 for reference 

for-•at>. 
RJ The J register type and nu111ber. 
~I The i register type a~d nu•ber-. 

For the three instructions RJ3., UJP, and RJ&, the IH field is 
not contained in bits 12 through 2q, but is in bits O through 
17 instead. 

lnstruction groups A through Gare, in ■ost eases, instructions 
that use three registers. They are all single parcel 
lnstructio~s that do not have any sy~bol table references. The 
tow slx bits of the IH fleld are usad as an RK field for the 
tvoe ar.d number of the k register. 

For instruction groups A through E, the ■ achine instruction 
opcode that is assembled corresponds exactly to the IL Opcode. 

Group A (ANO., OR, XOR, FA., FS., OFA., DFS., RFA., RFS, IA, IS., FH, 
RFH, DFH, FO, RFD> 
Also IAZ, ISZ and IH are processed as IA, IS, and OFH, 
respectively. 

These instructions each involve three X registers. 
The high order three bits of the RI, RJ and RK fields 
are ignored. The register nu•bers are taken fr-om the 
low order three bits. 

Grouo 8 (ILS., IR, NR, RNZ, UP, PK) 
The RI and RK fields represent numbers of X registers. 
RJ is a B register. A9aln, since the register types 
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are known9 the high order three bits of each of these 
fields is ignored. 

Group C CSTR., IMP, EQV) 

Group O 

Group E 

Like group A; RI., RJ., and RI< represent three X 
registers. In this case though., the internal 
representation confor•s to the co■mon convention of 
representing the register operands in the order BXI 
Xk(•.,•••>XJ. Consequently., the k register nuaber is 
taken fro• the RJ field and the I register nuaber ls 
taken fro• the RK field. 

(XHT 9 XMTC, CX) 
Thls grouo of instructions involve only two X 
registers. The register nuabers for the J and k 
registers are both taken fro• RJ. The i register 
nuaber is still taken fro~ RI. 

(l<LS., KRS., FHA> 
This grouo of 
register and a 
contained in the 
the SI format. 
fields in the 

instructions involves onlv one X 
six bit constant. The constant ls 

low order six bits of the CA field in 
It replaces the J and k register 

■achine instruction for■at. The i 
register nuaber is taken fro• RI. 

Groups F., G., Hand I do not generate Machine ooeratlon codes 
corresponding to their St Oocode. The SI Opcode 
determines to which group the instruction belongs. 
All instructions "'ithin a grous:, will gener-ate the same 
set of ■achine oper-atlon codes. The ■achine code that 
is generated for any group is dependent on the 
register type portion of the RI and RJ fietds. 

The register type is in the upper three bits of these 
six bit fields. O indicates a B register., 1 indicates 
an A register., and 2 indicates that an X r-egister is 
used. 

Gr-oup F (SLD. SST, SA) 

Produces the set of instructions: 
SYl ZJ+Bk 

a., A, or X are substituted for both Y and z. 
Group G (SOL• SOS., SS> 

Produces the set of lnstructlons: 
SYl ZJ•Bk 

a., A., or xis substituted for Y. 
B or X ls substituted for z. 

Group H (LO., ST, STT, PLO., PST., S, ILO., TLD, TST> 

Produces the set of instructionss 
SYl ZJ+k 
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B, A, or X are substltuted for both Y and z. 
k = CA+(IHJ-(IH2) 
CA is the contents of the CA f1eld. 
(IH> is the relative address taken from the symbol 
table entry IH. 
If t~e H2 bit is set, a second symbol table pointer is 
taken fro• the follo"ing word. The relative address 
taken from that sy~bot table entry ls (IH2>. When H2 
ls present IH and H2 aust both point to the ~aln 
symbol table. The resulting value ls absolute. 

If CA and IH are both zero, the group H instruction ls 
changed to a group F instruction, changing an 
SYl ZJ•O to an SYi ZJ•BO. 

Group I (LDC, LDV) 
Soeclaf load instructions for accessing the constant 
and vardlm tables respectively. Prior to processing 
the instructions as tvpe H9 the instruction processors 
change the CA of the instruction by the formula CA=low 
18(TBLCCA)) where TBL=CUT or VOI. 

See the lAE directive in Section 6.6.2.~ for an 
alternate ••ans of addressing a constant in the CVT. 

Group J (JIN) 
An unconditional )UMP to (lH) as indexed by the B 
register specified ln RI. 

Group K (RJJ, UJP) 

Gr-ou0 L 

Group M 

A return Ju•p and an uncondltionat Jump to CIH>. For 
these instructions, IH is taken from blts 0-11. 

(JPBBt 
The CA field aust contain a 0,1,2, or J to 
corresponding instructions EQ, NE, GE or 
for■s a conditional Ju ■p CIH> using the B 
speci fled in RI and RJ. 

for• the 
LT. This 
registers 

(JPX) 
The CA field contains 
•odlfier that determines 
is to be tested on the 
the low order three bits 

the three blt •achine code 
the X register condition that 
X register whose·nu■ ber is in 
of the RI field. 

Group N (RJXJI 
This conditional return Ju•o 1s functionally sl•llar 
to the J~X except if the )UIPP ls done it is a return 
Ju•P• This reQuires two instructions to be generated. 
a conditional Ju•P and a return Jump. A force upper­
assures that the two instructions are placed in the 
sa11e word. 

The first ls a conditional Jumo to ••1 that Ju~ps on 
the inverse of the co~dition soecified by the modifier 
specified in the lo" order three bits of CA. The X 
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register to be tested ls specified ln RI. 

The return Ju•p is to (IH) plus an offset that can be 
soeclfled in the uooer twelve bits of CA. 

Group O (RJ6) 

Group P 

Return Jump with trace back. A force upper assures a 
neN word, the upper half of which contains the return 
Ju•o to (IH>. The tower half contains twelve bits 
taken fro• CA and a reference to the external 
iHCSRJTBNi. For this instruction, IH ls in bits 0-11. 
This expanslon to a full word ls perforaed by the 
Assembler. 

(ORL, OWL) 
These direct LC>1 read and write instructions are 
lNIP I e11en t ed for the 7600 and CY BER 176 ont V• They are 
fl f teen bit instructior,s in the for mats 01lt 1J and 
015iJ, respectively. 

The instructions are also used to indicate a levet o 
address substitution lf the IH field is non-zero. In 
this case it holds the syNtab ordinal of the for■ al 
Para ■eter. 

RJXJ and 
JIN., RJ3 

RJ6 are forced uooer before the instruction. 
and UJP are forced upper after the 

instruct ion. 

6.5 SLIST PSE.Wl~llSIRYCIIJll:lS 

The general SLIST pseudo instruction foraat is 12/P(OCt,18/A,6/ 
0,2418. References to the foraat are in the for■ OC, A.,B •here 
OC is the pseudo lnstruction na■ e an1 A and Bare the two 
operands in their order of occurrence. The A and B fletds wlll 
usually be designated as Oto indicate that the field ls not 
used, as SY to indicate that the field contains a symbol table 
ordinal in IH forMat or as MC if it contains a word count. 
Even though 2~ bits are allocated for the a field., its use ls 
usually restricted to the 18 low order bits. In the cases when 
24 bits are allowed, the fact is ~oted in the description. 

The pseudo lnstructlon deserl0tlons are divided 
grou0s that separate the• according to where 
located on the SLIST 1lle. 

into three 
they can be 

This grouo of pseudo instructions ■ust be grouoed together on 
~he SLIST file ahead of any other instructions for the 
suboro9ra~. The first five •av apoear in any order., and of the 
five only the IOENT is reauired. The usaLK is reQuired as the 
tast lrstructlon of the group. 
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LCC o,wc Loader directive 
The LCC provides a ••ans of including loader directives with 
the tables for a relocatable program. The directive is 
contained in the following WC words on the SLIST file. It 
is ln display code, left-Justified with zero fill with at 
least twelve bits of traillng zeros. 

!OENT O,SY Program identification 
SY is a pointer to the sv•bol table entrv that contains the 
orogra111 name. The naae ls of aced Into the loader tables. 
The tOENT also causes the current ti•e and date and control 
card options to be included in the binarv prefix table. 

COMNT o.wc Prefix tabte co■■ent 
WC is the number of words following the COHNT Mord. These 
words contain co•ments that are to be Included in the binary 
prefix table. There ls a •axl•u• of four ~ords. The 
message is left-Justified and padded with blanks. 

LIB OL •> llbname 
This instruction causes the specified library name to be 
added to those for which LIB= loader directives are to 
written. Hultlple LIB instructions are permitted in the 
initial group. The for•at of the Lia instruction is 12/ 
P(OC.LIB),~8/0L->llbna■e. 

TITLE fl,WC Program listing tltle 
The following WC words contain 
proqram listing. The message 
with blanks. 

USBLK O,O Ter■ inate initial group 

a heading title for the 
is left-Justified and padded 

This instruction causes a set of initializations to be 
perfor~ed before processing the rest of the SLIST file. 

LIB= directives for the library names specified by LIB 
pseudo instructions and the orefix table are output to the 
L GO f i I e • 

The binarv controt cards, local block and common block 
infor~ation is out out on the initial page of t~• listing. 

The syabo1 table is scanned to append a S to any sy ■ bol that 
would be confused with a r•glster na■ e. If the na•• ls 
entered in the orefix tabte, the S ls not aooended to the 
na■ e in that table. 

oecJacatlve Gcowg 
These pseudo instructions are used in the declarative portions 
of the SLIST file. This is following the initial group, ahead 
of the ■ achine instructions and/or after the ~achine 
instructions, ahead of th~ ENO pseudo instruction. 

USE O,~N Define block to be used 
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BN is the CBT ordinal if the block to be used is a co ■•on 

block or it ls the LBT ordinal plus 2••15 if the block to be 
used is a local block. 

qss sv.wc 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 the 
reserved words is not defined. 

tf an SY para■eter ls included. lt is a sy•bol table 
pointer. The address defined by the sy•bol table entry must 
be the same as the value of the orlgln counter after the 
force upper but before being increMented by we. we may be a 
2~•bit number. 

qssz sv.wc Storage allocated and set to zero 
The BSSZ is the same as BSS with the additional provision 
that the allocated •e•ory is set to zero values. 

CON SY,WC Relocatable constant 
SY is an ordinal into the symbol table. we is added to the 
relocatable address fro• the sv•bol table and stored in the 
loM order end of a full •ord constant. WC May be a 2\-bit 
number. 

OATA WC,CC 8inary data 
If we is zero, the data aust be less than 2••11 and is 
contained in the field cc. If WC is non-zero, it specifies 
the nu•ber of data words that follow on the SLIST file. 
£ach of the ~ords contains 60 bits of binary data. 

DIS o.wc Olsolay coded data 
Each of the WC "ords that follow contalns 60 bits of display 
coded data. 

~OL CC,F Display coded left or right 
CC is the nu•ber of disptay coded characters that is 
contained in the singl@ word that follows. The character 
string is left-Justified in that word on the SLIST file. 
The for~at on the LGO file depends on the letter that is 
contained ln F. 

If Fis an H, the HOL is the same as the DIS with WC=1• 
If F ls an L, the portion of the word to the right of the CC 
characters is set to binary zeros. 
If F ls an R, the characters are shifted so that they are 
right-Justified and the left end is set to binary zeroes. 

F contains one of the disolav coded letters H, L, or R 
right-Justified and zero filled in the field of bits 0-11. 

ORG SY,WC Set origin cou~ter 
There are three different forMs of the ORG oseudo 
instruction. They ares 

For• 1. SY designates a symbol that has been pre~iousty 

Interface Specification Appendix 57 

LJ6 



CY8ER 170 CONNON COOE GENERATOR 
Internal Halntenance Specifications 

( 

defined. 
Form 2. SY ls zero. 
Form 3. SY designates a sy ■bol that has not been 

previously deflned. 

Forms 1 and 2 are used to ■ anloulate the value of the orlgln 
counter. There are two other soeclal values that are saved 
bv the For■ 1 ORG. They are K. ands. 

~. ls the maxi ■um origin counter value. It is saved by 
a For■ 1 ORG for the use of a For• 2 ORG. 

s. is the resulting origin counter value. It ls saved 
by a For■ 1 ORG for the use of the REPI and VFOP 
oseudo lnstructlons. 

Forffl 1 causes the following steos to occurz 
(1) If the current orlgln counter value is greater than 

K. it is saved in K. 
(2> The origin counter is set to the address fro111 the 

symbol table plus the 2~-bit constant we. 
(~) The resulting origln counter ls 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 HCSUOVB (Section 
9.~>. It ls eQuivalent to the following se0uence1 

USE 
SY BSS 

tHCSUOVB~ 
0 

REPI OL,RC,INC,OA Instant replication 
The REPI is a two-word pseudo instruction. 
ls in the forfflat 12/P(OC),18/0L,12/0,18/RC. 
ls formatted 2~/0,18/INC,18/0A. 

The parameters arez 

The first •ord 
The second word 

OL The nu•ber of words that are to be duollcated 
PC The number of times that the data should be dupticated. 
INC The increment between successive copies of the 

duollcated data. 
DA The nu■ber of words that are to be added to the address 

established by the ORG. The resulting address is where 
the first duollcated copy ls placed. 

The REPI should always be oreceded 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 fro• s. to s.+DA 
and repetitively to s.+OA+(n-1t•INC until n=RC. 

The actual replication of data is perforaed bV Loader. CG1A 
produces the loader table that directs the process. 

'JCS CC,I Define character string 

Interface Specification Appendix 58 

Ml 



CYBER 170 COHHON CODE GENERATOR 
Internal Malntenance Soecificatlons Hay 25, 1978 

The CGIA MACRO system provides for the def1n1t1on of four 
micro strings that can be called fro■ within a MACRO 
skeleton (see Section 6.6.2.1>. The OCS pseudo instructio~ 
provides a means for defining the string of characters that 
"ill be used when the micro 1s called. 

OCS is a two-word pseudo Instruction. The second word 
contains CC characters, left-Justified with zero fill. 
These characters are saved as ■icro nuaber I. CC is a 
nufflber fro• 1 to 10 and I ls a nu■ber fro■ 1 to~. 

VFOP BN,LEN Partlal word data load 
The VFOP provides the capability of dlrectlng loader to 
store a partial word field without dlsturbing the re■ ainder 
of the word. 

LEN bits of data is left-Justified in the second word of the 
oseudo instruction. A loader table is written to LGO that 
wit I cause loader to store the data ln a word whose address 
(S.) is established by a preceding ORG. The data is stored 
with its left-most bit at bit SN of the word. SN is a 
number O through sg. 

nm IostcuctlQ.D 

Thls single instruction •ust be at the end of the subprogram. 

ENO SYL,SYX End subprogram 
SYL ls the symbol table ordinal of the symbol for 

the LWA of the program 
SYX ls the sy111bol table ordinal of the sy11bot for 

the progra• transfer entry. 

6.& ~ACPO EACILXTI 

\ 

The liMited 11acro facility which CGSIA provides aakes possible 
the construction of •ords containing various oartial •ord 
fields. In order to use the macro facility, the host co~plter 
must orovide a set of aacro def(nitions appropriate to its data 
structures. For clarity of discussion, these •aero deflnltions 
are ter•ed •sHACRo• definitions. The SHACRO definitions are 
constructed using SHACRO directives which are provided by 
~GSIA. The SHACRO directives are s1•oly aacros wrltten in 
COMPASS. The directives. together Nlth the SHACRO definltions9 
are asse ■bled as an integral part of CGSIA. They result ln 
tabular data •hich CGSIA uses interpretively to exoand SHACRO 
calls whlch appear on the SLIST file. 
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M3 st,ACBQ Calls 

A" SHACRO call appears on the SLIST file in the for ■at: 

12/XOR(77778,PCOC}),2,./A2,2,./A1 
12/0, 21+/Alt, 2ft/A '! 
12l0,24IA6,21tlA5 

where 

oc 
PCOC} 
XOR(7777B,PCOC)) 

ls the opcode assigned to the-sHACRO 
is the packed opcode 
ls the exclusive OR of the packed opcode 
and 77778. This ls reQuired to distinguish 
SHACRO opcodes fro• ■achine and pseudo­
instruction opcodes. Also, the SHACRO 
opcodes start at 128 so they can be 
distinguished from ■achine instructions 
that have the H2 bit set. 

A1,A2, ••• are argument values. The number of 
arguments and the type of each ■ust exactly 
match the para•eters specified in the 
SHACRO definition. One, t•o or three •ords 
are used as reQuired by the nuaber of 
argu■ ents. 

An SMACRO definition cor.sists of three oartst heading, body, 
and ter ■ lnator. 

Heading 

Rody 

An SHACRO definition is headed by an SHACRO 
directive stating the na■ e of the SHACRO and 
identifying the substitutable 0ara•eters in the 
SNACP.O body. 

The body of an SMAC~O definition consists of SMACRO 
directives (except SMACRO, ENDS, and OCSS). These 
directives aake reference to the substltutable 
oara■eters. They ■ av also ■ ake reference to 
■ icros, local sv■bols and global syabots. 

Terminator An ENOS directive ter ■inates an SHACRO definition. 

The directives within the body of an SHACRO definition refer to 
the substitutable oarameters defined in the SHACRO directive. 
They ~ay also refer to ■ icro na ■ es, local sy•bols, and global 

---- sv•bols. 

~lCRCS 
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·• I 

A ll•ited •icro facility is orovided for oasslng string values 
whose lengths are greater than the 2~ bit ll ■ lt on an SHACRO 
argument. A micro table ls def ired within CGSIA which contains 
entries for definition of four strings (H1,H2,H3 9 and H~). 
Each string fflay be uo to one word in length. The OCS oseudo•oo 
(Section 6.5.J> and the HIC directive <S•ction 6.6.2.3) are 
used to define the values of the strings (i.e., place the 
string value in the •icro tablet. Within an SHACRO, the string 
value is obtained by referencing the appropriate entry in the 
table. 

LOCQL Sl'.NeQU 

An SHACRO definition ■ av use up to 6 local sv•bols, designated 
as L1, L2, ••• ,L&. A value ls assigned to a local symbol by use 
of a SET. directive (Section 6.6.2.3) or by appearing as the 
label on certain directives. A local sy~bol •av assu■ e a 
constant value or a relocatable value. CGSIA contains a table 
with entries for L1 to L6. When a constant value is assig~ed 
to Li, the value is retained in the corresoonding entry in this 
table. When a relocatable value is assigned to Li, the 
corresponding entry contains a symbol table pointer which 
oolnts to the CGSIA abbreviated sy■bol table, SST. The 
relocatable value ls retained ln the appropriate entry in SST. 

When it is desirable to reference a symbol fro• •ore than one 
SHACRO definition, a global svmbot 1s used. A global sy■ bol ls 
defined by use of the OCSS directive. This directive causes 
reservation of a location (Nlthln CGSIA> Nith the specified 
sv11bollc naae. 

NAHE 

NAME 
VALUE 

TYPE 

IJCSS VALUE, TYPE 

is the svmbollc na•e 
is anv legal CO~PASS address expression. 
oarameter ls ootionat. 
specifies the use of the symbol. SYH 
it contains a sy•bol table pointer ln 
soecifies that it contains a constant. 
default lf this pa~a■eter ls alsslng. 

specifies 
IH for ■at. 

CON is 

This 

that 
CON 
the 

The value of the OCSS syabol ■ av be set to an initial 
supplying the VALUE paraaeter. tf the OCSS symbol ls 
as an entry, 1,s value ■av be set at run tlae by 
cofflol1er (prior to execution of CGSIA). 

value by 
dect ared 
the host 

The value and type of the OCSS sv•bol ■ust be appropriate to 
its usage. tf its type is SYH, the value aust be a sv ■bol 
table ordinal in IH format. If its type ls CON, the value must 
be a constant which ls aporoorlate for the reference to it. 

Examples 
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XYZ 
ENTRY 
ocss 

XYZ 
3,SYH 

Hay 25, 1978 

' XYZ becomes the name of a location Nhose initial value is 3. 
!ts type is declared to be syfflbol table ordinal. It is 
declared as an entry, so the END Processor could change its 
initial value. If not changed, all references to XYZ will 
become references to the third er.try of the 111aln symbol table. 

The SHACRO and ENOS directives serve to delineate the beginning 
and end of an SHACRO definltlon and to deflne the number and 
types of para•eters within the definition. 

NAME SMACRO PLIST,LAB 
ENOS 

NAME is the macro na111e (~6). 
0 LIST is a parenthesized list of oara•eter specifications 

(~&). 
LAB, if present, 11ust be the characters •LAB•• When oresent, 

it specifies that the first argu■ent ls to be placed in 
the I abel f le Id when the 111acro ls t isted. In this case, 
the first paraffleter ■ust be of type S (discussed below>. 

PlIST is of the for111 (PI=ANAME, •••> • 
=ANAHE is optional. When present, ANAHE •av be any sv•bolic 

name and tANAMEt •av appear in the aacro definition 
wherever the corresponding parameter may appear. 

P specifies the argument type as followss 

_e_-.a_c.gy.uo.1 Ivpe 

C 
s 
B 

24 bit constant 
sy•bol table ordinal in IH for ■ at 
block table ordinal which ls either a CBT ordinal or an 

M 
LBT ordinal olus 2••15. 
•lcro table ordinal. 
listing purooses only. 
of the S"ACRO. 

A~ M type parameter is used for 
It is not passed into the body 

I ■ ust be an integer such that 1~1~6. If the para■eter ls of 
tyoe H then I ■ ust be such that 1!I!lt. The I for each 
oara•eter ■ust be chosen so that each para■eter specification 
ls unioue. For exa111ote, <c1.c2,t11,a1, and (C1,S2,M3,Blt> are 
legal. (C1,C1> is not legal. 

't.· 

Any directive except OCSS, SHACRO and ENOS •av appear between 
an SNACRO-ENOS oalr. Further•ore, any CO"PASS pseudo-op which 
does ~ot result in storage reservation •av acpear between the 
Pair (e.g., co~ditional asse~bly instructions>. 

The listing line produced when an SHACRO call is •ade is 
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ARG NAHE ARG.ARG•••• 

Mhere ARG is deoendent on para•eter type as foltows1 

C actual constant 
S svmbol name from the syabol table 
B block name fro• CBT (enclosed wlth slash ~arks> or froa LBT 
~ character strlng fro■ the •icro table enclosed in 
parentheses. 

Two directives are provided for assoclatlng values •1th 
symbols. The HIC directive associates the sy~bol1c na■ e ln a 
symbo1 table entry with one of the ■ icro names Hi to H4. The 
SET. directive assigns a value to a local symbol or to a sv ■bol 
table entry. 

!!I __ l'4_I ... t .. ---fl-f.SI: CHAR ~:.tt!!.E.a..-~~!B,,, SY f3Qfill 

MI 

f'IRST•CHA R 

SEP•CHAR 

SY HORD 

Exa11t0le1 

ls the •icro identifier (H1.H2,H3 9 or 
that this ls a direct reference 
table. It ls not interpreted as a 
i:>ar a11eter. 

H4). Note 
to the ■ lcro 

substitutable 

ls a cons~ant which soeclfles •hlch character in 
the sy■bol name should beco ■ e the first character 
of the ■icro strlng. If the character soeclfled 
by SEP•CHAR is encountered before FIRST•CHAR, the 
■ icro string becomes a null string. 

is a constant which specifies the •axl ■ uM nu■ ber 
of characters that shoutd be taken fro• the naae 
to ■ake uo the alcro string. If the character 
specified by SEP-CHAR ls encountered before N­
CHAR, the string will ter ■inate with the character 
preceding the seoarator character. The remaining 
characters through N-CHAR are reotaced with 
blanks. If N•CHAR=O• the string ls not terminated 
by a length speclflcatlon. only bv the separator 
character. N•CHAR •av not be greater than eight. 

is the·seoarator character. 

speclfles the sy•bol table entry fro• which the 
na■e should be obtained. It ■ust be an S tyoe 
oara■eter or a OCSS sy■bol of type SYH. 

H1 HIC 3,0,S,S1 

The name from the sv•bol table entry designated by the S1 
oarameter is used to construct a string which is to be 
associated with the •icro Hl. Assume the na•e in the svmbol 
table is 12ABCS. The resulting •icro string would be ABC. 
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X 

VALUE 

specifies the symbol with which the value is 
associated. It •av be a local symbol, an S type 
para~eter (restricted to the aain symbol table), 
or a DCSS sy■bol of type SYH (restricted to the 
■ ain sy•bol table>. The value ls stored in Word C 
of the symbol table entry indicated by X unless X 
is a local sv•bol and the value ls absolute. In 
this case, the value is considered a constant and 
is stored in the CGSIA table for local sy■bots 
(Section 6.6.2.1). 

is an expression which, when evaluated, results in 
the value to be associated with x. An expression 
consists of a single ele•ent or two or ■ore 

ele~ents Joined by the operators +,-,•,1. The 
operators Joining ele•ents are evaluated fro• left 
to right. An element can be a local symbol, an S 
para~eter, a OCSS symbol, the origin counter (•>, 
a constant, or a C parameter. The element value 
used is either the constant specified bv the 
eleaent or, in the case of S type elements, ls the 
content of Word C of the indicated sy~bol table 
entry. It ls not legal for the expression, nor 
anv sub-expression, to result ln negative 
relocatlon. Relocatable values ■ av not be used 
with the• and/ operators. 

ExaMples: 

L1 SET. c1-c2 
l1 assu•es a constant value which is the difference 
between the arguments reoresented by C1 and c2. 

S1 SET. S1-2 
Word C of the symbol table entry indicated by S1 is 
reduced by 2. 

The arw and ETW directives serve to delineate the beginning and 
end of the specification for a text word that contains part 
word fletds. 9TW specifies a te■plate word which ls used as 
the base of the deflnltlon. The ACI, ARI, and ASV directives 
serve to add constant, relocatable and strlng data to the 
te•olate. They ■ust appear between a BTW-ETW pair. 

?IH Appg 

AOOR is the address of the te■plat~ word into which the part 
word fields are to be added. If AOO~ is absent, a zero 
word ls used. 
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The BTW directive specifies the beginning of a text •ord 
definition. It always begins a full word deflnltlon and, 
hence, forces uooer. The only directives that ■ av appear 
between a BTW•ETW oair are ACI, API, ASV, HIC, SET., IF.XX, 
ELSE., and ENDIF •• 

ElJ:1 

The ETW directive detlneates the end of a text •ord definition. 

lCI 
!J;I 

TOP•BIT,BIT•lEN,CON 
8EL-QC,CCN. 

or 

TOP-BIT 

S3IT•LEN 
CON 

is a constant specifying the left•■ ost bit of the 
field. 

~ELOC 

is a constant soecifying the length of 
specifies the constant value. It ■ay 
parameter, a DCSS symbol of type 
symbol with an absolute value. 
ls a shorthand notation for soecifving 
3IT•LEN. It may be one of 

the field. 
be a C tyoe 
CON or a local 

TOP-BIT and 

U for upoer relocation (bit ~7, length 18> 
M for ■ iddle relocation (bit 33, length 18) 
L for lower relocation (blt 17, length 18) 

The ACI directive causes the value of the constant soeclfled bv 
CON to be algebraically added to the value existing in the 
specified field ln the template "ord. 

ARI TOP-aIT,BIT•LEN,SYH 
ABI 8!:LQC,i!M 

or-

TOP-BIT, 8IT•LEN, and RELOC ar~ as soecifled for the ACI 
directive. 

SYM specifies the relocatable value. lt •av be an S 
parameter, a OCSS symbol of type SYM, or a focat 
symbol that has been assigned a relocatable value. 

The ARI directive causes the relocatable value froa Word C of 
the i"dicated sy~bol table entry to be algebraically added to 
the value exlsting ln the speclfled field ln the teaplate word. 

aAE 
AAE 

TOP•BIT,BI•LEN,SYtroRO,CA or 
RELOC,SY!WRQ,CA 

TOP-BIT, 8IT•LEN, and RELOC are as specified for the ACI 
directive. 

SYMORI) 

CA ls the offset into the table. 

The AAE directive ls orovlded to per■ it the address of a 
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\ 

'i. 

constant fro• the constant table CVT to be added to the 
soeclfied field in the template word. If SYHORO ls the CVT 
ordinal, CA is replaced by the corresoonding CUT value. 

TOP-BIT is a constant specifying the left-■ ost bit of the 
field. 

NC is a constant specifying the number of characters in 
the field. If NC=t, the fleld length 1s assu ■ed to 
be the sa11e as the actual length of the ■ icro string. 
If NC ls less than the length of the ■ icro string, 
the string ls truncated to NC characters. If NC is 
greater than the length of the •lcro string, the 
string ls padded with blanks to NC characters. 

HIC ls a Micro na•e (H1,H2,H3,M~). Note that this is a 
direct reference to the micro table. It is not 
interpreted as a substitutable para~eter. 

The ASV directive takes the specified characters from The micro 
string and ORs them into the specified fietd in the template 
word. 

Ex amp I et 

lBC 

OEF 

T t'!PL 

S~A CRO 
8TH 

(S1, MU 

MIC 
ASV 
ARI 
ETW 
ENOS 

1,7,.S1 
5q,7,H1 
L,S1 

SHA CRO ( Sl, CU 
BTW H1Pl 
ARI U,S1 
ACI L,C1 
ETW 
ENOS 

SBO 
S80 

The ABC SHACRO causes generation of a text •ord containing the 
symbolic na•e and relocatable address of a parametric syabol 
table entry. Note that the H1 ln the header llne is not used 
as a oara■eter. It is used only to obtain a value for the 
listing. The second argu•ent in the calf •ust contain a one. 

The OEF SMACRO causes generation of a Mord containing 

S80 82+relocatable address 
sao a2•constant 
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The e~N., ass., and assz. directives 
definition of full text words. 

are 

Hay 25. 1978 

provided for 

LAB may be a local symbol, an S tyoe para•eter or a OCSS 
symbol of type SYH. It assuaes the current value of 
the origin counter and aay be referenced later in the 
SHACRO deflnltlon. 

SYM •av be an S tyoe oara■eter, a local sy■bol with a 
relocatable value or a OCSS sy ■bol of tvo• SYH. 

we may be a constant, a C tyoe paraaeter, a OCSS sv ■bol 
of type CON. or a local syabol with a constant value. 

The CON. directive produces a full word of text containing the 
relocatable address froffl Hord C of the symbol table entry 
indicated by SYH plus the constant soecifled by we. 

LAa and we are as specified above for the CON. directive. The 
~ss. directive reserves the nu~ber of words of storage 
indicated by we. 

LQB essz, .JU~ 
~ssz. ls the same as ass. except that the reserved words are 
oreset to zero. 

The IF.XX, ELSE., and ENOIF. directives are provided for 
conditional control of the asse■btv process. 

LAB I~.xx ~1,P2 
LAB ELSE. 
LAB ENOIF. 

LAB ls a labe I to dist lngulsh IF• XX, ELSE. and 
ENOIF. seQUences. 
ls one of the conditions lT,LE,GT,GE, EQ,NE. 
■ay be an S oara•eter, a C para•eter, a OCSS 
syabol, a local sy ■bol or a constant. 

The I~.xx directive causes co~tarlson of the two oara■eters for 
-the condition and, lf true, the directives up to the ELSE. or 
~NOIF. (lf there is no ELSE.> are interpreted. It should be 
noted that if the oara•eters are of S tyoe the comparison ls 
fflade on the symbol table pointers, not on the values in the 
s y mb o I t ab I e • 
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The USE. directive is provided for changing blocks. 

i3N may be a a oarameter or one of the fixed local block 
names listed in HCSFLB rsectlon 9.3,. 

CGSIA exoects the SHACRO opcodes to start at a predefined base 
and to be assigned seQuent1allv to the SHACRO definitions in 
their order of appearance in the deck SHACROS. The co•deck, 
SMOCOEF (CCG Plt, is provided to aid ln the assignment of the 
opcodes. IT sets the base for opcode definition, defines the 
opcode for each SHACRO na ■e by defining the symbol HSnaMe and 
orovides null definitions for the SMACRO directives. For 
defining occodes, any straight COMPASS code in SHACROS (i.e., 
anythi~g besides SHACRO dlrectiv~s> ~ust be conditionally 
assembled out. 

If the host comoiler suooorts the option of producing output 
which can be assembled by COMPASS, it ■ust supoly an assembly 
~ime macro text. This text ■ust includes 

• Definitions of 11acros 111hich are local to the host (i.e., 
transliterations of the SMACROS to COMPASS). 

• Definitions of •acros whlch are pecuflar to CCG. These 
definitions are orovlded in the deck CGHCRHO (contained on 
the CCG Plt. 

• Definitions 1~ HCOEFS (Section 9.3.1J. 
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~B!DLE ~EQY.lB~ll M12 

Thls section details the entry points (flags, routines, eaus, 
etc.l that must be oresent in the host co~oiter•s cradle. 

7.1 fETS ANO EILE_aUffER~ 

The host ~ust suoofy FET•s for the follo~lngt 

E.il.l. EfLllall Ua Hgl:21 c:1i:iu 
OUTPUT F.OUT I i st file Test ■ode 

SLIST F • SLST CG ore•blnary A II ■ odes 

LGO F .LGO relocatable binary HCSIA non-zero 
COHPS F .CHPS aco line llllages HCSIA non-zero 

The host is res~onsible for ooening the above files at the 
heginnlng Qf co~oilatlon and closing them at the end. 

The host Must suooly CIO file buffers for all of the above. File 
buffers may not reside in dvna~ic storage. LGO, COMPS and host 
coMoller token stream file ■av share a com~on CIC buffer. The 
recommended buffer size is 20038, It ls oossible for LGO and 
COMPS to share an FET. 

Control statement ootion flags are of the for■ HOSXX where XX ls 
the control card ootion name. In general ftags have the value of 
binary zero if the option is not selected (XX=O on the control 
statement). 

Note that a min~s zero will be treated as a zero ln CCG. 

HO$C3 
HOSC 
HOSER 

HOS OPT 

HOSUO 

= 

If LGO file to be produced 
If COMPASS will produce LGO 
If error traceback inforaation is to be 
output. If OPT"2 CCG forces ·upper at the 
beginning of each code seauence. It outputs 
an seo 82 + llne nu■ber at the begln~lng of 
each code seauence that begins in parcel zero. 
This code ■ay be used 1n conJunction with 
other code that the host must generate, and an 
obJect ti ■ e reprieve package to give the user 
the routine and line nuaber that "as being 
executed when an interrupt occurred. 
Co~piler selected 00timlzatlon level shifted 
58 bi ts left ( o. 1S58. 2SS8) • 
If unsafe ootl ■ lzation selected. Permits the 
orefetch ootimization to be perforaed even 
though the step is variable (Section 3.1.3). 
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HOSLCH : lCM access •ode MJ3 
0 if direct (18 bit addresses> 
+1 if indirect (21 blt addressesl 
-1 if giart (21 bit addresses and 21 
subscriots> 

bit 

HOILOSO t 0 if obJect orograffl (asse~bly) 11st selected 

HOSDATE A two word 
dlsolay code. 
syste■ ■acros. 

array contalnlng 
Set by calling 

the date and time in 
the DATE and CLOCK 

HOSTIME The second "ord of the array HOSOATE. 

HOSPN 

HOSROP 

A cell that contains the current stack fraae ordinal 
<see 3.2.1,. 

A cell that contains the address of the reprieve du~p 
processor routine. 

HOSCCOP A three word array (JOH format) containing the 
dlsptay coded values of control card options that a 
user might Mish to see listed in the load map. The 
contents of HOSCCOP is claced in the 77 table of the 
relocatable binary. 

HOSCSN A cell used to hold the line nu•ber or state■ent 
number of the state•ent that CCG is 0rocessing. Set 
by CCG, interrogated by the co•oile tiae reorieve 
package. If a seouence contains ■ ore than one 
executable state•ent, CCG sets HOSCSN to the first in 
~he seouence. 

HO$PRGN Na•e of procedure that is being co•oiled. 
less than 8 characters in •oL• foraat. 
oart of the tNo word array HOSttSG. 

ENTRY HOSHSG,HOSPRGN 
HO$HSG OATA 10HCOHPILING 
HO$PRGN OlTA 0 

Hust be 
HOSPRGN is 

N$FEPO Number of fatal errors in the current procedure. Hay 
be incre•ented by CCG in case of •••ory overflow or 
asse■bly errors 

NSEXST Nu•ber of executable state•ents in the current 
orocedure. Suootied by the host, printed when OPT=2 
in debug ■ ode. 

CCSFT A co••unication cell whose initial value is zero. 
CCG set it non-zero the first ti•• it ls called. 

CP.AFLS Actual SCH field length 

CP.NFLS Nominal SCH field length. Usually= CP.IFLS•8, this 
~ay be aade smaller prior to calling CO~PASS to 
orotect inforaation in hlgh core. 
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CP.AFLL Actual LCM field length 

Alternate na~e for CP.AFLL 

HOSOFLL Origin of altocatable LCH. LCM below this value wllt 
not be touched by CCG. 

HOSHHl LCH ffleMory mode= 1s~g if reeuce ■ode. Hay be set by 
the following 
HO!Mt'!L = 0 
MEMORY LCH,HO$HHL9 R 
HOtHHL = SHIFT(HO$~HL,~8) 

HOSUFLL A ■ount of LCH •e~ory used by the Job set. 

~OSHFLS Maxlmuffl SCH field length available to the comoiler, 
Shifted left JO. To set this cell 
HOSMFLS: 30fzl0 
MEMORY SCH,HOSMFLS,R 

HOSPMLS The largest field length used by CCG for the 
procedure being co~oiled. 

FSSTITL Subtitle buffer, 12 words long 

LSSTITL Length of BCD line in the subtitle buffer, initially 
= 1. 

NSF PS Number of for•al para ■eters (•FTN• only>. The use of 
this entry is yet to be specified. 

CP.ERCT ait ;g of this cell ls the binary regardless flag. 

HOSLVL2 

If lt is set, a relocatable obJect deck is to be put 
out -hen there are source language errors. Not 
necessary if CGIA is not belng used. 

Non-zero if orogra■ 

write references. 
suootied memorv 
references it. 

contains 
FI ag ls 

reference 

LCH direct read and 
necessary only if host 

expansion routine 

The fcllo"ing 2 cel1s are necessary only 1f HCSFPAS is ncn• 
zero. 

CCSSUB Non-zero if CT generated any •sua• ■aero references. 

CCSSU0O Non-zero 
references. 

lf CT generated any level o •sue• 

The following cells are necessary if the host ls using the VO 
facility (VO. syabols defjned in SYHOEFS]. 

N$VO 

ssvo 

Number of VO. cells assigned, initially zero. 

Symtab ordinal of VO. 
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The following cells are referenced when OPT=2 ls used. 

1-1 OSORO Cell containing FWA of a buffer ln static storage 
that is used by CPT=2 as a paging buffer. 
RecomMended size on the lower Cvbers is 2000b words. 

HOSOBL The length of the OPT=2 paging buffer. 

FSLBT FWA of LBT 

ZSLaT Length of LBT (nu■ber of fixed local blocks] 

NSLtNES nu■ber of lines written on the current page. 

CP.PS nu•ber of llnes per page. 

The below listed comdecks reside on the CO'"'PASS common co~deck 
OLOPL. Macro names referenced are defined in CPUTEXT. 

.ttlt:4PEC~ 
COHCSYS 

COMCCOO 
COHCCOO 
COMCMVE 
COt'!COXB 
COMCCIO 
COHCROC 
COHCROW 
COHCWTC 
COMCWTW 
COf"ICSFN 

Ectcx P~~ 
SYS= 
RCL= 
WNB= 
HSG= 

COO= 
COO= 
HVE= 
OXB= 
CIO= 
ROC= 
ROW= 
WTC= 
WTW= 
SFN= 

7.~.1 tomoitec Vtllltx eoutlne~ 

Bm~lon oc catlla ~ 
called by SYSTEM aacro 
called by RECALL ■aero 
called by RECALL •aero 
called by MESSAGE ■ aero 

convert binary digits to decimal 
convert binary digits to octal 
called by HOVE ■ aero 
convert BCD digits to binary 
called by I/0 function ■acros 
REAOC •aero 
RE AOW macro 
WRITEC ■aero 
WR ITF. w 11acro 
RJ =XSFN= 

M15 

There is another set of co■mon decks that are intended for use 
by several different coMpilers. These will be located on the 
CCG PL. The content of these co■•on decks wilt not be 
■odlfled in any way unless the change has be~n aooroved by an 
aopolnted reoresentatlve of each of the affected co•oiler 
develoo•ent groups. 

CCOf'lRPV 
COt-'AOEf' 
CCOMGCM 

RPV= 
none 
none 

CoMoiler co~mon reprieve package 
DESCRIBE, DEFINE Macro definitions 
Common co•oiler ■ aero definitions 
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The routines· FASLOL and FA$NPG are provided by the host 
compl ler. 

FASLOL will list one line of output. The calling seQuence 
1 SI 

06 = first word address of the outout line 
87 = length of the output line 
X7 = nu•ber of blank lines to be output before the 

line. 

FASNPG - Start a new page on the listlng 

Aoproprlate page headings and subheadlngs are printed 
on the new oage. 

The following aiscellaneous entry oolnt Must reside in the 
cradles 

HESABT SX1 address of a BCD 
message RJ HESABT to abort a COfflPilation because of an 
unrecoverable system or hardware error. 

The foll~wing comdecks are the SCOPE 2 eQuivalents of the 
MACEIO listed above (COMCCIO to COHCWTW). 

FA=DEFS 

FA=SET 
FA=CLO 
FA=EOR 
FA=FLSH 
FA=OPE 
FA=ROC 
FA=ROW 
FA=PWX 
FA=WTC 
FA=WTW 

gEBUGGitili._FACJLITIES 

~aero definitions to be included in 
CHPLTXT and CCGTEXT 
set UD FET, FtTs 
Close a flle. 
Write a end-of-record 
Flush a file holding buffer. 
Open a file. 
REAOC 11acro 
RE~OW ■ aero in FA=OEFS 
REWIND ■aero in FA=OEFS 
WRITEC ■aero in FA=DEFS 
WRITEW ■aero in FA=DEFS 

The following debugging facltitles Must reside ln the host•s 
cradle and be available to CCG Nhen a test •ode co■oiter is 
built. All of the following •av be obtained from the CCG 
OLOPL (see 9.2.1.,,. 

OUTPTK A deck to do FORTRAN forMatted output. 

OUTPTK ls asseMb1ed "1th CCG and tne relocatable should be 
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positioned by the host so that it is loaded with the cradle. 
SNAP routines are obtained fro~ the COMPASS OLOPl. The IOP 
reference •anual should be consulted for comdeck names and 
installation procedure. The deck also contains the FORTRAN 
callable utility routine RENAR.~, to issue a dayfite message, 
and the routine GOTOER. to satisfy references to it. The 
PRINT macro May be used to output formatted lines to the list 
file via OUTPTK. 

SNAP Contains routines to save and restore all 
the registers, print the contents of the registers or core, 
and FTN develooed interactive debug facility. In addition to 
entry oolnts mentioned in the previous sections SNAP re0uires 
the fol lowing 

HOSSNAP 

FPA= 

wllt have blt 1S(59•1RaJ set, 
any alphanu■eric character 
specified Nith the host SNAP 
parameter. 

where •a• ls 
(A•Z, o-q) 
control card 

The alphabetics and numerics have separate 
aeanings. 

The alphabetics are generally used to 
selectively control debugging output. For 
exaMple, if the blt for the letter Tis set, 
table allocation inforMation may be printed. 

The nu•erics are used to Qualify the 
alphabetics. CCG ls assigned to the nuaber 
two C2>. When blt 30 C1S(59•1R2>> is set, 
CCG •av use the remaining blts to deter•lne 
if debugging output is to be produced. If 
the blt for nu•ber 2 ls not set, no 
debugging output wlll be produced fro• CCG. 

routine to flnd the relative address of a 
routine. FRA= is contained i~ the co~deck 
CCO~RPV Nhich also contains a co■ pile time 
reprieve package. 

~acros to obtain register and core du■ps are in the co ■■on 
deck OBG=HAC. A description of the Interactive Debug Facility 
ls available fro• the FTN Pro1ect. 

When a •ode error occurs during coapller execution of the CCG 
overlay, the syste• should return control to the hosts 
reprieve oackage and if the CCG overlay was executing then the 
entry point CGSPTC in CCG s~outd be called by an RJ. 
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This macro •ust be called at the beginning of each routlne 
before anv code has been generated. 

RNA" RPVDEF ENAM 

RNAH = routine naMe. 
ENAH = entry ooint will be B=ENAM. If 
ENAH 1s null, then the •aero defines 
the entry ooint by first str10ping off 
any leading B= fro ■ RNAH and then 
prefixlng a B= to the result taax 
length of five characters). 

EPVfWA_-def.lJ,e eotCY fQC coytloe nam1tadd,,cU~-1.ablf4 

RPVF'WA 

ENTRY 

NAH,f'WA 

NAH = routine name 
f'WA = routine fwa. If null, B=xxxxx is 
used, where xxxxx are the first 5 
characters of NAH. 

The fol lowing entry points ■ust be defined. 

(HOSCSN) 

CHOSFVT) 

(HOSHSG> 

RPV= 

FPA= 

= current statement nu ■ber in binary 

= FWA of a file vector table. Format of the 
table is 42/Ol•>LFN,18/FET ADDRESS, D words 
are ignored, terminated by a word containing 
-1. 

first word of =C for•at eessage •coHPILING 
na■e• 

RPV syste■ co•munlcation word in CCOHRPV. 
This is the first Mord of the RPV exchange 
Ju111p package. 

a routine to find a routine relative address 
using the RPV Routine Na•e Address table 
described below. It 1s available for use at 
any ti••• It is called wlth a Juap (not an 
RJ). Its entry/ent conditions are described 
in the co•deck CCOHRPV. 
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~.o PfEBAIUlli!LflfVIRONHf.tll 

8 • 1 li.t1!lf.l~ !! Q UT 

If all pieces of the code generator are in one overlay, then 
the meMory layout is as depleted ln the following diagram. 

RA+FL 

RA+O 

I Flxed Tables I 
I SYH, CBT, LBT, etc. I 

Oyra111lc Tabt es 
Area 

IBridge Code and OPT=21 
I Graoh Analysis I 
I Poutines I 

I Code Transfor•er I 
I Routines I 

I I 
I End Processor Code I 
I t 

I Assembler and Table I 
I Nan ager I 

I I 
I CCG Control Routine I 
I I 

IO Buffers 

Crad I e 

If it ls desired to split CCG between two overlays, one aav 
otace the asseMbler (CGIA and MACROS) in a separate overlay. 
The table •anager (CGTMI Nill have to reside in the cradle. 
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The working storage area which is used for table management is 
increased as execution of the overlay progresses by releasing 
space occupied by code which ls no longer needed. The initial 
working storage consists of core froa F.MEM (WS1 in the above 
diagra~> to FL. When OPT:2, the Global Ootiaizer releases the 
code space occupied by the 8ridge and part of the Code 
Transforffler (WS2 in the above diagraat. The End Processor is 
responsible for releasing space occupied by the Code 
Transfor•er (WSJ in the d1agra■ t after all code seQuences have 
been processed (CGSIEP is called to release the space>. 

The host defines the static entry point FSHEH as th£ first 
•ord of working storage after lt initializes ltsetf. 

!ABLE ~AN!GEttEliI 

The CCG table ■ anager moves tables within working storage to 
obtain soace for any given table. It will obtain ■ ore field 
length fro• the system when necessary to satisfy a space 
reauire~ent. If ~ore field length is not obtainable, the 
table manager lncreases NSFERR bv one and exits to either 
HE$CTX, HE$EPX or HES1AS as aporoorlate (Section 1.3). 

The table aanager considers tabtes to be either fixed or 
dynamic. Fixed tables are tables whose lengths do not change 
during execution of the overlay. They are Qacked together in 
hlgh core and are aoved as a group when FL changes. Dynamic 
tables are tables ~hose lengths ■ ay grow and shrlnk during 
execution of the overlay. The table Manager •oves them around 
in core on an as necessary basis. The reallocation algorithm 
used bv the table aanager ls Garwick•s alqorith~ as described 
ln Knuth, Volume 1. 

Two parallel vectors are used to aaintain the locations and 
lengths of the tables. The first word addresses are 
aaintained in the vector FTAa;. The leng~hs are in the vector 
LTAB:. The following syabols are defined for accessing 
individual entries in these vectors• 

osxxx 
LSXX'X 
zsxxx 

The location of the first Nord address of table xxx. 
The location of the length of table XXX. 
The ordinal into FTAB: and LTAB: for table XXX. 

The table manager depends on the fact that the order of the 
entries in the vectors reflects the actual ordering of the 
tables in core. This order, from low to high core, is defined 
to be: 
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Iablt.Gcoua 
CCG Dvnamie tables 
Host Dvnaaic tables 
Host Static tables 

CCGTMTV 
CGHCOTO 
CfHCSTD 

suootle~ 
CCG 
Host 
Host 

Each co•deck consists of a series of ■aero calls of the fora: 

NAHE TABLE EQUIV 

where Na•e tin coluan 21 ls a one to 5 character table na■ e. 
A cofflplete description of the TABLE ■aero ■ ay be found in the 
tlstlng of CCGTHTV. 

Certain tables are standard interface tables and ■ ust appear 
ir one of the host suoolled comdecks. They are -

CVT • Constant Value Table (Must appear in CGHCOTO> 
CUT - Constant Use Table (Hust appear in CGHCOTD> 
CBT - Co•mon Block Table 
SYM - Symbol Table 
GLT and other address definition tables 

It is advantageous. fro• a perfor•ance standpoint. if as ■anv 
host tables as possible are declared static. 

The definition of the last dyna111ic 
HCSNOAT which specifies the number of 
SylftbOI tables. 

table is provided by 
dyna•ic abbreviated 

At load ti ■ e the vectors are initialized so that the table 
first Mord addresses indicate the beginning of working storage 
and the lengths are zero. 

The Bridge ■ust initlallze 
tables before cal ting CGSINIT. 

the tab1e vectors and order the 
SoeclficaHv. it must: 

a. Pack a I I f i x e d tab , es in 
addresses an1 lengths in 
include reserving soace and 
length (8) for the CCG table 

high core 
FTAB: and 

recording 
SST. 

and record their 
LTAa:. This ~ust 
the address and 

b. Pecord the addresses and lengths of any dynamic tables 
which contain data (lengths are non-zero). 

e. ~odlfy additional FTAB: entries es necessary to assure 
that the address plus length for entry n ls less than or 
eaual to the address for entry n+t. This is reauired if 
dvnafflic tables containing data are interspersed Mith zero 
length dynaale tables. The addresses of the zero length 
tables aust be inltlallzed to reflect their place~ent 
between the actual addresses of the tables with data. 

The folloNing O0erations on the tables ar~ oer•issible: 
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a. Allocate additional space for a table at the end of it via 
an ALLOC TNA",LEN •aero call which exoands tos 

SAO =XZSTNAM 
SX1 LEN 
RJ =XATSS 

LEN• contents (LSTNAH) /f0 

On exit fro111 ATS$ XO, x;, A5, 81+, 85, and 87 are as 
before the call. 

X1 = LEN 
(A2,X2) = OSTNAH, contents of OSTNAH 
(A3,X3) = LSTNAH, contents of LSTNAH, new length 
(B6t = value of LSTNAH prior to the call. 

b. Add a single NOrd to the end of a table by the 111acro call 

AonwRO TNAH,WORO whlch exoands to 
SAO =XZSTNAH 
IFC NE,IHOROIX1l,1 
SX1 WORD 
RJ =XAOW$ 

On exit fro~ AOW$ one has the sa•e exit conditions as 
ATS$ excepts 

(Xil = (XE) = WORD. 

c. Reduce the length of a table by any of the following wayst 

LITNAH = 0 
or 

LtTNAH = LSTNAM-CON 
or 

OSTNAH = O$TNAH+CON and LSTNAH = LSTNAM - CON 

The static tables should be initialized by the algorithffl 
FWA{Il = FWACI•11 LENCI•11. 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. 

d. Access/update an entry in a table. All accesses to a 
table ■ust be aade indirectly via the table vectors. 

CCG ENTRY eoxvrs OF INTEREST 

This section sum•arizes the entry points within CCG 
used by the host. A section nu~ber apoears below 
oolnt na•e which indicates the pri ■ary section ln 
entrv point ls discussed. CCG wll I set B1 to 
reQuired by 'he subroutine. 

that are 
each entry 
which the 
1 if it ls 

These subroutines do not use calling seouences that are 
COfflpatible with SYMPL. It is the responsibility of SYMPL 
ceded Bridges or End Processors to provlde interface routines 
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to set reqlsters where necessary. 

These entry 0oints are ~ot available after the End Processor 
calls CGSIEP • 

.tuu f~oc!ion aoUA!J1o~-~,ouence 

CGSlNIT (X1=LBT ordir.al of current block) 
4.1 This routine is used to lnitialize the Code 

Transformer. X1 ■ust contain the LBT ordinal of the 
local block which ls in effect on the SLIST flle. 
CGSINIT initializes the table ■anager and olaces a 
skeleton aos oseudo instruction in the table TXT, 
1eavlng LSTXT=4• 

CGSPAS This 1s the aain entry point of the Code TransforMer. 
4.1 It ls called each time the Bridge accuaulates a code 

seouence. 

CGSLARO (X1=sv•tab ordinal) 
4.4 Host calls CGSLABO to define the block nu~ber 

associated with a label definition in OPT=2• 

CGSCPL 
4.5 

CGSSCT 
2.2.2 

CGSEMC 
2.2.2 

CGSFCU 
2.2.2 

(X6=LOC(TABL),XS=INOEX,~2=LEN) returns (X1=INOEX to 
list in IOL, X2=0SIOL, XO=LEN of 11st in IOL and 
X7=LSIOL>. CGSCPL is called to enter a list of na~es 
in the use/def dlctlcnarv and add the• to the table 
IOL. Initlally the list is ln a table that ls 
pointed to by the cell TaL. INDEX ls the index lnto 
the table and LEN ls the nuMber of entries. On the 
exit the llst or use/def table indices have been 
added to the table IOL. Used for OPT=2 only. 

(X1=CON>,returns(X6=rRO> 
Searches CVT for a orevious occurrence of CON, adds 
it to the table if necessary and returns ORO to be 
used as the CA of a meaorv reference instruction. 

(XO=LOC~{TBL1,X5=Nl,returns[X6=ORD1 
TBL ls a vector of constant values, N words long. 
CGSENC searches CVT for a crevious occurance of the 
constants ln TBL, adds the• to the table if 
necessary, and returns ORO to be used as the CA of 
the first constant ln the vector. 

(X1=ORO) 
Forces the constant ln CVT at CVT(ORO) to be ■arked 
as used so it will be part of the final constant 
table. 

CCSPICL A flag, it may be used to hold the previous length of 
~.5 IOL. It is reset to zero on exit fro• CGSPAS. Used 

for OPT=2 on1y. 
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CCSOPTL 
J.1.~ 

CCSB~N 
~.3.1 

CCS8!P 
~.3.1 

CCSNIRN 
,.3.1 

CCSCBN 
~.4 

A flag, lt Js non•zero on entry to CGSPAS if TXT 
con~ains the body of an ootiMizable loop. The flag 
is cleared on exit from CGSPAS. 

A tNo Nord array holding the base and the limit R• 
numbers used in the seQuence on antry to CGSPAS. On 
exit from it CCSBRN(1l = CCSBRN(2>• 

A t"o word array holding the base and ll~lt 
inter■ ediate R•nuabers (CCSBIR(1) = 1000028 always) 
on entry to CGSPAS. On exlt CCSBIR(2) = CCSBIR(1). 

Next intermediate R•nuaber, this ls another na•e for 
CCS8IR(2). Note that only CCS8RN is referenced if 
HCSROL = O and the range of R•nu•bers on entry to 
CCSBRN is between~ and CCSBRN. 

This entry point is used to indicate whether or not a 
code seouence contains any references which reouire 
address expansion (Section 3.2.?l. If it contains 
zero, no address exoansion wilt take place, 
regardless of the setting of the AET field in the 
symbol table (Section 2.1.1.2>. The Bridge is 
resoonsible for initializing its value. 

When OPT~2, this entry point contains the current 
code seauence block nuMber. It is updated by the 
Bridge and used by the Code Transforaer. 

8.4.2 totcx fgiots Re11ceoc.itue fcoL...ac..iJLq1_oc Eng ecocessoc 

Hall 

ATSS 
9.3 

CGSAVO 

CGSCUB 
2.2.1 

CCSLRO 
2.2.1 

Euoction 
(AO=ZSTNAH, X1=LEN) 
Allocate table soace 

(AO:ZSTNAH, X1=WOR0) 
Add a •ord to the end of the aanaged table 

(X1=CA of a vo.J,returns(X6=final CAl 
This subroutine fflarks the ca•th vo. as •ateriallzed 
and asslgns a final CA lf this has not already been 
done. The final CA is saved in the CA field of the 
VDI table. The entry point NSVO holds the nu■ber of 
vo.s assigned. 

(X1 = LBT ordlnal) 
This subroutine is used to change the local block in 
effect. It Issues a USE declarative to the SLIST 
file, uodates LBT fro• the content of CCSLBO, ccsaLEN 
and CCSPC and re-initializes these entry points to 
reflect the new local block. 

This entry point contains th~ LBT ordinal of the 
current focal block. 
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CCSSLEN This entry oolnt contains the current length 
1.2.1 of the current focal block. 

CCSPC 
2.2.1 

CGSRBT 
2.2.1 

CGSOSA 
5.1.1 

FSROT 
c..3.5 

CGSEP 
5.1.? 

CGS!A 
6 • 0 

SHL: 

CGSPTC 

CGSIEP 
s.J 

This entry point contains the current parcel 
counter of the current local block. 

This routine uses the information in LBT and 
CCSlBO, CCSBLEN, and CCSPC to update and reformat LBT 
so that it is ln the state reQuired by the Asse~bler. 
It also provides the orogram length in NSSLBT. 

(X1=IH, X2=N'WOS> 
This routine outputs •tH ass Nwos• for the sy•bol and 
records its block relative address in the sy■bol 
table. IH must be a local sv•bol ln the ■ ain symbol 
table only. 

An array containing the descrlotor words of 
the IL instruction opcodes. SA1 =XFSRDT•0C.opna■ e 
fetches the descriptor word. 

A cell holding the su• of the local block 
lengths, it ~yst be set orior to calling CGStA. 

This routine oerforffls the following functionst 
Outputs to SLIST a ·coN. 8SS o- followed by a DATA 
state~ent for each value in CVT ~hose corresponding 
CUT entry ls non-zero. Modifies CUT to contain the 
ne" ordlnats of the constants for use by the 
AsseMbler. Outputs to SLIST -or. BSS length" and 
•1r. ass length•• to reserve storage for CCG generated 
temooraries. Fills Word C in the symbol table for 
CON. • lt •• and or. to reflect their block relative 
addresses. Updates the block length of the current 
local block. 

The entry to the int~rnal assembler. 

(87=f'WA, Xt=LEN) 
A simple shell sort for 1 word entrv tables in 
ascending order. 

To print the contents of the co■olter•s tables ln 
case of a co■piler error only. 

Initialize table ■anager for end orocessing. 
Causes all space occupied by Code Transfor■ er code to 
be released to Nor~ing storage. 
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9.1 L.fNERAL_filUJ.J2J8QCEDU~~E..A.J:i~J COMPILER 

CCG wl II always be assembled in the environ■ent of the host. 
The general procedure will be to 

a. Mount/attach the necessary 
ccG•s and posslbty COHPASS•s 
cradle). 

OLDPL•s which are the host•s, 
(for the assembly of the 

b. aulld the relevant texts which are 
iLPNtTEXT for the host ccmpiler, CMPLTXT for the host and 
CCG, and CCGTEXT for CCG. 

c. Uodate and assemble t~e ~ost. 

1. Uodate and assemble CCG. 

e. Create a suitable •aster binary to COPYL the asseMbled 
blrarles onto and COPYL the■• 

,. Generate the overlays and install the• in svste•, etc. 

s.!SifXIS 

The asse~bly of the host and CCG w111 reaulra the fol lowing 
texts for both NOS and NOS/BE: 

CPUTEXT 

IPTEXT 

CMPLTXT 

- svste ■ ■acros and symbols 

hardware deoendent installation ootions 
(referenced by CHPLTXT) 

a text for compilers that use CCG, it contains 
various useful •acros, symbol deflnltlons of 
coMoiler independent installation dependent 
options and the de1initlons of sv■ bols that the 
brldge and the front end need to interface •1th 
CCG. 

CCGTEXT - aacros and syabol deflnlflons for CCG 

iLPN~TEXT - •acros and sy■bol definitions for the host 

~MPLTXI 

The intent of CMPLTXT is to contain the ~aero and svmbol 
deflnitlons that are common to both CCG and the host. 
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PPVFWA 
RPVOEF 
LISTL 
NUPAGE 

Define entry for Peprieve FWA table 
d4flne FWA of deck for Reorleve utility 
to list one line on the outout file 
force eJect and title a new page calls FA=LOL and 
FA=NPG 1n CCOHLOV 

DEFINE, OESCPIBE, DEQU, REOEF, and BFHW ■acros for field 
de r in it i on. 

oc. symbols 

R1. and IH. sy■bols 

JC. symbols 
~I. symbols 
CF. sy111bol S 
AP. sy11bols 
f'I. sy111bol S 

so. sy111bol s 
.CSET 
I Pe MFL 

• OS 

.IWT 

CT.ECS 

OT:RM 

CT.CPU 
.CPU 
L.STlCK 
.DAL 

to define the SLIST and IL instruction 
opcodes 
to define the IL instructions format 
Jump codes for JPX, JP68 IL instructions 
SLIST instruction format. 
control flow table foraat 
APLIST for~at for use/def processing 
function infor•ation word for RJ 
instructions 
register specification field 
i D if 64 c~aracter set selected 
•axl•u• field length as set by the 
installation 
compile tl•e opsystem 112/3 for NOS, 
SCOPE 2, NOS/aE 
instruction interword time = 1 if FCO 33261 installed on a 760 
co111pite 
O - use 
,o if 
tl11e 

ti11e I/0 svste• 
CIC, 7 - use 7RH 
ECS/LCM ls available at co■oile 

execution ti~e I/O svsteM 
6-use 6RM, 7 - use 7RM 
= 50/54 tvoe of loader tables for 
complier overlays 
length of o.o overlay 50/54 table 
length of non o.o overlay 50154 table 
value of co•Pile ti~e CPU 
value of obJect ti•• CPU 
length of instruction stack 
i 0 lf R)X/WXX instructions available 

The sv•bols IP.NFL through .DAL are fro• the host SUPPiied 
co■deck OPTIONS. 
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g.2.1.3 ~lcco DtllnJUgos lfcom QPJIQt:!SJ. 

HDLS 
OS.NAME 
OS. VER 
SCHS 
LCP1S 

2 char string of execution ti ■ e CPU 
op svs te111 name 
op system versior 
CH or SCH 
ECS or LCM 

t1av 2s. 1978 

N12 

If the symbol TESTCCG 1s defined during UPDATE. a test version 
ls generated. 

g.3 ~OMQEC~S SUPfJ.I~D ax THE HQST_t,pHPILEB 

a. $MACROS - this ls described in Chapter 6. 

b. SYMOEFS - this consists of WA •• wa. and we. definitions 
as described in Section 2.1.1. !t also contains the 
VO. definitions lf that facltitv is used. 

c. HCOEFS - this is a cotlectlon of sv111bol definitions that 
describe the host to CCG. Section 9.~ contains a listing 
of HCOEFS. 

d. OPTIONS - host co■oiter 1nstaltation ootlons Ceous and 
fflicrosl, see sections 9.2.1.2 and 9.2.1.3. 

e. CGHCOTO - a collection of TABLE ■aero calls for the 
dynafflic tables that the host needs during CCG processing, 
see section 8.3. 

f. CGHCSTD - a collection of TABLE ■aero calls for the static 
tables that the host needs during CCG orocessing. 

HCSIO 

HCSID - Host co•oiler identification, oossible vatues are -
2 • FTN, 3 - Pl/1• 

Used by CCG to condltlonally asse•ble code in the 
fol lowing areas& 

He■ory reference resolution (3.1.1>, 
Address expansion and resolution (3.2.2>, and 
Te•porary storage ass19n■ent (J.2.1>. 

EQU 2 

HC!Fla - string of fixed local block na•es in the order that th~ 
aooear in •LBT• (Section 2.2.1> • 

HCSFL8 HICRO t,,/START.,VAROIM.,ENTRY •• COOE.,OATA., OATA •• ,HOL./ 
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HCSf'PAS • .,0 if for111al oaraaeter address substitution is used 
(Section J.2.z,. 

HCSFPAS EQU 1 

HCSLNT - in if host is using the line number and sy~bol table 
features for interactive debug < •FtO• ,. 

HCSLNT EQU 1 

HCSHCIS • ■ax nuaber of characters in a sy■ bolic na ■e (~8) that 
ls in the symbol table (Section 2.1.1>. 

HCSMCIS EQU 7 

HCSRJXJ - 10 if •RJXJ• opcode ls used by the host co•0iler 
( S ec t1 on Ct• 3 • 3 ) • 

HCSRJXJ EQU 1 

HCSRJ6 - io lf •RJ6• opcde is used by host co•0iler (Section 
4.J.3). 

HCSRJ6 EQU 1 

HCSRJTBN - name of cell that holds the traceback 
inforMation for a return Jumo ( i.e. 42/7LNAME, 18/ENTF 
ADOR) (Section 4.3.1). 

HCSRJTBN MICRO 1,,/TEHPAOe/ 

HCSROL • io if R•nu ■bers range over tNo seQuences (Section 
... 3.1). 

HCS~OL EQU 1 

HCSSTP • io if BRSAFT ls to be called fro■ the code transfor■ er 

so the host can adJust the CA•s of the ST.•s. 

HCS20C - io if CCG ls to be set up for use in a two overlay ■od, 

HCSCTV - io if CCG shares the table ■anager vector with the hos1 

HCSIA - io if the host is u~ing the CCG internal assembler. 

HCSUDVa - micro na■ e of local block that usage defined variable! 
are placed in. Used in •oRG• pseudo CC~apter 6t. 

HCSUOVB MICRO 1,,/0ATA.I 

HCSFRTP - abbreviated sy■ bol table na■es. GL ■ust 
occur as the first na■e (Section 2.1.2>. 

HCSF~TP HICRO 1,.1GL,AP9IO/ 

T~e host ■ust also suopty the values of the following •lcro•s 
LPNAHES - co•oiter na■e for use in title line. etc. This •icro 
ls 7 characters long. 

LPNAHfS MICRO 1,,/FTN / 
LPNS• truncated version that is olaced in the 77 table.etc. 
Should be less than 7 characters 
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LPNS "ICRO 1,,IFTNI 
VER$ - orocessor version, 3 characters. 

VERS MICRO 1,,14.6/ 
MOOLVLS - PSR level of the host, 5 characters long. 
MODLVLS HICP.O 1,,/L439 I 
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